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The analysis of improvements of RELAP5/MOD3.2 model of the 'Beihsy' facility was performed. In our
previous calculations somc deviations from experimental data occurred, especially in the core region. Thus the
core upper head nodalization was changed in order to obtain better agreement with experimental data. The
problems with the flow stagnation were resolved, but all attempts to adjust the core level behaviour during
transient were unsuccessful. The main reason for this could be an incomplete loop-scal clearance. Thus the
RELAP5/MOD3.2 capability to predict the transient correctly was suspected.

1. Previous work on the Bethsy 6.2 TC test

In our previous work [21, [8] a post test analysis was performed to assess RELAP5/MOD3.2
computer code. A relatively good agreement with experimental data was observed, except
when core liquid levels were compared. The "Bethsy" 6.2 TC [1 1 test simulates a scaled 6
inch cold leg break transient with no safety injection (HPSI, LPS[) available. The test was
performed at the "Bethsy" facility to analyse the transient phenomena durino SB LOCA
accidents of the reference plant and as a comparative experiment for different test facilities
with different scales (Bethsy, LOBI, LSTF and SPES). The basic events of transient arc
summarised below:

* large core uncovery and fuel heatup occurred
accumulator injection started when primary pressure dropped below 4,2 MPa

* transient was terminated when pressurizer pressure dropped below 0,7 MPa

2. RELAP5 input model of the Bethsy facility

"Bethsy" is an integral test facility whose purpose is the investigation of PWR accident
transient. The reference plant is a three-loop 2775 MWt Framatome PWR plant. The volume
scaling is close to 1:100, while elevations and pressures were preserved [11. The main reason
for preserved elevations is an early RC-P trip in the course of most accidents, which causes
gravity dominant flow patterns. The hot and cold legs are scaled to preserve Froude number in
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order to simulate all flow regimes correctly. The RELAP5 input model, which was developed
for the test 9.1 .b (OECD ISP-27) was used for analysis and was initialised to initial conditions
for test 6.2 TC.

3. Transient calculatiobn h01 
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Figure 1: Tbe REI.AI'S/MOD3.2 nodalization of the Bletbsy" facility

3. Transient calculation

The input model was initialised to correct initial values for test 6.2 TC. All caLculations were
performed with computer code RELAP5/MOD3.2 and were already presented in our previous
papers [2], [8]. In comparison with the Bethsy 9. i.h test, the pump speed was reduced from
2940 rpm to 250 rpm. This is something higher than in the experiment in order to obtain a
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required core outlet temperature. The first problem arrised during steady state initialisation. A
reduced pump speed caused enormous difficulties at the initialisation of the core bypass flow.
A zero steady state bypass flow was obtained, which contradicts with experimental data. The
second problem was significant deviation from experimental data when core liquid levels
were compared. The same problem has been also reported in other references [51, [61, [71.

4. Reactor vessel nodalization changes

In order to resolve problems with flow stagnation and to achieve better agreement with
experimental data a detailed nodalization of reactor vessel's upper head was performed. The
following criteria were taken in to the account:

* all parallel volumes should have equal elevations
* volume lengths should not exceed 0,5 m
* junction loss coefficients should be adjusted correctly

The performed modifications of the reactor vessel from figure 1 were the following:

* guide tube (145) was subdivided into 7 volumes
* upper plenum (147) was subdivided into 6 volumes
* bypass volume ( 11) was subdivided into 7 volumes
* junctions' 152,142,148 and 155-1 pressure losses have been adjusted
* heat structures, connected to volumes 112, 151 and 153 were modelled according to their

real geometry

The detailed modified nodalization is shown on figure 2.
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Figure 2: The detailed nodalization of the reactor vessels upper head after modification

5. Transient calculation with detailed input model

First, a parametric analysis has been performed only on the extracted model of reactor vessel.
Main reasons for this were:

* the impact of reactor vessel's parameters on bypass flow can be investigated separately,
without influence of other parts of the primary and secondary system

* the calculations were faster in comparison to the full model
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Initial boundary conditions corresponded to test. 6.2 TC, only the total mass flow was varied.
A comparison of bypass flow between base and detailed model is shown on figure 3. As can
be seen, the problems with flow stagnation were resolved.
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Figure 3: The bypass flow to the upper head

Improved detailed nodalization was included in to the "Bethsy" input model. Break discharge
coefficients were set to 0.85, 1.25 and 0.75 for subcooled liquid, two-phase flow and
superheated vapour, respectively. Steady state in.itial conditions are shown in table 1.

Table 1: "lethsy" test 6.2 'IC initial boundary conditions

parameter mcasured RELAP5
core power 1kW] 2863 + 30 2863
pressurizer pressure [MPa] 15.38 +, 0,15 15,38

pressurizer level [l i 7,45 ± 0,2 7,44
pump rotation speed [rpm] 238( 0,15 250,2
core inlet telmpcrature [K] 557,2 + 0,4 557,7
core outlet temperature [K] 588 2 ± 0 4 588,6
primary coolant 1984 + 50 1948
inventory [kg]
SG pressure [MPal 6,84 0 0,07 6,73
SG level [Im] 11. I + 005 12,1

feedwater temperature [KI 523 1 ± 4 523
reactor vessel upper head 577 560
temperature [Kj
heat losses lkW] 54,82 75
total mass llowrate ko/s I 16.81 16,81
bypass flow [kg/slII%] 0,047/0,28 0,048/0,28

Calculations were performed with RELAP5/MOD3.2 computer code. The results are shown
on figures 4 to 9.
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Figure 4: Integrated break flow Figure 5: Pressurizer pressure
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Figure 8: Primary mass inventory Figure 9: Core cladding temperature at the top oh
the core

Calculated and measured integrated break flows are compared on figure 4. A slight
overprediction can be seen after loop-seal clearance, probably because of overestimation of
the two-phase discharge coefficient. The primary mass inventory agreed well with
experimental data until loop-seal clearance occurred. Then a large decrease in the primary
ma.Ss inventory can be observed, as is shown on figure 8. Other parameters describing the
transient scenario are reasonably well predicted. However, a significant deviation fromn
experimental data was observed when core liquid levels were compared, which can be seen on
figure 10. The same problem - second core uncovery - also occurred in our previous
calculation [2], [8] using the simple base nodalization of the reactor vessel.
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Figure 10: Core liquid level

The first deviation occurred just after the transient beginning when calculated core liquid level
was about 30 cm deeper and about 15 s delayed, however a relatively good agreement can be
observed. On the other hand a large deviation from experimental data occurred after the loop-
seal clearance where the second core uncovery can be observed.
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Figure 1 1: Differcntial pressure at the upflow side of the cold leg 1

The reason for core uncovery was remained liquid in cold legs. which can be presented with
differential pressure at the upflow side of the cold leg, as is shown on figure 11. As can be
seen from figure 1 1 a complete loop-seal clearance was delayed for about 300 s. Changing of
the break discharge coefficients influenced only on the time and depth of the first core
uncovery, but the second core uncovery behaviour remained the same.

6. Conclusions

A detailed nodalization of reactor vessel was performed in order to improve agreement with
experimental data. 'rhe results of calculations show that RELAP5 predicts reasonably the
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evolution of major physical phenomena. However significant deviation with experimental
data was found when predicting core liquid level. RELAP5 predicted the second core
uncovery, which contradicts with experimental data. The reason for this was remained mass
in cold legs, which indicates an incomplete loop-seal clearance and overestimation of break
flow after the loop-seal clearance.
The problems with upper head bypass flow were successfully resolved which shows that
correct nodalization has a great influence on calculation results already in steady state.
Break discharge coefficients adjustment influenced only the first part of the transient and has
had no influence on the second core uncover.
Our further study will deal with improvement of core liquid level behaviour during the
transient.
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