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Tsunami Ready Maritime (TReM)
Preliminary Recommendations of the TReM Working Group
For a Harbor Safety Committee Best Practice
“TReM Protocol”
BACKGROUND AND GOVERNANCE
1. Status and Intent.
1.1. The Tsunami Ready Maritime (TReM) Working Group of the Harbor Safety Committee of the San Francisco Bay Region provides these preliminary recommendations for discussion, refinement, and potential adoption as a Harbor Safety Committee Best Practice known as the TReM Protocol.
1.2. These recommendations are non-regulatory and describe a coordinated procedure or pseudo-policy intended to guide maritime planning and actions following issuance of an official tsunami alert with potential impacts to the San Francisco Bay Region.
1.3. This document is preliminary and not press-ready. It exists to support Working Group discussion, testing, and iterative improvement.
2. Planning Focus and Principles.
2.1. Human safety is the highest planning priority under the TReM Protocol.
2.2. Maritime safety, environmental protection, and reduction of damage to vessels, infrastructure, and transportation systems follow in priority.
2.3. Many maritime safety actions require trained personnel to manage vessels, cargo, moorings, anchors, and infrastructure.
2.4. This reality creates a philosophical and operational conflict between broad evacuation guidance for waterfront areas and the need for human intervention to manage maritime risk.
2.5. The TReM Protocol supports risk-based decision-making that balances human safety with the necessity of maintaining control over vessels and maritime systems.
3. Authority, Roles, and Definitions.
3.1. Only official tsunami watches, warnings, or advisories issued by the National Weather Service Pacific Tsunami Warning Center may trigger the TReM Protocol.
3.2. The TReM Working Group develops and recommends this protocol to the Harbor Safety Committee.
3.3. The TReM Team consists of operational entities and expert consultants who provide coordinated maritime risk assessment and technical input.
3.4. The TReM Team serves in an advisory role only.
3.5. The TReM Team advises the Captain of the Port and the California Governor’s Office of Emergency Services.
3.6. The TReM Team does not issue directives, order vessel movements, or deploy decisions into the maritime domain.
3.7. The Captain of the Port retains sole federal authority to issue maritime safety orders and control vessel movement.
3.8. The State of California, through the Governor’s Office of Emergency Services, retains responsibility for statewide emergency coordination.
HAZARD CONTEXT AND RISKS (INFORMING RESPONSE)
4. Tsunami Hazard Context.
4.1. The San Francisco Bay Region lies approximately 3.5 to 12 hours from Pacific Ocean megathrust fault zones capable of generating trans-Pacific tsunamis.
4.2. Multiple Pacific Ocean events over the past 15 years produced tsunamis that reached the Golden Gate and caused measurable effects inside the Bay.
4.3. A devastating distant-source tsunami is unlikely to cause life-threatening inundation inside the Bay, although coastal areas outside the Bay face significantly higher risk.
Primary Maritime Risks.
5.1. Tsunami-related drawdown of up to approximately six feet is a reasonable planning assumption.
5.2. Drawdown may reduce under keel clearance for deep-draft vessels to the point of grounding.
5.3. Grounding may cause hull damage, anchor fluke penetration, propulsion damage, flooding, or pollution.
5.4. Elevated water levels may reduce overhead clearance and cause vessels to strike gantry cranes or other structures.
5.5. Cargo shift or loss may occur due to grounding or listing, with containerized cargo posing special risk.
5.6. Vessels may damage critical underwater infrastructure such as tunnels, pipelines, and cables.
5.7. Recreational and fishing vessels may break free from moorings due to rapid water level change and increased currents.
5.8. Liveaboard vessels present heightened human safety risk if set adrift.
5.9. Large numbers of drifting small vessels may clutter navigation channels and impede emergency response.
5.10. Passenger vessels, tugboats, and barges face grounding and unmooring risk but are critical to post-event transportation and recovery.
TReM PROTOCOL
RESPONSE ACTIONS FROM WARNING TO WAVEFRONT ARRIVAL
6. Immediate Activation and Coordination.
6.1. Upon issuance of an official tsunami watch or warning with potential impacts to the San Francisco Bay Region, invoke the TReM Protocol.
6.2. Convene the TReM Team within 30 minutes.
6.3. Participate in the initial coordination call with the Pacific Tsunami Warning Center.
6.4. Translate Pacific-wide information into San Francisco Bay-specific maritime risk considerations.
6.5. Where necessary, conduct focused follow-up outreach to the Pacific Tsunami Warning Center between calls.
7. Initial Risk Assessment.
7.1. Begin a vessel-by-vessel risk assessment using the hazards identified in this document.
7.2. Use available data on vessel location, draft, air draft, cargo status, and agency representation.
7.3. Prioritize assessment of deep-draft vessels, passenger vessels, tug and barge units, and vessels near infrastructure.
8. Priority Resolution of Grounding and Overhead Strike Risk.
8.1. Assign top priority to vessels at risk of grounding due to anticipated drawdown.
8.2. Assign equal priority to vessels at risk of striking overhead structures due to water level rise.
8.3. Identify mitigation actions including repositioning along docks, relocation to deeper berths, or movement to anchorages.
9. Management of Overhead Equipment and Terminals.
9.1. Where practicable, move overhead equipment such as gantry cranes clear of vessels at risk.
9.2. Where equipment cannot be moved, relocate vessels to eliminate strike risk.
9.3. Coordinate actions with terminal operators to reduce human and infrastructure risk.
10. Anchored Vessel Management.
10.1. Identify all anchored vessels within Central and South San Francisco Bay.
10.2. For anchored vessels with sufficient water depth during anticipated drawdown, direct vessels to stand by at anchor with engines online and bridge manned.
10.3. Ensure vessels avoid loitering directly above anchor flukes.
10.4. For anchored vessels without sufficient depth during anticipated drawdown, consider relocation to deeper water or evacuation to the Pacific Ocean, conditions permitting.
11. Protection of Underwater Infrastructure.
11.1. Identify vessels moored, anchored, or transiting over tunnels, pipelines, cables, and other critical underwater infrastructure.
11.2. Prioritize keeping vessels clear of these assets.
11.3. Consider relocating vessels moored directly above critical infrastructure.
12. Cargo and Vessel Stability Measures.
12.1. Immediately halt all cargo transfers to stabilize vessel draft and air draft.
12.2. Direct vessels to secure cargo for possible rolling, listing, or uneven bottom contact.
12.3. Pay particular attention to containerized cargo and high-center-of-gravity loads.
13. Traffic and Resource Management.
13.1. Halt inbound deep-draft vessel traffic destined for Central or South San Francisco Bay.
13.2. Preserve pilots, tugs, and vessel traffic resources for vessels already inside the Bay.
13.3. Reduce non-essential vessel movements.
14. Recreational, Fishing, Passenger, Tug, and Barge Vessel Considerations.
14.1. Initiate early messaging to marinas, harbormasters, ferry operators, and fishing vessel mooring areas.
14.2. Emphasize human safety and discourage uncoordinated self-evacuation.
14.3. Recognize heightened risk to liveaboard vessels.
14.4. Identify passenger vessels required for post-event transportation and protect them from grounding or unmooring.
14.5. Address grounding and drifting risk for tugboats and barges.
15. Maritime Tsunami Messaging System.
15.1. Use a dedicated maritime messaging system to alert all underway and moored vessels.
15.2. Relay the existence of the PTWC alert and Coast Guard-issued maritime instructions.
15.3. Ensure messaging is distinct from PTWC tsunami alert products.
15.4. Use AIS, SMS, email, voice notifications, or other alerting systems as appropriate.
16. Situational Awareness and Continuous Reassessment.
16.1. Maintain an updated occupancy matrix showing vessel location, type, draft, air draft, agency representation, and proximity to infrastructure.
16.2. Use this information to support decision-making by the Captain of the Port and Cal OES.
16.3. Continuously reassess risk as updated tsunami information becomes available.
FUTURE WORK, VALIDATION, AND NEXT STEPS
17. Exercises and Testing.
17.1. This document represents a preliminary TReM Protocol based on Working Group discussions and expert input.
17.2. Conduct a table-top exercise to test coordination, messaging, and advisory roles.
17.3. Conduct maritime simulator exercises to test vessel behavior during extreme currents, drawdown, and high water.
17.4. Focus simulations on deep-draft vessels, passenger vessels, tug and barge units, and small craft interactions.
18. Training, Research, and Funding.
18.1. Pursue grant funding from the California Governor’s Office of Emergency Services to support table-top and simulator exercises.
18.2. Pursue a full-day seminar and workshop in coordination with UC Berkeley’s Pacific Earthquake Engineering Research Center.
18.3. Integrate exercise outcomes into future revisions of the TReM Protocol.
19. Maturation of the TReM Protocol.
19.1. Use lessons learned from exercises and expert review to refine this protocol.
19.2. Advance the TReM Protocol toward a mature, exercised Harbor Safety Committee Best Practice.

2

