-
Cp— ®
)
— llum
T,
e CONCILIUM

DOI: 10.53660/CLM-3531-24L08

Improving the RELAPS code modeling of the siphon break effect in a
pool type research reactor

Melhorando a modelagem com o c6digo RELAPS do efeito de quebra de sifao em
reatores de pesquisa tipo piscina
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ABSTRACT

The pool water of a research reactor is used for emergency cooling of the reactor core. Siphon breakers are
installed in the lines of the Core Cooling System to stop the loss of water from the pool due to the siphon
effect during an accident involving piping ruptures. Previous studies discuss the effectiveness of siphon
breakers based on the air inlet area and question the ability of one-dimensional thermo-hydraulic codes to
model the siphon break devices. By means of comparison with experimental results, this work demonstrates
the ability of the RELAP5/MOD3.3 code to model the performance of the siphon breaker. There was
satisfactory agreement between the numerical and experimental results, showing that, as the air intake areas
of the siphons decrease, their effectiveness also decreases, resulting in greater drainage of the pool water.
For smaller air intake areas, the RELAP5/MOD3.3 code showed conservative results, overestimating the
reactor pool water losses.
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RESUMO

A 4gua da piscina de um reator de pesquisa € utilizada para resfriamento de emergéncia para o niicleo do
reator. Dispositivos quebra-sifées sdo instalados nas linhas do Sistema de Resfriamento do Nucleo para
interromper a perda de agua da piscina devido ao efeito sifio durante um acidente em que haja ruptura da
tubulagdo. Estudos anteriores discutem a eficicia dos quebra-sifées com base na drea de entrada de ar e
questionam a capacidade de c6digos termo-hidrdulicos unidimensionais em modelar os dispositivos quebra-
sifio. Por meio da comparacdo com resultados experimentais, este trabalho demonstra a capacidade do
codigo RELAP5/MOD3.3 em modelar a atuagdo do dispositivo quebra-sifao. Houve concordancia
satisfatéria entre os resultados numéricos e experimentais, mostrando que, conforme as dreas de entrada de
ar dos sifdes diminuem, sua eficdcia também diminui, resultando em maior drenagem da dgua da piscina.
Para dreas de entrada de ar menores, o c6digo RELAP5/MOD3.3 mostrou resultados conservadores,
superestimando as perdas de d4gua da piscina.

Palavras-chave: RELAPS; Reator de Pesquisa; Quebra-Sifao;
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INTRODUCTION

The Brazilian Nuclear Energy Commission (CNEN) is leading the project of the
Brazilian Multipurpose Reactor (RMB) aimed to be projected, constructed, and operated
to attend the present Brazilian needs for a multipurpose neutron source, which will be
able to supply the radioisotope demand, carrying out material tests, scientific
development, commercial, and medical applications with the use of neutron beams.

The RMB project has finished its detail engineering design phase, which was done
by the engineering companies INVAP (Argentina), AMAZUL (Brazil) and IPEN
(Brazil). The RELAPS code (US NRC, UNITED STATES NUCLEAR REGULATORY
COMMIISSION, 2001) has been used in the safety analysis of RMB reactor.

In a pool type research reactor, the reactor pool can act as a heat sink for the reactor
core decay power. Heat can be transferred by natural circulation from the reactor core to
the reactor pool. So, to keep the reactor core cooling, the reactor should be kept covered.
In recent design of pool type research reactor, pool penetrations below reactor core top
are avoided. Despite the piping-system penetrate the pool above the reactor pool level, if
a pipe rupture occurs, it can lead to a loss of coolant accident (LOCA) since the coolant
could be siphon out of the reactor pool until the pressure head between the inlet and outlet
is removed or the siphon flow is interrupted. A siphon breaker mechanism can be adopted
as a passive safety device to protect the reactor core avoiding the lack of cooling water in
the fuel elements.

The thermal hydraulic system code RELAPS5 was developed to best estimate
transient simulation of light water power reactor systems during postulated accidents.
Recent works have demonstrated that the code can be also used with good predictions for
thermal hydraulic analysis of research reactors as it can be verified in the present literature
(ANTARIKSAWAN, HUDA, et al., 2005), (DAVIS, 2002), (DIMARO, PIERRO, et al.,
2003), (COSTA, REIS, et al, 2010), (HAMIDOUCHE, BOUSBIA-SALAH, et al.,
2004), (KHEDR, ADORNI e D’AURIA, 2005) and (REIS, COSTA e AL, 2010). In
previous works, the assessment and validation of thermal-hydraulic system code have
been performed in order to investigate the applicability of RELAPS5 code to evaluate
safety margins of an MTR research reactor (HAMIDOUCHE e BOUSBIA-SALAH,
2006). The application of RELAPS code to research reactor has been already assessed
(HAMIDOUCHE, BOUSBIA-SALAH, et al., 2004), (WOODRUFF, HANAN, et al.,
1996) and (HEDAYAT, DAVILU e JAFARI, 2007). Furthermore, the latest’s version of
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RELAPS was made suitable for research reactor applications (ALLISON, HOHORST, et
al., 2005). Although RELAPS code has been successfully used in research reactors
simulation, some work reported it is not suitable to simulate the siphon breaker actuation
( (NEILL e STEPHENS, 1993), (CHUN, PARK, et al., 2013) and (PARK, YOON e
BEOMPARK, 2018)).

(NEILL e STEPHENS, 1993) developed a two-year project for siphon breaker
studies. They intended to develop experimental facility and its RELAPS code modeling.
Even after one-year project extension, they were not able to obtain any useful results from
a RELAPS5 code model of the siphon system. Despite that, they produced and analyzed a
very large set experimental result. Through their series of tests, they confirm that there
are three separate modes of siphon breaker performance as they describe:

There is a zero-air entrainment mode in which the siphon breaker air accumulates
as a large bubble at the top of the discharge line and through which the water flows as in
a water-fall. The additional kinetic energy of the water required to increase its velocity
through the air bubble and the potential energy of the water gained while falling through
the air bubble may be completely dissipated at the base of the water fall. We believe the
net effect of this energy loss will cause an increased siphon breaker air flow and hence
break the siphon sooner than it would if such losses didn't occur.

There is a partial air entrainment mode in which a significant fraction of the siphon
breaker air is entrained by the discharging water. The two-phase flow for this mode has
two possibly different regimes: a bubbly flow characterized by relatively small air
bubbles and a mini water-fall flow characterized by large bubbles which appear to move
down the discharge line slower than the average water velocity. We did not see any cases
where the large air bubbles moved up the discharge line against the downward water flow.
The "friction" losses for these two two-phase flow regimes may be Significantly different.
In any case, accumulating sufficient air within the discharge line to break the siphon is a
slow process because so much air is entrained out the discharge.

Finally, there is a full air entrainment mode in which all the siphon breaker air is
entrained by the discharging water. The two-phase flow regime is bubbly flow
characterized by relatively small air bubbles; however, they saw large eddies of bubbly
flow the which may be precursors to the formation of mini water-falls. Siphon breaker air
is not accumulated in the discharge line while in this mode and the siphon will not break

until after the flow slows enough for a transition to the partial air entrainment mode.
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(CHUN, PARK, et al., 2013) developed a RELAP5/MOD?3.3 code simulation for
a POSTECH Siphon Breaker Test Facility (LEE, SEO, et al., 2012). Their results were
compared with the results of the CUPID code (JEONG, YOON, et al., 2010) by (PARK,
YOON e BEOMPARK, 2018). Their RELAP5/MOD3.3 code calculation showed a
delayed siphon breaker effect and the calculated water level at the end of transient
dropped more than 1.5 m below the experimental result. On the other hand, the CUPID
results presented a better agreement. They concluded the 3-D phenomena of the siphon
breaker device were not correctly captured by the RELAPS/MOD3.3 code 1-D models.
(YOUN-GYU, JANG e PARK, 2017) presented a RELAP5 code simulation with a better
agreement against POSTECH experimental results.

This work intends to verify the RELAP5/MOD3.3 code capability in modeling the
siphon breaker mechanism. RELAP5/MOD3.3 code calculation of a Siphon Breaker Test
Facility located at POSTECH University in Korea will be done. Several experiments
considering different siphon breakers device intake areas and pipe rupture location will

be simulated and compared against experimental results.

RELAP5/MOD3.3 SIMULATION OF POSTECH SIPHON BREAKER EXPERIMENT

POSTECH Siphon Breaker test facility.

The POSTECH Siphon Breaker Test Facility (LEE, SEO, et al., 2012) consists of
an upper tank, a main drainage pipe, discharge valves and pipes, a lower tank and a siphon
breaker line. A schematic diagram of the test facility is shown in Figure 1. The upper tank
is 4.0 m depth, it has a square transversal section and about 60 m3 water capacity. The
main drainage pipe,16 inches diameter, connects the bottom of the upper tank to two
discharge lines. Each discharge line has an electrically operated butterfly valve and a
flange where can be attached reducing pipes of 6, 8 or 10 inches diameter to vary the
LOCA break area. The height differences between the entrance of the siphon breaker line
and the pipe break locations are 11.58 m for LOCA break location A and 6.58 m for
LOCA break location B. Inverted U-tube siphon breaker lines of diameters varying from
0.5 to 2.5 inches can be connected between the upper part of the inverted U-tube region
of the main drainage pipe and the top of the upper. The entrance of siphon breaker line is

located 3.35 m above from the bottom of the upper tank.



CLIUM.ORG | 368

Figure 1 - Schematic representation of POSTECH siphon breaker test facility.
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RELAPS/RMB Model for POSTECH Siphon Breaker Test Facility

A RELAP5/Mod3.3 code model was developed in order to simulate the
POSTECH Siphon Breaker Test Facility. A schematic diagram of this nodalization is
presented in Figure 2. The upper tank is represented by the PIPE 200, the discharge line
by the PIPE 300 and 420, the butterfly valves by the VALVE 350 and 430, the break
pipes by the BRANCH 400 and 440. The siphon breaker line is represented by the PIPE
100 and is connected by the SNGLJUN at the 3rd volume of PIPE 200 (upper tank) and
to 22nd volume of the PIPE 300 (discharging line). The orifice plate is represented at
SNGLJUN 250 connecting the bottom of the upper tank to the entrance of the discharge
line. The PIPE 600 represent the external environment (first 28 volumes) and the lower
tank (last 4 volumes). The system pressure is sustained by the CNTRLVOL 500 that 1s
connected by the SNGLJUN 550 at the entrance of PIPE 500.

The facility geometrical data were obtained from the literature (CHUN, PARK, et
al., 2013), (PARK, YOON e BEOMPARK, 2018) (LEE, SEO, et al., 2012), (SEO,
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KANG, et al., 2012) and (MATOZINHOS e SANTOS, 2018). All the elevation changes
are considered by the center line of the pipes and all the pressure drop coefficients (K-
factor) are calculated based on the appendix A of (CRANE CO., 1982). Neither special

control flag nor modelling tricks were applied in the nodalization.

Figure 2 - RELAP5/RMB nodalization to simulate POSTECH Experiment
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RELAP5/RMB Simulation Results

The complete set of experiments presented by (PARK, YOON e BEOMPARK,
2018) were simulated. They combine a 10 inches rupture pipe in two LOCA position
(LOCA A and LOCA B presented in Figure 1) and five siphon breaker line diameters
(0.5, 1.0, 1.5, 2.0 and 2.5 inches).

The first calculation considers a LOCA in the lowest position (LOCA A) and a
2.5 inches siphon breaker line diameter for which the time behavior of the water tank
level during the experiment was available in the literature. For this condition, the
RELAPS code calculation developed by (CHUN, PARK, et al., 2013) are compared with
the CUPID (JEONG, YOON, et al., 2010) results by (PARK, YOON e BEOMPARK,
2018). Their RELAPS code calculation showed a delayed siphon breaker effect and the
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calculated water level at the end of transient dropped more than 1.5 m below the
experimental result. On the other hand, the CUPID results presented a better agreement.
(YOUN-GYU, JANG e PARK, 2017) presented a RELAP5 code simulation in with a
better agreement against POSTECH experimental results.

The Figure 3 shows a comparison of the results presented by (PARK, YOON e
BEOMPARK, 2018) against the RELAP5/Mod3.3 code model developed in this work,
called RELAP5/RMB. The one-dimensional RELAP5/RMB results showed a perfect
agreement against the POSTECH experimental result, even much better than the 3-D
CUPID code results.

Figure 3 - Comparison of RELAP5/RMB results against POSTECH experimental and
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Due to RELAPS code observed discrepancies, (CHUN, PARK, et al., 2013) and
(PARK, YOON e BEOMPARK, 2018) conclude that RELAPS was not able to capture
the complex 3D phenomena that occurs at siphon break line and its connection to the
discharge line. However, looking at the RELAP5/MOD3.3 code nodalization presented
by (CHUN, PARK, et al.,, 2013), probably the main source for their observed
discrepancies was the nodalization of the upper tank. It seems they use only one control
volume to represent the region below the siphon breaker line connection point. So, the
entrance of siphon breaker line was connected to a 3.35 m height control volume larger
than 50 m3. As RELAPS code default calculation options consider the void fraction for a

junction connecting two control volumes the same as that of the donor control volume,
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water will continue being entrapped to siphon breaker line in RELAPS code calculation
even after the entrance of this line has been exposed to the air.

To verify this hypothesis and to show that the RELAP5/Mod3.3 is not immune to
user effects, the RELAP5/RMB nodalization was modified in one detail only: the last
eight volume of PIPE 200 (Figure 2) where lumped to only one. The Figure 4 compares
the original RELAPS5/RMB calculated upper tank level and void fraction at the siphon
break line entrance junction against the modified version. While in the original
RELAPS5/RMB, void fraction at the entrance junction of siphon break line promptly
increases to 1 and pure air enters the siphon breaker line when its entrance is exposed to
the air, in the modified version that void fraction increases slowly, associated directly
with the decrease of upper tank level. So, in the modified version, the upper tank water
level presented the same behavior as the observed by (CHUN, PARK, et al., 2013) and
(PARK, YOON e BEOMPARK, 2018). Since not enough air entered the siphon breaker

line, the siphon breaker actuation failed and the tank level dropped until 0.4 m.

Figure 4 - Comparison of water tank level and siphon breaker line entrance void fraction for
original RELAP5/RMB against a modified version inducing siphon breaker failure.
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The results of RELAP5/MOD?3.3 code simulation of the behavior of the upper
tank level for the entire set of considered experiments are presented in Figure 5 for the
LOCA at the lowest position and in Figure 6 for a LOCA at the intermediate position.
Unfortunately, the experimental time behavior was not available for comparison. The
final upper tank level for each experiment compared against the experimental results
obtained from (PARK, YOON e BEOMPARK, 2018) are presented in Table 1. The
RELAP 5 results presented a perfect agreement for the cases that the siphon break line
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diameters are large enough to inject an amount of air that breaks the siphon immediately,
as in the first siphon break mode mentioned in introduction section as a conclusion of
(NEILL e STEPHENS, 1993). Decreasing the siphon break line diameter, one of the other
two siphon break mode are activated. As RELAP5/MOD3.3 code seems to overestimate
the air entrainment, it takes longer to accumulate enough air to end the siphon effect, so

the water discharged was overestimated.

Figure 5 - RELAPS5/RMB results for several siphon breakers line diameters for LOCA
at lowest position.
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Figure 6 - RELAP5/RMB results for several siphon breakers line diameters for LOCA at
intermediate position.
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Table 1 - Final tank level for several siphon break line diameter and break position.

Final Tank Level (m)
Siphon break line LOCA A LOCA B
diameter
Experimental | RELAPS/RMB | Experimental | RELAPS/RMB

69,0 mm

(2,57) 3,02 3,02 3,14 3,03
53,2 mm

(2,0”) 2,56 2,48 3,05 2,96
43,8 mm

(1,57) 1,89 1,31 2,83 1,75
27,9 mm ~

(1,0 Nao 0,11 1,30 0,29
17,1 mm - -

(0,57) Nao 0,08 Nao 0,12

CONCLUSIONS

The RELAP5/MOD3.3 code capability in modeling the siphon break effect was
verified. For this, a RELAP5/MOD?3.3 code nodalization of a POSTECH Siphon Breaker
Test Facility was developed and a set of experiments considering several siphon breakers
device intake areas and LOCA positions were simulated. A very good agreement between
numerical and experimental results was obtained for large intake areas. As siphon
breakers intake areas decrease, the siphon breaker effectiveness also decreases and more
water is drained from the reactor pool. For smaller siphon breaker intake areas, when
compared against the experimental results, RELAP5/MOD3.3 code overestimated the
reactor pool water losses. The RELAP5/MOD3.3 code presented conservative result.

It is important to note that from the results obtained when comparing the
RELAP5/Mod3.3 code simulation with the POSTECH experiment, the RELAP5/Mod3.3

code is able to simulate the phenomena involved in the performance of siphon breaking
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devices in an APRP. with a direct application to RMB safety analysis studies (SOARES,
BELCHIOR JR e FREITAS).
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