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INTRODUCTION WHAT IS HYRAM+?

Hydrogen’s unique properties—its small molecular HyRAM+ is a software toolkit developed by Sandia
size, high flammability, and rapid dispersal—create National Laboratories to enable accurate risk
distinctive safety challenges. The potential for assessments of hydrogen and alternative fuel systems.
leaks, flame jetting, and high ignition probabilities Initially developed to support safety studies in
necessitates robust tools to assess and mitigate risks. fueling stations and industrial applications, HyRAM+
Understanding these risks and their impacts requires has evolved through multiple versions to meet the
advanced physics calculations and quantitative risk growing complexity of hydrogen infrastructure. The
assessment (QRA). development of HyRAM+ has been funded by the U.S.

Department of Energy and supported by experts in
hydrogen safety and engineering.

FUNCTIONALITY AND USE CASES

HyRAM+ integrates deterministic and probabilistic models to quantify accident scenarios, assess leak
probabilities, predict physical effects (e.g., jet flames and explosions), and evaluate the impact on structures
and individuals. The software provides essential capabilities for:

e QRA: Analyzing potential failure scenarios and calculating risk metrics, such as the probability of ignition
and potential loss of life.

e Plume Dispersion Modeling: Simulating the dispersion of hydrogen gas and evaluating safe distances
and sensor placement.

e Scenario Analysis: Identifying the most impactful risk factors and visualizing event sequences.

HyRAM+ is particularly valuable for industries using hydrogen as a fuel or energy carrier, including
transportation, industrial processing, and energy storage.



EXAMPLE HYRAM+ OUTPUTS LCRI PROJECT EXAMPLE

EPRI utilized HyRAM+ in the development of
intentional hydrogen release experiments.
Mole Fraction of Leak This project applied HyRAM+ to:

Plume Dispersion Model

1. Calculate optimal vertical sensor
placement as a function of line pressure
and flow conditions.

y (m)

2. Assess safety under experimental
conditions, ensuring that pressures,
flow rates, and apparatus
configurations maintained low ignition
probabilities.

This effort exemplifies how HyRAM+
supports rigorous safety protocols and
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CONCLUSION

EPRI has worked closely with HyRAM+’s developers at Sandia to provide feedback and insights from
real-world applications. This ongoing collaboration enhances HyRAM+’s usability and effectiveness,
aligning with EPRI’s commitment to safety in the deployment of low-carbon fuels. Continued work

will include further validation and potential software updates to keep pace with the evolving needs of
hydrogen safety.
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(A) MAKES ANY WARRANTY OR REPRESENTATION WHATSOEVER, across the globe. Together, we are shaping the future of energy.
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TION, APPARATUS, METHOD, PROCESS, OR SIMILAR ITEM DISCLOSED IN
THIS DOCUMENT, INCLUDING MERCHANTABILITY AND FITNESS FOR A
PARTICULAR PURPOSE, OR (I1) THAT SUCH USE DOES NOT INFRINGE ON
OR INTERFERE WITH PRIVATELY OWNED RIGHTS, INCLUDING ANY PAR-
TY’S INTELLECTUAL PROPERTY, OR (l11) THAT THIS DOCUMENT IS SUIT-
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(B) ASSUMES RESPONSIBILITY FOR ANY DAMAGES OR OTHER LIABILITY
WHATSOEVER (INCLUDING ANY CONSEQUENTIAL DAMAGES, EVEN IF
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BILITY OF SUCH DAMAGES) RESULTING FROM YOUR SELECTION OR USE
OF THIS DOCUMENT OR ANY INFORMATION, APPARATUS, METHOD,
PROCESS, OR SIMILAR ITEM DISCLOSED IN THIS DOCUMENT.

REFERENCE HEREIN TO ANY SPECIFIC COMMERCIAL PRODUCT, PRO-
CESS, OR SERVICE BY ITS TRADE NAME, TRADEMARK, MANUFACTURER,
OR OTHERWISE, DOES NOT NECESSARILY CONSTITUTE OR IMPLY ITS
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THIS REPORT WAS PREPARED BY EPRI.
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