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ABSTRACT  

The present paper deals with the post test analysis of PKL III E3.1 experiment by 
Relap5. This experiment has been executed in the framework of an international cooperation 
(OECD/SETH Project in the Integral Test Facility (ITF) PKL III which is operated by 
AREVA NP GmbH in Erlangen, Germany. The main purpose of the project is to investigate 
PWR safety issues related to boron dilution. In particular this experiment investigates the 
boron dilution issue during mid-loop operation (shutdown conditions), assessing primary 
circuit accident management operations to prevent boron dilution as a consequence of loss of 
heat removal in mid-loop operation conditions. The experiment has been also selected for an 
international benchmark in the framework of OECD Project. The adopted nodalization, 
already available at University of Pisa (UNIPI), has been review and applied adopting the 
standard procedure used for code validation. 

1 INTRODUCTION 

The performance assessment and validation of large thermal hydraulic codes and the 
accuracy evaluation, when calculating the safety margins of Light Water Reactor (LWR), are 
among the objectives of international research programs. In this frame, the execution of the 
experiment in ITF, simulating the behaviour of a Nuclear Power Plant (NPP), plays an 
important role for the system code assessment and for the possibility to identify and 
characterize the relevant phenomena during off-normal conditions. Organisation for 
Economic Co-operation and Development (OECD) sets up two test campaigns named SETH 
projects to be carried out in the PKL test facility, addressing the investigation of inadvertent 
boron dilution events in PWR [1], [2]. Several aspects are relevant and can be analyzed 
following different initiating events and NPP configurations. In the framework of the code 
assessment and boron dilution investigation, the present document is related to the application 
and the validation process Relap5/Mod3.3 code. The validation process of the code involves 
the performances of the code, as a system of mathematic and physical models to reproduce 
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TH phenomena, but it also concerns nodalization and user qualification. The user 
qualification is related to code validation because the user choices affect the code response 
adopting nodalization solutions and selecting the several available options. The user choices 
include the ‘tuning’ of the nodalization in order to obtain a better response of the code (both 
in terms of results and resources for the calculation). The described activity is related to a 
double objective: the participation to an international benchmark sponsored by OECD, and 
the continuous extensive application of a methodology developed for the application of the 
TH-SYS codes to NPP safety analysis [3], [4], [5]. 

2 DESCRIPTION OF THE PKL FACILITY AND THE EXPERIMENTS  

2.1 The PKL III facility 

The PKL facility [6] is a full-height ITF that models the entire primary system (four 
loops) and most of the secondary system (except for turbine and condenser) of a 1300-MW 
PWR NPP. Detailed information on the PKL III ITF and data comparison with other PWR 
test facilities (LOBI, SPES, BETHSY, LSTF) can be found in reference [3]. 

The facility includes a Reactor Coolant System (RCS), Steam Generators (SG), the 
interfacing systems on the primary and secondary side and the break. The RCS includes: 

- The upper head plenum, which is cylindrical, full-scale in height and 1:145 in volume. 
- The upper plenum, full-scale in height and scaled down in volume. 
- The upper head bypass, represented by four lines associated with the respective loops to 

enable detection of asymmetric flow phenomena in the RCS (e.g., single-loop 
operation). 

- The reactor core model, consisting of 314 electrically heated fuel rods and 26 control 
rod guide thimbles. The maximum electrical power of the test bundle is 2512 kW. 
Thermocouples are located in the rod bundle for measuring the rod temperatures. 

- The reflector gap, located between the rod bundle vessel and the bundle wrapper (the 
barrel in the real plant). It has a flow resistance designed in order to have 1% of the total 
primary side mass flow (with MCP in operation) across the reflector gap. 

- The lower plenum, containing the 314 extension tubes connected with the heated rods. 
The down-comer pipes are welded on the lower plenum bottom in diametrically 
opposite position. Two plates are located in this zone: the Fuel Assembly Bottom Fitting 
and the Flow Distribution Plate. 

- The down-comer modeled as an annulus in the upper region and continues as two stand 
pipes connected to the lower plenum. This configuration, as already mentioned above, 
permits symmetrical connection of the 4 CL to the RPV, preserves the frictional 
pressure losses. 

- The (four) hot legs, designed taking into account the relevance of an accurate simulation 
of the two phase flow phenomena, in particular CCFL, in the hot leg piping as in the 
reactor. 

- The (four) cold legs, connecting the SG to the MCP through the loop seal and the MCP 
to the DC vessel. The hydrostatic elevations of the loop seals are 1:1 compared with the 
prototype NPP. 

- The (four) MCP, which are vertical single-stage centrifugal pumps. 
- The PRZ, full-height and connected through the surge line to the hot leg #2. 
- The SG primary side, modeled with vertical U-tube bundle heat exchangers like in the 

prototype NPP. The scaling factor has been preserved by reducing the number of tubes 
(28 tubes with seven different lengths). 

- The SG (secondary side) is constituted by the tube bundle zone, seal welded hollow 
fillers (below the shortest tubes), the DC (with the upper zone annular containing the 
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FW ring, the central zone modeled by two tubes outside of the SG housing and the 
lower zone with annular shape) and the uppermost part of the SG that models the steam 
plenum. 
Some features are represented as “full-scale”, such as the hydrostatic head, the frictional 

pressure losses for single-phase flow, the dimensions of fuel rods simulators and SG U-tubes. 
Some other features are scaled down, like power, volume, and cross-sectional area (1:145), 
number of fuel rods and SG U-tubes, heat storage capacity. In order to allow the simulation of 
important basic phenomena (like for instance the flow separation and the counter-current flow 
limitation – CCFL) the geometry of the hot legs is based on conservation of the Froude 
number and was finally designed on the basis of experiments at the full scale UPTF. The 
operating pressure of the PKL facility is limited to 45 bar on the primary side and to 56 bar on 
the secondary side. This allows simulation over a wide temperature range (250°C to 50°C) 
that is particularly applicable to the cool-down procedures investigated. 

 
2.2 The experiment E3.1 

The selected experiment is the test PKL III E3.1 “Loss of Residual Heat Removal 
System (RHRS) in 3/4 loop operation with the reactor Coolant system Closed” which was 
conducted at the PKL III test facility on July25, 2002 [2]. 

The scenario starts simulating the failure of the RHRS which, during the stationary 
condition of the experiment, is removing the decay heat of the core simulator. The boundary 
conditions of the experimental facility simulate the condition of the prototype NPP in 
preparation for the refueling. The reactor coolant inventory is reduced to the level for 3/4 loop 
operation, the space above the water inventory is filled with nitrogen that is injected into the 
reactor coolant system, the primary side pressure is 1 bar and the temperature at core outlet is 
t=61 °C. 

The test was designed to investigate: 
- the capability of the water-filled steam generator to remove the decay heat following 

the failure of the RHRS via one operational SG; 
- the heat transfer mechanism when nitrogen is present in the primary side and in the 

SG; 
- which is the primary side pressure when the heat removed by the secondary side 

allows stable equilibrium conditions; 
- the deboration process connected with the reflux condenser mode occurring following 

the failure of the RHRS. To better address this issue the test has been performed with  
borated coolant and special instrumentation suitable for boron concentration 
measurements. 

The experiment can be subdivided in the following phases: 
0. Conditioning phase before the RHRS failure (until 0s) 
1. Test phase until the set point for SG 1 operation (from 0s to 8225s) 
2. Test phase with SG 1 pressure controlled (from 8225s to 33095s) 
3. Test phase with the accumulator injection (from 33095s to 37650s) 
4. Test phase following the restoration of RHRS (from 37650 to end of experiment) 

A conditioning phase (phase 0) is performed in the facility in order to reach the 
condition of the test begins. During this phase the primary side is at about 1 bar, in stable 
conditions with core power at 217 kW (0.7 %). For the purpose of this test, it is postulated 
that the PRZ has already been largely cooled down when the transient starts. PRZ measured 
temperatures varied between 56°C (bottom) and 49 °C (top). The Reactor Coolant System 
(RCS) mass inventory including the PRZ has been reduced to 1300 kg witch correspond to ¾ 
loop level on the primary side.  Secondary –side pressure in all SG is approx 1 bar. SG1 and 2 
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are filled with water on the secondary side (level approx 12.2m) and the secondary sides of 
SG 3 and 4 contain no water and are completely filled with air. Only the SG 1 is ready for 
operation while the SG2, 3 and 4 are not operated during the experiment. 

The experiment starts simulating the loss of the RHRS (phase 1). Following this event 
the primary side energy is not removed and coolant temperature in the core increases. 
Approximately 700s after the Start Of the Transient (SOT), saturated condition are reached in 
the core outlet. At 1270 s after the SOT, following the increase of voiding in the core, the 
PRZ level rises because two phase mixture in hot leg two is before entrained into the PRZ and 
then it condenses due to low temperature of the PRZ wall. During this first phase the core 
power is removed form the SG1 and SG2, filled with water, condensing steam in the U-tubes 
of the SG 1 and 2 at the beginning and after mainly in SG 2. The energy removed by the 
secondary side increases before with the steam flow in the SG 1 and 2, and then because the 
swell level reaches the U-tubes causing a further increase of the primary to secondary heat 
exchange. An accurate investigation of the balance of energy of the system shows that 
notwithstanding the SG 3 and 4 are filled by air their contribution is not negligible. The 
energy removed to the primary side is accumulated in the structural materials. The energy 
removed by the SG1 and 2 causes the temperature increase in the inventory of these systems, 
and after 5500s the saturated conditions are reached in SG 1. The SG 2 follows the SG 1 
behaviour during this phase with a delay of 1600s. When the saturated conditions are reached, 
the secondary side pressure starts to rise. In fact both SG are not operated (FW and steam line 
valve are closed) and the steam production and the increase of the non-condensable 
temperature cause the pressure increase until the set point of SG 1 operation that is envisaged 
at 2 bar. 

The SG 1 starts to be operated at 8225s after SOT, when the pressure reaches 2 bar 
(phase 2). The pressure is controlled and kept constant operating the valve located in the 
steam line of the SG 1. The FW is regulated in order to maintain the level constant. On the 
contrary the SG 2 is maintained not operated and pressure follows the trend of the primary 
side. Following the operation of the SG 1 most of the steam produced in the core flows to this 
SG as a result of the displacement of mass from SG2 into SG1. At 12180s, the mass inventory 
is completely displaced. The level in SG1 continues to rise and at 13300s the over-spilling in 
SG 1 causes a displacement of nitrogen in the outlet SG of the loop 1, but also a rapid dilution 
of the boron concentration measured in the COMBO located at loop seal descending side. 
Then the boron concentration in the loop seal rises because the diluted water accumulated at 
the inlet of the SG U-tubes is replaced by the higher borated water in the hot leg, and then it 
starts to decrease slowly because the quasi stationary reflux condenser mode conditions 
occurring in the primary system. The primary pressure is stabilized at 4.8 bar, with the SG 1 
capable to remove the energy in the primary side. During this phase, the pressure in SG 2 
remains above pressure of the primary side. This is a related to the presence of the non-
condensable in this closed system. 

The third phase of the experiment is characterized by the hydro-accumulators 
activation. Five accumulator injections are performed: four of these into cold legs of loops 1-4 
and one into hot leg of loop 4. The purpose of this phase is to investigate the effect of the 
injection location (cold and hot legs) and the effect of different injection masses on the reactor 
coolant system pressure profile.  

The last phase (phase 4) is connected with the restoration of the RHRS system that 
removing the decay heat causes a continuous decrease in the pressure and temperature. Since, 
at 39380s, the RPV is completely in subcooled condition. At 42725s the experiment is 
stopped with the core outlet temperature at 98 °C and the pressure at 4.3 bar. 
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3 CODE APPLICATION 

3.1 Nodalization 

3.1.1 PKL III Relap5 nodalization 

The nodalization of the PKL III is represented in Figure 1. It has been derived from the 
nodalization of the ANGRA-2 Nuclear Power Plant, a PWR Siemens-Framatome reactor 
design and can be considered a scaled nodalization of the real PWR plant. The main relative 
elevations of the components have been kept practically unmodified. An exhaustive 
description of the PKL III input deck is available in references [7]. 

 

 
  

Figure 1: PKL III nodalization sketch (top view at the bottom-right). 

The vessel consists of a core channel heated by 3 active heat structures representing the 
3 radial concentric heated zones. The two DC pipes have been modeled with 2 pipes 
connected to the lower plenum region and to a common volume representing the annular 
region of the DC in the upper part of the vessel where the cold legs connect. A by-pass pipe is 
located between LP and UP, control rod guide tubes by-pass connects the UP and the inlet of 
UH. Two pipes model the UH in order to allow recirculation in this zone. A discharge time-
dependent volume is connected to the lower part of the vessel in order to simulate the draining 
of the primary during the conditioning phase. The four loops are modeled with pipes, primary 
pump component in each and only one pipe representing the U-tubes preserving the heat 
exchange surface area. The PRZ is modeled with a main pipe connected to the branches that 
join the PRZ to the surge line in loop 2 of the facility. Time dependent volumes and junctions 
are connected to the PRZ in order to control the level and the pressure in the early phase of 
the conditioning phase. The secondary side of the facility is also completely modeled. Each 
loop has a steam generator composed by a main pipe, the riser, the 2 down comer pipes are 
represented by one single pipe, branches and pipes are connected just above the riser in order 
to represent the separator zone. In the very top side of the SG nodalization are connected the 
time dependent volumes representing the steam line. The steam pressure and the level control 
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in the SG are represented by time dependent volumes and junctions connected respectively in 
the separator and in the feed water injection point. The length of the volumes in the riser 
region follows the same length progression increase of the U-tubes to which they are 
associated. The compensation for heat losses circuit has also been modeled but not activated 
during the simulation. 

 
3.2 Nodalization qualification and results 

A nodalization representing an actual system (ITF or NPP) can be considered qualified 
when: 
- it has a geometrical fidelity with the involved system; 
- it reproduces the measured nominal steady-state conditions of the system; 
- it shows a satisfactory behaviour in time dependent conditions. 

Taking into account these statements, a standard procedure described reference [9] has 
been applied. The complete description of the nodalization qualification is reported in 
reference [7] and [8]. The activity started with the available PKL III input deck suitable for 
Relap5/Mod3.2gamma and used for performing the post test analyses of the experiments E2.2 
and F1.1 related to boron dilution (see reference [7]). The first step has been the migration of 
the input deck into the equivalent form for Relap5/Mod3.3. Then, a complete review of the 
nodalization has been carried out consisting with the old (mass and volumes data) and the 
new (pressure drop and heat losses data) experimental data provided in the framework of the 
OECD Project by F-ANP. All these checks have been performed taking into account the 
procedure adopted by UNIPI for the qualification of the nodalization and for the analysis of 
the code results. The limited time available and the intrinsic difficulties of the transient 
simulation did not allow a complete fulfilment of all the steps in Figure 2. 

The following steps of the qualification process have been performed: 
- steady state results; 
- reference calculation results (including the application of the FFTBM procedure); 
- results from sensitivity studies (still in progress). 

 

Procedure for 
Nodalization 
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“Steady State” Level 
Qualification

“On Transient” 
Level 

Qualification
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Code Use Procedure 
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Parameters
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b

NO

NO

c

a
g e d

f
k

i

j
h

l

 
Figure 2: Flow Sheet of the Qualification Procedure. 
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3.2.1 Application of steady state level qualification process 

The steady state level qualification process has been performed and the steady state 
acceptability criteria (Table 1), described in reference [9], have been verified. Some related 
results are shown in Table 2 and extensively described in reference [8], where the thermal 
hydraulic and the geometrical parameters are compared with the experimental data as required 
in step “g” of Figure 2. 

Table 1: Criteria for nodalization qualification at the steady-state level. 
# QUANTITY  ACCEPTABLE ERROR (°) 

1 Primary circuit volume 1 % 
2 Secondary circuit volume 2 % 
3 Non-active structures heat transfer area (overall) 10 % 
4 Active structures heat transfer area (overall) 0.1 % 
5 Non-active structures heat transfer volume (overall) 14 % 
6 Active structures heat transfer volume (overall) 0.2 % 
7 Volume vs. height curve (i.e. “local” primary and secondary circuit 

volume) 
10 % 

8 Component relative elevation  0.01 m 
9 Axial and radial power distribution (°°) 1 % 
10 Flow area of components like valves, pumps orifices 1 % 
11 Generic flow area 10 % 
(*)   
12 Primary circuit power balance 2 % 
13 Secondary circuit power balance 2 % 
14 Absolute pressure (PRZ, SG, ACC) 0.1 % 
15 Fluid temperature  0.5 % (**) 
16 Rod surface temperature 10 K 
17 Pump velocity 1 % 
18 Heat losses 10 % 
19 Local pressure drops 10 % (^) 
20 Mass inventory in primary circuit 2 % (^^) 
21 Mass inventory in secondary circuit 5 % (^^) 
22 Flow rates (primary and secondary circuit) 2 % 
23 Bypass mass flow rates 10 % 
24 Pressurizer level (collapsed)  0.05 m 
25 Secondary side or down-comer level 0.1 m (^^) 

(°)   The % error is defined as the ratio 

|
|

reference or measured value -  calculated value|  
reference or measured value|  

  The “dimensional error”  is the numerator of the above expression 
(°°)   Additional consideration needed 
(*)  With reference to each of the quantities below, following a one hundred s  “transient-steady-state” calculation, the solution must 
be stable with an inherent drift < 1% / 100 s. 
(**) And consistent with power error  
(^)   Of the difference between maximum and minimum pressure in the loop. 
(^^) And consistent with other errors. 

 
The conclusions of this step of the code assessment procedure at steady state level are 

hereafter summarized. 
- The criteria for nodalization qualification are generically fulfilled, in particular the 

geometrical parameters fulfil the acceptability threshold taking into account the unavoidable 
simplifications of the nodalization (i.e. the single U-tube in the Relap5 model of the SG) 
and the TH parameters (i.e. heat losses, pressure drop) are in general agreement with the 
data provided for the participation to the OECD benchmark (the details of these analyses are 
reported in reference [8]). 

- The initial conditions obtained in the Relap5 simulation, at the end of the conditioning 
phase are stable and in general agreement with the experimental value (a more detailed table 
of the initial conditions is reported in reference [8]). 

- The differences observed with respect to the threshold limits of Table 1 are highlighted and 
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here briefly discussed. 
o The underestimation of the PRZ level in the Relap5 simulation is mainly due 

to the conditioning phase. The nitrogen is injected onto the top of the PRZ and 
it flows through the surge line in the primary system. 

o The primary side pressure difference has been accepted considering the very 
low pressure recorded in the facility and the error in the measurement system. 

Table 2: PKL III experiment E3.1. Comparison between measured and calculated 
relevant initial and boundary conditions. 

# Parameter PKL III 
Exp 

Relap5 
Cal 

Error Acceptable 
error 

1 Pres. in PRZ, bar 0.89 0.97 4.4 % 0.1 % 
2 Pres. in SG 1, bar 1.22 1.22 0.0 % 0.1 % 
3 Pres. in SG 2, bar 1.16 1.22 4.9 % 0.1 % 
4 Coolant T at UP., K 334.16 334.97 0.1 % 0.5 % 
5 Coolant T at LP., K 311.12 310.63 0.1 % 0.5 % 
6 Core power, kW 217 217 0.0 % 2 % 
7 Level in PRZ, m 1.04 0.65 0.39m 0.05 m 
8 Level in SG 1, m 12.4 12.2 0.2 m 0.1 m 
9 Level in SG 2, m 12.0 12.2 0.2 m 0.1 m 

10 Primary mass, kg 1300 1339 3.0 % 2.0 % 
Additional quantities  

11 Level in RPV, m 7.73 7.59 0.14 m -- 
12 Level in loop seal 1 descending side, m 3.57 3.37 0.20 m -- 
13 Level in loop seal 2 ascending side, m 3.43 3.36 0.07 m -- 
14 Coolant T at PRZ bottom., K 326 324 0.6 % 0.5 % 
15 [B] at loop seal 1 descending side, ppm 2239 2197 42 -- 
16 N2 mass inventory in PRZ, kg 0.395-

0.464 
0.420 0 % -- 

 
3.2.2 Reference calculation results (code assessment) 

The post test analysis has been limited to the first two phases of the experiment, until 
the accumulators injection, as in the specification of the benchmark. 

A comprehensive comparison between measured and calculated trends or values has 
been performed, including the following steps: comparison between experimental and 
calculated time trends on the basis of the selected variables (not reported here); comparison 
between values of quantities characterizing the sequence of resulting events (not reported 
here); quantitative evaluation of calculation accuracy, utilizing the Fast Fourier Transform 
Based Method (FFT-BM). It should be noted that the step consisting in the qualitative 
evaluation of calculation accuracy on the basis of the Relevant Thermal-hydraulic Aspects has 
not performed. 

In this paper the accuracy of the analysis has been evaluated by the application of the 
FFT-BM. This special methodology developed at UNIPI and based upon the use of the Fast 
Fourier Transform is largely described in reference [4]. This tool gives an accuracy 
coefficient (AA) and a weighted frequency (WF) for each variable. Roughly the value 
assumed by AA means the error in the calculation of the considered variable. The WF factor 
gives information if the calculated discrepancies, between the measured and calculated trends, 
are more important at low frequencies (small value of WF) or high frequencies (large value of 
WF). In this last case the discrepancies come from various kinds of noise and so it is less 
important. The selected threshold limits are 0.1 for the primary pressure and 0.4 for the total.  
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A summary of the results obtained with this tool are reported in Table 3. The reported 
results are related to the first, the second and the entire transient, as described in paragraph 2.2 
(the phases three and four are not taken into account). The application of the FFT-BM 
highlights that the calculation is not enough accurate to satisfy the threshold limits. Moreover 
the application to the time interval related to the phases demonstrates that the code simulation 
is affected by an error in the time prediction of the main phenomena. This can be explained 
imperfect knowledge of boundary or initial conditions in particular considering the 
peculiarities of the experiment. Small variations in the nitrogen quantities, in nitrogen 
distribution in the primary system, in the heat losses can largely affect the results. Moreover, 
the primary to secondary heat exchange and the over-spilling are connected to the facility 
geometry: the model with only one equivalent U-tubes resulted not suitable for this kind of 
simulation. 

Table 3: PKL III experiment E3.1: summary of results obtained by application of FFT-
BM method for the reference calculation. 

 
Relap5/Mod3.3 

(0-33000s) 
Realp5/Mod3.3 

(0-8225s) 
Realp5/Mod3.3 
(8225-33000s) 

# Parameters 

AA WF AA WF AA WF 
1 PRZ pressure  0.153 0.006 0.331 0.026 0.2383 0.008 
2 SG 1 pressure 0.324 0.010 0.473 0.034 0.6766 0.014 
3 SG 2 pressure 0.310 0.004 0.312 0.032 0.3014 0.005 
4 RPV level 0.706 0.012 0.551 0.025 0.6782 0.010 
5 PRZ level 0.944 0.007 0.857 0.027 0.8973 0.006 
6 Loop seal 1 descending side 0.456 0.012 0.960 0.026 0.5180 0.015 
7 Loop seal 1 ascending side 1.342 0.007 2.191 0.025 1.1224 0.008 
8 SG 1 level 0.195 0.018 0.056 0.018 0.1839 0.022 
9 Core inlet fluid T 0.610 0.009 0.342 0.013 0.7137 0.011 
10 Core outlet fluid T 0.144 0.010 0.177 0.021 0.1067 0.008 
11 PRZ fluid temperature 0.124 0.010 0.170 0.028 0.1149 0.008 
12 SG 1 bottom fluid T 0.276 0.006 0.571 0.029 0.9162 0.010 
13 SG 1 top fluid T 0.175 0.010 0.192 0.025 0.1847 0.011 
14 [B] in cold leg #1 1.335 0.012 1.281 0.020 1.4221 0.015 
15 [B] in cold leg #2 1.655 0.011 1.584 0.022 2.0365 0.012 
16 [B] in cold leg #3 2.793 0.011 3.156 0.015 1.9397 0.015 
17 [B] in loop seal #1 0.680 0.016 0.809 0.032 0.8150 0.016 
18 Cladding T top level 0.127 0.008 0.134 0.015 0.1234 0.008 

Total 0.400 0.009 0.469 0.023 0.488 0.010 

4 CONCLUSIONS 

The objective of this report is to evaluate the capability of the code Relap5 to simulate 
the boron related experiment E3.1 preformed in PKL III facility and to quantify the accuracy 
of the results. This experiment is a mid loop operation transient with the primary side closed. 
The experiment demonstrates to be challenging for the code because is at low pressure and in 
presence of non-condensable (nitrogen). The code performances have been evaluated by the 
application of the procedure for code assessment set up at UNIPI. This application brought to 
the conclusions hereafter summarized. 
- The model with only one equivalent U-tubes resulted not suitable for this kind of 

simulation. 
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- The fill-up of the PRZ shows some discrepancies compared with the experimental results 
and it affects also the primary pressure trend. This problem in the TH prediction of the PRZ 
behaviour has been connected to the effect of the heat losses and of the condensation during 
the refill phase. 

- The FFT-BM application demonstrates that threshold limits are not met. 
- Sensitivities analyses have performed and are in progress to improve the code capabilities in 

predicting the scenario. These are related to an improvement 
o of the accuracy of the initial and boundary conditions by an optimization of the 

conditioning phase performed with the code; 
o the level of detail of the SG, modelling three SG U-tubes 
o the level of detail in the annular down comer by the creation of a “fictitious” 

3D scheme; 
o the PRZ model in order to reduce the larger insurge of water and the 

condensation of steam than in the experiment. 
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