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ABSTRACT - The modelling of some loss-of-coolant accident tests (IAEA-SPE), performed oa 
the PMK-NVH integral test facility, have been studied in the present paper. A universal RELAP5 
model of the facility has been developed at US, first for RELAP5/MOD2 and later upgraded for 
RELAP5/MOD3 use. To verify the modelling and determine the important details in the model, a 
nodalization study has been performed on the case of IAEA-SPE-2 experiment. In parallel MOD2 
and MOD3 capabilities of modelling highly non-equilibrium processes, as took place in IAEA-SPE-2 
experiment, have been compared. Using the most detailed of the developed models, the capabilities 
of both code versions have been compared on the case of IAEA-SPE-1 and 2 (Small Break Loss-of-
Coolant Accidents • SB LOCAs) and IAEA-SPE-3 (Steam Generator Tube Rupture - SGTR), adapted 
only accordingly to the three SPE experiment arrangements. The calculations have been performed 
with RELAP5/MOD2/36.05 and MOD3 5m5 code versions on a VAX 4000-200 computer. 

1. Introduction 
Since 1984 three standard problem exercises have been conducted on PMK-NVH 

experimental facility in Hungary, under IAEA sponsorship. The tests were performed 
to investigate Emergency Core Cooling System (ECCS) capability in VVER-440 in the 
case of SB LOCA and hot collector rupture (similar to SGTR). 

PMK-NVH is a 1:2070, full height, full pressure model of Hungarian Paks NPP, 
type VVER-440, Soviet production. The original plant is a 6-loop PWR, but the model 
is only 1-loop, thus the most appropriate for symmetrical transient simulations. 

VVER-440 type nuclear power plants differ considerably from western type PWR. 
The two main distinguishing characteristics are horizontal steam generators and loop 
seals in both hot and cold legs. The horizontal SG design degrades natural circulation 
driving force and almost disables the reflux cooling process in the case of LOCAs. In 
addition, hot leg loop seal represents another obstruction in primary flow path in SB 
LOCA processes. 

Some additional modelling problems arose from the following special PMK-NVH 
facility design and experiment arrangements. The break was located at the dead end of 
a vertical pipe in the case of SB LOCA experiments (SPE-1 and SPE-2). Additionally, 
the two passive hydroaccumulators were connected to the vertical pipes in SPE-2 and 
SPE-3, which disabled the use of the special ECCMIX component in RELAP5/MOD3, 
which is supposed to model connections, where cold and hot water are mixing. 

2. Experiment description 
The experimental facility has been kept unchanged for the case of both SB LOGA 

experiments [1,2] and slightly rearranged on the secondary side for the case of hot 
collector rupture simulation 13]. General characteristics of the three tests are given in 
Table 1. 
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SPE-1 

SPE-2 

SPE-3 

1986 

1987 

1989 

7.4% in cold leg 

7.4% in cold leg 

11.9% in hot collector 

1 
1 
2 

no 
2* + 1 

2* + 1 
* one accumulator has double capacity 

Table 1: General characteristics of the IAEA-SPE experiments 

All three experiments were started from full power. Reactor scram and safety 
injection were initiated on low upper plenum pressure signal. Pump coastdown was 
initiated soon after the reactor scram. The pump in the PMK-NVH facility does not 
represent a real pump in WER-440. It is located in the cold leg bypass line and used 
only to establish the desired initial primary steady state flow. Pump coastdown was 
simulated by throttling a valve on the delivery side of the pump, while the pump was 
running at full speed. When the primary flow dropped below 5% of the initial value, 
cold leg bypass was valved off, and real cold leg, which was closed by then, opened. 

The initial conditions in the experiments were set close to the nominal conditions, 
calculated from the real WER-440 steady state condition. The comparison of initial 
conditions is shown in Table 2 and various setpoints for the three tests in Table 3. 

upper plenum pressure 

primary flow 

core inlet temperature 

upper head temperature 

core power 

pressurizer level 

SG pressure 

MFW flow 

MFW temperature 

SG level 

HPSI temperature 

accum.no. 1 pressure 

accum.no.2 pressure 

accum.no. 1 level 

accum.no.2 level 

bar 

kg/s 

K 
K 

kW 

m 

bar 

kg/s 

K 

m 

K 

bar 

bar 

m 

m 

123 

4.5 
541 

no data 

664 

1.454 

46 

0.36 

496 

1.97 

no data 

59 

59 

1.65 

2.06 

^gmSMffln| 

126.5 

4.73 

538 

541 

654 

1.53 

46.7 

0.353 

496 

2.25 

293 
-

-

-

-

121.8 

4.6 

546 
549 

662 

1.55 

50.7 

0.406 

496 

1.67 

293 

59.7 

60.2 

1.55 

1.98 

125.2 

5.24 

534.8 

539 

700.5 

1.18 

45.9 

0.38 

491.8 

2.11 

293 

58.4 

58.7 

1.44 

1.83 

Table 2: Initial conditions for IAEA-SPE tests 
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break opens 

SG isolation 

reactor scram + HPSI 

pump coastdown 

SO relief valve opens 

SG relief valve closes 

SG safety valve opens 

SG safety valve closes 

accum.no. 1 injection 

accum.no.2 injection 

accum.no. 1 closes 

accum.no.2 closes 

test ends 

s 

s 

bar 

bar 

bar 

bar 

bar 

bar 

bar 

bar 

m 

m 

s 

-

-

115 

95 

53 

49 

57 

no 

59 

59 

0.25 

1.35 

-

0 

0 

116 

94.7 

no 

no 

no 

no 

-

-

-

-

997 

0 

0 

114.4 

91 

54.5 

49.6 

no 

no 

59.7 

60.7 

1.2* 

1.2 

996 

0 

0 

100.5 

90 

52.6 

48.9 

56.3 

no 

58.6 

58.6 

0.27 

1.12 

1819 

* in SPE-2 accumulator no.l closes on accumulator no.2 level signal 

Table 3: System setpoints for IAEA-SPE tests 

In SPE-1 and 2 the break was located at the dead end of a vertical pipe, which is 
not likely the case in PWR's cold legs. To complicate the model even more, one of the 
two available hydroaccumulators was supposed to inject cold water in the same little 
volume, where the break was located. As cold leg and external downcomer connections 
enter the same volume, all interesting mixing processes took place in a very limited 
area, influenced by at least three totally different boundary conditions. Thus 2-D or 
even 3-D processes were expected to occur. In SPE-3 the situation was slightly less 
complicated, since the break location was away from the accumulator injection points. 

3. RELAP5 model development 
Since the facility design has not been changed 

considerably for the three experiments conducted, 
a universal RELAP5 [4,5} model has been 
developed at US {6], as detailed as possible, 
regarding the expected processes during the 
experiments, caiculational results requested by the 
organizers and US computer capabilities. Three 
simpler models have been developed out of it for 
the purpose of nodalization studies. The most 
detailed and the simplest models for the SPE-2 
calculation are shown in Figure 1 and Figure 2 respectively. The number of 
hydrodynamic components (NV*volumes, NJ-junctions) and heat structures (NH-heat 
structures, NMESH-mesh points^ for the 4 developed models are given in Table 4. 

detailed 
middle 
simple 
miniature 

102 
71 
41 
30 

112 
76 
43 
31 

99 
84 
60 
49 

449 
381 
270 
217 

Table 4: RELAP5 model 
characteristics 
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The nodalization study has been performed [6] with RELAP5/MOD2/36.05 [4] on 
VAX-4000-200 computer. It has been proved, that even the simplest model produced 
fairly good results comparing to the most detailed one. Hie two characterizing 
parameters, accumulator no.2 level and primary pressure, are shown in Figures 3 and 
4 for the four calculated cases, in comparison with the experimental results. None of 
the results were satisfactorily close to the experimental ones. The main differences were 
detected in the top region of the external downcomer, where the break valve and the 
accumulator injection point were located. RELAP5/MOD2 seems to be incapable of 
modelling obviously 2-D phenomena in the downcomer during the accumulator 
injection. The experimental data show, mat during the accumulator injection period, 
downcomer has been deeply emptied, but the primary pressure decrease still remained 
moderate. Some of the supporting nodalization studies, where cold leg and accumulator 
connection positions have been varied, proved, that RELAP5 calculated fast primary 
pressure decrease in the case, when the downcomer was emptied during the accumulator 
injection. This was just the reverse of the experimental data. In addition, all the 
RELAP5 results obtained showed that hot and cold leg loop seal were cleared too late 
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Figure 2: The MINIATURE RELAP5 model for IAEA-SPE-2 

in both calculations, which delayed the final accumulator discharge. This produced a 
long primary pressure plateau, causing too large break flow, resulting in an 
overpredicted loss of the primary system inventory. 
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Figure 3: SPE-2 nodalization study 
- accumulator no.2 level 
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Figure 4: SPE-2 nodalization study 
- primary pressure 
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4. Results 
The results of RELAP5/MOD2 [4] and MOD3 [5] cakubtiaiisof memreelAEA-

SPE tests, in comparison with the experimental data from me facility, ate discussed 
next Only a few of the characterizing results have been presented for each case [6]. 

In SPE-1 no considerable non-equilibrium processes occurred, since the HPSI 
capacity was assumed very low and nc accumulators were in action. After the rapid 
pressure decrease in the beginning of the transient a plateau of pressure was observed 
(Figure 5) till the hot and cold leg loop seals were cleared and me break was 
uncovered, as was expected regarding to the numerous SB LOCA analyses in western 
type FWRs. At mat time the core was uncovered for a short time (Figure 6) The 
passive secondary ride only followed the primary side cooldown process (Figure 7). 
For this case calculation results agree very well with the experimental data. 

t m m 

Vip$re 5: SPE-1: Primary pressure Figure 6 SPE-1: Reactor vessel level 

The RELAP5 predictions were not so 
close for me case of SPB-2, where a large 
amount of cold hydioaccumulator water 
was injected into me primary system in a 
relatively short time. Bom MOD2 and 
MOD3 failed in predicting mermodynamic 
conditions in the top region of the external 
downcomer. Bom loop seats were cleared 

.,.£,>,£..,£..,£,,£,,.£,.,£..,£...£..£ too late (Figure 8), which caused a long 
<fi*M primary pressure plateau (Figure 10) and 

Figure 7: SPE-1: Secondary pressure bkxked uV fmal accuimilator discharge 
(Figure 9). It is suspected mat the disagreement of results comes from 1-D nature of 
both codes and not from being incapable to fc41ow suc^ fion-equilibrium processes. 

— JHHL 

Figure S: SPE-2: CM leg loop seal levd Figure 9: SPE-2: AcowMdator no.2 level 
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Figure 10: SPE-2: Primary pressure 

Again, in SPE-3, the experimental data 
were met closer by MOD2 and MOD3. 
The non-equilibrium processes in the 
external vessel downcomer were 
reproduced well enough by both code 
versions. The break was located far away 
from the accumulator injection points, in 
the SG hot collector. So the 
thermodynamic conditions in the vicinity of 
the break could be calculated properly by 
both code versions. 

The accumulator discharge rate (Figure 11) is predicted well, except when both 
accumulators were almost empty (about 1000.s in the calculation), they were suddenly 
emtied, which reflects also in primary pressure evolution (Figure 12). 
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Figure 11: SPE-3: Accumulator no.2 level Figure 12: SPE-3: Primary pressure 

The secondary pressure (Figure 13) was predicted very close to the experimental 
data by both code versions, in spite of MOD3 underprediction of the secondary level 
(Figure 14) in the upper, narrower part of the steam generator. Due to slightly 
overpredicted mass flow through the SG relief and safety valves, the level in MOD3 
calculation stayed just below the upper narrow part, while in MOD2 calculation a sharp 
SG level rise was detected at the end of the simulation, as was obtained in the 
experiment. 

».1 

1.1 

J^' 

L 
u 

1.1 

— arum. 
— n i l 

— ni l 

•i 
rv- y 

~\\ '* / 

y\_ ^^•e*^^^—~ -
l V-.--—.-.-.---T--- ' 

r_*_i.J i i l-i-t i | i 1 i 1 i 1 i 1 J | i 1 i 1 i 1 i 1 i | l i i 1 

r ' — f" 

JLJLJ-LA* 
IMI IH» MM UM IHI ItM 
Tin* (i) 

IN tM Ml 11» . IMI IMI IIM 
Tin« (i) 

Figure 13: SPE-3: Secondary pressure Figure 14: SPE-3: Secondary level 
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5. Conclusions 
RELAP5/MOD2 and MOD3 code versions are sufficiently capable tools for 

modelling peculiarities of VVER-440 plants, such as horizontal steam generators and 
loop seals both in hot and cold legs, which can be concluded from SPE-1 and SPB-3 
calculations. 

Due to the special experiment arrangement in SPE-2 experiment, both codes foiled 
to reproduce the proper conditions in the top region of the external downcomer, where 
several connections were modeled to the same volume. No nodalization variations could 
keep die break location covered while'fhe external downcomer was emptied during the 
final hydroaccumulator discharge. 

The 1-D nature of RELAP5 was found responsible for the disagreement with the 
experimental results, while both MOD2 and MOD3 were found to be capable of 
following even highly non-equilibrium processes. 
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Answers to questions from the audience 

1. l-D nature of RELAPS is general reason. Could you explain ? 

Over 100 calculations, not discussed in the paper, have been performed for the case 
of SPE-2, varying the break vicinity nodalization, the accumulators and cold leg 
connections. In addition, experimental values for the break flow, accumulator flow, 
secondary pressure and some others have been forced into the RELAPS model. Even 
then the conditions in the top region of the external downcomer couldn't be reproduced 
by RELAPS code. One of the calculations performed included an extremly detailed 
break model (time step was reduced below 0.001 s, due to Courant limit), which also 
didn't bring any significant improvement of the results. After exhausting many possible 
explanations for the disagreement of the calculational results with the experimental data, 
rather general conclusion about 1-D nature of RELAPS being responsible for the 
disagreements, had to be brought. 

2. Which are the reasons for the differences ? 

The main reason for the differences between the calculation and experimental 
results is belived to be the void distribution around the break. Although experimental 
data about the break flow quality are not available, the measured break mass flow rate 
indicates subcooled critical flow in the first 200 seconds of the SPE-2 transient, while 
both RELAPS versions calculated two-phase break flow very early (after 60 seconds). 
At that time the external downcomer was partly emptied, which shouldn't and a certain 
amount of the cold hydroaccumulator water was injected into the primary system. This 
resulted in a long primary pressure plateau which further delayed the important 
phenomena which govern the SB LOCA processes (loop seal clearance). 
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