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Enhancing Dam Safety in Puerto Rico  
FEMA provides technical assistance and funding to Puerto Rico to support 
dam safety. This includes funding for instrumentation at dams and a modern 
communication and warning system. Adding an early detection 
component to the early warning system is needed to more fully address the 
dam risk associated with extreme precipitation events.

Presentation Agenda:

✓The technical support provided by FEMA 

✓How this support can be leveraged to enhance the emergency warning 
system (EWS) under development

✓What next steps can be taken

✓How this enhanced EWS improves dam safety in Puerto Rico



Understanding Puerto Rico Dam Risk

Aging dam infrastructure lacking flood warning with significant population at risk 



Puerto Rico Dam Risk

Dams are at risk for significant seismic loadings 

• Active seismic activity

• 6.4 mag. 1/7/2020

• 5-10% chance each 
year of a  7+ mag EQ

• Resultant Tsunami risk
• 1867- 6.1 meters

• 1868-1.5 meters

• 1918- 6 meters



Detailed Rainfall Data



Detailed Rainfall Data



Detailed Rainfall Data-Maria Sept 2017



Detailed Rainfall Data-Three Kings Jan 1992



FEMA Support for Dam Risk Management

FEMA is engaged with Puerto Rico to support local efforts to reduce dam risk and 
increase preparedness

• Grant Funding

− Dam modifications

− Dam rehabilitations

− Instrumentation at dams

− Early Warning System (EWS)

• Technical Support

− Outreach and training to municipalities to 
understand the risk of potential dam failures

− Hazard mitigation planning to include dam risk

− Watershed modeling of flood hazards and risk

− Scenario-based tabletop exercises to enhance 
emergency operations planning

− Evacuation planning with the US Army Corps of 
Engineers



FEMA Facilitated Dam Risk Preparedness Planning

Preparing for Dam-related Emergencies Collaborative Technical 
Assistance Program (CTA)

• 9-month stakeholder outreach and 
training program

• To increase awareness of dam risk

• To foster engagement among all 
impacted stakeholders

• To test the emergency notification 
and response plans 

• To identify gaps and after-actions



FEMA Funded a Pilot Watershed Modeling Effort

• HEC-HMS and HEC -RAS 2D 
watershed modeling-Fiona

• No dams failed but 
devastating flooding and 
economic damages occurred

• Modeling showed impact of 
dams and operations on 
flooding

• Applicable  modeling for early 
detection



Dam Safety Emergency Warning System EWS

FEMA provided a $100M grant for the implementation of an EWS

• Using Hurricane Maria disaster recovery funds

• Design-build implementation

• Includes phased installation of monitoring 
instruments at all high-risk dams

• Installation of communications and notification 
system including sirens with pre-recorded 
messaging

The EWS is focused on dam performance to loadings and does not 
include predictive data collection and interpretation for early detection 
for extreme precipitation events



Enhancing the EWS



Enhancing the EWS- Importance of Early Detection

Dennis S. Mileti and John H. Sorensen, A Guide to Public Alerts and Warnings for 
Dam and Levee Emergencies (United States Army Corps of Engineers: 2015)

Early detection increases warning time for evacuations



The Need for Watershed-based Modeling

Hydrologic and 2D Hydraulic modeling of the watershed response

• Most dams on Puerto Rico lack watershed-based 
models

− Models that include all dams in series and on tributaries 

• Model define basin flows

− Timed to real time rainfall inputs QPF

• Hydraulic models provide depth, velocity and timing of 
resultant hydrographs at the dam sites

• Providing dam owners estimates for near future 
conditions as added information to what is observed 

• Modeling increases the time to ACT!

Maria Rainfall 

Atkins Model- La 

Plata Dam Outflow 
171,489 (cfs)

USGS Gage

No. 50045010 

Recorded on

2017-09-20

180,000 (cfs)



Enhancing the EWS- Role of Watershed Modeling  

PREDICTIVE PRE-STORM

• Watershed-based hydrologic and 

2D hydraulic models

• Using Integrated inputs from 

strategically located gages

• QPF for watershed modeling

• Incorporate reservoir operations 

rules for gates structures

• Enhanced EAPs incorporating 

dam specific instrumentation and 

watershed data

• Watershed specific Emergency 

Operations Plans for evacuation 

planning and response

CURRENT DURING EVENT

• Monitoring of instruments 

and the dam's performance

• Near real time watershed 

modeling of existing conditions

• Short term Predictive QPF 

watershed modeling

• Implementation of operations 

rules

• Predictive flood maps with 

depth, timing, and velocities

• Monitor EAP triggers for 

incident levels

• EAP notifications and public 

warning communications

POST EVENT

• Verification of model results to 

observed conditions

• Lessons learned 

• Refinements to models and 

emergency preparedness and 

response protocols

• Rapid damage assessments



Who Is Flooded: San Juan, Puerto Rico
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Real Time and Predictive Hydrological Imputs
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Applied Weather Associates extreme precipitation analyses 

● Evaluate rainfall and stream gages 
● Identify key locations for sensors

● Provide QPF in advance of & during events



Recommended Next Steps
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Leverage FEMA work to enhance the EWS in the La Plata Watershed

● Calibrated HEC HMS hydrological HEC RAS 2D hydraulic models exists

● Identify and add additional low-cost rain and stream gages in ungagged 
areas of the upper watershed

● Develop USACE ResSIm modeling of the operatorial rules for La Plata 
Dam gates

● Use of USACE LifeSIM model under development for evacuation planning 
downstream of LaPlata Dam

● Develop the data collection to interface with the EWS

● Test watershed results to refine the application for other watersheds



The Dam Safety Value of the Enhanced EWS
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● Provides the dam owner additional 
information and time for decisions for 
operational releases

● Provides predictive hydrological 
loading data for use in defining EAP 
incident levels and notifications 

● Provides predictive flood flow data 
for use in flood warning and 
evacuations downstream of the dams

● Increases the time for the public to 
evacuate 

Enhancing the EWS to add early detection for extreme precipitation evets



Added Value of the Enhanced EWS
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The predictive flood flows produce predictive flood inundation areas

Example predictive flood stage

● Enhanced EWS 
produces 
datasets for 
NWS advanced 
products

● Library of flood 
inundation 
maps based on 
projected flood 
stage
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