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INTRODUCTIONINTRODUCTION

 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 

| valuemeasuredor  reference|
 | valuecalculated -  valuemeasuredor  reference|

(°)   The % error is defined as the ratio 

| valuemeasuredor  reference|
 | valuecalculated -  valuemeasuredor  reference|

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.

�Criteria for nodalization qualification at the steady-state level�

Data

Code
Instructions

User
ChoicesNODALIZATION

Overview of the nodalizations

The nodalizations have been carried out using a standard 
methodology and all the steps foreseen have been fulfilled

� The nodalizations have been carried out 
using the experience acquired in the 
DIMNP

The qualification of the nodalizations have 
been fulfilled at steady state level, using our 
criteria as reference 

� The on transient level qualification foressen
in our procedure has been fulfilled

Qualitative accuracy

Quantitative accuracy

Qualification of Nodalization and Calculation Results 

FFTBM

PhW and RTA
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CIAU & UMAE FLOW DIAGRAMCIAU & UMAE FLOW DIAGRAM
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PSB LAYOUT AND CODES INPUT DECKPSB LAYOUT AND CODES INPUT DECK
Overview of the nodalizations

Relap5
nodalization
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RELAP5 NODALIZATIONRELAP5 NODALIZATION
Overview of the nodalizations

Hot collector
region

Cold collector
region

Tubes
region

Downcomer
region

Division in 4 regions
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RELAP5 NODALIZATIONRELAP5 NODALIZATION

2231N. heat structures

10N. core heat 
structures

11383N. mesh points

2742N. junctions

2492N. nodes

ADOPTED CODE RESOURCES

A sliced approach is used in the discretization. It is 
specifically suitable for calculating scenarios that imply 
fluid stagnation in different parts of the loop, or 
scenario characterized by low driving forces (i.e. 
natural circulation).

Overview of the nodalizations
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PSB LAYOUT AND CODES INPUT DECKPSB LAYOUT AND CODES INPUT DECK
Overview of the nodalizations

Cathare2V1.5
nodalization
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CATHARE2V1.5B NODALIZATIONCATHARE2V1.5B NODALIZATION
ADOPTED CODE RESOURCES

1.789279. OVERALL VOLUME (m3)

392−steam generator slabs

120−core slabs

�7. N. OF MESH POINTS

10�5. NUMBER OF CORE ACTIVE 
STRUCTURES

141�total

24−secondary side

117−primary side

�3. N. OF THERMAL STRUCTURES

108−total

16−secondary side

92−primary side

�2. N. OF JUNCTIONS
83 (1806)−total

20 (64)−secondary side

63 (1742)−primary side

1. Total N. of Hydraulic Modules

Cathare2Code

VALUEPARAMETER

1.789279. OVERALL VOLUME (m3)

392−steam generator slabs

120−core slabs

�7. N. OF MESH POINTS

10�5. NUMBER OF CORE ACTIVE 
STRUCTURES

141�total

24−secondary side

117−primary side

�3. N. OF THERMAL STRUCTURES

108−total

16−secondary side

92−primary side

�2. N. OF JUNCTIONS
83 (1806)−total

20 (64)−secondary side

63 (1742)−primary side

1. Total N. of Hydraulic Modules

Cathare2Code

VALUEPARAMETER

Overview of the nodalizations
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11% UP BREAK POST TEST ANALYSES11% UP BREAK POST TEST ANALYSES

1037 sEnd of transient

About 900 s Accumulators injection stop

Primary pressure = 5.89 МPаAccumulators injection start

Primary pressure = 10.5 MpaSafety injection signal (HPIS active)

Not operativeSG SS safety valves opening

Prz pressure = 13.73 MpaPressurizer internal heaters stop

15 sNormal SG SS FW supply stopped

5 s SG SS isolated

10 s, full stop at 14 sPumps coastdown initiation

5 sSCRAM signal

0 sBreak opening

TIME AND/OR SET 
POINT VALUESEVENT

Imposed sequence of main events The experimental data available for the 
selected post test analysis is a test called 
�UP 11% break�. It simulates a rupture 
on one upper plenum accumulator line. It 
is a counterpart of a test performed in an 
other facility (ISB-VVER) and the initial 
and boundary conditions derive from that 
test. 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 
behaviour. 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.
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11% UP post test analyses11% UP post test analyses

STEADY STATE CONDITIONSSTEADY STATE CONDITIONS
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PRZ PRESSURE PRZ PRESSURE –– EXP, R5M3.3, C2EXP, R5M3.3, C2
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ACCU 1 PRESSURE ACCU 1 PRESSURE –– EXP, R5M3.3, C2EXP, R5M3.3, C2
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INTEGRAL BREAK FLOW INTEGRAL BREAK FLOW –– EXP, R5M3.3, C2EXP, R5M3.3, C2
Reference casesReference cases
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ROD CL TEMPROD CL TEMP–– EXP, R5M3.3, C2EXP, R5M3.3, C2
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RESULTS RESULTS -- EXP, R5M3.3, R5EXP, R5M3.3, R5--3D3D
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PRZ PRESSURE PRZ PRESSURE –– EXP, R5M3.3, R5EXP, R5M3.3, R5--3D3D
Reference casesReference cases

-200. 0 200. 400. 600. 800. 1000. 1200.
Tim e (s)

0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

Pr
es

su
re

 (M
Pa

)

W inGraf 4.1 - 08-05-2004

XXX EX_UP11 YP01P01
X X

X

X
X

X

X

X X X
X X

X X X X X X X X

YYY Pi_PsbUPbreak10f p156250000

Y Y

Y

Y
Y

Y

Y

Y
Y Y Y Y Y Y Y Y Y Y Y Y

ZZZ Pi_PsbUPbreak10f_A1 p156250000

Z Z

Z
Z

Z

Z
Z

Z Z Z Z Z Z Z Z Z Z Z Z Z



18181818

ACCU 1 PRESSURE ACCU 1 PRESSURE –– EXP, R5M3.3, R5EXP, R5M3.3, R5--3D3D
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INTEGRAL BREAK FLOW INTEGRAL BREAK FLOW –– EXP, R5M3.3, R5EXP, R5M3.3, R5--3D3D
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11% UP post test analyses11% UP post test analyses

Henry Fauske option active

Q
0.0773 / 0.347

---
Pi_PsbUPbreak10f_HF

Q0.089 / 0.3370.80.90.65Pi_PsbUPbreak10f_A7
NQ0.116 / 0.354110.65Pi_PsbUPbreak10f_A3
NQ0.114 / 0.360110.75Pi_PsbUPbreak10f_A2
NQ0.126 / 0.351---Pi_PsbUPbreak10f_A1

NoteAverage accuracy:
Prim. press. / Total

Superheated 
discharge 
coefficient

Two-phase 
discharge 
coefficient

Subcooled
discharge 
coefficient

Name input

SENSITIVITY STUDYSENSITIVITY STUDY
Different calculation has been performed in order to evaluate the 
infuence of the dicharge coefficients variation to the final results
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PRZ PRESSURE PRZ PRESSURE –– RELAP5RELAP5--3D3D©©
Sensitivities studiesSensitivities studies
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PRZ PRESSURE PRZ PRESSURE –– EXP, R5M3.3, R5EXP, R5M3.3, R5--3D3D
Henry Henry -- FauskeFauske
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11% UP post test analyses11% UP post test analyses

FFTFFT--BM APPLICATIONBM APPLICATION

0.2210.360.040.350.050.4TOTAL

0.1360.060.120.040.100.48ECCS flow rate18

0.0900.340.080.450.130.06DP SG 2 inlet hot header top17

0.1340.980.130.990.131.10DP inlet-outlet  SG 216

0.0680.130.120.970.070.16Core power15

0.0650.180.080.140.050.97Primary side total mass14

0.1620.980.140.670.051.98Break flow rate13

0.0550.060.060.090.060.26Integral break flow rate12

0.0431.000.050.870.130.04Heater rod temp. (high level)11

0.0680.990.080.570.140.78Heater rod temp. (middle level)10

0.0690.240.040.140.060.12Heater rod temp. (bottom level)9

0.0570.820.050.750.040.79Upper head fluid temperature8

0.0340.100.020.110.030.07Core outlet fluid temperature7

0.0520.320.020.120.030.07Core inlet fluid temperature6

0.0250.080.010.210.030.1ACC2 pressure5

0.0190.080.010.230.020.1ACC1 pressure4

0.0580.240.050.300.050.07SG3 pressure - secondary side3

0.0420.090.040.130.050.1SG2 pressure - secondary side2

0.0620.100.030.120.060.08PRZ pressure1

WFAAWFAAWFAAMeasured parameter#

Cathare2v1.5b
PSB_04e10_test#1

Relap5-3D© v2.2.4
Pi_PsbUPbreak10f_A1

Relap5/Mod3.3
Pi_PsbUPbreak10f

Parameters
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11% UP post test analyses11% UP post test analyses
FFTFFT--BM APPLICATION BM APPLICATION –– SENSTIVITY STUDIESSENSTIVITY STUDIES

0.0480.3370.040.3540.040.360TOTAL

0.120.050.120.040.120.04ECCS flow rate18

0.080.430.080.400.080.43DP SG 2 inlet hot header top17

0.130.960.130.960.130.96DP inlet-outlet  SG 216

0.111.040.120.060.070.16Core power15

0.080.140.080.140.080.14Primary side total mass14

0.130.690.140.700.130.70Break flow rate13

0.060.090.060.080.050.08Integral break flow rate12

0.060.890.050.910.050.97Heater rod temp. (high level)11

0.080.600.080.570.060.89Heater rod temp. (middle level)10

0.040.140.040.140.050.19Heater rod temp. (bottom level)9

0.050.750.050.750.050.75Upper head fluid temperature8

0.020.100.020.100.020.10Core outlet fluid temperature7

0.020.120.020.120.020.12Core inlet fluid temperature6

0.010.190.010.190.010.19ACC2 pressure5

0.020.220.020.220.010.22ACC1 pressure4

0.060.090.050.300.050.30SG3 pressure - secondary side3

0.050.040.040.130.040.12SG2 pressure - secondary side2

0.040.0890.030.1160.050.114PRZ pressure1

WFAAWFAAWFAAMeasured parameter#

Relap5-3D© v2.2.4
Pi_PsbUPbreak10f_A7

Relap5-3D© v2.2.4
Pi_PsbUPbreak10f_A3

Relap5-3D© v2.2.4
Pi_PsbUPbreak10f_A2

Parameters
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CONCLUSIONS (1 of 2)CONCLUSIONS (1 of 2)

In particular:

� The analyses performed, during the set up of the nodalizations, have showed that 
particularly critical are the break schematization, the hydroaccumulator modeling and 
the loss coefficient in the break.

� The difficulties to reproduce the dry-out in the core have been highlighted.

� For each code has been investigated the quantitative accuracy evaluation of the results 
by the application of the FFT-BM and the obtained results have been compared.

� Sensitivity studies have been performed in order to evaluate the discharge coefficient, 
used in the critical flow model, suitable to get results similar to the experimental 
trends with Relap5-3D code.

� The activation of the Henry Fauske option in Relap5-3D code has shown results very 
similar to the Relap5Mod3.3 code and in good agreement with the experimental 
results.

The test 11% UP break has been analyzed with Relap5/Mod3.3beta, Relap5Relap5/Mod3.3beta, Relap5--
3D3D©©v2.2.4, and Cathare2v1.5b v2.2.4, and Cathare2v1.5b codes
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CONCLUSIONS (2 of 2)CONCLUSIONS (2 of 2)
� These nodalizations (Relap5 and Cathare2) will be applied to other 

experiments performed in the PSB facility in the framework of the Tacis and 
the OECD projects (at present the preliminary pre-tests have been almost 
finished for 12 experiments in the framework of the Tacis project with both 
codes).

� The results from the analyses will be expected to enlarge the error database 
of the CIAU method for Relap5 code and to realize the first database for 
Cathare2 code. At present this methodology has been already applied several 
times (e.g. including Angra-2, Kozloduy-3 and Mochovce analyses ). It must 
been stressed that the error database enlargement or realization must be 
achieved without changes in the nodalisation structure and in user options.


