
A High-Definition RELAP5-3D Application



The Real-Time Solution

With powerful debugging capabilities, model synchronization with the  
simulator, numerical enhancements, and interactive debugging, RELAP5-HD  
is a robust and user-friendly solution for modeling thermohydraulic 
phenomena on real-time simulators.

A Real Time Relap5-3D© 
Application For Your Simulator
Recently there has been a push in the real-time 
simulation industry toward the integration of  
“certified best estimate” engineering codes.

RELAP5’s robust calculations and increased nodal 
design provide more accurate instrument readings and 
thermohydraulic effects. As a result, the reactor core, 
balance of plant and instruments respond more precisely 
to changes in the primary side of the plant.

However, engineering codes have trouble maintaining 
real-time performance across the entire range of 
operations, providing repeatable performance and are 
difficult to debug.

By wrapping Idaho National Laboratory’s (INL) RELAP5-
3D into the base architecture of GSE’s premiere real-
time simulator executive, SimExec, RELAP5-HD provides 
thermohydraulic solutions to plant operations in real-
time without jeopardizing the integrity of INL’s best 
estimate code.

Connecting RELAP5-HD with powerful engineering 
codes, such as Studsvik’s Simulate-3 Real-time code (S3R) 
or thermal margin analysis code, provides the  
best engineering solution in the real-time market.

Interactive Debugging Capability
GSE has created parallel definitions of all internal 
RELAP5 data effectively opening the lid to the “black 
box” and enabling monitoring and debugging during 
calculations.

Since the dynamic changes of all RELAP5 internal 
variables are accessible, users can monitor or plot the 
performance of any internal variables interactively,  
and collect the data for later analysis.

Advantages of RELAP5-HD
BENEFITS OF RELAP5-3D IN YOUR SIMULATOR

•	 Robust solution scheme

•	 Less tuning thus easier maintenance

•	 Better representation of plant phenomena

•	 Operators have more confidence that model 
represents real world operations

•	 Instructors have more confidence to train in  
variety of plant conditions

ADDED BENEFITS OF RELAP5-HD

•	 Eases development and maintenance by opening  
the lid on the “black box”

•	 Overcomes chronic issues of real-time integrity, 
repeatability, and synchronization

•	 Distributes power consumption among multiple 
processors

•	 Ability to employ larger number of nodes and 
higher cycle rates for greater numerical fidelity

RELAP5HD



Model Enhancements
•	 With the development of debugging capabilities, 

a number of enhancements have been made in the 
base RELAP5 code in the following areas:

•	 Synchronization of RELAP calculations and internal 
data exchanges at predefined intervals to ensure 
numerical integrity for complicated thermohydraulic 
model calculations

•	 Achieved repeatability of code calculations

•	 Reduced mass errors caused by density linearization 
and non-physical critical flow calculation of junction 
pressure

•	 Improved numerical convergence of overall solution 
scheme, including non-condensable model, flip-flop, 
water-packing, etc

•	 Enhanced fidelity of component models including 
pressurizer natural circulation, jet pump, separator, etc

Synchronization & Repeatabilty  
With Simulator
•	 Using the client-server architecture, multiple RELAP 

systems can be run in parallel and synchronized 
with each other and the simulator balance of plant 
models. GSE’s client-server architecture facilitates 
seamless and transparent synchronization of:

•	 Problem time

•	 Control of server (RELAP) by client (simulator)

•	 Input and output data transfer

•	 Status request by server (RELAP) to client (simulator)

Visit www.GSES.com/simulation for more information
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Simulator Validation
Since the integrity of the original RELAP5-3D code is 
kept, the user receives advantages from RELAP5-3D  
as a thermohydraulic analysis tool and RELAP5-HD as  
a simulator tool.

GSE’s unique solution makes RELAP5-HD more useful  
for the engineering and training organization.

RELAP5-HD is primarily used for full scope simulator 
purposes. However, RELAP5-HD can also be used in 
an off-line, non-real-time mode for independent 
calculation and simulator validation. The enhancements 
made by GSE can be toggled off so that users can run 

INL’s original RELAP5-3D code, while still reaping the 
benefits of GSE’s SimExec to unlock the “black box”. As 
an engineering tool, the user will be able to see all data 
at every time step, which aides in the design of reactor 
components.

With additional standard input and output, FORTRAN 
files, offline drivers for feedwater, mainsteam, CVCS, 
etc. can be developed. With these “offline” drivers, 
the user can now manually take control of the model 
at each time step and analyze its response to standard 
operations and transients.


