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Enhancing Dam Safety in Puerto Rico S

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:
v The technical support provided by FEMA

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

v What next steps can be taken
v"How this enhanced EWS improves dam safety in Puerto Rico
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Understanding Puerto Rico Dam Risk

Aging dam infrastructure lacking flood warning with significant population at risk
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Puerto Rico Dam Risk

Dams are at risk for significant seismic loadings
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- I ON SAFETY OF DAMS
Detailed Rainfall Data

PRISM Climate Group

©

0w G sason 6690w sarow 6620w wojow oW asow 50w s 6520w
. . 2 .
Puerto Rico Gridded 100 mi* 72-hour PMP (inches) - .
Tropical Storm Type
67°10W 67:W 66°50W 66°40W 66°30W 66°20W 66°10W 66°W 65°50W 65°40W
e 18%40N
18°40'N ] ~18°40'N
18°30'N~ [-18°30N
.
o iy *‘»15’10»«
18°30'N-| |-18°30'N
19010n-| : Fisoton
1920 3} 920 18N
18°20'N— [-18°20'N 100-year 24-hour Precipitation (inches)
NOAA Atlas 14 Volume 3, Version 4
0w 7w W MW eWW W eelow s essow ssvaow o esow
Mean Annual Precipitation .
(inches) f-17e50M
18750 189500 M <30 <80 <130 <180
18°10'N— |-18°10'N M s40 290 W s140 <190
<50 <100 [l <150 170N
E 18040 F1seaon <60 <110 WM s160
<70 <120 <170
— Ligosn S6°10W 5w asesow sea0w 530w 520w
18°N—] 18N
1520 12N
Ve
17°50'N-] F17°50N oo Fision
PMP Depth (in inches)
B <20 <30 <40 [ <50 1n] Fioen
<22 <32 <42 <52
17°40'N—| <24 <34 [ <44 <54 [-17°40'N % 100-year 24-hour Precipitation
N o] (inches) Fireson
<26 <36 [ <46 <56 . s <4 0 2
<28 <38 [ <48 + . - as =
—— J =10 =1 [ =2 S | .
T T T T T T T T T T s11 sz [l sz
67°10W 67°W 66°50'W 66°40W 66°30W 66°20W 66°10'W 66°W 65°50W 65°40W 5
=12 <1s [ <
+ w3 <10 [ s
1an- e

T T T T T T T
amlow B P 00w P 6620w 0w 6w essoW v sslow 6sv20%




Detailed Rainfall Data

Locations of Short List Storm Events
Puerto Rico PMP
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ON SAFETY OF DAMS
IO GRANDE, PUERTO RICO
MAY 21°23, 2024

RAINFALL DEPTH IN INCHES
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Detalled Rainfall Data-Maria Sept 2017

Storm 1753 - September 19 (1000 UTC) - September 21 (1500 UTC), 2017
MAXIMUM AVERAGE DEPTH OF PRECIPITATION (INCHES)

Duration (hours)

Area (mi?)
1 2 3 4 5 6 12 18 24 48 54 Total
0.4 529 8.37 11.32 14.06 16.40 18.11 22.81 25.98 27.83 379 38.09 38.09
1 525 8.30 1121 13.93 16.27 17.94 22.79 25.84 27.70 3774 37.95 37.95
10 4.98 7.90 10.82 13.43 15.48 17.28 22.29 2542 27.27 36.89 37.06 37.06
25 441 7.00 10.45 12.98 14.97 16.71 21.70 2484 26.47 33.20 3333 3333
50 3.94 6.41 9.66 11.94 13.77 15.33 2115 24.33 2571 30.40 30.46 30.46
100 344 574 8.38 10.27 11.91 13.49 20.35 23.66 24.89 28.36 28.37 28.37
150 in 5.35 7.74 9.80 11.41 12.93 19.79 23.05 24.20 27.26 27.35 27.35
200 2.86 5.04 7.31 945 11.03 12.52 19.34 22.50 23.59 26.50 26.61 26.61
300 2.54 473 6.74 8.75 10.32 11.70 18.56 21.44 22.51 25.36 2554 2554
400 240 4.46 6.36 5.21 9.75 11.03 17.88 20.59 21.67 24.58 24.76 24.76
500 227 423 6.00 7.75 9.23 10.42 17.22 19.90 21.03 2317 23.88 23.88
1,000 1.85 3.38 4.80 6.20 7.35 8.47 14.48 17.05 18.56 20.92 21.06 21.06
2,000 1.54 2.60 372 4.83 5.75 6.81 11.60 13.96 15.41 17.92 18.06 18.06
3,500 1.35 219 314 3.95 41 5.61 9.60 11.80 131 15.64 18.77 18.77
5,000 1.19 1.89 2.89 3.58 4.18 4.98 8.56 10.61 11.82 14.16 14.27 14.27
7,500 0.91 1.60 2.38 3.04 361 443 748 9.40 10.44 12.58 12.67 12.67
10,000 0.81 140 1.97 2.65 3.20 3.84 6.76 8.60 9.54 11.56 11.64 11.64
11,731 0.75 1.30 1.82 2.44 2.95 348 6.29 5.04 5.97 10.93 11.01 11.01

Incremental Precipitation (in)

SPAS 1753 Storm Center Mass Curve Zone 1
September 19 (1000UTC) to September 21 (1500UTC), 2017
Lat: 18,131 Lon: -66.045
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ON SAFETY OF DAMS
RIO GRANDE, PUERTO RICO
MAY 2123, 2024

Gauges
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Detailed Rainfall Data-Three Kings Jan 1992

SPAS 1751 Storm Center Mass Curve Zone 1

January 4 (0500AST) to January 8 (0400AST), 1992
Lat: 18.1708 Lon: -66.4958
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ON SAFETY OF DAMS
RIO GRANDE, PUERTO RICO
MAY 2123, 2024
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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 * Technical Support

— Dam modifications — Qutreach and training to municipalities to

— Dam rehabilitations understand the risk of potential dam failures

— Instrumentation at dams — Hazard mitigation planning to include dam risk

— Early Warning System (EWS) — 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

- ———————
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FEMA Facilitated Dam Risk Preparedness Planning s

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

- R—————
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FEMA Funded a Pilot Watershed Modeling Effort
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Fiona Precipitation
(in.)

810

B 10-12
B 12-14
B 14-16
[ 16-18
18-20
I 20-25
B s+

2 River Basins

/\ Dam Locations

Yy
Esri, NASA, NGA; USGS, Esri, HERE, Garmin, Foursquare,
SafeGraph, FAO, METI/NASA, USGS, NPS

INTERNATIONAL

 syMpasiu

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 Fd

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

- ——————
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Enhancing the EWS oS EB

Many initiatives are underway to improve flood warning
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Enhancing the EWS- Importance of Early Detection sk

Early detection increases warning time for evacuations

FIGURE 1 - WARNING AND PROTECTIVE ACTION INITIATION TIMELINE

Existing Predictive Dam Owner

Threat Detected or

b : Warning Issued Warning Received Protective Action
Notification Received g g

Monitoring data Monitoring Interpretation Initiated

PROCESS DELAYS

DIFFUSION DELAYS | BEHAVIORAL DELAYS |

Warning Warning Protective Action

Time to monitor, collect data, interpret emergency categories, and act Lol Diffusion Time e

— [ TIME ] ——

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)

- ———————




The Need for Watershed-based Modeling

Hydrologic and 2D Hydraulic modeling of the watershed response

Y ERERRETIE

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!
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RI0 GRANDE, PUERTO RICO

MAY 21-23, 2024

Atkins Model- La

Plata Dam Outflow 171,489 (cfs)

USGS Gage
No. 50045010
Recorded on
2017-09-20

180,000 (cfs)
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Enhancing the EWS- Role of Watershed Modeling

PREDICTIVE PRE-STORM CURRENT DURING EVENT POST EVENT

« Watershed-based hydrologic and Verification of model results to

Monitoring of instruments

2D hydraulic models and the dam's performance observed conditions
* Using Integrated inputs from * Near real time watershed * Lessons learned

strategically located gages modeling of existing conditions « Refinements to models and
* QPF for watershed modeling « Short term Predictive QPF emergency preparedness and
* Incorporate reservoir operations watershed modeling response protocols

rules for gates structures * Implementation of operations * Rapid damage assessments
 Enhanced EAPSs incorporating rules

dam specific instrumentation and * Predictive flood maps with

watershed data depth, timing, and velocities
« Watershed specific Emergency « Monitor EAP triggers for

Operations Plans for evacuation incident levels

planning and response « EAP notifications and public

warning communications

- ———————
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Who Is Flooded: San Juan, Puerto Rico Yy

MAY 21-23, 2024

Rainfall in San Juan on October 27, 2023 (USGS Station)

San Juan, Puerto Rico Mapping Example
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Real Time and Predictive Hydrological Imputs ~ #& s

Applied Weather Associates extreme precipitation analyses

MAY 21-23, 2024
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Recommended Next Steps

MAY 21-23, 2024

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

- ———————
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The Dam Safety Value of the Enhanced EWS s

MAY 21-23, 2024

Enhancing the EWS to add early detection for extreme precipitation evets

. Provides the dam owner additional
information and time for decisions for Components of Early Detection
operational releases

Natural Hazards Monitoring

. Provides predictive hydrological  Seeam elevations R e
loading data for use in defining EAP Aol '
Incident levels and notifications

. Provides predictive flood flow data ot R i
for use in flood warning and e orees communicaton

evacuations downstream of the dams — ~

. Increases the time for the public to
evacuate

- —————
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Added Value of the Enhanced EWS

INTERNATIONAL
® syMposiu

*Aw’ (—

ON SAFETY OF DAMS
IO GRANDE, PUERTO RICO
MAY 21°23, 2024

The predictive flood flows produce predictive flood inundation areas

. Enhanced EWS
produces
datasets for
NWS advanced
products

. Library of flood
Inundation
maps based on
projected flood
stage
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hank you!

Bill Kappel

President/Chief Meteorologist

Applied Weather Associates

Monument, CO USA

billkappel@appliedweatherassociates.com www.appliedweatherassociates.com

(719) 964-3395

Edward G. Beadenkopf, PE, CFM
Vice President AtkinsRealis

Alexandria, VA USA www.atkinsrealis.com
edward.beadenkopf@atkinsrealis.com ' '

703-622-1936 _




