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1. Introduction 
0EOO86257O6* 

The integral test facility 
PMK-2 in Budapest is 
operated by the KFKI Ato-
mic Energy Research 
Institute. This facility aims 
to the modelling of the 
thermalhydraulic behaviour 
of the Russian pressurized 
water reactor VVER-440 
(NPP Paks). The six loops 
of the nuclear power plant 
are modelled by one loop. 
The volume scaling of the 
facility is 1:2070. All eleva-
tions are kept 1:1. The 
maximum power of the fuel „ . . . ^ .... 
rod simulator is 1 MW F i g- 1: S c h e m e of t h e P M K facility and location of the void 

fraction probes during the SPE-4 experiment 
For many years, the test 
rig PMK was the only integral model of the primary circuit addressed to W E R type reac-
tors. Soon the idea was born to use the facility as a source of experimental data for so-
called Standard Problem Exercises (SPE), which were launched by the IAEA for the 
training of the theoretic groups dealing with accident simulation in the East. The approach 
of the SPE is similar to the International Standard Problems (ISP) organized by the 
OECD for Western reactor types. At first, the participants have to carry out pre-test 
calculations of the given accident scenario. Then the experiment is carried out and the 
results are distributed. Assessing these data, the participants can try to eliminate weak 
points and errors of the pre-test calculations in the stage of post-test calculations. All 
results are compared and summarized in a final report. 

Today, verification of Western thermal hydraulic system codes applied to the specifics of 
W E R Is a topical task for research work. Codes as RELAP, ATHLET and CATHARE are 
widely used both by licensing organisations and utilities in Eastern countries. The 
approach of Standard Problem Exercises is similar to what has to be done to verify a 
computer code. Therefore, the SPEs can contribute to the code verification if the 
experiment covers W E R specific phenomena. 

The experiment of the IAEA standard problem exercise No. 4 was carried out in April 
1993. It was a 3.2 mm break at the downcomer head. The high pressure injection cooling 
was assumed to be not available. As an accident management measure bleed and feed 
at the secondary side of the steam generator was applied. 
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There are many WER specific phenomena covered by this test, such as natural 
circulation in the two-phase flow regime, ECC mixing and condensation, loop-seal 
behaviour in the hot leg, heat transfer in partly uncovered core, heat transfer in horizontal 
steam generators. The experiment is therefore suitable for code verification. For this 
reason, the Research Center Rossendorf, which Is concerned with the verification of 
ATHLET, the German thermal hydraulic system code developed by the Gesellschaft für 
Anlagen- und Reaktorsicherheit (GRS), took part in the 4. IAEA Standard Problem 
Exercise. 

2. Contributions to the experiment 

c e r a m i c insu la to r 
t u b e , A l 2 0 3 b e a r i n g t u b a 

Research Center Rossendorf contributed to 
the SPE-4 experiment by supplying needle 
shaped conductivity probes for the 
measurement of local void fractions In the 
primary circuit of the PMK-II test facility. 
The probes were developed for the 
application under primary circuit conditions, 
where they have to withstand high 
mechanical and corrosive loads. As a part 
of the cooperation /between—the -KFKI 
AtemicrEnergy-Research:lnstitute:and the-Research Center Rossendorf the probes from 
Rossendorf have already been applied to various experiments at PMK in the past. During 
SPE-4 the probes were placed practically all around the circuit (with exception of the core 
simulator and the downcomer,_Sçp^) and for the first time they have provided data 
which characterise the phase distribution within the whole primary circuit. (¿rr-\ • J k 

^conducting tip 

Fig. 2: Principle of the needle shaped 
conductivity probe 
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The needle shaped 
conductivity probes (Fig. 2) 
are local void fraction 
sensors. Their function is 
based on the interruption 
of the electrical current bet-
ween the tip of the probe 
and the conducting fluid by 
the gas fraction. The void 
fraction is determined by 
integrating the time of the 
gas contact divided by the 
measuring time. As a 
second information the 
average frequency of the phase changes at the probe tip can be measured. 

module 
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rs232c 

data acquisition 
computor (PC) 

Fig. 3: Data acquisition system 

The measuring system consists of a network of preamplifier modules equipped with 
microcomputers and a central data acquisition PC (Fig. 3). The modules perform a data 
preprocessing and control a digital interface which is necessary to manage the high 
electrical disturbance levels typical for integral test facilities. As the result the time 
behaviour of the void fraction and the frequency of the phase changes (bubble frequency) 
are recorded with a sampling time of 1 sec. 
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An overview of the signals of all probes is given in Fig. 4 for the first 500 seconds of the 
process time. Important events, such as first coolant flashing, depletion of the upper 
plenum and hot leg loop-seal clearing are marked at the plot. With the help of the needle 
shaped conductivity probes a couple of general conclusions for intermediate cold leg 
breaks can be drawn or at least substantiated. So it was observed that the hot leg 
loop-seal clearing occurs twice. For the first time in this experiment it leads to an 
entrainment of steam into the steam generator. The pressure drop caused by the onset 
of condensation leads to an intensification of the ECC water injection by the accumulators 
and a refilling of the loop seal. The final hot leg loop-seal clearing occurs only after the 
emptying of the hydroaccumulators. The cold leg loop-seal (pump seal) clearing occurs 
before the final hot leg loop-seal clearing has taken place. This effect is explained by the 
evaporation of water in the cold leg and in the steam generator tubes, while the water in 
the hot leg is subcooled due to the ECC injection. At the end of the process, the 
operation of the low pressure injection system leads to the reappearance of two-phase 
flow at the reactor outlet. It has to be remarked that the experiment was stopped before 
the cold leg loop-seal was refilled and a natural circulation of water was not yet 
reestablished. 
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Fig. 4: Signals of void fraction probes 

11 



3. Results of ATHLET calculations 

Phase 1: 0 - 3 0 sec 

During the first thirty seconds of the 
experiment, the primary pressure 
PR21 decreases quite fast (see Fig. 
5). In this period at 11.4 MPa the core 
power starts to decrease according 
the decay heat curve. At 9.5 MPa the 
pump coast down starts, which is 
modelled in the PMK facility by 
gradually closing the valve PV11. At a 
primary pressure (PR21) of 5.9 MPa 
the hydroaccumulators start to inject 
cold fluid into the primary circuit. 

Phase 2: 30 - 160 sec 
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Fig. 5: Primary pressure (PR21) 
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Achieving saturation conditions, 
further primary pressure decreasing 
stagnates. During the next time period 
the course of the transient is determi-
ned by several overlapping occur-
rences : 

Due to the pump coast down, the 
mass flow decreases. This induces 
enhanced flashing in the primary 
circuit. The pressure is increased and 
the core level LE11 is remarkably 
decreased (see Fig. 7). The exact 
modelling of the gradually closing 
pump valve has a large influence on 
the accuracy of the calculation. Dif-
ficulties arise, because during coast down steam and water flow through the pump. For 
the calculation of the pump behaviour under two phase conditions, no data were avai-
lable. 
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Fig. 6: Break mass flow (FL01) 

The cold fluid, which is injected by the hydroaccumulators, induces condensation of the 
steam in the primary circuit and the pressure is decreased. There is a strong feedback, 
because the amount of the injected water is governed by the decreasing primary 
pressure. 

Due to the continuing break mass flow the primary pressure decreases. During this time 
period the calculated break mass flow is something too low (see Fig. 6). The calculated 
mass flow depends not only on the applied discharge model, but also on the thermal-
hydraulic conditions, particularly the void fraction and the liquid temperature, in the dis-
charge volume. Difficulties In the calculation may arise, since the discharge volume on 
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the top of the downcomer is also influ-
enced by the cold fluid from the 
hydroaccumulator and three-dimens-
ional effects might play a growing 
role. 

Phase 3: 160 - 400 sec 

150 seconds after start of the pump 
coast down at about t = 160 s the 
bleed valve at the secondary steam 
generator is opened. Simultaneously 
the pump valve PV11 is completely 
closed and the bypass valve MV11 is 
opened. This causes a loop seal 
clearing in the hot leg (see the void 
fraction probe signals LV33 and 
LV41 ) and a sudden increase of the 
core collapsed level (LE11). From this 
time the primary pressure drops faster 
again and the accumulator injection is 
accelerated. During the next period 
the following processes are essential: 

The continued steam production in 
the core blows the cold hydroac-
cumulator fluid towards the hot leg 
(counter current flow regime). This is 
shown by comparison of the void 
fraction signals LV21 and DE21 (see 
Fig. 4). In the hot leg the steam is 
condensed and the loop seal is 
refilled. After refilling of the hot leg 
loop seal the subcooled fluid is blown 
into the steam generator. 
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Fig. 7: Core collapsed level (LE11) 
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The cold fluid causes an inverted heat F'9- 8: Collapsed level (LE45) and void fraction 
flux from the secondary to the primary ¡n the hot leg 
circuit. For an appropriate calculation 
of these effects, a detailed model of the steam generator was used. The 82 primary Li-
tubes are modelled by four clusters. On the secondary side, fluid circulation is considered 
by appropriate modelling of a secondary riser and downcomer. 

At t = 308 s the hydroaccumulators are depleted. Then the power transferred from the 
secondary side is too low for evaporation and the cold fluid is blown through the steam 
generator and refills the cold leg loop seal. In the next period the loop seals of the hot 
leg (t = 340 s) and of the cold leg (t = 385 s) are finally cleared (see void fraction probe 
signals LV41, LV51 and LV52 in Fig. 4, Fig. 8 and Fig. 9). At t = 400 s the natural 
circulation in the primary circuit is interrupted. 
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Phase 4: 400 -1800 sec 

From this time the core decay heat is 
removed only through the break flow. 
The collapsed levels in the core 
(LE11) and in the downcomer (LE61) 
decrease continuously. At t = 1125 s 
the cladding temperatures (TE15) of 
the rod simulator and the fluid tempe-
rature in the upper plenum (TE22) 
start to increase (see Fig. 10). At 
1380 s the decreasing primary 
pressure initiates the low pressure 
injection. This stops the temperature 
excursion and refills the levels LE11 
and LE61. At 1800 s the test was 
stopped. 

4. Ci* umary 

The calculated results are in good 
agreement with the experiment. 
Deviations may be explained by 
strong feedback, which is difficult to 
predict (for example the pressure 
governed hydoaccumulator injection) 
and by limitations of the one-
dimensional model (discharge 
volume). Using the void fraction probe 
signals it could be shown, that some 
collapsed levels in later time periods 
ate measured something too high 
(e.g. for the core collapsed level 
LE11). The void fraction probe signals 
yield valuable information for deeper 
understanding of the thermalhydraulic 
occurrences and for code validation. 
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Fig. 9: Collapsed level (LE52) and void fraction 
(LV52) in the cold leg 
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Fig. 10: Temperature in the upper plenum 
(TE22) 
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