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ABSTRACT 
The pressurized light water cooled, medium power (1000 MWt) IRIS (International Reactor Innovative and Secure) has 
been under development for four years by an international consortium of over 21 organizations from ten countries. The 
plant conceptual design was completed in 2001 and the preliminary design is nearing completion. The pre-application 
licensing process with NRC started in October, 2002 and IRIS is one of the designs considered by US utilities as part of 
the ESP (Early Site Permit) process.  

This paper focus is on the development of a preliminary evaluation model for the analyses of IRIS small break LOCA, 
as are presented in a companion paper. Interaction of the reactor coolant system and containment is usually analyzed in 
two separate and independent runs. First the mass and energy release rates (MER) are calculated by a system code using 
conservative approximation of containment pressure, and then containment response is calculated using the thus 
calculated MER as a boundary conditions. This approach is usually adequate for present day LWR reactors, due the low 
importance of the interaction between containment and reactor coolant system during LOCA events. However, in a new 
advanced passive system such as IRIS the LOCA phenomenology is significantly different, and interaction of the 
coolant system and containment becomes more important, so as to require an evaluation model where containment and 
reactor coolant system and analyzed in a coupled way. This coupling can be performed as an extension of the classical 
separate approach: at specific time intervals the MER calculated by the system code is used as boundary condition for 
the containment, the containment pressure response is calculated, and the thus calculated pressure is input to the system 
code at the following time interval as a boundary condition. Connections between the containment and reactor coolant 
system models are defined for all the necessary components (for example the gravity injection systems). To apply this 
approach to IRIS, it was decided to develop an explicit coupling of RELAP5/mod3.3, and GOTHIC 3.4e; thus taking 
advantage of the rather large experience base available at the University of Zagreb in the use of the RELAP5 and 
GOTHIC codes as well as a detailed knowledge of their internal structure.  

The primary goal of this activity was is to explore the applicability of coupled codes to safety analyses of the new 
reactor systems where the primary system and containment closely interact. The chosen coupling strategy is simple and 
basic operation of constituent codes and corresponding input data are unaffected by the coupling process. This paper 
describes the coupled code as well as the development of the preliminary IRIS SBLOCA evaluation model and its use. 
Also, a discussion on a preliminary verification and validation of this methodology is provided.  

1 INTRODUCTION 
Historically, accident analyses for nuclear power plants have been successfully performed using system 
thermal-hydraulics codes. In case of complex problems involving solution of thermal-hydraulics together 
with other disciplines such as reactor physics, chemistry, aerosol dynamics and metallurgy, system codes are 
usually not sufficient by themselves to provide the required prediction capability, and are assisted by the 
addition of separate computational models. A similar approach is also used when the interaction of different 
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solution domains is to be calculated (e.g. primary system and containment) with different physical models, or 
very different spatial or time discretization.  

An interesting example of such kind of interaction of different evaluation models is given by containment 
and reactor coolant system accident analysis of LOCA events. In current practice, the different physical 
phenomena involved in the analyses and the need for different spatial and time discretization have led to the 
development of separate and specialized computer codes and evaluation models for the analysis of these two 
systems. The different mathematical models available are typically used independently based on external 
iterations and appropriate boundary conditions. In fact, the interaction of the reactor coolant system and 
containment is typically analyzed with two independent runs. First the mass and energy release (MER) from 
the reactor versus time is calculated by a system code using a conservatively (low), bounding, containment 
pressure, and then the containment response is calculated for that MER release versus time. This approach is 
usually sufficient for current LWR reactors, and provides a conservative calculation of both the reactor 
coolant system performance (since the loss of mass is maximized by the use of conservatively low pressures 
in the containment) and of containment pressure (since the maximized loss of mass thus calculated is used to 
provide a conservatively high prediction of containment pressure). In new advanced passive reactor systems, 
interaction of the coolant system and containment is much more important. If for example IRIS SBLOCA 
event is considered (as described in a companion paper [10]), the longer transient duration, the gravity 
injection systems and especially the safety approach based on limiting the blowdown from the system all 
contribute to an increased importance of an accurate and more realistic prediction of the containment and 
reactor coolant system coupling . Therefore, a different modeling strategy is needed. The most 
straightforward approach for analyzing the interacting systems would be to adopt a single evaluation model 
for the two coupled systems. However, the time that would be needed to develop new codes where all 
required models are properly incorporated, to build user experience, and to qualify the code would be 
prohibitively long and expensive. Therefore, the coupling of the system and containment codes can be an 
interesting approach and compromise between two modeling strategies mentioned above. Separate, existing 
computer codes can be coupled providing new capabilities without spending too much time in development 
and with possibility to use existing experience and perform code verification and validation only for the 
coupling portion of the new code. Moreover, the coupling can be performed as an extension of the classical 
calculation approach: at specific time intervals, the MER calculated by the system code is used as boundary 
condition for the containment, the containment pressure response is calculated, and the thus calculated 
pressure is input to the system code at the following time interval as a boundary condition. It is evident how 
this approach is very similar to the current practice with the only difference that the transfer of information 
between the containment and system codes is not limited to a single moment (i.e. the end of the transient 
calculation) but has a sufficient frequency to follow the transient history more accurately. Connections 
between the containment and reactor coolant system models are defined for all the necessary components 
(for example the gravity injection systems).  

For IRIS, it was decided to develop an explicit coupling of RELAP5/mod3.3, and one of the earlier versions 
of the GOTHIC code available at University of Zagreb, GOTHIC 3.4e; thus taking advantage of the rather 
large experience base in the use of the RELAP5 and GOTHIC codes as well as knowledge of their internal 
structure The primary goal was to explore applicability of coupled code to safety analyses of the new reactor 
systems where the primary system and containment closely interact. The chosen coupling strategy is simple 
and basic operation of constituent codes and corresponding input data are unaffected by the coupling 
process. 

 

2 R5G COUPLED CODE DESCRIPTION 
The history of coupling the RELAP5 code to containment codes is rather long [1]. CONTEMPT and 

CONTAIN were usual candidates for containment part of coupled code. In our case, taking into account 
rather large experience base in the use of the RELAP5 and GOTHIC codes as well as knowledge of their 
internal structure; we have decided for direct explicit coupling of last version from the RELAP5 family of 
codes, RELAP5/mod3.3 [2], and one of the earlier versions of the GOTHIC code available at University of 
Zagreb, GOTHIC 3.4e [3]. New coupled code is indicated in this paper with the acronym R5G. Our primary 
goal was to explore applicability of coupled code to safety analyses of the new reactor systems with close 
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interaction of primary system and containment. The chosen coupling strategy has to be simple and basic 
operation of constituent codes and corresponding input data has to be unaffected by the coupling process. 
The targeted platform for doing the computations was high-end personal computer.  

The coupling is direct and doesn’t require use of any additional software tools or protocols. The 
coupling is explicit in time and RELAP5 is the leading part of the coupled code. Containment conditions 
from the old time step are used in the RELAP5 new time step system calculation. At the end of each 
converged RELAP5 calculation time step, interface subroutines transfer boundary condition data to 
GOTHIC. GOTHIC then performs one or more time steps and then interface subroutines prepare 
containment conditions for next RELAP5 time step (Figure 1). The two codes use different main integration 
variables and the coupling interface has to do the necessary conversions. The interface subroutines 
responsible for providing GOTHIC data to the RELAP5 code uses GOTHIC liquid and droplet data to 
produce RELAP5 liquid phase data during flow from the containment into the reactor primary system. 
Conversion of the RELAP5 liquid flow to droplets during blowdown is automatically handled by the 
GOTHIC flow boundary condition depending on input data. The two codes calculate non-condensable gases 
in slightly different ways and therefore these interfaces are especially delicate. 

The variables transferred from GOTHIC to RELAP5 are total pressure, liquid and vapor specific 
internal energy, vapor void fraction, and non-condensable gas quality. The variables transferred from 
RELAP5 to GOTHIC are mixture mass flow rate, mixture enthalpy, total pressure, liquid volume fraction, 
steam pressure ratio, and gas pressure ratios for each of non-condensable gases. 

The RELAP5 source is intact in the coupling process except for the addition of two subroutine calls in 
TRNCTL and TRAN [4]. The GOTHIC main program is replaced with two subroutines GOTHIC_INI 
(responsible for input preparation and initialization) and GOTHIC_RUN responsible for time step 
advancement and the exchange of data between the codes. The GOTHIC water and steam properties are 
replaced with corresponding IAPWS-IF97 properties [5]. The rest of the GOTHIC coding is intact except for 
some programming details. The RELAP5 tmdpvol component and the GOTHIC flow boundary conditions 
are used as the entry points for the reactor system (RELAP5) and containment model (GOTHIC) coupling. 
Most of the problems expected in this kind of applications are related to property check logic in RELAP5 
time dependent volume used for connection (mainly when one of the fluid phases is depleted). 

Although there is no change in the RELAP5 or GOTHIC input decks, some guidelines in input preparation 
have to be followed. To minimize the impact on the independent codes, a separate input file was defined and 
contains the following interface data: the number of R5G couplings (an input value of 0 indicates no 
coupling), each RELAP5 tmdpvol number for coupling connections, each RELAP5 valve component number 
connecting tmdpvol and the system and the RELAP5 trip associated with the above valve/tmdpvol 
combination, For GOTHIC the flow boundary condition number are required, and this input file also 
contains some additional service data not discussed here in detail. The code coupling is inactive during 
steady state calculations and the original RELAP5 code can be used to produce an initial steady state restart 
file. 

As a result of the proposed coupling scheme, both RELAP5 and GOTHIC are applied to the areas 
where they can perform best. Multiple connections between the reactor system and the containment models 
are possible. Connections are not limited to atmospheric regions only; e.g., the water level effect on the 
boundary condition pressure and liquid fraction is taken into account on GOTHIC side. In addition to 
coupling the fluid systems it is possible to exchange trip information between the two codes, and the heat 
structures in one code can be connected to control volumes in another code. GOTHIC’s capability to allow 
subdivision of the containment lumped volumes can be used in the coupled version to perform 
multidimensional calculations.  
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Figure 1 Organization of RELAP5-GOTHIC coupled code 

 

3 IRIS SBLOCA CALCULATION MODEL 
The IRIS reactor (International Reactor Innovative and Secure) is a integral, light water cooled, 

medium power reactor [6],[7]. The IRIS concept addresses the key-requirements defined by the US DOE for 
next generation reactors, i.e. enhanced reliability and safety, and improved economics. It features innovative, 
advanced engineering, but it is firmly based on the proven technology of pressurized water reactors (PWR). 
The integral configuration, where all reactor coolant system components are contained in the reactor vessel, 
eliminates all large vessel penetrations and the possibility for large LOCAs to occur in IRIS design. The 
compact size of the IRIS coolant system allows the use of a small, spherical, high design-pressure 
containment. 

An innovative safety approach has been developed to mitigate the IRIS response to small-to-medium LOCA 
[8],[9],[10]. This strategy is based on the interaction of IRIS compact containment with the reactor vessel to 
limit initial blowdown, and on depressurization through the use of a passive Emergency Heat Removal 
System (EHRS). A small Automatic Depressurization System (ADS) provides supplementary 
depressurization capability. A pressure suppression system is provided to limit the pressure peak following 
the initial blowdown to well below the containment design limit. The ultimate result is that during a small-to-
medium LOCA, the core remains covered for an extended period of time, without credit for emergency water 
injection or external core makeup. The IRIS LOCA response is based on “maintaining water inventory” 
rather than on the principle of safety injection. This novel safety approach poses significant issues for 
computational and analysis methods since the IRIS vessel and containment are strongly coupled, and the 
system response is based on the interaction between the two. In order to explore the reactor vessel and 
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containment interaction in more detail, a coupled RELAP5/GOTHIC model (R5G) was used as one of the 
calculational options.  

 More complete overview of the IRIS SBLOCA event is provided in a companion paper [10]. 

3.1 Nodalization of IRIS Primary System and Containment 
As discussed above, an explicit coupling of RELAP5/mod3.3 code and GOTHIC code was used with 

connections at the points of hydraulic contact (the break, ADS, and gravity makeup flow paths). The existing 
detailed RELAP5 model of reactor coolant system and of the engineered safety features was used together 
with a lumped GOTHIC model of the containment. The structure of the primary system nodalization is 
intuitive (Figure 2) and it is based on the currently available IRIS geometric and operational data 
[11],[12],[13]. While the overall structure is relatively simple, the discretization of the components is 
sufficiently detailed in order to take into account all the important phenomena. The total number of volumes 
and junctions in current nodalization (3.0d) is 1673 and 1724, respectively. Most of the calculational nodes 
have a linear size in the range of 0.2 to 0.5 m. In the development of IRIS nodalizations, volumes provided 
by the designers are always conserved, as well as height due to importance of natural circulation. 

The model of the primary system includes the IRIS integral reactor vessel (8 internal loops), 4 
Emergency Heat Removal (EHRS) trains, and 2 Emergency Boration Tanks (EBT), ADS line, 2 gravity 
makeup flow paths connected to the containment suppression pool and 2 connected to reactor cavity, as well 
as the reactor protection system functions for trips and actuations. All relevant heat structures are modeled. 
The number of heat structures in current nodalization is 625 with total number of mesh points being 3574. 

The containment design is still in the conceptual phase of development and only a limited amount of 
data was available. The basic view of the containment and the systems relevant for LOCA behavior are 
shown in Figure 3. Because the volume of the containment is small there is a high level of interaction 
between containment and primary system expected during LOCA. Another important characteristic of the 
containment is the pressure suppression capability of the contained suppression pool. Since the initial scope 
of this activity was the development and validation of the coupled code, a simple one node containment 
model was used to test the code coupling. This single node model can’t take in to account any 3-D behavior 
of the containment and suppression tanks. In order to address containment behavior during LOCA a 
Simplified Containment Model (SCM) was developed, and is illustrated in Figure 4 for upper break and 
Figure 5 for lower break. 

Seven control volumes and 13 (one more for lower break) flow paths were used in SCM model. Only 
basic heat structures are currently part of the model. Drywell containment space was split in two parts 
(volumes 1 and 2) and connected to the reactor cavity (volume 3) with two flow paths to simulate mixing 
between volumes. The same is true for the pressure suppression pool (GOTHIC volume number 5) which is 
connected to the air space below the reactor vessel (volume 4). Volume number 6 simulates vent pipes that 
connect the suppression tanks to the containment atmosphere. The prescribed liquid level in volumes 5, 6 
and 7 determines the initial water inventory in the pressure suppression system. Volume number 7 is the 
quench tank used for ADS line connection. Flow boundary condition and flow path 1 were used for break 
modeling. Additional flow boundary condition 7 and flow path 13 are needed to model a double sided DVI 
break. The related RELAP5 component is the time dependent volume (component number 991/994) and the 
attached trip valve (component number 992/993). The break position for the upper break case (Figure 4) was 
assumed to be at the elevation of the reactor coolant pump discharge, which is near the upper portion of the 
reactor vessel cylindrical section. Another possible characteristic break position (Figure 5) is in Direct Vessel 
Injection (DVI) line, just outside reactor vessel. Flow boundary conditions 2 and 3 and corresponding flow 
paths are used to connect gravity makeup lines to suppression pool. Similarly flow boundary conditions 4 
and 5 and corresponding flow paths are used to connect gravity makeup lines to reactor cavity. Flow path 12 
connects ADS line (flow boundary condition 6) to quench tank and flow path 13 is relief path for quench 
tank. 
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Figure 2 RELAP5 mod/3.3 IRIS nodalization (ver. 2.0a) 
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Figure 3 Conceptual scheme of IRIS ESFs 

 
Figure 4 Containment nodalization for IRIS upper break SBLOCA 
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Figure 5 Containment nodalization for IRIS lower break SBLOCA 

 

3.2 SBLOCA Testing of the Coupled Code 
Verification testing of the coupled code was done using simple nodalizations and two types of runs. In 

the first run a calculation is performed using stand alone version of RELAP5 code and in the second run the 
relevant part of RELAP5 nodalization is replaced with a GOTHIC nodalization and coupled code is used for 
the calculation. Using this simple approach it was possible to check exchange of the variables, compatibility 
of the integration methods and closure of the equations of state.  

It is however difficult to find simple setups that are representative enough for real situations 
experienced during accident in advanced reactor systems with close interaction of primary system and 
containment. That was reason for early move from verification calculations to calculations based on 
nodalization used in regular system accident calculations. It was decided that IRIS SBLOCA calculations can 
be best test for checking both, coupled code and applicability of used approach for analysis of the primary 
system and containment interaction. Initial SBLOCA testing of the coupled code was performed for a single 
connection of the reactor system and containment through the break location. The RELAP5 system 
nodalization and the accident scenario were based on IRIS nodalization version 2.0a. Since a large LOCA is 
precluded by design in IRIS reactor, only small-to-medium LOCA accidents at low and high vessel 
elevations are the subject of safety analyses. A 4-inch SBLOCA at the upper break position near top of SG 
module was used for this initial calculation. Four EHRS sub-systems are actuated according to the reactor 
protection system logic. The ADS function was not enabled in preliminary calculation to simplify the 
coupling and allow a better verification of the coupled codes. The heat source calculation was based on point 
kinetics model and on the ANS 1979 decay heat model (with 2σ uncertainty). Point kinetics model used was 
selected to approximate IRIS middle of cycle reactor kinetics data and feedback coefficients, IRIS specific 
scram curves and used a standard chopped cosine axial power distribution. After uncovery of primary pumps 
(located above SG modules), special check valves (Riser Shroud Connection - RSC) are activated on 
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pressure difference connecting the riser part of the vessel with the space within steam generator shroud. 
Primary coolant flow after the loss of the primary pumps was only by natural circulation. As usual for 
accident analyses, actions of the non-safety grade control systems were not credited. 

The coupling was initially checked using same approach as in the verification testing, by comparison 
of the RELAP5 stand alone results and coupled code results for nodalization in which RELAP5 branch 
component representation of the containment was replaced with GOTHIC control volume. That is situation 
where it could be assumed that both the standalone RELAP5 and the coupled code can give similar 
predictions. The base case for containment modeling (label R5SA) is one containment node modeled as 
RELAP5 branch component (initial conditions at 101.325 kPa, 40 oC, nitrogen filled). No other containment 
element (pressure suppression system, heat structures, heat losses) was represented in this test. The 
corresponding coupled code case (label R5G, code with IAPWS-IF97 water properties was used) uses one 
control volume and one flow boundary condition on GOTHIC side; and on the RELAP5 side the branch 
component is replaced with a time dependent volume component. R5SA and R5G results for the one 
containment node models are in good agreement (taking into account differences in the mathematical 
methods used); indicating that the coupling is performing as expected. Trends of pressurizer and containment 
pressures and break mass flow rates are shown in Figure 6 to Figure 9. The time of the final pressure 
equalization between the reactor vessel and the containment is almost the same (after approximately 1600 s) 
and the behavior of key variables is similar. The maximum containment pressure predicted by coupled code 
is slightly higher (2.75 MPa versus 2.65 MPa in the R5SA case), and first pressure equalization is earlier (789 
s versus 896 s). The final containment pressure is 2.37 MPa for R5SA case and 2.33 MPa for the coupled 
code. Calculated break mass flow rate is less oscillatory in coupled code calculation. The ability of coupled 
code to predict flow reversal at break location was demonstrated. 
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Figure 6 RELAP5 and coupled code pressure response for one node containment 
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Figure 7 Detail of pressures predictions near pressure equalization point 
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Figure 8 Break mass flow rate predicted by RELAP5 and coupled code for one node containment model 
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Figure 9 Break mass flow rates for one node containment model, log scale 

Real benefits of coupled code usage become more obvious with more realistic containment models. 
For most of the SBLOCA calculations simplified containment models (Figure 4 and Figure 5) were used 
even though extension to more detailed containment models, including subdivided 3D model, is possible. 
The coupled code results obtained for initial simplified containment model show, due to the presence of the 
suppression pool, much slower containment pressure increase than in the idealized one node containment 
model, and the pressure peak is, even without taking into account condensation on heat structures, 
maintained well below the containment design pressure. It is possible to prepare both system and 
containment nodalization based only on RELAP5 code. Successful application of RELAP5 in such situation 
is demonstrated by University of Pisa in case of PANDA experimental facility and one example of RELAP5 
IRIS SBLOCA calculation is shown in [14]. We have not used comparison with results obtained using only 
RELAP5 in this case. Instead of that, direct calculation of PANDA test will be used for additional validation 
of coupled code capabilities. Effort needed to prepare corresponding containment nodalization using only 
RELAP5 usually is larger and more experienced user is required due to application of the code outside its 
original scope. The usage of the containment code as a part of the coupled code has additional benefit due to 
fact that such codes are validated and licensed for containment like situations and only interface parts of the 
coupled code have to be subject of V&V process.  

One additional verification of the coupled model is provided here, to confirm that the coupling does 
not adversely impact the capability of the containment code. This verification was performed by running a 
coupled calculation and saving the interface data (the coupled code input file allows the user to request the 
boundary conditions to be saved for external off-line calculation). The thus calculated MER was then used 
for a separate standalone GOTHIC calculation. In this specific case, it was also possible to compare the 
GOTHIC3.4 results with more recent code version to verify the applicability of the code version used for the 
coupling (the reader may wonder why an older version of GOTHIC was used for this coupling in place of the 
evidently available more advanced versions, and the reason lies in the fact that only the GOTHIC3.4 source 
code was available to the University of Zagreb). As shown in Figure 10 difference between R5G code results 
using GOTHIC 3.4e and GOTHIC 7.1 stand alone results (G7.1 DRY1) with R5G MER is small. That shows 
two things: first that older GOTHIC code still have capability to address this class of the problems (this is 
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due to the simplified containment model used) and second that the coupling does not affect the standalone 
capabilities of the GOTHIC code.  

One of the most interesting features of the coupling approach presented in this paper is that it is very 
easy to run containment sensitivities by uncoupling the containment model from the reactor coolant system 
and using, as in traditional practice, a MER vector as a boundary condition. Since the coupling does not 
affect the standalone capabilities of the GOTHIC code, or it requires input modifications, this can be done 
with very little effort involved. To show how this capability can be used in the analysis of complex 
phenomena, a specific modeling problem identified in a companion paper [14] is analyzed here. As discussed 
in reference [14], the containment pressure prediction of different containment model could present 
significant differences, and it was identified that a main source of uncertainty was the effect of the 
containment model and of the different codes solution schemes on the velocity of relocation of Nitrogen 
from the containment to the suppression pool atmosphere. While the reader is directed to reference [14] for a 
detailed discussion, this effect is a known issue in the determination of containment peak pressures for 
pressure suppression systems and is due to the fact that the faster the nitrogen is relocated from the drywell 
to the wetwell, the lower the suppression pool efficiency will be. Similarly, the amount of nitrogen that 
remain in the containment during the transient also affects the system response (less nitrogen in the wetwell 
implies a higher suppression efficiency). 

To confirm this explanation, an additional case for the standalone calculation was performed using the 
MER term discussed above, but connecting the break to a different drywell volume (indicated as DRY 2 in 
Figure 10). The different break connections affects the nitrogen relocation to the pool (the break located in 
drywell 2 is close to the vents, and thus tends to discharge to the vents an atmosphere richer in steam. 
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Figure 10 Containment pressure calculated using coupled code and using GOTHIC v7.1 with coupled code MER 

Figure 10 indicates the importance of the containment modeling and especially of assumptions that 
affect the relocation of nitrogen to the suppression pool and confirms the conclusions provided in [14]. Once 
this influence was identified, it was considered necessary to perform a coupled calculation to better 
characterize this effect: this shows how a rapid standalone calculation can be used to identify important 
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physical phenomena, and then longer coupled calculations can be provided for the effect that are judged 
important to provide a more complete assessment. 

In this case, a detailed analysis with the coupled code was performed for two breaks locations. For this 
analysis the most recent plant model (3.0d) and containment models (with the ADS connected to a dedicated 
quench tank) were used. Results are shown in Figure 11 and Figure 12. The case with break connected to 
drywell part 1 of the SCM containment model is labeled as BASE in these figures.  

Pressure increase and peak containment pressure are higher in case of break connection to “drywell 1” 
in SCM model (pool is always connected to “drywell 2”). While the qualitative behavior is similar for both 
cases, the impact of the different break connections on the peak pressure confirms the results shown in 
Figure 10. Figure 12 confirms that a significantly different behavior of the containment nitrogen is observed 
in the two cases. For the BASE case, all the system nitrogen is essentially relocated to the pressure 
suppression system within about 1,000 seconds, while for the case with break connection in the same drywell 
volume as the connection of the vents a significant amount of nitrogen remains in the drywell. 
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Figure 11 Influence of break position within SCM model to final pressures 
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Figure 12 Nitrogen distribution within containment model for different positions of upper break 

 

4 CONCLUSION 
The development of a coupled RELAP5 and GOTHIC code for IRIS preliminary evaluation of small 

break LOCA has been presented in this paper. The primary objective of this activity was to explore the 
applicability of this coupled code to safety analyses of the new reactor systems where the primary system 
and containment closely interact. The chosen coupling strategy is simple and basic operation of constituent 
codes and corresponding input data were left unaffected by the coupling process.  

The characteristics of the coupled code as well as the development of the preliminary IRIS SBLOCA 
evaluation model and its use are briefly described. This model has been used to perform a preliminary 
verification of the coupled code and a discussion on a more complete verification and validation of this 
methodology has also been provided. 

The results presented show that the coupling does not impact the standalone capabilities of RELAP5 
and GOTHIC, and comparison with standalone calculations also confirms that the transfer of information 
between the two codes is appropriate. Results were also reviewed for consistency with expectations and the 
response of the system predicted by the coupled code appears in agreement with the physical sense.  

The approach used in this calculation is expected to have some licensing related benefits compared to 
other available calculation options (i.e. development of advanced codes for containment and reactor coolant 
system analysis), due to the fact that already validated codes are used in the analysis and the only difference 
is that an automatic data transfer is adopted to couple the two analysis tools. The computational cost due to 
coupling is usually small in this large RELAP5 system nodalization, since the analysis of the reactor coolant 
system is much more computationally intensive that the containment analysis.  
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The coupled RELAR5/GOTHIC code presented in this paper have been shown to be adequate for IRIS 
analysis, and, by combining the capabilities of the two standalone codes, was demonstrated a flexible and 
effective tool for transients where coupling of the reactor coolant system and containment is important. The 
focus of the effort in the next phase will be a more complete V&V using experimental data and benchmark 
problems, and the optimization of the code interfaces to improve the stability of the coupled codes. 
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