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Abstract – The MELCOR code has evolved from a probabilistic risk assessment tool to a best-
estimate severe accident system analysis code.  Developed by Sandia National Laboratories with 
funding from the U.S. Nuclear Regulatory Commission, MELCOR is capable of analyzing 
hypothetical severe accidents in a variety of nuclear power plants.  An assessment of MELCOR’s 
ability to simulate a design basis accident main steam line break (MSLB) scenario in the PUMA 
(Purdue University Multi-Dimensional Integral Test Assembly) facility is reported in this paper.  
The PUMA MSLB integral test was chosen for MELCOR assessment because the PUMA test 
facility has all the key components needed for investigating the loss-of-coolant accidents in an 
advanced boiling water reactor design using passive safety systems and the phenomena observed 
in the PUMA test are expected to be qualitatively similar to those in the plant. Key parameters 
including vessel pressures, flow rates and heat removal rates were compared.   Based on 
favorable comparison results, the MELCOR thermal-hydraulic models are found to be generally 
satisfactory for prediction of the design basis accident MSLB in a passively cooled, advanced 
boiling water reactor. 

 
 

I. INTRODUCTION 
 

I.A. Significance of the Current Work 
 

The MELCOR code has been developed by Sandia 
National Laboratories with U.S. Nuclear Regulatory 
Commission (NRC) sponsorship to analyze hypothetical 
severe accidents in nuclear power plants.  Due to the 
code’s flexibility with respect to geometry modeling and 
comprehensive modeling capabilities for thermal 
hydraulics and severe accidents, MELCOR is applicable 
of additional analysis beyond the originally intended 
scope of light water reactor severe accidents.  It is also 

expected that MELCOR will serve as the lead code for 
NRC severe accident calculations and contribute as a 
systems-level code for analyzing containment design-
basis accidents (DBAs) in future reactors with passive 
safety systems. 

 
The code with these roles must have a documented 

rigorous code validation and must possess a history of 
successful applications that demonstrate its 
appropriateness and reliability.  The MELCOR 
assessment against PUMA (Purdue University Multi-
Dimensional Integral Test Assembly) test data presented 
in this paper contributes to code validation for 
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containment DBAs in future    reactors with passive 
safety systems. 

 
I.B. MSLB Scenario 

 
The Main Steam Line Break (MSLB) is a large- 

break loss of coolant accident (LOCA) inside the 
containment.  To maintain adequate core cooling and 
containment integrity, passive safety systems are provided 

in General Electric’s Simplified Boiling Water Reactor 
(SBWR), the design upon which the PUMA facility was 
originally based.  Figure 1 shows these systems, 
specifically, the Gravity-Driven Cooling System (GDCS), 
Automatic Depressurization System (ADS), and the 
Passive Containment Cooling System (PCCS).  Also 
shown in the figure is the passive, non-safety Isolation 
Condenser System (ICS) which can also mitigate a 
LOCA. 

 

 
Figure 1  SBWR Containment 

 
The MSLB accident is divided into three phases: the 

blowdown phase; the GDCS injection phase; and the long 
term cooling phase.  Following initiation of the MSLB, 
single-phase gas critical flow is achieved at the break and 
the loss of coolant through the MSLB leads to a decrease 
of reactor vessel water level.  The ADS safety relief 
valves (SRVs) and depressurization valves (DPVs) are 
opened following a delay from the ADS actuation signal 
in a staggered sequence.  The reactor vessel pressure 
drops sharply in this blowdown period due to the 
discharge of coolant through the break, the SRVs and the 
DPVs.  During the blowdown phase, the PCCS 
performance is challenged by a very large steam flow rate 
accompanied by a high noncondensable gas 
concentration. 

 

As the reactor vessel pressure approaches the drywell 
pressure, the blowdown phase ends and the GDCS 
injection phase commences.  Once the GDCS injection 
starts, the reactor vessel water level recovers quickly and 
the core remains completely covered.  The GDCS 
injection stops when the reactor vessel water level 
equalizes with that in the GDCS pools.  During the GDCS 
injection phase, the steam/gas mixture flow rate into the 
PCCS is much lower than the PCCS’ design value, 
because vapor generation in the core is suppressed by the 
GDCS injection of subcooled water. 

 
The long term cooling phase starts when boiling 

resumes in the core because of the decay heat.  The 
amount of steam generated by decay heat can be removed 
by the PCCS and the containment pressure stabilizes at a 
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level well below the design pressure.  Thermal 
stratification in the suppression pool is expected.  The 
stratification is caused by venting of noncondensable gas 
and residual steam from the PCCS into the suppression 
pool.  The amount of stratification is important because 
the suppression pool surface temperature determines the 
wetwell saturation pressure and therefore affects the 
containment pressure. 

 
I.C. The MELCOR Code for PUMA MSLB Analysis 

 
MELCOR is a leading code for simulating severe 

accidents in light water reactors.  It is an integral code 
capable of modeling reactor coolant system response, 
core material chemical reactions, core heat-up, 
degradation and relocation, heat structure response, 
fission product release and transport, and containment 
phenomena.  In addition,  MELCOR has also been used 
to perform  best-estimate calculations for containment 
DBAs.  

 
However, there are challenges in modeling the 

PUMA MSLB scenario, which include: 
 
- natural circulation flows driven by small pressure 

differences 
- steam condensation with the presence of 

noncondensable gas in the condensers 
- interactions among passive systems (ADS, GDCS, 

PCCS, ICS) 
- steam and noncondensable gas injection and 

condensation in a large pool of water 
- accurate calculations over large numbers of time 

steps 
 
MELCOR version 1.8.5 was used herein for the 

PUMA DBA analysis.1, 2   
 

II. PUMA MSLB INTEGRAL TEST DESCRIPTION 
 
The PUMA facility is an integral test facility 

constructed to study thermal-hydraulic phenomena 
expected in an advanced boiling water reactor design with 
passive safety systems and to obtain confirmatory test 
data for assessing reactor safety codes.3  PUMA was 
designed, and operated by Purdue University with 
sponsorship and direction from the NRC. 

 
Scaled from the SBWR design, all of the important 

SBWR systems and components are included in the 
PUMA facility.  PUMA is a carefully scaled system 
encompassing the reactor pressure vessel, a containment, 
including the drywell and wetwell, ADS, GDCS, ICS, 
PCCS, connecting piping, and instrumentation.   

 

PUMA scaling ratios for the SBWR are the volume 
(1/400), height (1/4), area (1/100), velocity (1/2) and time 
(1/2).  Since processes in PUMA occur twice as fast as in 
the SBWR, the eight-hour MSLB test represents a 16-
hour SBWR event. 

 
The PUMA MSLB integral test of May 1, 1998 was 

chosen for this MELCOR validation exercise.  Initial 
conditions of the PUMA MSLB integral test 
corresponded to the late blowdown phase of the MSLB, 
when the reactor vessel pressure decreased to about 1.0 
MPa.   The test continued through the GDCS injection 
phase and the long term cooling phase. 
 

III. MELCOR PUMA INPUT DECK 
 

The MELCOR PUMA input deck models all systems 
and components in the PUMA facility used in the MSLB 
test.  The deck was built based on a RELAP5 PUMA 
input deck4, 5, 6 and updated according to PUMA facility 
drawings and documents. 

 
The MELCOR PUMA nodalization, depicted in 

Figure 2, is similar to that used in the RELAP5 PUMA 
input deck.  The reactor vessel is connected to the 
containment via two main steam lines and two DPV lines.  
Several passive safety systems, namely the ICS in red, the 
GDCS in green, and the PCCS in blue, participated 
during the integral test.  

 
The MELCOR code uses a Control Volume-Flow 

Path approach.  Fluid resides inside thermal hydraulic 
control volumes (CV) and passes between the control 
volumes via flow paths (FL).  The major regions in the 
containment system include the drywell (CV618, 620, 
622 and 626), the GDCS (CV333, 335, 353, 355, 373, 
375 and 630), and the wetwell (CV648 and 650).  Safety 
subsystems in the containment include the vertical vent 
pipe leading to the horizontal vents (640, 638, 636), the 
horizontal vents (FL697, 698, 699), and the vacuum 
breaker (FL671, 674). 
 

Initial conditions for the May 1, 1998 MSLB 
integral test were obtained from Table 6.1 of the final test 
report7 and are listed here in Table 1. 
 
IV. MELCOR ASSESSMENT AGAINST PUMA MSLB 

TEST DATA 
 
The drywell pressure predicted by MELCOR 

follows the test data trends reasonably well throughout 
the test, as seen in Figure 3.  Key features such as the 
initial pressure rise, subsequent decrease due to GDCS 
injection and long term pressure rise are replicated.  The 
major discrepancy is the asymptotic approach of the 
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calculated pressure to some value in the long term, while 
the test data shows a leveling off of the pressure after 
about 5000 sec.  MELCOR’s calculated final containment 

pressure is about 60 kPa (9 psi) higher than the final test 
pressure.   
 

 

 
Figure 2  MELCOR PUMA Nodalization for MSLB Analysis 

 
The MELCOR-calculated containment pressure does 

not level off as the PUMA test data did.  The long term 
pressure discrepancy is due to the MELCOR PCCS and 
ICS removing less heat than the PUMA PCCS and ICS.  
Texas A&M University is currently working on the 
condensation heat transfer modeling in MELCOR to 
overcome a previously observed underestimation of the 
condensation heat transfer coefficient. The wetwell 
pressure trends are identical and therefore not shown. 

 
The MELCOR-calculated reactor vessel pressure in 

Figure 4 compares favorably with the test pressure during 
vessel blowdown and the GDCS injection phase.  For the 

subsequent long term cooling phase, the comparison is 
similar to that shown in Figure 3. 

 
Figure 5 compares the measured PUMA collapsed 

reactor vessel water level against the MELCOR two-phase 
and collapsed reactor vessel water levels.  The MELCOR 
two-phase and collapsed water levels overlap after about 
300 sec. 

 
The MELCOR collapsed water level agrees with the 

data very closely in the short term.  Between about 2,500 
sec. and 14,000 sec., the MELCOR water level fluctuates 
due to a manometer-like effect between the reactor vessel 



Proceedings of ICAPP ‘08 
Anaheim, CA USA, June 8-12, 2008 

Paper 8189 

   

and GDCS water levels.  The long term water level in 
MELCOR is about 0.3 m below that in the PUMA vessel.   

 
Table 1 Initial Conditions for MSLB Integral Test Analysis 

Compo-
nent 

Initial condition MELCOR 

Reactor 
Vessel 

Steam dome pressure (bar) 10.48 

 Steam dome temp.  (K) 460 
 Downcomer collapsed water 

level (m) 
2.65 

Drywell Pressure (bar) 2.337 
 Gas temperature (K) 398 
 Water temperature (K) 359 
 Drywell water level (m)  0.124 
Wetwell Pressure (bar) 2.326 
 Gas temperature (K) 336 
 Water temperature (K) 320 
 Water level (m)  1.69 
GDCS Water temperature (K) 330 
 GDCS tank water level (m)  1.26 

 

 
Figure 3  Drywell Pressure Comparison 

 

Figure 4  Reactor Vessel Pressure Comparison 

The MELCOR water level appears to be lower 
because of oscillations in the GDCS flow rate.  Especially 
up to about 7,500 sec, there appears to be a sloshing effect 
that allows GDCS water to drain into the reactor vessel and 
out the DPV’s.  Figure 5 shows the reactor vessel water 
level fluctuating up to the DPV elevation until about 7,500 
sec.  Detailed investigations revealed that the DPV’s 
release water until this time. 

 

Figure 5  Reactor Vessel Water Level Comparison 
 
The long term containment pressures needs to level 

off and remain below the design pressure to avoid 
containment failure.  The trend and magnitude of the long 
term pressure is determined by the ability of the passive 
heat removal systems to transfer heat outside of the 
containment.  This heat removal is the function of the 
PCCS and ICS.   

 
In Figures 6 and 7, the core decay heat and heat 

removal rates are compared.  The difference between the 
core decay heat and the sum of the total heat removal rates 
by PCCS and ICS dictates the long term pressure trend.   

 
In the short term up to about 5000 sec., heat 

absorption in the suppression pool and cooling by the 
subcooled water from GDCS injection make up much of 
the difference between the ICS+PCCS heat removal rate 
and the core decay heat rate.  The temperature rise in the 
suppression pool water and GDCS injection flow confirm 
this conclusion.   

 
In the subsequent long term cooling phase, the total 

heat removal rate by the PCCS and ICS is somewhat less 
than the core decay heat rate in Figure 7 and the PUMA 
drywell pressure gradually decreases, as shown in Figure 
3.  Heat loss from the PUMA test facility and a small 
injection of the colder GDCS water into the reactor vessel 
make up for the difference.  Steam venting to the wetwell 
in the MELCOR calculation accounts for the difference of 
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ICS+PCCS heat removal rates between calculation and 
data. 

 
Figures 6 and 7 show that the ICS heat removal rate 

measured in the PUMA test was extremely large at around 
2,500 sec.  The PUMA ICS heat removal rate was 
determined by multiplying the liquid flow rate in the ICS 
condensate drain line by the latent heat of vaporization. 
The measured steam flow rate at an ICS inlet does not 
support this high ICS heat removal rate at around 2500 
sec., which should be ignored.   

 

 
Figure 6  Heat Removal by Each Component 

 

 
Figure 7  Total Heat Removal Rate by ICS and PCCS 

 
The ICS heat removal rate in the calculation is very 

low, while the data shows an ICS heat removal rate of 
about 30 kW for most of the duration.  Consequently, the 
MELCOR calculation has a larger steam release rate from 
the reactor vessel to the drywell and the PCCS takes on a 
larger load.  The heat removal rate in the ICS is low in the 
calculation because as soon as the DPVs are opened, 
noncondensable gases from the drywell enters the ICS and 
affect the ICS heat removal rate.  The IC’s are attached to 
the same lines as the DPV’s on stub lines.   

Figure 8 presents the inlet flow rate to one of the 
PCCS heat exchangers.  The larger flow rate in the 
MELCOR calculation results from a larger drywell-to-
wetwell pressure difference that is driving flow through the 
PCCS. 

 

Figure 8  PCCS Inlet Steam Flow Rate   
 

The other PCCS units have very similar inlet flow 
rates and are therefore not shown here.  MELCOR 
calculates a larger heat load on the PCCS because the ICS 
is not functioning as in the test, as previously mentioned.   

 
The PCCS vent line steam flow rate and the 

integrated vent flow as calculated by MELCOR are shown 
in Figures 9 and 10 respectively.  A key feature is the 
continuous PCCS venting of steam into the wetwell 
following the GDCS injection phase.  The continuous 
venting indicates that the PCCS is not condensing steam at 
the steam inlet flow rate and the uncondensed steam is 
vented to the wetwell.  Further, the calculated drywell 
pressure generally exceeds the wetwell pressure by the 
amount necessary for the PCCS steam/gas venting to the 
wetwell.  This is in contrast to the behavior exhibited in the 
PUMA test. 

 
The vented steam is condensed in the suppression 

pool.  The increasing suppression pool surface temperature 
causes the wetwell pressure to increase in the calculation. 

 
V. CONCLUSIONS 

Taking advantage of the flexibility with respect to 
geometry modeling and the MELCOR code’s 
comprehensive modeling capabilities for thermal 
hydraulics and severe accidents, MELCOR is being used 
for an analysis beyond the originally intended light water 
reactor severe accidents.  An assessment of MELCOR’s 
ability to simulate a design basis accident main steam line 
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break scenario in the PUMA facility has been reported in 
this paper. 

 

Figure 9  MELCOR PCCS Vent Line Steam Flow Rate 

 
Figure 10  MELCOR Integrated PCCS Vent Line Steam 

Flow 

The MELCOR input deck is based on PUMA 
geometry, initial conditions, test procedures and test data 
available at Purdue University.  The PUMA MSLB integral 
test was chosen for MELCOR assessment because the 
PUMA test facility has all the key components needed for 
investigating LOCAs in an advanced boiling water reactor 
design using passive safety systems and the phenomena 
observed in the PUMA test are expected to be qualitatively 
similar to those in the plant.  

In this MELCOR assessment against PUMA MSLB 
integral test data, MELCOR thermal-hydraulic models 
were found to be generally satisfactory.  For containment 
pressure the models tend to be conservative on the safe 
side in comparison to the data.  The long-term containment 
pressure and reactor vessel water level are key parameters 
for determining the effectiveness of passive safety systems.  
MELCOR prediction of the reactor vessel collapsed water 
level is generally in good agreement with the PUMA data, 

although it drops somewhat below the data in the long-
term cooling phase.  MELCOR reproduces the pressure 
trends well in the containment drywell and wetwell.  
However MELCOR-calculated final containment pressure 
is about 60 kPa (9 psi) higher than the final test pressure.  
The difference is in part due to an underprediction of the 
PCCS heat removal under conditions particular to the 
PUMA facility.  Texas A&M University is currently testing 
a new condensation heat transfer model in the MELCOR 
code to address the issue of the condensation rate 
underprediction. 

The reasonably good agreement between MELCOR 
results and PUMA test data has demonstrated the code’s 
capabilities to simulate various containment and reactor 
vessel thermal hydraulic phenomenon for a hypothetical 
MSLB scenario relevant to an advanced boiling water 
reactor design with passive safety systems.   

ACKNOWLEDGMENTS 
 
Advice from Dr. R. O. Gauntt and Dr. R. K. Cole, Jr. 

of the MELCOR development team at Sandia National 
Laboratories on the input development and review of 
results is gratefully appreciated. 

NOMENCLATURE 
 
ADS Automatic Depressurization System 
CV Control Volume 
DBA Design Basis Accident 
DPV Depressurization valve 
DW Drywell 
FL Flow Path 
GDCS Gravity Driven Cooling System 
ICS Isolation Condenser System 
LOCA Loss of Coolant Accident 
MSLB Main Steam Line Break 
NRC U. S. Nuclear Regulatory Commission 
PCCS Passive Containment Cooling System 
PUMA Purdue University Multi-Dimensional Integral 

Test Assembly 
SBWR Simplified Boiling Water Reactor 
SRV Safety relief valve 
WW Wetwell 
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