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Goal

Help educate the
community by
transferring state of
education and
practice knowledge
and experiences to
stakeholders

COASTAL RESILIENCE CENTER

A U.S. Department of Homeland Security Center of Excellence

HSE Educational Gap

Resiliency of Coastal Infrastructure (RCI)

Target Stake
Holders
Students, faculty,

professionals, first
responders, work

force, others)

The University of North Carolina at Chapel Hill

Motivation

Engage
stakeholders in
advancing state of
knowledge in
coastal resilient
infrastructure

Formal
Education

Courses,
internships,

projects (ms theses,
undergraduate research,

special professional
projects)

Informal
Education

Conferences,
workshops,
seminars, lectures,
short courses

Resilient
Coastal
Infrastructure

(RCI)
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COASTAL RESILIENCE CENTER

A U.S. Department of Homeland Security Center of Excellence

Engagement with HSE professionals and organizations

ERDC- Coastal and Hydraulic Lab (CHL)

PR Department of Natural and Environmental Resources-Coastal Management Program

Puerto Rico Climate Change Council —=PRCCC
PR College of Engineers and Surveyors

Earthquake Engineering Research Institute (EERI)

Federal Emergency Management Agency (FEMA)

PR Emergency Management Agency (PREMA)
Transportation Technology Transfer Center: FHWA, PRDTPW, PRHTA

Sea Grant and CARICOOS (NOAA)
Government: Federal, Local and Municipal agencies and officials

CRC 2nd Annual Meeting

The University of North Carolina at Chapel Hill Feb. 1.3, 2017



Education Work and Accomplishments
2016 Summer Term Internships

* 3 students at SUMREX (2 @ OSU, 1 @ LSU/UCF), 3 mentors

* 5 students, S mentors CHL-ERDC, 3 professors -UPRM. 5 research courses, proposals, reports,
paper, and oral presentations. One hired by ERDC, One hired by NOAA. Both in RCI

* 1 student, 1 mentor at UPRM. 1 research course, report, and poster. Hired by the our CRC project.

Summer Activities, SUMREX students

* Kevin Cueto, MSCE student, Oregon State University, Advisors Dan Cox and
John Van de Lindt

* The main objective of the project is to understand the behavior of waves on elevated
structures, located near the coast.

* Diego Delgado, BSCE student, Oregon State University, Advisors Dan Cox
and John Van de Lindt

* The primary goal of this project is to understand the behavior of near-coastal
structures against high surge levels and wave forces.

* Felix Santiago, MSCE student, UCF/LSU, Advisors Scott Hagen and Stephen
Medeiros

* Learn the basics of the linux command line, high performance computing and
ADCIRC with particular emphasis on parameterizing surface roughness and
topography.




Education Work and Accomplishments (details follow) - continued
Fall Term Projects/Courses/Presentations

BAA-ERDCI: Surge /Wave Modeling of Puerto Rico and US Virgin Islands Region, 1 professor, 1 student

BAA-ERDC?2: Thesis-Stochastic Simulation of Tropical Cyclones for Quantification of Uncertainty Associated
with Storm Recurrence and Intensity, 1 ERDC researcher —mentor, 2 UPRM professors, and 1 student.

Course: Effect of Climate Change on the Coastal Transportation Infrastructure of Puerto Rico. Student-
Alexander Molano, Undergraduate Research (INCI 4998). Mentor: Benjamin Colucci, CE Professor in
Transportation.

Presentation: “Impacto del cambio climatico en la infraestructura vial y de transporte colindante a las costas con
entornos urbanos en paises caribeos”. Benjamin Colucci, CE Professor in Transportation. Professional
Engineering Association, Dominican Republic, Nov. 25, 2016.

Presentation: The Role of Universities on Disaster Risk Reduction in the Community: UPRM Case Study.
Ismael Pagan-Trinidad, Ricardo Lopez-Rodriguez, others. PI and Co-PI CRC UPRM Project. World Engng.
Conf. on Disaster Risk Reduction, 5-6 December 2016, Lima, Peru.

Presentation: Structural Vulnerability to Natural Hazards in Puerto Rico. Ricardo Lopez and Ismael Pagan-
Trinidad CRC Project, World Engng. Conf. on Disaster Risk Reduction, 5-6 December 2016, Lima, Peru.

Presentation: Effects of Natural Hazards on Coastal Structures. Ricardo Lopez and Ismael Pagan-Trinidad CRC
Project, Anticipating Surprises and Taking Actions; Integration of CIAPR in the PRCCC, Aug 27, 2016



Education Work and Accomplishments (details follow) - continued
Fall Term Projects/Courses/Presentations

Meeting: Coastal Engng. Research Board Meeting in San Juan. Ricardo Lopez, Aug., 2016

Meetings/Students presentations: ERDC-CHL officials, expanded collaboration and support.
Ismael Pagan-Trinidad, Aug. 2016.

Education Module: Rehabilitation of Coastal Structures — Dr. Jose O. Guevara, Professor, CE
Structures (see slide sample)

Education Module: Coastal Resilient Structures — Dr. Ali Saffar, Professor, CE Structures (see
slide sample)

MS Thesis: Effects Tsunamis on Coastal Structures. Kevin Cueto (SUMREX Participant)
Advisor: Dr. Ricardo Lopez, Ismael Pagan-Trinidad

ME Thesis: Water Induced Forces on Coastal Infrastructure. Jorge Romeu, Advisor Dr.
Ricardo Lopez, Ismael Pagan-Trinidad

Meetings: Multiple planning and coordinating meetings with partners and stakeholders

Invited Lecture: Coastal Resiliency Building: Mainstreaming Adaptation, Ernesto Diaz, Dept
of Natural Resources, January 26, 2017



BAA —-ERDC1 Modeling of Puerto Rico and US Virgin Islands Region:

(a) Surge/Wave Grid Work (b) Hydro Model Validation

Nov. 1, 2016 to Mar. 31, 2017 and Apr 1, 2017 to Aug 31, 2017 , PI: Dr. Juan Gonzalez-Lopez, PhD,
Marine Science; Undergraduate Student: Giovani Seijo-Ellis
Sponsor: Dr. Norberto Nadal, ERDC — CHL $35,500

a) Surge/Wave Grid Work. For the Puerto Rico and U.S. Virgin Islands region, model
meshes, grids and land/bathymetry parameterizations are created or improved for surge
and wave models. The coastal hydrodynamic models should include ADCIRC and
either STWAVE or SWAN. Grids are typically created using the Surface Water
Modeling System (SMS). The model grids/meshes typically require extensive testing
and modifications to remove instabilities, and then require validation against historical
measurements.

b) Hydro Model Validation. The validation data are used in the computation of epistemic
uncertainties. Creating quality model grids is critical to stably producing accurate storm
response and can take considerable time and effort. Herein we assume that we start with
reasonable grids created with FEMA RiskMAP or other regional studies. This task will
merge together and edit those grids to improve nearshore response prediction, and then
validate models against measurements for select storms.



BAA-ERDC2: Stochastic Simulation of Tropical Cyclones for

Quantification of Uncertainty
Thesis Proposal

Efrain Ramos-Santiago
Proposal submitted in partial fulfillment of the requirements for the degree of
MASTER OF SCIENCE
in
CIVIL ENGINEERING
(Environmental and Water Resources Engineering)
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Resiliency of Coastal Transportation Infrastructure

V University of Puerto Rico
R Mayagiiez Campus
U P Department of Civil Engineering and Surveying

Mayagiiez, Puerto Rico

Effect of Climate Change on the
Coastal Transportation Infrastructure of Puerto
Rico

By:
Alexander Molano Santiago
801-10-4588
Undergraduate student, B. S. Civil Engineering

Presented for:
INCI 5996-002#: Effect of Climate Change on Coastal Transportation Infrastructure
Benjamin Colucci Rios, PhD, PE
December 18, 2016

of Puerto Rico. To the left a road closure on PR-1 in the municipality of Salinas, to the right a satellite image and trajectory
of Hurricane Matthew. Credits to Univision and Noticia al Dia.

Figure 2 Victor Rojas bridge was torn out of its foundation by a combination of storm surge and floodplain inundation
caused by Hurricane Georges in 1998. Credit to and GFR Media.
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Impacto del cambio climdtico en la infraestructura

vial y de transporte colindante a las costas con
entornos urbanos en paises caribefios

Ing./Dr. Benjamin Colucci-Rios
Vice-Presidente, Region del Caribe UPADI
Colegio de Ingenieros y Agrimensores de Puerto Rico (CIAPR)
Catedratico, UPR-Mayagliez
Viernes, 25 de noviembre de 2016

Il Seminario Internacional de Ciclo Caribefio de Desarrollo Sostenible Urbano
Colegio Dominicano de Ingenieros, Arquitectos y Agrimensores (CODIA) - Regional Norte
Santiago de los Caballeros, Republica Dominicana
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WORLD ENGINEERING CONFERENCE
ON DISASTER RISK REDUCTION
5 - 6 December

WORLD ENGINEERING CONFERENCE ON DISASTER RISK REDUCTION
5-6 December, 2016

THE ROLE OF UNIVERSITIES ON DISASTER RISK REDUCTION
IN THE COMMUNITY: UPRM CASE STUDY

llsmael Pagan-Trinidad, 2Ricardo Lopez-Rodriguez, 3Agustin Rullan,
40scar Perales-Pérez, °>John Fernandez-Van Cleve
1,234 College of Engineering >College of Agriculture Science
University of Puerto Rico at Mayagliez, Puerto Rico (UPRM)
ismael.pagan@upr.edu, ri.lopez@upr.edu, oscarjuan.perales@upr.edu,
agustin.rullan@upr.edu, john.fernandezl@upr.edu

- COASTAL RESILIENCE CENTER

A U.S. Department of Homeland Security Center of Excellence



WORLD ENGINEERING CONFERENCE
ON DISASTER RISK REDUCTION
5 - 6 December

WECDRR2016
Lima - Per(

WORLD ENGINEERING CONFERENCE ON DISASTER RISK REDUCTION
5-6 December, 2016

Structural Vulnerability to
Natural Hazards in Puerto Rico

Ricardo R. Lopez-Rodriguez, Ismael Pagan-Trinidad
Department of Civil Engineering
University of Puerto Rico at Mayaguez, Puerto Rico (UPRM)
ri.lopez@upr.edu, ismael.pagan@upr.edu

COASTAL RESILIENCE CENTER

A U.S. Department of Homeland Security Center of Excellence




Presentation to Professional Engineers at UPRM, 27 August
2016

The one day activity held at UPRM August 27 of 2016 was entitled Anticipating surprises and taking action; integration of
CIAPR in the Climate Change Council.

A group of about 30 professional engineers and surveyors visited UPRM for a series of presentations and visits to the
laboratories. Dr. Ricardo Lopez presented Effects of Natural Hazards on Coastal Structures. Dr. Luis Aponte presented
Wind Engineering: Vulnerability of Tropical Cyclone in Puerto Rico. Dr. Lopez hosted the visit to the Civil Engineering
Structures and Materials Labs.
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ﬂ.ll University of Puerto Rico - Mayagiiez Campus
\"&a/

Storm Surges

— COASTAL RESILIENCE CENTE R . .
U5 Dertmentof Homelnd ety ener ofExelin m Case 1: Surging Flood: Hydrodynamic (equal

Effects Of Natural Hazards on Coastal water level on both sides of the external walls)
Structures m Case 2: Breaking Waves: Hydrodynamic +
Breaking Waves (equal water level on both sides of
By: Ricardo R. Lopez, Ismael Pagan the elements)

Trinidad, with Ali Saffar, Luis Godoy
José Martlnez, Daniel Wendichansky,
José Guevara, Felipe Acosta, José Lluch,
Luis Suarez, Ricardo Ramos, Raul
Zapata

Department of Civil Engineering and Surveying
University of Puerto Rico at Mayagiiez
Coastal Resilience Center 27 August 2016




Participation in 2016 Coastal Engineering Research Board Meeting -San Juan,
PR

* Organized by US Army Corps of Engineers.
* Held in San Juan August 8 to 10, 2016.

Attended meetings and site visits and informed the audience about the CRC
Education Project at UPRM.

Held informal conversations with several leaders in coastal engineering.
Participants: USACE, ERDC, DNER, UPRM, UPRRP, PRCCC
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STRUCTURES
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Civil Engineering Department
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January 8, 2017
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Statistical sampling and probability measures

Main descriptors of a random variable

Conditional probability

Central limit theory and models from Ilimiting cases
Characteristic values

Poisson process and Poisson distribution
Statistics of extremes

Multivariate distributions and the concept of correlation
Monte Carlo Simulation

Testing goodness of fit

Regression analysis

RA1 Module:
Review of Probab
Theory
(0.5 credit)

Risk
Assessment
(RA Modules)

Defining uncertainty

Centrality of state variables
Sensitivity analysis

Risk of extreme events

Decision tree analysis

Basic fault tree analysis

Extreme events in fault tree analysis

RA2 Module:
Relating Vulnerability
to Risk
(0.5 credit)

— — . Structures
(3 credits)

Nature-based storm risk reduction features

Levees

Storm surge barriers

Seawalls and revetments

Groins

Detached breakwaters

Assigning performance factors to mitigation measures

CR1 Module:
Hazard Mitigation
(0.5 credit)

Elements of classical reliability theory
Understanding safety formats for level-l codes
Hasofer and Fiessler transformation

Level-ll reliability analysis

Defining coastal resilience loading

Limit state functions

Methods for evaluation of partial coefficients
Designing coastal resilience

Code calibration process

Identifying state variables

Methodology

Existing Fragility curves for extreme events
Classifying coastal structures by vulnerability
Predicting damage states

Developing fragility curves for coastal structures

Coastal CR2 Module:
Resiliency Structural Design

(CR Modules) (1 credit)

CR3 Module:

Fragility Analysis
(0.5 credit)
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Spring Term Planned Activities

SUMREX Participation RETALK Program — 6

Coastal Management
The Senior CE Capstone Program: Cias’ral
_ confirmed (dates to be Experience
Other Internships ERDC confirmed)

Resiliency Building-
(January — May ) Mainstreaming Adaptation

(Jan 26, 2016)
Lessons Learned and

1. Climate Change Impact on Coastal Communities in the
Best Practices: Caribbean (Social/Governance; Agricultural,
Resilience of Coastal

Rehabilitation of
Infrastructure, Health)
Infrastructure (RCI)

Coastal Infrastructure

2. Hurricane Awareness Workshop —NDPTC-Hawaii
(Mar 7-9, 2017)

Short Corse
(June 7-8-9, 2017)

José Guevarra
Coastal Resilient

SO EEIEt e EERI Invited Lecturer
Structures

Coastal Inundation
Storm Surge and - Mr. Ron Eguchi, President and Mapping
CEO of | Cat, Inc.,
Short Course Riverine Floods e b EEE,
Ali Saffar

“Hurricanes, Tornados, Floods

Wrokshop —NOAA
. and other Disasters: A View
Walter Silva from Space” —Feb 23, 2016 Ap ril 6_7,2017




Invited Researchers for Visiting UPRM
RETALK PROGRAM
Spring =Summer 2017

* Dr. Gavin Smith, UNC
e Dr. Robert Whalin, JSU
* Dr. Daniel Cox, OSU
* Dr. John Van de Lindt, CSU
* Dr. Scott Hagen, LSU
* Dr. Stephen Medeiros, UCF
* Dr. Rick Luettich, UNC



The Senior CE Capstone Experience:
Incorporate coastal resilience principles

Design a model
coastal urban
cluster

Found a design Develop a
professional Feasibility
company Study

Resources

Location Ten students/company

Five Professors

Mayaguez Bay Area

Five Graduate Students

Conceptual
Design

Preliminary
Design

Feasibility &
Sustainability

Legal, Political, Social,
Cultural, Environmental,
Technical, Economical

Final Design

Components

Site Development,
Environmental ,

Transportation,
Water/Waste Water,
Geotechnical,
Structural/Architectural




DEPARTMENT OF NATURAL AND ENVIRONMENTAL RESOURCES

PUeErTO Rico CoasTAL ZONE MANAGEMENT PROGRAM

85
=
Coastal Resiliency Building: Mainstreaming Adaptation 2y §

Lecture at Capstone Course at the Department of Civil Engineering and Surveying
University of Puerto Rico-Mayagiez

abew)|

Mr. Ernesto Diaz- Director

January 26, 2017
Mayaguez, PR
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* The Puerto Rico Coastal Zone MOnOgemenT Progrom Sheetpile Structural Failures at Corcega Residential
) . . Complex, Rincén Puerto Rico. Matthew Hurricane. Oct.
* The Puerto Rico Climate Chonge Council 2016. Picture courtesy-Francisco Villafafie, Grad. Stud.

* Human uses and modifications of coastal systems
«Sea Level Rise

« Coastal Erosion

* Erosion management: key considerations and needs
« Data and Information Sources



Lessons Learned and Best Practices: Resilience of Coastal Infrastructure
March 8-9, 2017

Partners: UPRM-Sea Grant Program, ERDC, CIAPR (PRCES), PRDNER, CRC Partners
Location: Facilities - College of Engineers and Surveyors, Hato Rey, Puerto Rico

Selected topics:
* Coastal Hazards Drivers, Forces, and Mechanics: Waves, Storm Surge, Earthquakes, Tsunamis,
Wind

Coastal Infrastructure Vulnerability: Built Infrastructure vs Natural Infrastructure

Past Experiences/Lessons Learned: USA, PR, Caribbean Hurricanes —Example Mathews Hurricane
Natural and Nature-Based Features (NNBF) for Storm Damage Reduction

Metrics and Indices (indirect indicators) of CIR by Sector and Activity within the Coastal Zone
(Beaches and Dunes, Coastal Communities Transportation) System

Recovery after Storms: Quantifying Temporal and Spatial Dimensions of Recovery - Function of
Storm Intensity and Preparedness
Rehabilitation of Coastal Structures -
Tsunami Structural Loads REHABILITATION OF STRUCTURES. IS VULINERABILLIN
Structural Vulnerability to Natural Hazards — -
Tools and Methods to Qualify and Quantify RCI
Educational and Research Challenges in RCI




Coupling of Basin H/H and Storm Surge Modeling
(Dr. Walter Silva-Pl; Felix Santiago SUMREX)

Modeling: Basin Hydrologic Model

* Gridded Surface Subsurface Hydrologic Analysis

(GSSHA): 2D finite difference structure grid model.

* Advanced Circulation model (ADCIRC):is a
hydrodynamic circulation numerical model.

* Simulating Waves Nearshore model (SWAN): used 185§
to obtain realistic estimates of wind-generated
waves.

Conclusion: 18.3°

e Results from this case study showed that overland
flow could aggravate coastal flooding under storm i
surge conditions. 18.1° o
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Earthquakes, Hurricanes and other Disasters: A View from Space
EERI February 23,2017 Auditorium CE Department - UPRM

* Ronald T. Eguchi, President and CEO of ImageCat, Inc., http://imagecatinc.com

* Visit and conference: Mr. Ron Eguchi, President and CEO of ImageCat, Inc., a risk
management company specializing in the development and use of advanced
technologies for risk assessment and reduction (http://www.imagecatinc.com).

* Sponsored: Earthquake Engineering Research Institute as part of the
Friedman Family Visiting Professionals Program
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COASTAL RESILIENCE CENTER

A U.S. Department of Homeland Security Center of Excellence

Anticipated Project Impact

* SUMREX and Internships: Create students pipeline and interest into RCl enterprise, help identify
research and thesis topics, attract students into graduate programs and labor force (2 students
recruited , ERDC-USACE and NOAA —USA)

* Creative/Research/ Development Projects - Students projects and theses, Faculty training modules, and
presentations: Undergraduate and graduate students, and faculty engage in active and creative
learning, develop teaching/learning modules, pursue external funding and long term research projects,
develop presentations in local and international forums, participate in meetings and conferences
associated to RCI. This results in human resource experts development and strengthening of the
potential of labor force for RCI.

* Course Impacts: Faculty has envisioned formal inclusion of new RCI material into existing and new
formal and informal courses. The CE curriculum will be impacted by incorporating the RCl sustainable
technology into traditional engineering analysis and design.

* Stakeholders and Partners: Increase interaction, collaboration, coordination, and partnerships to deal
with RCl and HSE.

. . . . CRC 2nd Annual Meeting
The University of North Carolina at Chapel Hill Feb. 1.3, 2017
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