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ABSTRACT 
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The present document deals with the nodalization qualification process of the PSB-VVER test facility for Cathare2 
code. PSB-VVER facility is a 1/300 volume scale model of a VVER-1000, reactor installed at Electrogorsk Researc & 
Engineering Centre in 1998. The version V1.5b of the Cathare2 code has been used. In order to evaluate the 
nodalization performance, the qualifying procedure set up at the DIMNP of Pisa University (UNIPI) has been applied 
that foresees two qualification levels: a ‘steady state’ level and an ‘on transient’ level. After the steady state behavior 
check of the nodalization, it has been preformed the on transient qualification the PSB-VVER test # 2. It is a 11% 
equivalent break in Upper Plenum with the actuation of one high pressure injection system, connected to the hot leg of 
the loop #4, and 4 passive systems (ECCS hydro-accumulators), connected to the outlet plenum and to the inlet 
chamber of the downcomer. The low-pressure injection system is not available in the test. The goal of this paper is to 
demonstrate that the first step of the nodalization qualification adopted for the PSB test analyses is achieved and the 
PSB facility input deck is available and ready to use. The quantitative accuracy of the performed calculation has been 
evaluated by using the FFT-BM tool developed at the University of Pisa. 

 

1 INTRODUCTION 
The performance assessment and validation of large thermal hydraulic codes and the accuracy evaluation 
when calculating the safety margins of Light Water Reactors are among the objectives of international 
research programs, such as those organized by the committee on the Safety of Nuclear Installations (CSNI) 
and the International Atomic Energy Agency (IAEA). Solution of these problems would ensure the 
effectiveness of engineered safety features and, eventually, lead to cost reductions through better design. 
These activities could also contribute to the determination of a uniform basis on which to assess the 
consequences of reactor system failures in Nuclear Power Plants[1], [2]. The execution of the experiments in 
Integral Test Facilities, simulating the behavior of a nuclear plant, plays an important role in this connection, 
both considering the system code assessment and considering the possibilities to identify and characterize the 
relevant phenomena during off-normal conditions. 

In the framework of these activities, Pisa University is involved in the OECD PSB-VVER project, that 
require the execution of 2 blind test for February 2005 and moreover the TACIS project between the UE and 
the DIMNP, that requires the Cathare2 code analyses of 12 experiments, all performed in the PSB-VVER 
facility. 

The present document is focused to the realization and the qualification process of the PSB-VVER facility 
nodalization for Cathare2 V1.5. The qualification and validation of the input deck concern also user 
qualification. The user qualification is related to the user choices that affect the code response adopting 
nodalization solutions and selecting the several available options. The user choices include the ‘tuning’ of 
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the nodalization in order to obtain a better response of the code (both in terms of results and resources for the 
calculation). 

The purpose is to document the performance of the nodalization with Cathare2 code. In order to achieve this, 
a quantitative accuracy evaluation has been applied. It has been assessed adopting a method developed at 
DIMNP[3], which has capabilities in quantifying the errors in code predictions related to the measured 
experimental signal; the Fast Fourier Transform (FFT) [4] is used aiming to have an integral representation of 
the code calculation discrepancies (i.e. error between measured and calculated time trends) in the frequency 
domain[5]. 

To fulfill this aim experimental data about UP 11% break are used. 

 

2 PSB-VVER FACILITY DESCRIPTION 
The PSB-VVER is a full height integral test facility, power and volume are scaled 1:300[6] and showed in 
Figure 1. The facility has four loops (each one is constituted by a hot leg, a steam generator, a loop seal a 
main circulation pump and a cold leg); a pressurizer, connected via the surge line to the hot leg of loop four; 
the ECCS, provided by an active pump, that simulates high and low pressure injection systems; four SIT, 
that are provided by four hydro-accumulators. All system components are insulated from the environment 
with glass wool to limit the heat losses. 

The internals of the VVER vessel are represented in the facility by separate pipes: one for the downcomer, 
one for the core model and upper plenum, and one for the core bypass. A horizontal pipe connects the 
downcomer to the lower plenum. Another bypass links the downcomer to the upper plenum. 

The core model contains 168 Fuel Rods Simulators with a uniform power profile and a central unheated rod. 
The active bundle is electrical type and has a hexagonal section. Also the bypass section is heated over the 
same elevation range of the core to simulate the heating that water receives in the channels within the reactor 
core over with the coolant flows from the lower plenum to the upper plenum, bypassing the assembly. 

The primary side of the steam generator consists of a hot and a cold collector and of 34 tubes coiled in 10 
complete turns with 51 mm difference from inlet and outlet height. The length of one tube is the same like 
the one of the reference plant. The distributor of feed water is a ring with several holes placed above the 
steam generator tubes. Separators are completely absent. The four steam generators are connected to a 
common steam header via a “small power” steam line. A comparison of VVER and PSB main data[6] are 
presented in Table 1. 

 

3 ADOPTED CODE AND NODALIZATION 

3.1 Cathare2 code 
The adopted is Cathare2 (Code for Analysis of Thermal-hydraulics during an Accident of Reactor and safety 
Evaluation) code. The development of the code was initiated in 1979[7] by a joint effort of CEA (Atomic 
Energy Research Center), IPSN (Nuclear Safety Institute), EDF (the “French utility”) and FRAMATOME 
(the "French vendor”). The objectives of the code are: 

• perform safety analyses with best estimate calculations of thermal-hydraulic transients in Pressurized 
Water Reactors for postulated accidents or other incidents, such as LBLOCA, SBLOCA, SGTR, Loss of 
RHR, Secondary breaks, Loss of Feed-water, 

• quantify the conservative analyses margin, 

• investigate Plant Operating procedures and Accident management, 

• be used as a plant analyzer, in a full scope training simulator providing real time calculation. 

Its applications are limited to transients during which no severe damage occurs to fuel rods 

The code is based on a 2-fluid 6-equation model. The presence of non-condensable gases such as nitrogen, 
hydrogen, air, can be modeled by one to four additive transport equations. A non-volatile component (as 
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boron) and activity can be treated by the code. The code is able to model any kind of experimental facility or 
PWR (western type and VVER), and is usable for other reactors (Fusion reactor, RBMK reactors, BWRs, 
research reactors). 

The applications mainly concern plant system and component designs, the definition and verification of 
emergency operating procedures, investigations for new types of core management, new reactors and 
systems designs, the preparation and interpretation of experimental programs. For safety analysis, a 
methodology has been developed in order to evaluate uncertainties on the code predictions. 

3.2 PSB-VVER facility nodalization description 
The PSB-VVER facility nodalization scheme is shown in Figure 2 (one loop is reported), and information 
about the code resources is given in Table 2. The correspondence between the zones of the facility and the 
nodes of the code model are exposed in reference [8]. In this table, the facility is divided in main hydraulic 
components or systems, composed by single zones according to flow paths in nominal conditions. 

Primary system model 

The vessel model is composed of 19 hydraulic components that are connected through 23 junctions. The 
steady state and the transient are performed without any boundary condition in order to stabilized pressures, 
levels or other nodalization parameter. The lower part of the down-comer is duplicated to simulate as well as 
possible the inner and the outer part of the element. 

The heat structures utilized in the RPV scheme are represented by 30 wall type elements (excluding core heat 
structures) to simulate the heat release from structures during the transient; heat losses are foreseen. To take 
into account the heat losses in the facility a Heat Transfer Coefficient (HTC) based on EREC data[9] is 
inserted in the Cathare2 nodalization. 

A wall structure is provided to generate the electric thermal power to simulate power generation along the 
FRS with uniform power distribution. The heated zone of the core bypass is simulated by an equivalent heat 
flux imposed to the passive structure. 

Four loops represent with geometrical fidelity the real hydraulic configuration of the experimental facility. 

All four loops are modeled separately; each loop includes a hot leg, a steam generator, a pump, a loop seal 
and a cold leg. The heat structures in the primary side piping are represented by 8 wall type elements 
(excluding horizontal tubes connected heat structures) for each loop to simulate the heat release from 
structures during the transient. 

The pumps are schematized with ‘pumpchar’ components and they are running with the LOBI facility 
homologous curve, given the actual lack of data. It must been stressed that anyway in near future detailed 
data on the pump characteristics will be provided by EREC. 

The SG horizontal tubes are schematized by a 6 axial element representing all the 34 tubes of the PSB 
facility steam generator. The height and the length of the elements are the same of the tubes in the average 
position. The only exception is the first and the last tube in order to reproduce the same heated length in the 
secondary side of the steam generator. The pressurizer is connected to the hot leg loop 4 via the surge-line.  

The heat structures in the pressurizer and surge line are represented by 3 wall type elements to simulate the 
heat release from structures during the transient and the heaters foreseen in the PRZ. 

The Emergency Core Cooling System (ECCS) is simulated by a source component connected to hot leg. It 
must been stressed that in this analysis only one HPIS is assumed available and it is connected to the loop 4. 
The SIT are simulated by four accumulator components and they are connected in pairs to the down-comer 
and to the upper plenum. The line connecting the SIT and the DC or UP is implicit in the definition of the 
accumulator component. 

Secondary system 

It is composed by only 5 components steam generator. Two “bcondit” components represent the boundary 
conditions: one upstream the steam generator simulates the FW component, the second is downstream the 
steam generator and it is a boundary condition for the pressure simulating the SL. The secondary side is very 
simple and straightforward. Each steam generator model is composed of 5 components which are connected 
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through 4 junctions. The heat structures in the secondary side are represented by 6 wall type elements for 
each steam generator to simulate the heat release from structures during the transient. 

The heat exchange between primary and secondary circuits is provided by an exchanger operator. 

The geometrical features of the piping and system connected with SG are not simulated (e.g. feed water 
lines, pre-heaters, steam lines - including condenser - etc.), because this is not relevant for the prediction of 
the transients of interest. 

 

4 NODALIZATION QUALIFICATION 
A nodalization representing an actual system (ITF or plant) can be considered qualified when: 

• it has a geometrical fidelity with the involved system; 
• it reproduces the measured nominal steady state condition of the system; 
• it shows a satisfactory behavior in time dependent conditions. 
Taking into account these statements, a standard procedure to obtain a “qualified nodalization” has been 
defined[10]. 

The qualification process consists of two main phases: 

1) steady state level: the nodalization is qualified against data available from nominal stationary 
conditions measured in the simulated system. To this aim: 
a)   relevant geometrical parameters of the facility (e.g. volume, heat transfer area, elevations, pressure 
drops distribution etc.) are compared with the input data and the differences among them must be 
acceptably small. The adopted acceptability criteria are reported in the first part of Table 3 (see also 
Table 4); 

b)   the nominal steady state conditions are simulated; significant parameters are selected and compared 
with the measured results. A parameter is considered as significant when it is of major relevance in 
determining the plant behavior and can be reliably measured. The adopted acceptability criteria for this 
step are reported in the second part of Table 3 (see also Figure 3). 

2) transient level: the nodalization is tested in time-dependent conditions reproducing the available 
experimental transients. This phase also includes the procedure for the quantitative (through the 
application of the FFT Based Method) evaluation of the code accuracy, necessary to demonstrate the 
acceptability of the code transient performance. The demonstration of the quality of the nodalization at 
the transient level, before the utilization (to the TACIS experiments and OECD/NEA blind test 
calculations in this case) has been carried out with the following step: 
a)   compare results of the nodalization with experimental data different from those object of the 

reference calculations (these can be operational transient data in the case of a Nuclear Power 
Plant); 

b)   compare the results of the nodalization with calculations data coming from a previously qualified 
nodalization. 

The qualification process, summarized above, has been partially applied to the nodalization of PSB facility. 
As concerns the first phase (steady state level), the steady state acceptability criteria previously defined 
(reported in Table 3) have been verified; in particular, the comparison between the calculated and the 
measured volume (see Table 4) and the distribution of pressure drops along the length is reported in Figure 
3. 

The on transient level qualification process has been performed through the step a) (reported in section 6) 
and b) (by the comparison with the Relap5 results, not reported in this document[11]) described above: in the 
first case the 11%UP break has been analyzed by the comparison with experimental results, while the second 
case the Relap5 code results (TBP) obtained with a qualified nodalization carried out in DIMNP have been 
utilized. For the quantitative evaluation of the code accuracy the acceptability constraints assumed for the 
FFT-BM are: 0.4 for Average Accuracy and 0.1 for the primary pressure. 
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It must be mentioned that the application of the FFT-BM has been performed in the Cathare2 simulation of 
11%UP break test and that will be repeat also for this test if during the nodalization utilization it will 
upgraded. 

 

5 11% UP BREAK RESULTS 
A meaningful nodalization assessment process has been provided by the following steps: 

a) steady state results; 

b) calculation results; 

It may be noted that item a) may constitute a part of the nodalization qualification process, described in the 
previous section; however, the fulfillment of criteria reported in Table 3 is necessary each time a new 
experiment is considered and before starting transient calculations by using the previously qualified 
nodalization. The attention is focused hereafter toward the analysis of the calculation results in order to 
qualify the nodalization, item b), considering that steady state calculation, item a), is part of the nodalization 
qualification. When calculating the quantitative accuracy, 18 time trends have been selected in relation to 
which experimental data exist: these are assumed to be the minimum number of measured quantities that 
fully describe the experimental scenario. The related list is given in the first column of Table 7. 

5.1 Steady state results 
This constitutes the final step of the nodalization qualification process at steady state level. 

The related results are shown in Table 6. Resulting values are compared with experimental data. It may be 
noted that the data in Table 6 deal with most of the parameters imposed for the nodalization qualification 
process (Table 3). 

The analysis of data brings to the following conclusions: 

• the criteria for nodalization qualification are generically fulfilled, though the complete comparison 
between data in Table 6 with acceptability criteria has not been done owing to the lack of experimental 
data; 

• differences between Cathare2 and Relap5 code results are negligible[11]; 

• a good agreement in the case of pressure drops is observed (see Figure 3); 

• the heat losses are not completely cover: In particular the heat losses of the MCP are not foreseen; 

• the tuning or adjustments of steady state code results was considered unnecessary owing to the low 
influence that the observed discrepancies has in the selected transient. 

5.2 PSB 11% UP break test experiment description 
The experimental data available for the qualification of the nodalization concerns the “UP 11% break”. It 
simulates a rupture on one upper plenum accumulator line. UP 11% break test is also used by EREC as 
shake-down test for the PSB facility namely to check all the instrumentation and all the system behavior[13], 

[14], [15]. The break is side oriented, it is installed 200 mm under the hot legs connection and discharges in a 
catch tank at atmospheric pressure where an appropriate system measured the ejected flow rate[16]. 

The test starts opening the valve of the break system, this time is assumed as zero time. After 5 seconds the 
SCRAM is actuated to reduce power of the fuel rods and of the core bypass. At the same time the feed-water 
valves start to close, the isolation valves of the 4 steam generator are closed too because of the SCRAM 
signal. At 10 seconds the pumps are stopped, their coast down time is 4 seconds. The active and passive 
ECCS system start their intervention on a pressure signal: 10.5MPa for the HPIS (only one train is foreseen 
that injects in the hot leg of loop 4); 5.9MPa for the hydro-accumulators. 

Due to the break opening the pressurizer level decrease rapidly up to a complete emptying, the primary 
pressure starts to decrease and at about 20 s reaches the set point for the HPIS actuation (10.5 MPa). At this 
time the steam generators are already isolated by the closure of the isolation valves. This produces an 
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increase of the secondary pressure and at about 90s the primary pressure drops below the secondary pressure 
that causes an inversion of the heat exchange. After other 100 seconds (about 195 s) the accumulators start to 
inject but a core heat up occurs. The temperature trend of the fuel rods shows some dry out and rewet 
especially in the middle and upper part. The experiment is terminated due to a high temperature of the 
bundle, more than 1000 K. 

The initial and boundary conditions and the main event are summarized in Table 5 and Table 6. 

The test calculation is performed starting from the input deck suitable for Cathare2. The reference 
calculation for this study is labeled “PSB_03v”; the related time trends and significant single valued 
parameters are reported, together with experimental data, respectively (in the figures the label “PSB_03v” 
and “EX_11UP” identify calculated and experimental results trends respectively). 

A comprehensive comparison between measured and calculated trends or values is performed, including the 
following steps: 

a) comparison between experimental and calculated time trends on the basis of the selected variables 
introduced above; 

b) quantitative evaluation of calculation accuracy, utilizing the FFTBM, described in reference [3] and [12], 
as given Table 7.  
Comments related to items a) are given below, distinguishing groups of homogeneous variables, while the 
discussion about items b) is given in section 6. 

Absolute Pressures 

The primary system pressure is quite well predicted by the code. Figure 4 and Figure 5 show the primary 
pressure and the accumulator pressure trends. A very good agreement can be observed in the first 200s of the 
transient, time when the pressure reaches 5.9MPa and the accumulators start to inject water in the RPV (two 
trains in the downcomer and two train in the upper plenum). The following 80 second of the transient the 
calculated pressure trends in pressurizer differ from the experiment one. This is due mainly by the different 
intensity of the dry out in the core. After deep and careful considerations of the experimental data, it has been 
observed at the same high of the core in the experimental facility PSB, there are zones in dry out with very 
high temperature of the fuel cladding and zones with very low temperature. A mono-dimensional TH code, 
such as Cathare2, represents the parameters only of the average channel, but in any case the qualitative 
behavior (i.e. the dry out and the reflood phases) is quite well observed. The main difference is showed by 
the intensity and the duration of the first dry out in the core. 

The accumulator pressure generally follows the primary pressure; time of accumulator actuation is 
consequence of the primary pressure and the value of the set point (5.9MPa). The accumulator actuation is 
predicted about at the same time, showing the good agreement of the primary pressure in the first part of the 
transient, but the pressure trend is different in the following 80 seconds. This discrepancy is due to the 
different primary pressure trend during this phase. 

 

Fluid temperatures 

Core inlet and outlet fluid temperatures are qualitatively well predicted during all transient (Figure 6). In the 
upper head fluid temperature a very high superheating is measured; it seems evident that the thermocouple 
gives a measure of the structural mass temperature starting from about 200s into the transient. 

 

Mass flow rates and residual mass 

The measured values of break flow rate Figure 7, the ECCS flow rate Figure 8, core are compared with the 
respective calculated trends. 

The integral value of the break flow rate is well predicted; and the related error can be considered within the 
uncertainty bands. 

About the calculated ECCS flow rate it can be noted it is imposed because it is furnished in reference [6]. 
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The residual mass in primary side is well predicted Figure 9; the calculated value is higher than the 
experimental one after 200s, but the difference can be considered acceptable considering the higher dry out 
in the core (the core power is also reported in Figure 10). 

 

Rod Surface Temperatures 

When analyzing the rod surface temperature trends (Figure 11, Figure 12 and Figure 13), the three-
dimensional situation in the core must be considered (as it is already mentioned above). Notwithstanding the 
experimental data do not result homogeneous at the same level of the core, regarding the fuel cladding 
temperature, any research has been performed in order to find suitable results for these parameter trends. The 
experimental cladding temperature selected are the same that have been assumed suitable for the Relap5 
code analyses[11]. 

Predicted rod surface temperature trends show discrepancies in the higher part of the core, in particular the 
first dry-out is larger than the dryout highlighted by the experimental results. 

6 QUANTITATIVE ACCURACY EVALUATION 
The results of the 11%UP break test performed with Cathare2 code has been submitted to the accuracy 
evaluation in order to perform the on transient level quantitative qualification of the nodalization (see section 
4). To this aim a special methodology, developed at University of Pisa, and widely used has been adopted. 
The methodology is based upon the use of the FFT-BM and its main features are detailed in reference [3], 
[4], [12], [17], [18], [19]. 

The results of the application of the method are given in Table 5. The conclusions from the quantitative 
accuracy evaluation analysis are as follows: 

• The achieved results are considered acceptable notwithstanding the overall accuracy is higher then the 
limit. In detail, as reported in Table 5, the primary system pressure accuracy limit is satisfied (AA = 0.1 
compared with the acceptability limit of 0.1); whereas the overall accuracy is higher then the limit (AA = 
0.48 compared with the acceptability limit of 0.4). 

• The achieved results appear comparable with those obtained by Relap5 in the same test as reported in 
reference [11]. 

Regarding the overall accuracy it must been stressed that this value is value is 0.34 as reported in parentheses 
in table (Table 5) if the cladding temperature in the high part of the core (variable11 and calculated 25 cm 
below the top of the core is not considered in the accuracy evaluation in the frequency domain (FFTBM). It 
could be accepted for the reason exposed in section 5 regarding the dry-out behavior of the experiment. 

Definitely, the documented calculation is acceptable and the nodalization carried out may be considered 
suitable to be applied to the analyses of the PSB-VVER tests. 

7 CONCLUSIONS 
The aim of this work is related to the realization and the qualification process of the PSB-VVER facility 
nodalization for Cathare2 V1.5. The purpose is to document the performance of the nodalization with 
Cathare2 code. In order to achieve this, the FFTBM has been applied. It has been assessed adopting a method 
developed at DIMNP[3], which has capabilities in quantifying the errors in code predictions related to the 
measured experimental signal. 

The analyzed transient (11% UP break) is an intermediate LOCA experiment originated by a rupture on one 
upper plenum accumulator line of the Russian PSB facility. Only one high pressure injection system is 
assumed available during the test. The dry-out situations occur, all quenched by the intervention of the 4 
accumulators. Any actuation of the low pressure injection system is foreseen. At the present, in the test 11% 
UP break performed with the nodalization carried out for the Cathare2 code, the dry-out are empathized 
mainly in the higher part of the core. The comparison between the code prediction and the experimental data 
leads to the conclusion that the code is able to predict all the significant aspects of the transient, but the 
mono-dimensional schematization of the core is representative only of an average situation verified in the 
PSB facility.  
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The following main conclusions can be achieved in the analyses: 

1. the nodalization carried for the PSB-VVER facility developed at the DIMNP and that will be intensively 
used in the next two years for 12 experiments has been qualified at steady state level and transient level; 

2. both steady state and transient level fulfill the qualification criteria, as has been demonstrated in section 
5; 

3. the difficulties to reproduce the dry-out in the core are highlighted; 
4. the analyses performed, during the set up of the nodalization, have showed that particularly critical are 

the break schematization, the accumulator modeling and the loss coefficient in the break; 
5. minor discrepancies between measured and calculated trends, judged to be reasonable and acceptable, 

have been discussed in the text; 
6. the time step effects on the code performances should be investigated more in details. 
7. finally, this nodalization can be considered ready to perform the second step foreseen in order to 

complete the qualification of the nodalization: the natural circulation test. 
 
Thanks to the collaboration between EREC and DIMNP more detailed information could be available in 
future and an improvement of the nodalization and in consequence of the results obtained is possible. 

 
NOMENCLATURE 
AA Average Amplitude 
ACC Accumulator 
CCFL Counter Current Flow Limiting 
CT Counterpart Test 
DP Pressure Drop 
DIMNP Department of Mechanical, Nuclear and Production Engineering 
ECCS Emergency Core Cooling System 
EU European Union 
FFT Fast Fourier Transform 
FFTBM Fast Fourier Transform Based Method 
FRSB Fuel Rod Simulator Bundle 
FW Feed Water 
HPIS High Pressure Injection System 
HTC Heat Transfer Coefficient 
ITF Integral Test Facility 
LBLOCA Large Break Loss Of Coolant Accident 
LOCA Loss Of Coolant Accident 
MCP Main Coolant Pump 
NEA Nuclear Energy Agency 
OECD Organization for Economic Co-operation and Development 
PRZ Pressurizer 
PSB-VVER Large Scale Integral Test Facility PSB-VVER 
RPV Reactor Pressure Vessel 
SBLOCA Small Break Loss Of Coolant Accident 
SG Steam Generator 
SIT Safety Injection Tank 
SL Steam Line 
STGR Steam generator Tube Rupture 
TBP To Be Produced 
TH Thermal-Hydraulic 
UNIPI Pisa University 
UP Upper Plenum 
VVER Russian Designed Pressurizer Water Reactor 
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Figure 1.  PSB-VVER: general view of the facility 
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Figure 2.  Nodalization scheme for Cathare2 code 
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Figure 3.  Comparison between measured and calculated DP vs. length curve for the primary side 
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Figure 4.  PRZ pressure 
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Figure 5.  Hydroaccumulator 1 pressure 
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Figure 6.  Core outlet fluid temperature 
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Figure 7.  Integral break flow rate 
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Figure 8.  HPIS flow rate 
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Figure 9.  Primary side total mass 
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Figure 10.  Core power 

-200. 0 200. 400. 600. 800. 1000. 1200. 1400.
Time (s)

0

200

400

600

800

1000

1200

Te
m

pe
ra

tu
re

 (°
C

)

WinGraf 4.1 - 04-21-2004

XXX PSB_03V_T#1_1 YC01T420

X X X X

X

X X X X X X
X X

X
X

X
X X X

X
YYY EX_UP11 YC01T42

Y Y Y Y Y Y Y

Y

Y Y Y Y Y Y
Y

Y Y

Y

Y

Y

 
Figure 11. Rod temperature (h=3.460m) 



5th International Conference on Nuclear Option in Countries with Small and Medium Electricity Grids 
Dubrovnik, Croatia, May 16-20, 2004. 

 15

0 100.0 200.0 300.0 400.0 500.0 600.0 700.0 800.0 900.0
Time (s)

100

200

300

400

500

600

700

800
Te

m
pe

ra
tu

re
 (°

C
)

WinGraf 4.1 - 04-16-2004

XXX EX_UP11 YC01T57

X
X X X X X X

X X X X X
X

X X

X

X X

X

X

YYY PSB_03v_T#1_1 YC01T570

Y Y Y Y Y

Y

Y Y Y

Y

Y

Y

Y

Y Y

Y

Y Y

Y

Y

 
Figure 12.  Rod temperature (h=2.762m) 
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Figure 13.  Rod temperature (h=0.737m) 
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Table 1.  Main design parameters of VVER 1000 and PSB facility 

Name VVER -
1000 PSB-VVER Scale Factor 

Scale 1 1:300 - 
Number of loops 4 4 - 
Heat losses, % 0.063 1.8 - 
Heat power, МW 3000 10 1:300 
Primary circuit volume, m3 370 1.23 1:300 
Primary circuit pressure, МPа 15.7 15.7 1:1 
Secondary circuit pressure, МPа 6.3 6.3 1:1 
Coolant temperature, K 563/593 563/593 1:1 
Core length, m 3.53 3.53 1:1 
Number of fuel rods 50856 169 1:300 
Core volume, m3 14.8 4.9*10-2 1:302 
Upper plenum volume, m3 61.2 20.0*10-2 1:306 
Down-comer volume, m3 34.0 11.0*10-2 1:309 
Hot legs volume, m3 22.8 8.0*10-2 1:285 
Cold legs volume, m3 60.0 24.0*10-2 1:250 
Number of steam generators 4 4 - 
Heat exchanging surface, m2 6115 18.2 1:336 
Water volume in SG for primary circuit, m3 21.0 6.8*10-2 1:309 
PRZ volume, m3 79 26.3*10-2 1:300 
Number of hydroaccumulators 4 4 - 
Number of pumps 4 4 - 
Volume of hydroaccumulators, m3 240 80*10-2 1:300 
Water volume in ACCU, m3 200 66.6*10-2 1:300 

Table 2.  Overview of code resources 

PARAMETER VALUE 
Code Cathare2 
1. Total Number of Hydraulic Modules  
− primary side 63 (1742) 
− secondary side 20 (64) 
− total 83 (1806) 
2. NUMBER OF JUNCTIONS  
− primary side 92 
− secondary side 16 
− total 108 
3. NUMBER OF THERMAL STRUCTURES  
− primary side 117 
− secondary side 24 
− total 141 
5. NUMBER OF CORE ACTIVE STRUCTURES 10 
7. NUMBER OF MESH POINTS  
− core slabs 120 
− steam generator slabs 392 
9. OVERALL VOLUME (m3) 1.78927 
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Table 3.  Criteria for nodalisation qualification at 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 downcomer 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. 

Table 4.  Total volume in PSB-VVER facility and PSB Cathare2 nodalization  

  Volume (m3) Volume PSB 
Facility (m3) Error 

Total data primary side 1.31164 1.31667 0.38% 
Total data secondary side 0.47627 0.47711 0.18% 

Table 5.  Imposed sequence of main events 

EVENT TIME AND/OR SET POINT VALUES 
Break opening 0 s 
SCRAM signal 5 s 
Pumps coastdown initiation 10 s, full stop at 14 s 
SG SS isolated 5 s  
Normal SG SS FW supply stopped 15 s 
Pressurizer internal heaters stop Prz pressure = 13.73 Mpa 
SG SS safety valves opening Not operative 
Safety injection signal (HPIS active) Primary pressure = 10.5 Mpa   
Accumulators injection start Primary pressure = 5.89 МPа  
Accumulators injection stop About 900 s  
End of transient 1037 s 
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Table 6.  Measured and calculated relevant initial and boundary conditions 

Set value 
Parameter Code Measure Actual value 

Cathare2V1.5 
PRIMARY SIDE 

Pressure in Upper Plenum (MPa) YC01P17 16.9±0.06 16.9 
Coolant temperature (K) 

- at DC inlet 
- at UP outlet 

 
YA01-04T02 
YA01-04T03 

 
559.7±3 
589.7±3 

 
560.6 
589.8 

Flow rate in circulation loops (kg/s) 
- loop 1 
- loop 2 
- loop 3 
- loop 4 

 
YA01F01 
YA02F01 
YA03F01 
YA04F01 

 
2.3±0.05 
2.3±0.05 
2.3±0.05 
2.4±0.05 

 
2.29 
2.29 
2.29 
2.27 

Power of FRS bundle (kW) YC01N01 1520±15 1521 
By-pass power (kW) YC01N02 17.4±0.7 17.4 
Coolant level in PRZ (m) YP01L02 6.99±0.3 6.94 (8.83) 

SECONDARY SIDE 
Pressure (MPa) 

- SG1 
- SG2 
- SG3 
- SG4 

 
YB01P01 
YB02P01 
YB03P01 
YB04P01 

 
7.43±0.05 
7.47±0.05 
7.33±0.05 
7.43±0.05 

 
7.42 
7.40 
7.40 
7.40 

Level (m) 
- SG1 
- SG2 
- SG3 
- SG4 

 
YB01L01 
YB02L01 
YB03L01 
YB04L01 

 
1.71±0.07 
1.71±0.07 
1.84±0.07 
1.74±0.07 

 
1.71 
1.71 
1.80 
1.72 

ACC-S 
Pressure (MPa) 

- ACCU 1 
- ACCU 2 
- ACCU 3 
- ACCU 4 

 
TH01P01 
TH02P01 
TH03P01 
TH04P01 

 
5.8±0.03 
5.9±0.03 
5.9±0.03 
5.9±0.03 

 
5.9 
5.9 
5.9 
5.9 

Level (m) 
- ACCU 1 
- ACCU 2 
- ACCU 3 
- ACCU 4 

 
TH01L01 
TH02L01 
TH03L01 
TH04L01 

 
4.84±0.07 
4.84±0.07 
4.86±0.07 
4.85±0.07 

 
4.84 
4.84 
4.84 
4.84 
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Table 7.  Summary of results obtained by application of FFT method 

PARAMETERS PSB_03v_test#1 
# Measured parameter Identifier AA WF 
1 PRZ pressure YP01P01 0.10 0.062 
2 SG1 pressure - secondary side YB01P01 0.09 0.042 
3 SG2 pressure - secondary side YB02P01 0.24 0.058 
4 ACC1 pressure TH01P01 0.08 0.019 
5 ACC2 pressure TH02P01 0.08 0.025 
6 Core inlet fluid temperature YC01T06 0.32 0.052 
7 Core outlet fluid temperature YC01T04 0.10 0.034 
8 Upper head fluid temperature YC01T05 0.82 0.057 
9 Heater rod temp. (bottom level) YC01T120 0.24 0.074 
10 Heater rod temp. (high level) YC01T57 1.30 0.055 
11 Heater rod temp. (high level) YC01T42 1.84 0.043 
12 Integral break flow rate MASSBR 0.06 0.055 
13 Break flow rate XL01F01 0.98 0.162 
14 Primary side total mass MASS1 0.18 0.065 
15 Core power YC01N01 0.13 0.068 
16 DP inlet-outlet  SG 2 YA02DP03 0.98 0.134 
17 DP SG 2 inlet hot header top YA02P114 0.34 0.090 
18 ECCS flow rate TJ04F02 0.06 0.136 

TOTAL 0.48 (0.34*) 0.054 (0.053*) 
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