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 An analysis of thermohydraulic response during a station blackout (SBO) accident 

for the APR 1400 nuclear power plant is performed using MELCOR version 1.8.6. 

MELCOR 1.8.6 results for the SBO scenario are benchmarked with MELCOR 2.1. 

The simulation of the SBO accident with MELCOR 2.1 was done by the APR 

1400 reactor designer company (KEPCO). This research consists of two parts; the 

first part is related to the results of MELCOR 1.8.6, and the thermo-hydraulic 

analysis of MELCOR1.8.6 has been done. Analysis of thermohydraulic response is 

focused on investigating thermohydraulic parameters, such as core pressure, fuel 

clad temperature, water mass flow rate in the core, time of fuel clad failure, time of 

lower head failure, and time of containment failure. In the second part, the results 

of MELCOR version 1.86 have been benchmarked with the results of MELCOR 

2.1. The results of the analysis of containment pressure changes in version 1.8.6 

showed that the effect of pressure increase in containment is mostly due to the 

increase in carbon dioxide mass, but in version 2.1, the increase in pressure is 

more due to water vapor. 
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INTRODUCTION 20 

The Fukushima-Daiichi accident showed      21 

that severe accidents like station blackout (SBO) 22 

could occur even at a plant in a shutdown condition. 23 

An SBO accident leads to core damage and 24 

subsequent release of radioactive materials into the 25 

environment. [1] After the core was damaged, 26 

fission products are released in the reactor pressure 27 

vessel (RPV), and molten fuel debris starts moving 28 

in the RPV lower head. The in-vessel release is from    29 

the damaged fuel in the RPV during fuel degradation 30 

and depends strongly on the scenarios of core       31 

melt progression [2]. The ex-vessel phase starts 32 

when the RPV lower head fails and molten corium 33 
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discharges into the cavity and radionuclides are 34 

released into the containment during the molten 35 

corium-concrete interaction. Fission products         36 

and radionuclide materials are then transferred into 37 

the containment [3]. Simultaneously with the 38 

transfer of fission products into the containment and 39 

molten corium-concrete interaction, containment 40 

pressure increases until the pressure inside the 41 

containment exceeds the designed pressure and the 42 

containment fails, and radioactive materials are 43 

released into the environment. The magnitude of the 44 

severe accident source terms depends on the plant 45 

design and the accident scenarios. NUREG-1150 [2] 46 

estimated the source terms for five nuclear power 47 

plants in the USA. The type of concrete in the    48 

cavity, the core debris composition, temperature,     49 

and water in the cavity affect ex-vessel release.          50 
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A containment spray system, IRWST pool,           51 

and aerosol filter can perform the removal of 52 

radioactive materials in the containment. In 2017, 53 

Thi Huong Vo & Jin Ho Song [4] performed a 54 

station blackout accident scenario by using 55 

MELCOR 2.1. The analysis results show that the 56 

containment   failure occurs at about 84.14 h [4].  57 

Before the failure of the reactor vessel,          58 

the containment pressure increases slowly.            59 

Then, a rapid increase of the containment        60 

pressure occurs when a large amount of hot        61 

molten corium is discharged from the reactor     62 

pressure vessel to the cavity. The molten corium-63 

concrete interaction (MCCI) is activated when    64 

water is flooded over a molten corium in the cavity 65 

[5]. The boiling of water in the cavity causes a rapid 66 

increase in the containment pressure. During the 67 

early phase of the accident, a large amount of steam 68 

is condensed inside the containment due to the 69 

presence of the heat structures. This results in a 70 

mitigation of a containment pressure increase. 71 

During the late phase, the containment pressure 72 

increases gradually due to the addition of steam and 73 

gases from MCCI and water evaporation. It was 74 

found that two-thirds of the total mass of steam and 75 

gases in the containment is from MCCI and one-76 

third from water evaporation [4]. In this study,          77 

a simulation of the station blackout accident for     78 

the APR1400 is performed using MELCOR version 79 

1.8.6 [6]. Analysis of thermohydraulic response      80 

is focused on investigating thermohydraulic 81 

parameters, such as core pressure, fuel clad 82 

temperature, water mass flow rate in the core, time 83 

of fuel clad failure, time of lower head failure, and 84 

time of containment failure. The calculated results in 85 

this research are benchmarked with the results of 86 

previous research [5] which was done by the 87 

MELCOR 2.1 code. 88 

 89 

 90 

APR 1400 MELCOR modeling 91 

APR 1400 [5] is a 1400 MWe two-loop PWR. 92 

A schematic diagram of the reactor coolant      93 

system (RCS) nodalization for MELCOR 1.8.6 is 94 

shown in Fig. 1(a) [7,8,9]. Each RCS loop has 11 95 

control volumes; a hot leg, a steam generator       96 

inlet plenum, three control volumes for the SG        97 

U-tube hot side, one control volume for the SG       98 

U-tube cold side, an SG outlet plenum,                 99 

two intermediate legs, and two cold legs.              100 

The pressurizer is connected to the hot leg of       101 

loop A. One pilot-operated safety relief valve 102 

(POSRV) is located on top of the pressurizer         103 

(CV 500) and is designed for controlling RCS 104 

pressure. POSRV fully opens at a high pressure of 105 

17.51 MPa and closes when the RCS pressure is 106 

reduced to a blowdown set point of 17.50 MPa.  107 

Core and lower plenum nodalization are 108 

shown in Fig. 1(b). The whole core is divided        109 

into 4 control volumes. These control volumes are 110 

the core channel, downcomer channel, bypass 111 

channel, and lower head plenum. The core is  112 

radially divided into 5 rings and axially divided into 113 

16 levels. Three rings are in the active core region.   114 

Ring 4 is located in the bypass control volume 115 

channel and ring 5 is located in the downcomer 116 

control volume channel. For axial levels 117 

nodalization [5,10,11,12], six levels are located in 118 

the lower head plenum and 10 levels are inactive 119 

core and bypass and downcomer channels. A failure 120 

of the lower head will occur if any of the following 121 

criteria are satisfied [6]: (1) the temperature of        122 

the penetration or innermost node of the lower    123 

head reaches a failure temperature (TFAIL);          124 

(2) a creep-rupture failure of a lower head segment 125 

occurs; or (3) the differential pressure between       126 

the lower plenum and reactor cavity reaches          127 

the failure pressure (PFAIL). Pressure failure          128 

for this study is 20.0 MPa and TFAIL is taken         129 

as the default value in MELCOR (1273.15 K).      130 

The failure of the lower head due to creep rupture 131 

Occurs when the plastic strain in the vessel’s      132 

lower head node reaches 18 % [6]. APR 1400 133 

containment is shown in Fig. 1(c). Containment is 134 

subdivided into 12 control volumes. [7]. 135 

Containment control volumes consist of cavity 136 

(CV801), chamber room (CV802), RPV Annulus 137 

(CV803), refueling room (CV 804), two steam 138 

generator components (CV 805 & CV 806), 139 

pressurizer component (CV 807), upper component 140 

(CV808), containment dome (CV 809), annular 141 

component (CV 810), hold up volume tank          142 

(CV 811), and IRWST tank (CV 812) [4].            143 

The environment is modeled by CV 813. FL 848 144 

valve is used to model containment failure.         145 

This valve is a connection between containment and 146 

the environment [7]. It is only opened when the 147 

containment failure occurs. It is assumed that         148 

the containment will fail when the containment    149 

pressure reaches 1.027 MPa [7]. The flow area       150 

for FL848 is 0.065 m
2
 [4].151 
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 153 

(a) 154 

 155 

 156 

  157 

(b) (c) 158 

 159 

Fig. 1. (a) APR 1400 RCS MELCOR nodalization; (b) Core nodalization schemati; 160 

(c) APR 1400 containment model for MELCOR. 161 

 162 

Station blackout accident analysis  163 

An SBO is initiated by a loss of AC power,     164 

at this moment reactor trips occur, and all main 165 

coolant pumps and emergency safety system main 166 

steam isolation valves are disabled. It is assumed that 167 

the loss of DC power occurs at the same time as the 168 

SBO accident. In this study, Auxiliary Feedwater 169 

System (AFWS) is unavailable [13]. The leakage 170 

from the main coolant pumps is not considered 171 

because there is uncertainty about seal timing and 172 

size. All emergency core cooling systems are 173 

unavailable. SBO is applied at a time of 500 seconds. 174 

Before that reactor works at full  power. The reactor 175 

shuts down immediately after pumps fail due to DC 176 

power cuts off. Decay heat is still generated in the 177 

core  after the reactor  shutdown.  The RCS pressure  178 

 179 

decreases due to the failure of pumps and reactor 180 

shutdowns. The RCS pressure starts to increase again 181 

when the steam generator dries out. Then POSRVS 182 

starts to open and close. POSRVS starts to discharge 183 

two-phase water into the IRWST. Because the RCS 184 

pressure remains at a pressure higher than the IRWST 185 

pressure the water inventory in the reactor core 186 

cannot be recovered. Consequently, the fuel rod 187 

temperature increases until the temperature of the fuel 188 

rods reaches the melting temperature and the fuel rod 189 

melts downward and molten corium moves to the 190 

lower head, and finally, lower head failure occurs. 191 

Figure 2(a) shows events that occur in RCS after SBO 192 

is applied to the   simulation. After reactor trips occur, 193 

core fission power decreases rapidly from 4023 MW 194 

to 311 kW. Figure 2(a) shows that the pressure inside 195 

813 
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the   reactor core was 15.2 MPa up to 500 seconds    196 

before the SBO accident. At the moment of the    197 

SBO accident (time = 500 seconds), a scram signal is 198 

issued to shut down the reactor. Four seconds after 199 

the scram signal is sent, the pressure inside the reactor 200 

core reaches 18.34 MPa [14]. The reason for this 201 

increase in pressure inside the reactor core is that it 202 

takes a few  seconds from the time the scram signal is 203 

sent to the control rods entering the core and the 204 

reactor shuts down [15]. During this time range 205 

(between 500 and 504 seconds), because the pumps 206 

have failed the mass of water in the reactor core has 207 

decreased and the reactor is still operating at full 208 

power, the water temperature suddenly rises, and the 209 

pressure inside the reactor core increases at the time 210 

of 504 seconds. At this moment, control rods drops 211 

into the reactor core and the reactor shuts down. 212 

Then, the reactor core pressure drops to 9.5 MPa.   213 

The pressure inside the reactor core starts to increase 214 

at 8 hours. The increase in pressure is caused by the 215 

rise in the temperature of the fuel rod and the water 216 

inside the reactor [16]. At this time, the interaction of 217 

water and metal begins, and hydrogen gas is 218 

produced. By producing hydrogen and constantly 219 

increasing the temperature of the fuel rods and water, 220 

the pressure inside the reactor increases 221 

simultaneously at the time of 8.55 hours. At identical 222 

time, the POSRV valve opens, injecting gas            223 

and steam from the reactor core into the IRWST     224 

and controlling the pressure inside the reactor.           225 

At 9.33 hours, the temperature of the fuel rod reaches 226 

2030 °C, and the fuel rod begins to melt. Before the 227 

lower head is destroyed, a leak will occur in it.        228 

The start time of this leak is at 9.67 hours, where the 229 

water and hydrogen (H2) start leaking into the cavity. 230 

At 9.67 hours, the pressure inside the reactor         231 

229 core suddenly drops sharply causing lower head 232 

230 failure to occur and molten material enters the 233 

cavity (Fig. 3(a) and Fig. 3(b)) [17]. An amount of 234 

148,657 kg of corium was released into the cavity as 235 

shown in Fig. 6. The reactor power behavior curve is 236 

shown in Fig. 2(b) in a logarithmic scale. After the 237 

reactor is tripped, the power of the reactor core 238 

decreases from 4.230e+9 W to 560e+8 W. At the 239 

moment when failure of the lower head occurs, 240 

molten corium ejects from the reactor pressure vessel, 241 

and the amount of heat production due to decay heat 242 

inside the reactor core reaches zero. 243 

For considering high-pressure melt ejection 244 

effects on containment pressure, the HPME  model in 245 

the FDI package is activated in this study, and Direct 246 

Containment Heat (DCH) is considered. DCH [18,11] 247 

is important because core melt ejection occurs at high 248 

pressure and there are heat transfers from ejected 249 

particulate debris to the cavity pool, containment heat 250 

structures, and atmosphere. The containment pressure 251 

change is shown in  Fig. 4(a). Containment pressure 252 

changes during SBO accidents could be divided      253 

into two phases [15].  254 

 255 

    256 
 257 

  (a) 258 

 259 

 260 
 261 

 (b) 262 

 263 

Fig. 2. (a) APR 1400 core pressured at 12 hours after the 264 

accident; (b) Core fission power response 12 hours 265 

after the accident. 266 

 267 

The first phase starts from the beginning of 268 

the accident until RPV failure occurs, and phase two 269 

is from the time of RPV failure until containment 270 

failure occurs.  In phase 1, before RPV failure 271 

occurs at the time of 9.57 hours, the pressure inside 272 

the containment building does not change because 273 

the steam from the POSRV valves is directly 274 

transferred to the IRWST tank, and the steam is    275 

not transferred inside the containment building.      276 

As shown in Fig. 9, before RPV fails, there are    277 

three peaks on the containment pressure curve. 278 

During this period, the saturation temperature of   279 

the steam inside the containment building will 280 

increase at 3 points, and the pressure increases 281 

momentarily. Then due to the existence of leakage in 282 

the RPV reactor and hydrogen gas leakage in the 283 

containment, the pressure increases. Lower head 284 

failure occurs at a time of 9.57h. The burning 285 

package in the MELCOR code shows that in a time 286 

of 9.57 hours as Fig. 5 shows, hydrogen combustion 287 

occurs in the control volume of 802, and 3.56 kg of 288 
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hydroge gas is burned. As a result of this 289 

combustion, the pressure and saturation temperature 290 

inside the containment building increase 291 

momentarily (Fig. 4(b) and Fig. 4(c)). In phase 2,     292 

a huge volume of molten corium and hydrogen gas 293 

entered into the cavity, and water discharged from 294 

IRWST to the cavity for cooling ejected molten 295 

debris [19]. A substantial amount of corium is 296 

ejected into the cavity, as can be seen in Fig. 3(a). 297 

RCS pressure drops quickly to set point pressure of 298 

IRWST of 101 KPa. After the lower head failure,  299 

the cavity package in the MELCOR code shows that 300 

after 9.57 hours, the production of carbon monoxide, 301 

hydrogen, water vapor, and carbon dioxide begins. 302 

At first, the production of carbon monoxide and 303 

hydrogen gas is larger than other gases. As a result, 304 

the pressure inside the containment building 305 

increases again. At 14.37 hours, the burning package 306 

shows that the combustion of hydrogen and carbon 307 

monoxide gases occurs and the pressure increases 308 

momentarily. Then, after the second combustion,      309 

as shown in Fig. 4(a), due to the continuous 310 

production of steam and carbon dioxide gas,           311 

the pressure inside the containment building 312 

increases. Finally, the containment building will be 313 

destroyed in 77.5 hours and radioactive materials 314 

will release into the environment. 315 

 316 

 317 

(a) 318 

 319 

 320 

(b) 321 
 322 

Fig. 3. (a) Total debris mass ejected through vessel breach;  323 

(b) Leakage of water and hydrogen before  324 

RPV destruction. 325 

 326 
 327 

 (a) 328 

 329 

 330 
 331 

 (b) 332 

 333 

 334 
 335 

(c) 336 

 337 

Fig. 4. (a) Containment pressure during SBO accident; 338 

(b) Containment pressure before RPV fails; 339 

(c) Containment pressure and saturation temperature 340 

before RPV fails. 341 

 342 

 343 

 344 

 345 

Fig. 5. Hydrogen combustion in control volume  346 

802 in 9.57 hours. 347 
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 348 
 349 

Fig. 6. Time to start production of hydrogen and carbon 350 

monoxide in the reactor cavity based on the response 351 

 of the MELCOR code cavity package. 352 

 353 

 354 
 355 

(a) 356 
 357 

 358 
 359 

(b) 360 

 361 

Fig. 7. (a) The amount of gas and steam production  362 

in the reactor cavity during the accident; (b) Gas accumulation  363 

in the containment building of the reactor. 364 

 365 

After the second combustion, the pressure inside 366 

the containment building starts to increase steadily. 367 

This increase in pressure is caused by the accumulation 368 

of carbon dioxide gas (Fig. 7(a)), which accumulates 369 

inside the containment building over time.                370 

The contribution of the accumulation of hydrogen 371 

gases in the increase in pressure is insignificant,          372 

as shown in Fig. 8. Also, MELCOR code calculations 373 

showed that the amount of steam increases continues 374 

when containment failure occurs (Fig. 7(b)). At this 375 

time, the pressure inside the containment is 376 

immediately reduced due to the crack formation,      377 

and this leads to the water evaporation in the heat 378 

structures in the containment building. 379 

 380 

 381 
 382 

Fig. 8. Gas accumulation in the containment building  383 

of the reactor. 384 

 385 

 386 

BENCHMARK 387 

In this section, some results of two versions of 388 

the MELCOR code are benchmarked. An analysis of 389 

the thermohydraulic responses of the containment for 390 

an APR 1400 nuclear power plant was conducted using 391 

MELCOR version 1.8.6. The results show that without 392 

any containment heat removal and/or a venting system, 393 

and ECCS the containment integrity is maintained for 394 

more than three days (77.57 h) after the initiation of an 395 

SBO. The results of this study are benchmarked with 396 

the results of the study conducted by Vo et al. [4]. 397 

They modeled the station blackout scenario for      398 

APR 1400 by using MELCOR 2.1. Containment 399 

nodalization for that study is shown in Fig. 9.  400 

Containment in the previous study is subdivided into 401 

two control volumes, but in this study, containment is 402 

subdivided into twelve control volumes as shown in 403 

Fig. 3. First, in the first 12 hours of the SBO accident, 404 

both versions of the MELCOR code are examined.     405 

In the first 12 hours of the accident, melting of the 406 

reactor core, failure of the RPV, and leakage of the 407 

corium into the cavity occur. First, the pressure 408 

changes in the reactor cooling circuit are examined 409 

[20], which is shown in Fig. 10. The change in cooling 410 

circuit pressure in MELCOR version 2.1 is such that 411 

the circuit pressure decreases when the pumps stop 412 

working. The water temperature rises due to the heat 413 

produced in the core of the reactor and turns into 414 

steam. This steam is transferred to the containment 415 

space through the POSRV. This steam transfer by the 416 

safety valves causes fluctuating pressure changes that 417 

occur in MELCOR version 2.1 between 2 and 6 hours 418 

and version 1.8.6 between 8 and 10 hours (Fig. 10).   419 
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By reducing the height of the water level, SIT tanks 420 

inject water into the core of the reactor and increase  421 

the pressure and water level in the core of the reactor, 422 

in the MELCOR 1.8.6 model, these tanks transfer 423 

water to the reactor cavity. In the cooling circuit 424 

pressure curve of MELCOR 1.8.6, it can be seen      425 

that the circuit pressure suddenly increases in 8 hours 426 

(Fig. 10). MELCOR calculations show that the bottom 427 

failure of the RPV lower head occurs in 6.02 hours in 428 

version 2.1 and 9.57 hours in version 1.8.6. Fig. 11(a) 429 

shows the pressure changes in the reactor containment 430 

building. In the MELCOR code version 2.1,              431 

the destruction of the containment building takes    432 

place in 84.4 hours, but in the MELCOR 1.8.6,          433 

the destruction time is 77.56 hours. This difference in 434 

the time of failure of the containment building can     435 

be caused by the use of multiple control volumes. 436 

Using multiple control volumes makes steam and other 437 

gaseous fission products scatter in multiple control 438 

volumes and pressure increment is divided between 439 

control volumes. 440 

 441 

 442 
 443 

Fig. 9. Containment model in the MELCOR analysis [4]. 444 
 445 

 446 

 447 

 448 
 449 

Fig. 10. Comparing the pressure changes of the cooling circuit 450 

in the first 12 hours of the SBO accident in both versions of the 451 

MELCOR code. 452 

 453 

Figures 11(b) and 11(c) show the release of 454 

corium and water into the reactor cavity. Almost in 455 

terms of both codes, they are similar. In MELCOR 456 

1.8.6 (Fig. 11(b), it takes approximately 19 minutes 457 

from the moment a crack is created in the RPV body to 458 

the complete failure of the body, and an amount of 459 

1.51e+5 kg of corium enters the reactor cavity, but in 460 

MELCOR 2.1 (Fig. 11(c)), the time is approximately 461 

35 minutes and the amount of 2.1e+5 kg of corium 462 

enters the reactor cavity. In version 1.8.6, the SIT tank 463 

injects water directly into the reactor cavity [21,22,23], 464 

but in version 2.1, this tank injects water directly into 465 

the RPV and a higher volume of water from the RPV 466 

side enters the reactor cavity. The amount of gaon       467 

in the two versions is quite different. In version 2.1,  468 

the amount of 344542 kg of gas has been produced in 469 

96 hours, while in version 1.8.6, the amount of 186705 470 

kg has been calculated (Fig. 12(a)). 471 

 472 

 473 
 474 

   (a) 475 

 476 

 477 
 478 

    (b) 479 

 480 

 481 
 482 

   (c) 483 
 484 

Fig. 11. (a) APR 1400 pressure change during SBO scenario;  485 

(b) Mass of corium and water through vessel breach to the 486 

cavity by MELCOR 1.8.6; (c) Mass of corium and water  487 

through vessel breach to the cavity by MELCOR 2.1.[4]. 488 
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 489 

 490 

 491 

 (a) 492 

 493 

 494 
 495 

(b) 496 

 497 

Fig. 12. (a) masses of gases and steam from the cavity  498 

during an SBO accident; (b) The amount of water vapor 499 

 in the containment building of the APR 1400 reactor  500 

during the SBO accident. 501 

 502 

Table 1. Comparison of calculated values of  503 

MELCOR 1.8.6 and 2.1. 504 
 505 

Parameter Unit MELCOR 1.8.6 MELCOR 2.1 

Initiation of SBO second 500.0 0.0 

RPV failure hour 9.57 5.63 

Start of gas 
generation in the 

cavity 

hour 10.0 6.00 

Start of SIT 
injection 

hour 10.0 6.00 

Containment 

failure 
hour 77.57 84.14 

 506 

Figure 12(b) shows the amount of steam in the 507 

containment building from the time of the SBO 508 

accident to the destruction of the containment 509 

building. It can be seen that during the destruction of 510 

the RPV, that is, in 9.57 hours, na amount of 3118 511 

kg of steam enters the containment building. Its 512 

amount decreases quickly because part of the steam 513 

turns into liquid on the heat structures and the other 514 

part is transferred to other available control volumes. 515 

Also, during the demolition of the containment 516 

building, the amount of water vapor suddenly 517 

increases because with the reduction of the pressure 518 

in the containment building, 1816 kg of water 519 

evaporates quickly and the amount of steam 520 

suddenly increases and is released into the 521 

environment. 522 

 523 

 524 

CONCLUSION 525 

An analysis of the thermal-hydraulic 526 

responses of the containment for an APR1400 527 

nuclear power plant was conducted using MELCOR 528 

version 1.8.6. The modeling results with MELCOR 529 

1.8.6 code have been benchmarked with MELCOR 530 

2.1. The simulation of the SBO accident for the   531 

APR 1400 reactor was carried out using      532 

MELCOR 2.1 code by KEPCO. In this research,    533 

as indicated in Table No. 1, the time of the accident 534 

is 500 seconds. However, in Vo et al. [5], the start 535 

time of the accident is from time zero, and this 536 

difference of 500 seconds is part of the reason for 537 

the time differences in comparing the results of both 538 

studies. The results show that without any 539 

containment heat removal and/or a venting system, 540 

the containment integrity is maintained for more 541 

than three days (77.56 h) after the initiation of an 542 

SBO. Before RPV fails, steam from the core 543 

transfers into the IRWST poolside, and steam 544 

condensate prevents pressure increases inside the 545 

containment building. A rapid increase in 546 

containment pressure occurs when the lower head   547 

of the vessel fails. This is due to the ejection of a 548 

large amount of corium as well as water and steam 549 

from the RPV to the cavity. Selecting the small 550 

control volumes directly affects the duration of 551 

containment integrity against pressure increase. 552 

During 14.37 hours, the pressure of the containment 553 

building increases momentarily due to the 554 

combustion of hydrogen and carbon monoxide.        555 

It mitigates the sharp increase in containment 556 

pressure. During the later phase of an accident, the 557 

containment pressure increases gradually due to the 558 

generation of steam and non-condensable gases and 559 

water evaporation. The total mass of steam and 560 

gases in the containment from these processes is 561 

about 209,768 kg. The calculation results of 562 

MELCOR code 1.8.6 were benchmarked with 563 

version 2.1. The comparison of the results is given in 564 

Table 1. The results show that the two versions have 565 

a large difference in calculating the time of 566 

phenomena. For example, the failure time of the 567 

RPV, which took 9.57 hours to be destroyed in 568 

version 1.8.6, but in version 2.1, this value is       569 

5.96 hours. Between these two versions of the 570 

MELCOR code, there is a time difference of 571 

approximately 3.5 hours in the calculation of the 572 

destruction time of the reactor's metallic RPV.    573 

This difference can be caused by the way 574 
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containment is divided in both research. In this 575 

research, the containment building is divided into   576 

12 control volumes, and in each of these control 577 

volumes, steam and gas released from the accident 578 

are spread and the pressure inside the containment, 579 

takes a longer time to reach the breaking point.    580 

This difference in the time of destruction of the 581 

metal RPV can be caused by the nodalization of the 582 

reactor core and the newer update in the MELCOR 583 

2.1 code. It can also be seen in version 1.8.6 that the 584 

reason for the increase in pressure in the building is 585 

to control the accumulation of carbon dioxide gas, 586 

but in version 2.1, the accumulation of steam is     587 

the main reason for the increase in pressure.         588 

The calculations related to the amount of corium 589 

mass in the two versions of MELCOR are 590 

significantly different, around 41 %. As can be seen 591 

in Table 1, the calculated mass of corium entering 592 

the reactor cavity is 148,000 kg in MELCOR 1.8.6 593 

and 210,000 kg in MELCOR 2.1. This difference 594 

can be caused by the volume of the reactor core and 595 

the modifications made in the reactor core model in 596 

MELCOR 2.1. According to the updates made in 597 

MELCOR 2.1, it is recommended to use this version 598 

to perform accident simulations. 599 

 600 
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