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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.  This paper describes 
the development of a representative input model for the 3MW TRIGA research 
reactor at AERE Bangladesh, describes the testing and qualification of the model 
using MOD4.0 advanced input checking and graphical display options, and then 
presents representative results for selected calculations.   

 

1. Introduction  

 
RELAP/SCDAPSIM[1-4], 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)[5,6].   
RELAP/SCDAPSIM uses the publicly available SCDAP/RELAP5[7,8] 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 in a companion paper [4] and in 
more detail in reference [3]. 
 
As described in an earlier paper [9], the initial development and qualification of the input 
model for the AERE TRIGA was performed during a 3 month International Atomic Energy 
Agency (IAEA) internship by one of the authors (Huda).  During this period, an initial set of 
calculations were performed with an earlier version of RELAP/SCDAPSIM/MOD3.2(am2).  
For this paper, additional testing and qualification of the input models and results were 
performed using RELAP/SCDAPSIM/MOD4.0 with the integrated RELSIM interactive 
simulator Graphical User Interface (GUI) [10] and uncertainty analysis package [4].  The 
AERE TRIGA is briefly described in Section 2.  The development, qualification and 
application of the input model using RELAP/SCDAPSIM/MOD4.0 are presented in Sections 4 
and 5.  
 

2. Brief description of the Bangladesh AERE TRIGA 
 
The Bangladesh TRIGA-3000, a 3MW TRIGA MARK II research reactor located near Dhaka, 
was commissioned in late 1986. The reactor uses a light water coolant with graphite-
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reflector.  It is designed for continuous operation at a steady-state power level of 3 MW 
(thermal).  The reactor can also be operated in a pulsing mode with reactivity insertions of up 
to 1.4% ∆k/k ($ 2.00). The reactor and experimental facilities are surrounded by a concrete 

shield structure. As shown in Figure 1, the reactor core and reflector assembly are located at 
the bottom of a 2 m diameter aluminium tank, 8.2 m deep. Approximately 6.4 m of water 
above the core provides vertical shielding. The TRIGA core consists of 100 fuel elements 
arranged in a concentric hexagonal array within the core shroud. The fuel is a solid, 
homogeneous mixture of Er-U-ZrH alloy. 
 

 
 

Figure 1 – TRIGA reactor tank 
 
 
The reactor can be operated at power levels up to 500 kW with natural convection cooling of 
the core. For higher power, the forced flow mode (downward) of operation is required to 
transfer the reactor heat to the cooling tower. The cooling system of the TRIGA reactor is 
shown in Figure 2.   
 

 
 

 
Figure 2 – TRIGA reactor cooling system 
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3. Development and qualification of the original RELAP/SCDAPSIM input 

model   
 
As described in reference [9], the development of the preliminary input model was completed 
during a 3 month training fellowship supported by the IAEA.  Technical support, training, and 
technical review of the model were performed by the ISS staff at the SDTP regional training 
center in Idaho.  During the training period, the input model was built and tested in stages.  
Individual parts of the system were built and tested with simple boundary conditions.  The 
physical arrangement was verified using the integrated 3D orthographic displays available in 
RELAP/SCDAPSIM.  Figure 3 shows the 3D nodalization for the different components of the 
reactor cooling system. 
 

 
 
 

Figure 3 – TRIGA reactor cooling system components when viewed with 3D display 
 
The 3D images for each of the four components of the cooling system shown in the figure are 
drawn to scale by the code using only the information included in the input model(s).  The 
locations of each of the volumes, shown as black boxes on the figures, are drawn in reactor 
coordinates. The display can also be interactively rotated and scaled during the simulation to 
view different features of the model.   
 
This approach was used for each of the major features of the reactor system.  Then after 
each part of the system is tested and verified separately, the complete model was then put 
together as shown in figure 4. (The reactor tank and decay tanks are highlighted on the 
nodalization diagram and schematic.)  Once the complete model was assembled, this model 
was then used for comparisons with plant steady state data.  This comparison helped verify 
that the flow resistances and other model input assumptions were set properly.  In addition, 
where available, reactor startup data or other transient data was used to verify the thermal 
capacitances of the system, pump coast down characteristics, and other transient 
characteristics of the input model.  During this process the results were reviewed and any 
flaws in the steady state input models were corrected.    
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Figure 4 – Full TRIGA reactor cooling system when viewed with 3D display 
 

4. Testing, qualification, and application of input model using MOD4.0 

options 
 
The integrated RELSIM GUI and uncertainty packages available in MOD4.0 offered unique 
options useful for the testing, qualification, and application of the original TRIGA input model.  
First, the integrated RELSIM GUI allows the user to build interactive displays that can show 
in detail the results of either individual components of the system or the entire system.  
Although the RELAP/SCDAPSIM 3D display is useful to qualify the input model and display 
computed results in digital form, the RELSIM GUI allows a much wider variety of displays 
and more complete control of the calculations.  It allows the user to interactively set up 
accident sequences and to change the status of system components (i.e. trip a pump or open 
a valve). The accident progression or code calculation results can be viewed on a single or 
multiple monitors as shown on Figure 5.  The user can then run or pause the simulation.  
Although the speed of the simulation will depend on the complexity of the input model and 
transient, typical full reactor plant models will run significantly faster than real time on current 
Windows PCs. (The TRIGA steady state model runs between 10-20 times faster than real 
time.)  
 
The user can also build a variety of time history plot screens or data tables to display the 
simulation results as the simulator proceeds.  The time history plots can be edited with 
automatically generated or user defined axes descriptions, labels, markers, legends, etc.  
The resulting time history plots can also be exported electronically as report ready graphs.  
The plot screens can be rearranged and curves and plots can be added/deleted/rearranged 
during the simulation. 
 
Figures 1, 6, and 7 show three displays that were built for the TRIGA simulation.  Figure 1 
shows the reactor tank and core.  Figure 6 shows a similar view but with some of the piping 
associated with the reactor tank added to the display. Figure 6 shows the inclusion of the 
decay tank and heat exchanger.  The colors in these figures represent the fluid temperatures 
at different points in time during the calculations.   
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Figure 5 – Example of simulation with multiple displays on a Windows PC 

 
 

Figure 6 – RELSIM display of reactor tank, core, and associated piping fluid temperatures 
 

 
 



6 

 

Figure 7 – RELSIM display of core, decay tank, and heat exchanger fluid temperatures 
 

The MOD4.0 integrated uncertainty analysis package [4] can be applied to any standard 
RELAP5 or RELAP/SCDAPSIM input model.  The user 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 uncertainty input to generate the desired results.  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. 
 
For the TRIGA models, it was decided to vary three source parameters to demonstrate the 
use of the package:   

 Liquid heat transfer coefficient + 20% 

 Liquid heat transfer viscosity + 2% 

 Liquid heat transfer thermal conductivity + 2% 
 
Figure 8 shows the variation in computed steady state fluid temperatures in the core 
associated with variations in liquid heat transfer coefficients and fluid properties. The pink 
curve on the figure is the base or average fluid temperature at the bottom of the core, left 
axis.  The green and blue curves, also left axis, represent the upper and lower bounds on the 
fluid temperatures at that location.  As can be seen, the fluid temperatures undergo a rapid 
change in the first seconds as the temperatures adjust from the initial conditions, and then 
respond more slowly as the final steady state conditions are obtained.  The variation in the 
liquid heat transfer coefficients and fluid properties have little impact initially but increase in 
influence with time.  The red curve, right axis, is a plot of the difference between the upper 
and lower bound in fluid temperature at that location.   
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Figure 8 – Fluid temperatures at bottom of the core and associated sensitivity bounds 
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