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ABSTRACT 

A computer code, CONTAIN-LMR, has been developed in 
Japan Atomic Energy Agency (JAEA) for application to a 
probabilistic risk assessment (PRA) of liquid metal fast 
reactors (LMFRs) since the original CONTAIN code had 
been introduced from Sandia National Laboratories (SNL) of 
U.S. in 1982.  The CONTAIN-LMR code is a best-estimate, 
integrated analysis tool for predicting the physical, chemical 
and radiological conditions inside a containment building of 
LMFRs following a severe accident with reactor vessel 
melt-through.  The code is also able to predict the source 
term to the environment in the accident. 

This code can treat many important phenomena 
consistently such as sodium fire, radioactive aerosol behavior, 
a water release from heated concrete, hydrogen burn, 
sodium-concrete reaction and core debris-concrete interaction 
occurred in the accident with inter-cell heat and mass flow 
under the multiple cell geometry. 

This paper describes the chronology of the code 
development in JAEA briefly as an introduction, and after 
that, the outline of computational models in the code, the 
examples of the code validation, and the future plan of the 
code application are described. 
 
1. INTRODUCTION 

The development of CONTAIN was initiated at SNL early 
in 1980s as a part of safety evaluation studies in the case of 
hypothetical core disruptive accident for the Clinch River 
Breeder Reactor Project (CRBRP).  After the first version of 
CONTAIN, namely CONTAIN-1A [1], had been released 
from SNL in 1981, the second version CONTAIN-1B was 

introduced into PNC (previous organization of JAEA) in 
1982 under the contract with the United States Nuclear 
Regulatory Commission (USNRC) and Science and 
Technology Agency (STA) in Japan.  The code was 
designed to treat the phenomena and system responses that 
occur over long periods of time in a reactor containment 
building and outside of the reactor vessel for any type of 
reactor. 

Since the newly modified version of CONTAIN 1.0 [2], 
which had been redesigned as an applicable for both LWRs 
and FBRs, had been released in 1985, the code development 
for FBR specific models had been continued by the end of 
1993 under the international collaboration among SNL, PNC, 
and KfK and GRS in Germany.  The code prepared for FBR 
specific analyses has been called CONTAIN-LMR [3][4].  
The code had been applied to evaluate the ex-vessel accident 
progression of level-2 PRA for LMFBRs in Japan [5], and to 
study the roles of containment in the case of core disruptive 
accident of LMFBRs [6]. 

Since then, the development, improvement and validation 
works of FBR specific models in CONTAIN-LMR have been 
continued in JAEA.  In the next section, the outline of the 
models in the code, and the recent model development and 
improvement are described. 
 
2. OUTLINE OF COMPUTATIONAL MODELS 

For the analyses of the ex-vessel accident progression in 
the case of LMFR severe accident with reactor vessel 
melt-through, it is necessary to prepare the LMFR specific 
computational models related to sodium coolant such as 
sodium fire, sodium aerosol behavior and sodium-concrete 
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reaction in the analysis code.  In addition, the models for 
chemistry, thermal-hydraulic behavior and radioactive 
material behavior should be considered the effect of coolant 
sodium.  The CONTAIN-LMR code has numerical 
computational models to calculate consistently sodium fire, 
chemistry, sodium aerosol behavior, sodium-concrete 
reaction, ex-vessel core debris thermal behavior, radioactive 
material behavior, and inter-cell heat and mass flow under the 
multiple cell geometry as illustrated in Fig. 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1 Ex-vessel Phenomena treated in CONTAIN-LMR 
 

In CONTAIN-LMR, these phenomena are treated 
simultaneously by their computational models based on many 
stand-alone codes.  Table 1 shows the computational models 
in the code and the related stand-alone codes. 
 

Table 1 Computational Model in CONTAIN-LMR 
Computational Model Based Stand-alone Code 

Sodium Spray Fire NACOM 
Sodium Pool Fire SOFIRE-II 
Aerosol behavior MAEROS 
Hydrogen Burn HECTR 
Sodium-Concrete Reaction SLAM 
Debris-Concrete Interaction CORCON-Mod.2 
 

Since 1994, the FBR specific models in the code have been 
developed and improved to analyze the ex-vessel phenomena 
more precisely by considering the effect of coolant sodium as 
described in the following sub-sections. 
 
2.1 Sodium-Concrete Reaction Model 

A Sodium-Limestone Concrete Ablation Model (SLAM) 
[7] had been developed and installed into the original 
CONTAIN code at SNL in U.S. because a sodium-concrete 
reaction behavior is one of the most important phenomena in 
the LMFR accident.  The SLAM treats chemical reaction 
kinetics between the sodium and the concrete compositions 
mechanistically using a three-region model as shown in 
Fig.2; a pool region (sodium and reaction debris), a dry 
region (boundary layer and dehydrated concrete), and a wet 
region (hydrated concrete).  However the application is 
limited to the reaction between sodium and concrete whose 
aggregate is limestone. 

In Japan, a silicate concrete such as a basalt concrete and a 

greywacke concrete is usually used as an ordinary structural 
concrete in a nuclear power plant and a perlite concrete is 
used for a thermal insulation between a steel liner and the 
structural concrete in LMFRs. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Schematic Diagram of SLAM 
 
Therefore, the chemical reaction model and related mass 

and heat transfer model have been improved to consider the 
following another chemical reactions to apply the SLAM to 
the reaction between sodium and silicate concrete [8]. 

 
4Na+3SiO2→2Na2SiO3+Si         (1) 
2NaOH+Al2O3→2NaAlO2+H2O     (2) 
3Na+2Al2O3→3NaAlO2+Al        (3) 
2Na+2NaOH→2Na2O+H2          (4) 
 
To consider the above chemical reactions in the model, 

the following constant and parameters for each concrete 
are introduced into the model based on the experimental 
results [9]; 

1) reaction rate constant, 
2) gas (H2O and CO2) release rate from heated concrete, 
3) thermo-physical properties (thermal conductivity, 

specific heat, etc.). 
 
2.2 Hydrogen Recombination Model 

In the case of sodium-concrete reaction under oxygen 
containing atmosphere condition, the produced hydrogen 
burns with sodium combustion at the sodium pool surface 
after passing through the pool as shown in Fig.3.  This 
phenomenon was confirmed in our experiments where 
hydrogen was bubbled from the bottom of the sodium pool 
under the variable oxygen concentration in the atmosphere 
[10]. 
  Figure 4 shows the experimental results and a 
calculation result based on thermo-chemical analysis.  In 
accordance with the experimental results of hydrogen 
recombination ratio under the various oxygen 
concentration conditions in atmosphere shown in Fig.4, 
the hydrogen recombination model is developed and 
installed into the CONTAIN-LMR code. 
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Figure 3 Schematic of Hydrogen Recombination 
Phenomenon 

 
 
 
 
 
 
 
 
 
 
 
Figure 4 Experimental and Calculation Results of Hydrogen 

Recombination 
 
2.3 Debris-Concrete Interaction Model 

An original stand-alone code CORCON for a 
debris-concrete interaction analysis [11] had been developed 
for light water reactors (LWRs).  In the case of LMFRs, the 
debris-concrete interaction might be occurred under a sodium 
pool existing condition.  A coolant water of LWRs plays as 
an oxidant for chemical reactions which occurred during the 
debris-concrete interaction.  On the other hand, a sodium 
coolant plays as a reductant for the reactions. Therefore, the 
difference of coolant is very important point to improve the 
computational model and CORCON has been improved in 
JAEA to apply the LMFR condition to consider the effect of 
sodium coolant [12].  Furthermore, in order to calculate 
aerosol and FP release associated with the debris-concrete 
interaction, VANESA developed for the LWR calculation [13] 
is also being improved in the same manner as CORCON in 
JAEA [12]. 

Figure 5 shows the improved models in CORCON and 
VANESA for the LMFR application. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 Improved models in CORCON and VANESA 

3. CODE VALIDATION 
The code validation has been carried out by comparing the 

calculation with experimental results for each model of the 
CONTAIN-LMR code.  The representative validation plan 
is indicated in Table 2.  The highlights of recent validation 
are described in the following sub-section. 

 
Table 2 Validation Plan 

Model Experiment Schedule 
Sodium Spray and 
Pool Fire 

Large Scale 
Experiments in 
JAEA 

~ March, 2015 

Aerosol Behavior CSTF AB5 in HEDL ~ Sept., 2015 
Hydrogen Burn NTS and FITS in 

SNL 
~ March, 2015 

Sodium-Concrete 
Reaction 

Experiments in 
JAEA 

~ January, 2015 

Debris-Concrete 
Interaction 

SURC-4 in SNL ~ March, 2015 

 
3.1 Sodium Fire 

A sodium leak and fire is one of the important phenomena 
in LMFR accident and two types of sodium fire, spray and 
pool, are modeled in the CONTAIN-LMR code.  The pool 
fire is important from the view point of long term thermal 
effect to the structural materials in LMFR plants, and the 
spray fire is of short term pressure effect.  Figure 6 shows 
the comparison of calculation with experimental result about 
atmospheric pressure change during sodium spray fire under 
air atmosphere condition.  The experiment was conducted in 
a leak-tight steel vessel with the volume of 100 m3 in 
SAPFIRE Facility of JAEA.  The calculation represents the 
experimental pressure history very well [14]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 Experimental and Calculation results of Pressure 
during Sodium Spray Fire 

 
3.2 Sodium-Concrete Reaction 

The improved sodium-concrete reaction model was 
validated to analyze a series of sodium-concrete experiments 
which were conducted in JAEA.  In the experiment IV-1M, 
about 20 kg of sodium were charged onto the greywacke 
concrete whose diameter was 203.3 mm and height was 
600mm, and the sodium pool temperature was maintained at 
about 600 deg-C during 24hours.  Because the 
sodium-concrete reaction model is constructed based on the 
one dimensional mass and heat transfer with chemical 
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reaction as shown in Fig. 2, the experimental conditions 
including the concrete size are adequate to the model 
validation.  Figure 7 shows the comparison between 
calculation and experimental results about the ablation depth 
due to the sodium-concrete reaction. 

It is found that good agreement between calculation and 
experimental results is obtained and the CONTAIN-LMR 
code has been validated with regard to sodium-concrete 
reaction phenomena [8]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7 Experimental and Calculation Results of Concrete 

Ablation Depth during Sodium-Concrete Reaction 
 
3.3 Hydrogen Combustion 

In the CONTAIN-LMR code, two types of hydrogen 
combustion model have been introduced.  One is the model 
for sodium induced hydrogen diffusion burn where a 
diffusion flame is formed consuming the hydrogen in the gas 
flow with the ignition source of sodium mists.  It is known 
that the sodium-hydrogen mixture jet burns under oxygen 
containing atmosphere condition even though the gas 
temperature is far below the auto-ignition temperature.  The 
other is the model for hydrogen build-up burn such as a 
deflagration which occurs after hydrogen accumulation in the 
reactor containment building.  

In the code, the flammability limit conditions in the model 
of sodium induced hydrogen diffusion burn are derived 
directly from the experimental results of HEDL in U.S. [15].   

The hydrogen build-up burn model in the code is based on 
the stand-alone code, HECTR, which has been developed for 
the hydrogen combustion behavior in LWRs.  The model in 
the current version of the CONTAIN-LMR code is equivalent 
to the correlations implemented in the HECTR Version 1.5 
code [16]. 

The validation of the hydrogen build-up burn model in the 
CONTAIN-LMR code has been carried out to compare the 
calculation with the 12 experimental results of NTS in U.S. 
[17].  Figure 8 shows the comparison between the measured 
and calculated gas pressure ratio of the maximum pressure to 
the initial pressure for NTS experiments.  The results 
indicate that the CONTAIN-LMR is applicable to the 
hydrogen build-up burn. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8 Comparison of the measured and calculated gas 
pressure ratio for NTS experiment 

 
3.4 Debris-Concrete Interaction 

The improved debris-concrete interaction model was 
validated by comparing the calculation result with SURC-4 
experimental result [18] about the ablation depth of concrete 
during a debris simulant (molten steel)-concrete interaction.  
As already described in Sec. 2.3, the interaction might be 
occurred under a sodium pool existing condition in the case 
of LMFRs.  However, the experimental data which simulate 
the interaction have not been available in the world so far.  
The SURC-4 experiment had been conducted using a silicate 
concrete under the condition without coolant water as an 
oxidant, and the temperature distribution profile in the 
concrete had been measured during the experiment.  
Therefore, the SURC-4 experimental result was selected for 
our code validation in order to mainly confirm the effect of 
the heat conduction into the concrete on the ablation behavior.  
Figure 9 shows the comparison between calculation and 
experimental result about the change of ablation depth during 
the experiment [12]. The calculation represents the 
experimental ablation history reasonably well. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9 Experimental and Calculation Results of Concrete 
Ablation Depth during Debris-Concrete Interaction 
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4. FUTURE PLAN OF CODE APPLICATION 
After the accident of Fukushima Daiichi Nuclear Power 

Plants in 2011, the safety evaluation of nuclear power plants 
in the case of severe accident becomes very important issue 
in regulation.  In Japan, Nuclear Regulation Authority 
(NRA) requires to nuclear operators in accordance with the 
New Regulatory Requirements to evaluate the safety of their 
LWR power reactor facilities when taking measures to 
prevent the occurrence of any accident or to prevent the 
spread of an accident not covered by the Regulations.  For 
the above safety evaluation, PRA is an effective methodology 
and a best estimate, integrated analysis tool is necessary to 
predict the accident progression and the source term to the 
environment as the result of accident for the application to 
the PRA.  In the case of LMFRs, the requirements of NRA 
are the same as those in the case of commercial LWR plants.  
To meet the requirements, it is necessary to prepare the best 
estimate analysis tools for the evaluation of phenomena in the 
case of LMFRs severe accident.  The CONTAIN-LMR code 
is the candidate analysis tool to evaluate the ex-vessel 
accident progression of level-2 PRA for LMFRs because the 
code is integrated analysis tool, which might be only 
available now in the world, for predicting the physical, 
chemical and radiological conditions inside a containment 
building of LMFRs following a severe accident with reactor 
vessel melt-through.  The CONTAIN-LMR code will be 
used to evaluate the ex-vessel accident progression of level-2 
PRA for LMFRs safety regulation in the near future. 
 
5. CONCLUSIONS 

A computer code, CONTAIN-LMR, has been continued in 
Japan Atomic Energy Agency (JAEA) for application to a 
probabilistic risk assessment (PRA) of liquid metal fast 
reactors (LMFRs).  The following LMFR specific models in 
the code have been developed and improved: 

1) Sodium-silicate concrete reaction model, 
2) Hydrogen recombination model, 
3) Debris-concrete interaction model. 

These models and the models for sodium fire and hydrogen 
combustion have been validated by comparing the calculation 
with experimental results. 
  The CONTAIN-LMR code including the developed and 
improved LMFR specific models is applicable to evaluate the 
ex-vessel accident progression of level-2 PRA for LMFRs. 
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