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ABSTRACT 
 

The RELAP/SCDAPSIM/MOD4.0 code, designed to predict the behavior of reactor 
systems during normal and accident conditions, is being developed as part of the 
international SCDAP Development and Training Program (SDTP).  
RELAP/SCDAPSIM/MOD4.0, which is the first version of RELAP5 completely 
rewritten to FORTRAN 90/95/2000 standards, uses publicly available RELAP5 and 
SCDAP models in combination with advanced   programming and numerical 
techniques and other SDTP-member modeling/user options.  One such member 
developed option is an integrated uncertainty analysis package being developed 
jointly by the Technical University of Catalonia (UPC) and Innovative Systems 
Software (ISS).  This paper briefly summarizes the features of 
RELAP/SCDAPSIM/MOD4.0 and the integrated uncertainty analysis package, and 
then presents an example of how the integrated uncertainty package can be setup 
and used for a simple pipe flow problem.  

 

1. Introduction  

 
RELAP/SCDAPSIM[1-3], designed to predict the behavior  of reactor systems during normal 
and accident conditions, is being developed at Innovative Systems Software (ISS) as part of 
the international SCDAP Development and Training Program (SDTP)[4,5].   
RELAP/SCDAPSIM uses the publicly available SCDAP/RELAP5[6,7] models developed by 
the US Nuclear Regulatory Commission in combination with proprietary (a) advanced 
programming and numerical methods, (b) user options, and (c) models developed by ISS 
and other SDTP members. RELAP/SCDAPSIM/MOD4.0[3], the latest in the series of SDTP-
developed versions, is the first version of RELAP5 or SCDAP/RELAP5 completely rewritten 
to FORTRAN 90/95/2000 standards. MOD4.0 is described briefly in Section 2.0. 
 
The RELAP/SCDAPSIM/MOD4.0 integrated uncertainty package[8,9] provides the end user 
with a ―user-friendly‖ best estimate system thermal hydraulic and severe accident analysis 
code that be used as part of a formal uncertainty analysis methodology or simply as a 
convenient way to determine the influence of key physical phenomena or user defined input 
quantities on calculational results. The integrated package is being developed jointly by the 
Technical University of Catalonia (UPC) and Innovative Systems Software (ISS). The 
uncertainty package is described in Section 3.0. 
 
The integrated package can be applied to any standard RELAP5 or RELAP/SCDAPSIM input 
model.  The user simply defines the code parameters that are considered to be influential in 
the calculations, defines their associated uncertainty distributions, and the desired output 
quantities with uncertainty bands.  The code then uses the original input model along with the 
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uncertainty input to generate the desired results. An example describing the application of 
the package to flow in a pipe is discussed in Section 4.0.   
 

2. RELAP/SCDAPSIM 
 
RELAP/SCDAPSIM is designed to describe the overall reactor coolant system (RCS) thermal 
hydraulic response and core behavior under normal operating conditions or under design 
basis or severe accident conditions.  The RELAP5 models calculate the overall RCS thermal 
hydraulic response, control system behavior, reactor kinetics, and the behavior of special 
reactor system components such as valves and pumps.  The SCDAP models calculate the 
behavior of the core and vessel structures under normal and accident conditions.  The 
SCDAP portion of the code includes user-selectable reactor component models for LWR fuel 
rods, Ag-In-Cd and B4C control rods, BWR control blade/channel boxes, and general core 
and vessel structures.  The SCDAP portion of the code also includes models to treat the later 
stages of a severe accident including debris and molten pool formation, debris/vessel 
interactions, and the structural failure (creep rupture) of vessel structures.  The latter models 
are automatically invoked by the code as the damage in the core and vessel progresses. 
 
As described in more detail in reference 3, RELAP/SCDAPSIM/MOD4.0 has been completely 
rewritten to FORTRAN 90/95/2000 standards.  This work took 3 years to complete and 
involved the rewriting of more than 300,000 lines of coding but resulted in dramatic 
improvements in the ability to maintain and improve the code.  MOD4.0 also includes 
advanced numerical options and coding that allows the code to run reliably at faster-than-real 
time for complex plant models.  In addition to the integrated uncertainty analysis option, 
MOD4.0 also is used with standardized interfaces for other coupled calculations such as 3D 
reactor kinetics[10] and plant simulation and training Graphical User Interfaces[11-13].  
 

3. Integrated Uncertainty Analysis Package  
 
RELAP/SCDAPSIM/MOD4.0 with the integrated uncertainty analysis package can play an 
important role as part of a formal uncertainty analysis methodology, sometimes called a 
BEPU (Best Estimate Plus Uncertainty) methodology.  This methodology is often used in 
licensing applications.  In such a formal setting, as described in more detail in reference 8, a 
typical methodology might involve the following steps.  
 
a) Selection of the plant. 
b) Selection of the scenario. 
c) Selection of the safety criteria. 
d) Identification and ranking of the relevant phenomena based on the safety criteria. 
e) Selection of the appropriate code parameters to represent those phenomena. 
f) Definition of the Probability Density Functions (PDFs) for each selected parameter. 
g) Performing a number of computer runs with a random sampling of the selected 

parameters according to its PDF.  
h) Processing the results of the multiple computer runs to estimate the uncertainty bands for 

the computed quantities associated with the selected safety criteria. 
 
In this setting, the base input model for RELAP/SCDAPSIM would define the plant and 
scenario while the code models and correlations, in conjunction with the user selected 
modeling options, would describe the relevant phenomena.  The uncertainty package then 
allows the user to (a) select the code parameters, i.e. important correlations, and associated 
input modeling options, (b) define the relevant PDFs, (c) define the number of random 
samples, and (d) select desired computed quantities with associated uncertainty bands.  The 
user can further analyze the results to determine the influence of individual code parameters 
on the desired computed quantities.  
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The integrated code also provides a convenient way to perform sensitivity analyses with any 
input model.  The process is the same as the proceeding methodology except identification 
of the important code parameters and relevant PDFs may be done in an informal way and 
the ranking of the relative importance of the code parameters determined from the analysis of 
the uncertainty results.   
 
The use of the uncertainty package involves three phases or three user options.  The first 
phase or option is the setup phase.  The setup phase involves a single RELAP/SCDAPSIM 
run with the setup option selected.  The setup options allows the user to identify  
 
a) The number of uncertainty runs needed. 
b) Source code parameters and associated PDFs 
c) Input parameters and associated PDFs. 
 
The number of code runs can either be computed by the code or be fixed by the user. In the 
former case, the code uses the Wilks[14,15] formula to determine the appropriate runs.  The 
user can continue a previous set of runs or eliminate runs without starting a new process.  
The package also includes the possibility of adding extra runs, setting a maximum or 
minimum number of runs, and the introduction of the seed to start the random generating 
process. 
 
The uncertainty parameters that can be selected by the user can either be source code or 
input parameters. The source code parameters allow the user to perturb computed quantities 
not normally accessible through input.  For example, source code parameters include: 
 

 Interfacial heat transfer coefficients.  

 Heat transfer coefficients. 

 Critical Heat Flux. 

 Gap thermal conductivity from the gap conductance model.  

 Viscosity. 

 Thermal conductivity. 

 Surface tension. 
 
The input parameters, as the name implies, are parameters that are defined through the 
input model.  Examples might be boundary conditions, loss coefficients, etc.  The package 
allows the user to easily perturb any input quantity by specifying the location in the input file 
(card and word number). 
 
The user can select from a variety of PDFs and then specify the associated characteristic 
parameters for each parameter to be perturbed. For instance when a Normal Distribution is 
desired, the user must specify the mean and the standard deviation.  Four types of PDFs can 
be selected:  
 

 Normal distribution. 

 Uniform distribution. 

 Log-normal distribution. 

 Trapezoidal distribution. 

 
The second phase is the simulation phase.  This phase uses the results from the setup 
phase as well as the base input model to perform all of the desired runs.  Since these runs 
only require the base input model and output files generated in the setup phase, these runs 
can be performed sequentially on a single machine (typical of most transients and models) or 
distributed to different machines or CPUs for transients that might involve hours of problem 
time.  For example, transients involving loss of offsite power and the slow heat up of the 
reactor tank may take hours to evolve.  
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The last phase, post-processing phase, uses data coming from previous phases to build the 
uncertainty bands for the requested uncertainty output quantities. At the conclusion of the 
post-processing run, the code will automatically produce time dependent graphs for each 
requested output quantities including:  
 

 Upper and lower uncertainty bands. 

 Base case value. 

 Difference between upper and lower values at each time step. 
 
The post-processing phase also generates an EXCEL compatible file with the sorted values 
for each required quantity in the input file. From these files, scalar quantities such as time of 
core quench or peak cladding temperature can be obtained with little effort. 
  

4. Example – Application to Flow in a Simple Pipe 
 
The problem that will be analyzed is a very simple one, the flow of water down a vertical pipe 
as shown in the nodalization diagram given in Figure 1.  However, the approach used will be 
the same as one used when modeling a full reactor system or a component of the reactor 
system.  
 
The pipe is arbitrarily divided into five axial fluid volumes with flow resulting from a pressure 
difference and gravity.  The flow will be initially set to zero and the problem will run until 
equilibrium flow and temperature conditions are reached in the fluid and pipe wall. The water 
coming into the top of the pipe has a temperature of 322 K. The temperature of the water in 
the pipe is initially set at 305 K. The wall has an initial temperature of 283 K and has an 
adiabatic boundary condition on the outside.  The pressure at the inlet of the pipe is 1.03 
MPa with outlet pressure maintained at 0.34 MPa. 
 

 
Figure 1 – Nodalization of simple pipe 

 
The temperature of the inner surface of the pipe is shown in Figure 2.  The mass flow 
through the pipe is shown in Figure 3.  The heat transfer coefficients on the inner surface of 
the pipe are shown in Figure 4.  These results show a brief period at the beginning of the 
calculations where there is an initial transient as the stagnant water starts responding to the 
pressure boundary conditions and gravity.  The temperatures at the inner surface show that 
the inner pipe wall surface temperatures also quickly approach equilibrium as the heat 
transfer to the fluid moves to a constant value.  Although the flows reach equilibrium rather 
quickly, the wall temperatures take longer as the pipe wall heats.  The total time to reach total 
thermal equilibrium is approximately 200 s so the conditions are still changing slightly at 10 s 
when the calculations are terminated.  
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Figure 2 – Temperature of the inner surface of the pipe wall 
 

For the purposes of this example, a combination of source and input parameters is selected 
for the uncertainty analysis: 
 

 Source parameters 
o Liquid heat transfer coefficient + 20% 
o Liquid heat transfer viscosity + 2% 
o Liquid heat transfer thermal conductivity + 2% 

 Input parameters 
o Source pressure + 20% 
o Inlet junction area + 20% 

 
The resulting RELAP5 input is shown in Table 1.  The first line in the input, starting with the 

=, is the title of the input.  The lines starting with * are comments.  The line starting with 100 

is a command line selecting the uncertainty setup option. The lines starting with 290 and 291 
are defining the source and then input parameters respectively.  
 

The source input, lines starting with 290, defines the parameter, such as HTC for heat 
transfer coefficient, the range of heat structures where the heat transfer coefficients are to be 

perturbed, and the PDF type and characteristics.  In this case, the Normal Distribution (ND) 

option is selected with characteristics of the mean and standard deviation input. In the HTC 
example, the user can also select the type of heat transfer coefficient, or convective heat 
transfer regime, to be perturbed.  In this example, since the problem only has heat transfer to 
a liquid, a single heat transfer regime is perturbed.  In the most general of cases, all of the 
heat transfer regimes that might occur can be explicitly identified. The input parameter input, 

the lines starting with 291, the pressure in source volume 110 and the junction flow area in 

junction 120 are to be perturbed.  For example, the pressure in source volume is actually 

identified by the line number, 1100201, and word number, 2, in the base input model.  The 
setup run will then automatically generate all of the files necessary to perform the uncertainty 
analysis using a number of runs specified by the Wilks formula for a 95% confidence interval.  
After the necessary runs are completed, a post-processing run is made that generates the 
results shown in Figures 5 and 6.   
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Figure 3 – Mass flow through pipe 
 
Figure 5 shows the results of the uncertainty analysis on the inner surface temperature at the 
top of the pipe.  The pink curve shows the base case result, also shown in Figure 2, with 
upper and lower bounds for a variation in all of the source and input parameters over their 
range of uncertainties.  The red curve represents the variation between the upper and lower 
bound.  As expected, there is a larger variation in the first second as the flow is accelerating 
and the heat transfer coefficients are varying noticeably with time as shown in Figure 4.   
Further analysis of the results would indicate that the most influential uncertainty parameter 
in the first second is the variation in heat transfer coefficient.  Figure 6 shows the results for 
the mass flow.  In this case, the variation is much more significant.  Sensitivity analysis, as 
expected, shows that the variations in source pressure and inlet junction area are the most 
influential in determining the uncertainty in the mass flow through the pipe.  
 

 
 

Figure 4 – Heat transfer coefficients on the inside of the pipe wall 
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Table 1 Input added to RELAP5 base input model to set up the uncertainty analysis 
 

 
 

Figure 5 – Inner pipe wall temperature at top of pipe with associated uncertainty limits 

 
 

Figure 6 – Mass flow through the pipe with associated uncertainty limits 
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