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Abstract

This CRADA presents the strategy that Pacific Northwest National Laboratory (PNNL) and
Sandia National Laboratories (SNL) will take to support Seattle City Light (SCL), and the Port of
Seattle (Port) in performing a risk assessment of large-scale hydrogen storage. Risk
assessment is often used to ensure that adequate measures are taken to protect workers and
the public, the environment, infrastructure, and assets. A detailed risk assessment can also be
used to direct funding and upgrades, to specific components and sub-systems in order to
mitigate risks to the larger system. In this way risk assessments are often employed as a part of
a larger risk management strategy, with the goal of minimizing the occurrence of hazards and to
identify means to limit their consequences.

Risk assessment is often used to engage and inform regulators, and to communicate how
specific regulations are being met. However, it is important to note that the proposed work is not
intended for SCL and the Port to use in order to gain regulatory acceptance for their proposed
activities. The work performed as a part of this effort will be a preliminary risk assessment for
early-stage component and system designs and should be considered research and
development (R&D). As such, the proposed work will be performed to a quality level and design
maturity consistent with R&D and is not considered appropriate for final safety analysis and
regulatory compliance purposes.

Previous and on-going work at SCL and the Port demonstrated the utility of deploying hydrogen
systems at the Port. The deployment of hydrogen at the Port is a part of a larger vision of using
hydrogen to address a range of issues for SCL and the Port. These include large-scale fueling
of MD/HD vehicles, cargo-handling equipment (CHE), and harbor vessels to reduce emissions;
support of adjacent LD vehicles; support of critical port operations during extreme events (i.e.,
resiliency); deferral of more capital- and time-intensive electrical distribution system upgrades
while still supporting evolving port operations and decarbonization efforts; facilitating
electrification by establishing energy storage as a grid resource, starting at strategic port
locations; creation of a flexible market resource that can be used by SCL to generate revenue
via arbitrage; support of planned future maritime operations that involve heavy use of hydrogen
for ocean-going vessels; and future end-use applications involving natural gas pipeline
hydrogen injection. Ultimately, the success of these activities is underpinned by the deployed
storage capacity. Large-scale deployment of hydrogen systems will require hydrogen storage at
a scale that has not been demonstrated. In addition, the ideal location for such multi-use
systems is near the end user which will often necessitate deploying into urban and/or industrial
areas.

A detailed risk assessment using the Port as a test case is necessary to ensure the deployment
of large-scale hydrogen is successful. Many technologies have been proposed for hydrogen
storage; however, these technologies need to be analyzed as they apply to an actual site. The
physical infrastructure and hydrogen use cases for the Port will be analyzed, and a risk
assessment for compressed hydrogen, liquified hydrogen, and Liquid Organic Hydrogen Carrier
(LOHC) storage will be performed. These risk assessments will be useful for understanding how
each of these technologies would perform in terms of facility and public safety. The operating
states of the proposed hydrogen systems at the Port will be analyzed and incorporated into the
storage risk assessment. Scalability will also be analyzed to understand how future port uses
would affect the overall risk assessment. Finally, using the risk assessment as a tool to inform
engagement and to gain stakeholder acceptance will be explored.
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