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Abstract –Using two different approaches, on-line, web- and system-code based graphical user interfaces have been 
developed for reactor system analysis. Both are LabVIEW (graphical programming language developed by National 

Instruments) based systems that allow local users as well as those at remote sites to run, interact and view the results of the
system code in a web browser. In the first approach, only the data written by the system code in a tab separated ASCII output 
file is accessed and displayed graphically. In the second approach, LabVIEW virtual instruments are coupled with the system 
code as dynamic link libraries (DLL). RELAP5 is used as the system code to demonstrate the capabilities of these approaches. 

From collaborative projects between teams in geographically remote locations to providing system code experience to 
distance education students, these tools can be very beneficial in many areas of teaching and R & D. 
I. INTRODUCTION 

In nuclear engineering, large system analysis 
computer codes such as RELAP5 [1], RETRAN [2], 
TRAC-M [3], etc. play an important role in evaluating 
reactor system behavior during a wide range of planned 
transient and accidental conditions. Most of these codes 
have complicated I/O structure. Moreover, until recently 
such codes required high end computers to carry out 
reactor simulations. Rapid advances in computer 
technology now enable these codes to run on personal 
computer in nearly real-time. To help ease the I/O 
problems, graphical user interfaces (GUI) for these 
computer codes have also been a focus of development 
such as SNAP [4] and ViSA [5], etc. Moreover, with the 
rising internet communication, a greater degree of 
freedom in collaborative analysis of data can be achieved 
if the simulation outputs (both data and the respective 
graphs) are easily accessible in real-time from anywhere 
around the world through the web. For example, in large, 
geographically distributed research groups when there is a 
need to share real-time data, this tool can act as a bridging 
interface allowing interactive exploration of code output. 

Accessibility of results via the web in real time may 
also make it possible to improve quality of education. 
High end classrooms equipped with multi-media tools in 
many universities do not allow instructors to install their 
own large scale software on the local machine. These 
machines are however linked to high speed internet. 
Hence, if the computer code can be run interactively via a 
web-browser and the data is shown in a web-browser, it 
will help instructors in incorporating these codes in every 
day class room lectures. Distance education students may 
also take advantage of such a capability, and may take full 
part in projects that require learning of specific codes and 
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analyze the effect of different input parameters on the 
results. 

Another possible advantage of such a web-based 
operation of large scale system codes can be a change in 
the distribution and licensing paradigm for these codes. 
Rather than distributing the source or executable code to a 
large number of users, if necessary, a subset of users—
those who do not plan to tinker with the source code—
may simply be allowed to provide their own input deck 
(for example, by uploading the input deck to a folder) and 
then executing the code in a central location via the web. 

 The goal for a web-based system analysis tool is 
addressed using two different approaches. In the first 
approach, only the capability to broadcast the results of a 
computer code, as the results are being calculated, is 
demonstrated. The source of the simulation code is not 
needed. One only needs to have access to the ASCII data 
files being written by the computer code for this approach. 
In the second approach, not only the results being 
calculated can be broadcasted on the net, the remote user 
can also be given the choice to initiate transients, etc. 
Both approaches are explained in detail below.  

Both approaches take advantage of LabVIEW’s GUI 
as well as web-casting capabilities. The link between the 
simulation code and the web-based user interface is 
developed using the virtual instruments feature in 
LabVIEW [6]. LabVIEW—virtual-instrument 
(LabVIEW-VI) is a powerful and flexible graphic 
programming language. It provides a platform to 
efficiently develop user interfaces and to display data. 
Moreover, with the click of a mouse it provides a web-
based running environment. 

II. WEB-CASTING OF SIMULATION RESULTS 
FROM OUTPUT (TEXT) FILES OF A SYSTEM 
CODE  
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As mentioned above, one only needs access to the 
ASCII text result files of the simulation code for this 
approach. The capabilities of this approach as it is 
currently implemented are somewhat limited. However, it 
is possible to display all data written to output files—
including those depicting spatial variation—in graphical 
format. Figure 1 shows a schematic diagram of the 
complete system. LabVIEW should be installed on the 
computer running the system code. This computer should 
also be connected to the internet. The LabVIEW Virtual 
Instrument (VI) developed for this application is 
independent of the specific simulation code, i.e. the 
simulation code can be in any language (C, FORTRAN, 
Pascal etc.). The only requirement is that the code results 
should be written as they are evaluated—rather than at the 
end of simulation—to an ASCII (text) data file (or 
multiple data files) in tab-separated format. These results 
are, in turn, “continuously” read by the VI and the data is 
displayed in text as well as graphical format on the VI’s 
window in real-time. Using LabVIEW’s built-in web 
server capability, this VI is web-casted over the internet, 
allowing multiple users at different locations to access the 
VI windows simultaneously and view “live” updates 
remotely from any standard web browser. However, only 
one client can control the front panel at a time.  

Fig. 1. Schematic diagram of the data-file-based web-
casting approach. 

For illustration purpose, a sample thermal hydraulic 
simulation was performed using RELAP5. Output file (an 
ASCII file in tab-separated column format) is accessed by 
the LabVIEW VI as the results are being written. Screen 
captured image of the VI front panel is shown in Figure 2. 
In the Data panel of the figure, results of the transient 
calculations are displayed in columns. Transient variables 
(A, B, C … etc.) obtained from the RELAP5 output file 
are tabulated versus time (first column). These variables 
are plotted as a function of time in the Graph panel. 
Running time of the calculation is displayed in the Time 
window of the figure. The text file, where the actual 
output is being written in real time, is scanned at regular 
intervals by the LabVIEW VI. File scan interval can be 
modified by the remote user. An interactive Meter shaped 
object in the window shows the file scan interval. From 
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Live Data File menu, host server can select the text file(s), 
where the system code output is being written, to be 
displayed in the VI window. Remote users do not have 
direct access to the output text file(s) however, output 
data can be easily copied through the browser display of 
the Data panel and post-processed by remote users.  

Corresponding block diagram (graphical source code) 
is shown in Figure 3. Standard programming language 
features such as do/while loop can be easily incorporated 
by forming a square block in this graphical language. The 
running interval for this loop is governed by the File Scan 
Interval. At every interval, the VI records the changes in 
the text data file from previous interval and appends it to 
the displayed data. LabVIEW’s built-in functions are then 
used to display the data graphically. 

Fig. 2.  Remotely controlled LabVIEW front panel 
displaying real-time data. 

Fig. 3. Block diagram of the graphical source code for VI 

shown in Fig. 2. 

III. WEB-CASTING OF SIMULATION RESULTS 
USING DYNAMIC LINK LIBRARIES IMBEDDED 
INSIDE A SYSTEM CODE  

In the second approach to develop web-casting 
capabilities for system codes, rather than relying on the 
ASCII data files, the LabVIEW VIs are coupled with the 
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system code as dynamic link library (DLL). [Hence, in 
this approach one must have access to the source of the 
system code.] Since the interface is “hard-wired” with the 
system code, it provides more flexibility to control the 
system code from the remote locations.  

A best-estimate reactor system analysis code, 
RELAP5, is used as the system code to demonstrate the 
capabilities of this approach. In fact, the system code is 
transformed into a simulator using LabVIEW—a 
simulator that can be made available on the world-wide-
web. RELAP5 is selected as the engine of this simulator 
because it is a well-known best-estimate code, and 
RELAP5 input for most nuclear plants are already 
available. Therefore this simulator can easily be adapted 
for other plants by changing the input file. As a 
developmental platform, personal computer with 
Windows OS was used because RELAP5 dynamic link 
library (DLL) was generated in the Windows environment. 
However, the web-based engineering simulators 
developed here can be used with any computer that has 
access to the web. 

Figure 4 shows a schematic diagram of the web-
based engineering simulator. LabVIEW coupling with 
RELAP5 makes it possible to run the code through the 
network without having the code and /or input file in the 
end user’s computer. Users who are connected to the 
server through the internet can interactively simulate the 
transient (with interventions) using interactive control 
features through their web browser, and examine the 
results on-line. Only the local user or one remote client 
can have control of the interactive features. 

SYSTEM CODE

Input

Output

Web Server

Graphic 
output

Interactive 
input

Fig. 4. Schematic diagram of the DLL-based web-casting 
approach 

A typical Westinghouse two-loop PWR (Pressurized 
Water Reactor) was modeled as the target plant for this 
application. However, the target plant can be easily 
replaced by another plant by simply changing the 
RELAP5 input file. LabVIEW-based interaction and data-
visualization windows consist of six modularized 
LabVIEW VI’s; (i) main control and interaction window, 
and (ii) five output visualization windows. Each of these 
windows is treated as a module. Since LabVIEW VI is a 
graphical language, the graphic elements of each module 
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can be easily replaced by other instruments or modified 
using simple mouse operation such as drag and drop.  

Figure 5 shows the main window of the web-based 
engineering simulator running RELAP5. This page is 
opened when a remote user connects to the server. It 
consists of a main tool bar and five tab sheets. The tab 
sheets include the “main control”, “nodalization”, “reactor 
power”, “pressure & level” and “temperature” tabs. Pop-
up windows are also available for all modules if requested 
by the user to graphically display the data being generated 
by the simulator. User can control the execution mode 
through the main tool bar, where buttons for run, stop, 
and pause are installed (upper left hand corner of the 
window). Local or remote users can select the I/O files by 
clicking on the open-file or browse button, execute the 
code and simulate operator action through the main 
control page. 

It should be noted that the RELAP5 input data can be 
used without any changes. However, to fully utilize the 
capabilities of this tool, additional input cards in the 
existing input decks must be inserted, for example, to 
allow for interactive control. Built-in trip control 
functions such as reactor scram and reactor coolant pump 
ON/OFF, as well as accident initiation functions are 
provided for transient simulations. Additional control 
functions are being added. The buttons on the main 
window also show the current trip status of each 
component. Calculated output data can be seen in 
graphical format by selecting appropriate tabs in the web-
browser (at the bottom of the main window). This leads to 
the display of the selected data in the currently open 
window. User can also select to examine the data in 
separate web browser (open in new window option) by 
clicking on the buttons on the left side of the main 
window (under, stand-alone pages). 

RELAP5 produces a large amount of text-based 
output after a transient simulation. Web-based 
engineering simulator was designed to show these results 
in graphical format during or after a transient simulation 
so that users can easily follow plant dynamics. Figures 6 
and 7 show several windows displaying the data, 
generated by RELAP5, in graphical format. Figure 6.a 
shows reactor power related parameters through level 
indicators as well as power level as a function of time. 
This window provides the total reactor power, fission 
power, major contributions to reactivity, fuel centerline 
temperatures along five different axial positions, and 
reactor core collapsed water level. Figure 6.b shows 
pressures and collapsed water levels for pressurizer and 
steam generators through level indicators and trend 
graphs. Pressurizer pressure and pressurizer water level 
are used to evaluate the primary side pressure and water 
inventory; and steam dome pressure and narrow range 
water level are used to examine the pressure and water 
inventory of the secondary side of the steam generators. 
These virtual instruments are color coded to easily 
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recognize the current reactor operating status. Green 
indicates reactor’s normal operation range, red indicates 
above high-high set point, while yellow indicates below 
low-low set point. Figure 6.c shows primary side 
temperatures and saturation temperatures with red bars on 
the upper part of thermometers. In Figure 6.d, flow rates 
for the primary loop and charging/letdown flows and 
various secondary flows are included. For the secondary 
side, main and auxiliary feedwater flow, steam flow for 
each steam generator and turbine isolation flow and steam 
depressurizing valve flow are included.  

Fig. 5. Main control module and tab pages 

Last of the six windows is designed to show color 
coded void distribution in the nuclear steam supply 
system. This should be contrasted with more conventional 
simulators in which spatial distribution of quantities of 
interest is often not available due to the use of over 
simplified physical model and/or coarse computational 

    
a. Reactor power window                                  
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cells. The best-estimate code such as RELAP5, however, 
can capture spatial distributions quite well. Hence, with 
moderate effort these spatial distributions are also 
included in the results windows developed for the web-
based simulator. Figure 7 shows void fraction distribution 
during a large loss of coolant accident. The figure on the 
left shows the void distribution during nominal operating 
conditions, and the one on the right shows void 
distribution after the accident. Clearly, such graphical 
display can give a much better understanding of the 
transient than copious amount of text data. 

IV. SUMMARY AND CONCLUSIONS 

Two different approaches to web-cast data from 
numerical simulations codes have been presented. Both 
take advantage of off-the-shelf technology to: 1) present 
results in graphical format; 2) web-cast data and graphics; 
and 3) provide interactivity from remote locations with 
the system code. Effort required to implement these 
features in system codes is not prohibitive. From 
collaborative projects with collaborating teams in 
geographically remote locations to providing system code 
experience to distance education students, these tools can 
be very beneficial in many areas of teaching and R & D. 
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c. Primary temperatures                                                                                d. Flow rates 

Fig. 6.  RELAP5’s output in web-browsers 

Fig. 7.  Nodalization window showing color coded void fraction distribution. 
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