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Blending hydrogen into existing natural gas pipelines introduces a unique trade-off between energy delivery efficiency
and material integrity. On one hand, hydrogen embrittlement of steels increases the risk of fracture and fatigue failures in
high-pressure pipelines. On the other hand, the lower energy density of hydrogen results in a higher pressure required to
maintain a sufficient energy throughput. This work aims to identify design and operating condition ranges that can be
used to minimize both risk and energy loss. To achieve this, a pipeline failure model was first developed using
standardized models by APl and extensive laboratory data on fracture toughness and fatigue crack growth in pipeline
steels. For the energy flow, gas properties predicted using the REFPROP software developed by NIST were combined with
standard flow equations. Both models were then evaluated under a wide range of input combinations, and a Monte Carlo
Tree Search algorithm was used to identify the best risk-profitability trade-off.
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