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Hurricane Maria Program NIST

2 Program Components
NCST Investigation NWIRP* Research Study

7 Technical Projects

Public Response
to Emergency
Communications

Impacts to and Recovery
of Infrastructure
Systems

Hazard Performance of
Characterization  Critical Buildings

Morbidity &
Mortality

Recovery of Business Recovery of Social
and Supply Chain Functions

5 Major Contracts

George Washington

Vvl Horsley Witten Group

Applied Research Associates University of Florida Stantec Consulting

Multiple Collaborating and Coordinating Agencies

FEMA NOAA HHS USGS NCDMHP PRDOH PRDOE PRDTOP PRASA PRFAA Many others...

1 Coordinated Program

*National Windstorm Impact Reduction Program



NCST Investigation Goals and Projects

Goals are to characterize:
1. the wind environment and technical conditions associated with deaths and injuries;

2. the performance of representative critical buildings, and designated safe areas in those
buildings, including their dependence on lifelines; and

3. the performance of emergency communications systems and the public’s response to
such communications.

Projects:
Hazard Performance of P;‘gg;':izzzxe Morbidity &
Characterization Critical Buildings Communications Mortality
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NWIRP Research Study Goals and Projects

Goals are to characterize the impacts to and recovery of:

1. small and medium-sized manufacturers, businesses in retail and service industries, and
supply chains;

2. education and healthcare services; and

3. infrastructure systems, with a focus on infrastructure that supports critical buildings
(i.e., hospitals and schools) and emergency communications.

Projects:

Recovery of Business Recovery of Impacts to & Recovery of
& Supply Chains Social Functions Infrastructure Systems




Supporting Contracts

Wind Field Modeling ®

Wind Tunnel Testing and ®
Field Measurement of Winds

Engineering Services to
Evaluate Critical Building *—
Performance

Social Science Data Collection

Stantec Consulting

Morbidity and Mortality
Assessment

Horsley Witten Group

Source: Bernardo Hernandez Prado

GW/UPR




Hurricane Maria Program Timeline

Sep: Hurricane Feb: ARA contract awarded Jan: Progress Report Mar: Integrated mortality database
Maria made Feb-Apr: Supporting contracts published Apr: Hospital surveys (16)
landfall in PR awarded Feb: Drone photography of Apr: Hospital interviews (30)
Dec: Preliminary ~ May: UF contract awarded hospitals (2) May: Shipping and transport
reconnaissance Jul: Initial wind-field model developed Mar: Wind tunnel testing of interviews (30)
Oct/Nov: Stakeholder outreach in PR PR topographic models (2) Jun: School surveys (300+)
Nov: FEMA MOA established Jul: Information provider Jul: Hospital (5) and shelter (5)
Dec: Earthquake swarm began interviews (35) evaluations

2017 2018 2019 2020 2021

Feb: NCST Team established
May: Investigation plans
presented to NCSTAC

Aug: Windshield survey
across PR

Sep: Study regions established
Dec: Government shutdown
(35 days)

Jan: HW contract awarded

Feb: New investigation leadership
Mar: Stantec contract awarded
Mar: 2nd FEMA MOA established
Mar: Start of COVID-19 lockdown
Jul: GW/UPR contract awarded
Oct: Anemometers installed on cell
towers in Yabucoa

2022 2023 2024

May: Business surveys (450+)

Jun: Wind tunnel testing of

hospitals (2)

Sep: Household surveys (1500+) Updates on
Sep: Next-of-kin interviews (400+)  subsequent
Sep: Hurricane Fiona impacts PR slides
Nov: Household interviews (60)



Disclaimers for Presentations

A IMPORTANT: ALL DATA ARE PRELIMINARY

* These presentations describe preliminary data gathered to date as well as preliminary
analyses of these data. Data and analyses are subject to change.

®* Once all data are finalized and analyzed, they will inform a broader understanding of
Hurricane Maria’s effects on Puerto Rico and subsequent recovery —and NIST’s findings
and recommendations.

®* These presentations do not constitute NIST findings or recommendations.

* All survey and interview data collection included a consent process that specifies the
allowable uses of data and protections of respondents.

®* Copyrighted content (such as photographs) appearing in these presentations is used with
permission; reproduction, redistribution or reuse may require copyright holder
permission, including for content with anonymous attribution/credit.

* Every reasonable effort has been made to identify copyright holders for content (such as

0 photographs) appearing in these presentations.
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Highlights of Progress Since March 2024  NIsST

* NCSTAC meeting

» Contractor draft
reports on Hurricane
Maria and Fiona
wind-field models
delivered

2024 March April May June July August September

12
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March 2024

NIST|
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Hurricane Maria Program

2 Program Components

NCST Investigation

NWIRP* Research Study

7 Technical Projects

Morbidity & Impacts to

Characterization  Critical Builh Mortality Infrastr

Recoveryol R of Business  Recovery of Socia

Spstems and Supply Chain Function

5 Major Contracts

Applied Research Rssociates

University of Flotida Stantec Consulting orsley Witten Group

Multiple Collaborating and Coordinating Agencies

FEMA  NDAA  HHS USGS  NCDMHP  PRDOH  PRDOE

Next Steps: Completing Reports

Plan in place for report

organization, writing, review,

and publication - in collaboration

with NIST Disaster & Failure Studies

and Champlain Towers South Team,

including

* Outline of report volumes

* Identification of publication series

* Contract for report preparation
(solicitation posting imminent)

PRDTCP  PRASA  PRFAA  Many others...

1 Coordinated Program

*National Windstorm Impact Reduction Program

Completing reports

Publishing datasets,
models, and other
products

Implementation, including
| communication and
~outreach for broadest

dissemination

NCST Advisory Committee Meeting: March 6-7, 2024

Panel Presentation Themes

Subsequent panel presentations are organized around these cross-cutting themes:

/ Theme 1: Hazard Exposure \

Creaed by Arthur Shlain
from the Noun Project

DongHun Yeo, Marc Levitan,

/I' heme 2: Hospital Functionah'ty\
& Infrastructure Dependencies

Maria Dillard, Joseph Main,

Maria Dillard

)

Ken Harrison

N >

/ Theme 3: Protective Action \
& Preparedness

Created by Good Father
from Noun Project

Jennifer Helgeson, Katherine Johnson,
KMarc Levitan, Judith Mitrani—Reiser/




March 2024
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Highlights of Progress Since March 2024

* NCSTAC meeting
» Contractor draft

reports on Hurricane
Maria and Fiona
wind-field models
delivered

2024 March April

15

 Contractor reports on wind
tunnel testing, emergency
communications and
recovery of business
delivered

» Coordination with EL, DFS,
and CTS leadership on report
review process

May

June

July

August

NST

September




March/April 2024

Contractor Reports Delivered

Final Report HURRICANE MARIA SURVEY
Wind Tunnel Testing and Field RESEARCH SERVICES

Measurement of Winds for the NCST
Investigation of Hurricane Maria’s OMMUNI

Impacts on Puerto Rico
DRAFT

Development of Wind Speed Contours for
Hurricane Fiona (2022)

FINAL REPORT

020 - September 2022
Draft Report

March 25, 2024 o "' .
HURRICANE MARIA SURVEY b anmmmw/

RESEARCH SERVICES

Contract No.
1333ND19PNB730060

Prepared for:

NIST

National Institute of FINAL REPORT -
Standards and Technology
U.S. Department of Commerce

April 5, 2024 fnc
Prepared by: Data Collection: November 30, 2021 - April 30, 2023
EPPL ED
TSGR, InC. Prepared F o y :
repare: or L L
’ ' National Institute of Standards and Technology ’ .RG @
Lauren A. Mudd, Ph.D., P.E. L
Peter I. Vickery, Ph.D., P.E ler tiva ALBIZU
Standard and Technaiogy
DEVELOPMENT OF WIND SPEED CONTOURS FOR Inratisk Sroup et d o "
8537 Six Forks Road, Suite 600
2017 HURRICANE MARIA Raleigh, NC 27615 P 1
Prepared By: %
Horsley Witten Group, Inc.
March 25, 2024 Eastern Research Group, Inc.

Logit | i+a
Dr. Domingo Marqués

& WERG @
.’:'; |Og|t i-Q ALBIZU

PREDECISIONAL DRAFTS
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Highlights of Progress Since March 2024  NIsST

* NCSTAC meeting  Stakeholder outreach activities
* Contractor draft in Puerto Rico
reports on Hurricane » Conference presentations
Maria and Fiona » Coding completed for Wave 1
wind-field models school and hospital interviews
delivered » Time-dependent rainfall model
developed
2024 March April May June July August September

 Contractor reports on wind
tunnel testing, emergency
communications and
recovery of business
delivered

» Coordination with EL, DFS,
and CTS leadership on report
review process

17



April/May 2024

® April 29-30, University of PR- Rio Piedras: NSF Rising Voices, Changing Coasts Hub Conference:
Materializando la promesa de la ciencia de convergencia
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May 2024

May 1-3, Joint Recovery Office, San Juan: Mitigation Framework Leadership Group Meetings and Site
Visits




May 2024

® May 2-3, San Juan: Puerto Rico IV Public Health Conference

® Meetings and site visits with cell tower repair companies, representatives of the Private
School Association, PR Dept. of Health, and PR Dept. of Transportation and Public Works

20



May 2024




Highlights of Progress Since March 2024

NST

* NCSTAC meeting  Stakeholder outreach activities
 Contractor draft in Puerto Rico
reports on Hurricane » Conference presentations
Maria and Fiona » Coding completed for Wave 1
wind-field models school and hospital interviews
delivered » Time-dependent rainfall model
developed
2024 March April May June July
* Contractor reports on wind * Infrastructure interviews began
tunnel testing, emergency * FY25 program plan and budget
communications and request completed
recovery of business * New NIST Technical Series for NCST
delivered and NWIRP reports approved
 Coordination with EL, DFS, » Social media posts on hurricane
and CTS leadership on report preparedness
review process » Extensions for PREP Associates

22

August

September




May/June 2024

Time-Dependent Rainfall Model
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Infrastructure Interviews

Infrastructure Sample | Interviews
Sector Frame Completed

Water 24
(PRASA)

Community Water 19
(non-PRASA)

Power 24
(PREPA/LUMA)
Transportation 26
(DTOP/PRHTA)

with study information

Estudio
Huracan Maria

— Sectores de infraestructura de agua, energia
y transporte

Se le ha pedido que participe en una entrevista para el estudio del NIST

4

Data collection began June 2024

»  Website used to provide respondents



June 2024

Total Hurricane Maria/Fiona Program Budget

7000
W Division 731
6000 EL Non-base out Y
u ears . . . .
Supplemental . New NIST Technical Publication Series Approved
5000 (tentative)
—_ ler Search NIST
&% 4000
a0 NIST RESEARCH LIBRARY
2 3000
D
About the NIST Research H : :
2000 Library and Museum NIST Series Publications
NIST Publications
1000 Journal of Research of
NIST
0 A i NIST Library Search The major publication types of the National Institute of Standards and Technology (NIST). To find a specific report, search the NIST
FY22 FY23 FY24 FY25 FY26 FY27 FY28 :::i:'::euma“d Research Library catalog © . = orview a fulllist of publications © that are available electronically.

Fiscal Year

® National Construction Safety Team
Grant/Contract Reports (NCST GCR)

®* National Windstorm Impact Reduction
Program (NWIRP) Series

® National Windstorm Impact Reduction
Program Grant/Contractor Reports

24 (NWIRP GCR)



June 2024

Social Media Posts Related to Hurricane Preparedness

Instagram

25

@ nist & - Follow
Original audio

@ nist & By looking at the past, you
can prepare for the future. That's
what NIST researchers are doing in
the area of hurricane preparedness.

Critical infrastructure, such as
hospitals and storm shelters, can
provide medical care and shelter

to make sure these buildings can
handle the impact of natural
disasters.

NIST researchers are doing just that
by evaluating the performance of
selected hospitals and shelters in
Puerto Rico, known for being a
highly mountainous region, as part

after the disastrous impact of
Hurricane Maria.

Qv

252 likes
June 13

Log in to like or comment.

during a hurricane. But it's important

of an ongoing study initiated in 2017

W

) facebook.com

National Institute of Standards and Technology (NIST)

Communities can prepare for extreme weather and climate-induced disasters, such as
hurricanes, in a number of ways. For example, certain buildings, such as storm
shelters and hospitals, can serve as...

3 linkedin.com
How hurricanes affect buildings in Puerto Rico | National Institute of Standards and

Extreme weather and climate-induced disasters, such as hurricanes, can have

tremendous impacts. Hurricanes generate sustained wind speeds ranging from 74
miles... (49 kB)




Highlights of Progress Since March 2024

* NCSTAC meeting  Stakeholder outreach activities * Report review matrix
* Contractor draft in Puerto Rico and timeline established
reports on Hurricane » Conference presentations  Stakeholder outreach
Maria and Fiona » Coding completed for Wave 1 activities in Puerto Rico
wind-field models school and hospital interviews » Conference presentations
delivered * Time-dependent rainfall model  Contractor draft report on
developed wind measurements in

Yabucoa delivered

September

2024 March April May June July August
* Contractor reports on wind * Infrastructure interviews began
tunnel testing, emergency * FY25 program plan and budget
communications and request completed
recovery of business * New NIST Technical Series for NCST
delivered and NWIRP reports approved
 Coordination with EL, DFS, » Social media posts on hurricane
and CTS leadership on report preparedness
review process » Extensions for PREP Associates

26



July 2024

* July 14-17, Broomfield, CO: Panel on sheltering guidance at 2024 Natural Hazards Workshop

* July 30, University of Birmingham, UK: Presentation on uncertainty quantification for CFD
simulations at 9th International Colloquium on Bluff Body Aerodynamics and Applications

® Interviews in Puerto Rico for documentary with NIST Video Team




Highlights of Progress Since March 2024  NIsST

* NCSTAC meeting  Stakeholder outreach activities * Report review matrix
* Contractor draft in Puerto Rico and timeline established
reports on Hurricane » Conference presentations  Stakeholder outreach
Maria and Fiona » Coding completed for Wave 1 activities in Puerto Rico
wind-field models school and hospital interviews » Conference presentations
delivered * Time-dependent rainfall model  Contractor draft report on
developed wind measurements in

Yabucoa delivered

2024 March April May June July August September

« Contractor reports on wind * Infrastructure interviews began » Contractor delivered hazard data linked to
tunnel testing, emergency * FY25 program plan and budget survey responses
communications and request completed * GIS integration plan presented
recovery of business * New NIST Technical Series for NCST » Stakeholder outreach plan for video
delivered and NWIRP reports approved products developed

* Coordination with EL, DFS,  Social media posts on hurricane * Emergency communications household
and CTS leadership on report preparedness survey data analysis completed
review process » Extensions for PREP Associates * Tropical Storm Ernesto impacts PR

28



August 2024

Geospatial Integration Plan
Organize Needs produced
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August 2024

Tropical Storm Ernesto impacts Puerto Rico

Wind measurements at . | | .| | =] .| | |
Yabucoa cell towers: |

[71.7 mph | | . R
i 68.1 mph ‘
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“...Ernesto caused damage in Puerto Rico and the U.S. Virgin Islands as it passed
s w20 north of the region as a tropical storm, managing to knock out power to hundreds
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Highlights of Progress Since March 2024  NIsST

* NCSTAC meeting  Stakeholder outreach activities » Report review matrix » Multiple contracts awarded
 Contractor draft in Puerto Rico and timeline established » Data for Wave 2 school
reports on Hurricane » Conference presentations  Stakeholder outreach and hospital surveys
Maria and Fiona » Coding completed for Wave 1 activities in Puerto Rico delivered
wind-field models school and hospital interviews » Conference presentations  Dataset from building wind
delivered » Time-dependent rainfall model  Contractor draft report on load analysis delivered
developed wind measurements in

Yabucoa delivered

2024 March April May June July August September

« Contractor reports on wind * Infrastructure interviews began » Contractor delivered hazard data linked to
tunnel testing, emergency * FY25 program plan and budget survey responses
communications and request completed * GIS integration plan presented
recovery of business * New NIST Technical Series for NCST » Stakeholder outreach plan for video
delivered and NWIRP reports approved products developed

* Coordination with EL, DFS,  Social media posts on hurricane * Emergency communications household
and CTS leadership on report preparedness survey data analysis completed
review process » Extensions for PREP Associates * Tropical Storm Ernesto impacts PR
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Supporting Contracts: Updates

Gonraciors P Suppors

Modifications Engineering Services to Evaluate Stantec Consulting Services, Inc. * Critical Buildings
(3/2024, 8/2024)  Critical Building Performance

Modification Social Science Data Collection Horsley Witten Group, Inc. * Emergency Communications
(5/2024) * Eastern Research Group & all projects of NWIRP Research
* Issues and Answers Study
* Albizu University (San Juan)
New Contract Continuation of Wind WeatherFlow « Hazard Characterization
(6/2024) Measurements in Yabucoa
New Contract Stakeholder Outreach Support Strativia, LLC * All projects of NCST Investigation
(8/2024) & NWIRP Research Study
New Contract Local Translation and Interpretation Lighthouse Integrated Services * All projects of NCST Investigation
(9/2024) Services Corp. & NWIRP Research Study
New Contract Outside NCST Member Support TBD * All projects of NCST Investigation
(Evaluation in
progress)
New Contract Technical Report Preparation TBD * All projects of NCST Investigation
(Award pending) & NWIRP Research Study

33
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Staffing

®* Terms extended for NIST Associates under Professional Research Experiences Program
(PREP); new Associates selected to provide support for data analysis

®* Three term employees supporting the HM Program departed NIST in the past year

®* New federal term positions in progress for 1 Social Scientist or Engineer with GIS

expertise and 3 Social Scientists to support Hurricane Maria and other NIST Engineering
Laboratory Programs

® Additional staffing appointments via contract and IPA will provide continuation of subject
matter expertise to support data analysis and report writing

Dereka Carroll- | Alizabeth Sanchez- : i ,
Smith Yunjae HWahg Lépez Thomas Kirsch Kurtis Goad Jenea Lyles




Presentation Outline

1. Program Overview
2. Timeline

3. Contracting Updates

4. Staffing Updates

6. Hurricane Fiona Updates

/. Next Steps

36



Disaster Resilience Supplemental Funding NIsT

* A portion of the S40M in additional funding received by EL is supporting
extension of the HM Program to consider impacts of Hurricane Fiona,
including:

- Hazard Characterization: Assessment of the hazard, specifically wind and rainfall

- Critical Building Performance: Evaluation of Hurricane Fiona’s impacts on hospitals and
shelters selected for evaluation in the Hurricane Maria NCST Investigation

- Recovery of Infrastructure: Assessment of impacts on infrastructure systems and their
interdependencies (e.g., power, water, transportation)

- Recovery of Social Functions: Evaluation of physical and non-physical impacts of
Hurricane Fiona as well as effects on recovery from Hurricane Maria

 Supplemental funding is also planned to support implementation of
recommendations from the Hurricane Maria Program

37



Wind and rainfall
data collection
and modeling

Interview
questions on
Hurricane Fiona
for selected
critical buildings

Structured
interview
questions on
Hurricane Fiona in
final infrastructure
instruments

Wave 2 school
and hospital
survey data
collection
complete

Hurricane Fiona Work

Focus groups
organized by
business
associations
and focused on
resilience
actions
between Maria
and Fiona

Analysis of
Hurricane
Fiona impacts
for school and
hospital
organizations

Qualitative
analysis of
infrastructure
interviews

Qualitative
content
analysis of
social media
messaging for
Hurricane
Fiona

Preparation of
reports related
to Hurricane
Fiona

NST
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Expected Timeline: September 2024 Update

» September 2017: Hurricane Maria occurs h
* December 2017: Preliminary reconnaissance
* February 2018: Team established under NCST Act

» May 2018: Initial briefing to NCSTAC on investigation plans h
» February 2019 through September 2020: Supporting contracts awarded
» January 2021: Progress report published

« Data collection _J | March 2024: NCST data
analysis advancing, report
A \ writing well underway

 Data analysis
» Development of findings and recommendations

______________________________________

~ | Fall 2024: Data analysis and |
~ | draft reports complete ]
* Draft final report written <------===-momommoommmmmooo oo oo oo oo oo e A oo oo oo oo ooonnnnnooooon
=955 - Internal and interagency review D 1 Winter 2024/25: Internal review
« Draft final report released for public comment <-------------; ') i process underway ]
_ — 3\ nf Winter 2025/26: Draft reports ‘i
* Final report revised _ | released for public comment |
» Final report and associated data published N e /
J

40




Planned HM NCST Report Hierarchy

Level 1: Summary Report Level 2: Project Reports Level 3: Supporting Documents
NCSTAR 4 NCSTAR 4-1 Examples:
Overarching Summary Report: Hazard Characterization

+  Principal findings Appendix to NCSTAR 4-1

» Recommendations

NCSTAR 4-2 NCSTAR 4-1A
Performance of Critical
Buildings

NCST GCR 4-1A
NCSTAR 4-3

Public Response to Emergency
Communications

The same structure is planned

for NWIRP Reports. NCSTAR 4-4

Morbidity and Mortality NCSTAR: NCST Act Report

41| PRESENT CONCEPT, SUBJECT TO MODIFICATION GCR: Grant/Contract Report




Report Review Process NIST

TECHNICAL simultaneous

1. Program Review—program/ 2a. Inside Division Review—non- 2b. Outside Division Review—non-
group/investigation leaders review author team members review for team members external to Division,
for quality, ensure papers are ready technical and editorial quality and review for technical and editorial
for other reviewers policy quality and policy

POLICY simultaneous

3a. Division Review—chiefs/
deputies or designees provide
editorial, technical, and policy
review, including certification of
Homeland Defense Clearance

3b. Laboratory Review—directors/
deputy or designees primarily
review for policy; secondarily for
technical and editorial

3c. Legal Review—Chief Counsel or
designees review for policy and
legal

: - 4b. Interagency Review—agency . _
4a. ERB Sponsor Review—primarily stakeholders review for accuracy, 5. ERB Committee Review—ERB

reviews for policy and editorial; |[pum——d compliance with authorities, and for g Committee and Chair review for

secondarily for technical review concurrence of their role in publication clearance
recommendations;

%—J

simultaneous Based on current NIST ERB processes




Anticipated HM Review Timeline

Project Reports:

Drafts complete Technical Review Policy Review

2024 Oct - Dec 2025 Jan - Mar Apr - Jun Jul - Sep Oct - Dec

Summary Report: Draft complete Technical Review Policy Review

43



Acknowledgements

To all those in Puerto Rico
who responded to the data
collection requests and
shared knowledge,
experiences, and lessons

learned, including:

* Households

 Families and loved ones of those
who lost their lives

Emergency information providers
Business owners and managers
Shipping and transport operators
Hospital administrators and staff
School administrators and staff
Shelter operators

Infrastructure operators

44

To all those impacted by
Hurricane Maria

To our dedicated team who
continue to demonstrate
great perseverance,
including:
e NCST Members
 Technical Staff

PREP Associates

 Contractor Teams
 |nstitutional Support

To our many partners in
Puerto Rico who have
supported our data collection
efforts.



Questions?

Joseph Main, Ph.D. Maria Dillard, Ph.D.

Team Lead Associate Team Lead
joseph.main@nist.gov  maria.dillard@nist.gov

www.nist.gov/topics/disaster-failure-studies/hurricane-maria

NATIONAL INSTITUTE OF
STANDARDS AND TECHNOLOGY
U.S.DEPARTMENT OF COMMERCE
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