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1. Introduction

On June 24, 2008 the U.S. House of
Representatives Committee on Science
and  Technology’s  Subcommittee
on Energy and Environment and
the Subcommittee on Research and
Science Education held a joint hearing
to examine the status of hurricane
research and ways in which current
research efforts could be improved. The
Subcommittees also received testimony
on the House resolution H.R. 2407, the
National Hurricane Research Initiative
Act of 2007 (Act). Various issues
related to this Act and other topics of
relevance to the nation’s effort to reduce
losses due to hurricanes and other types
of strong winds were discussed during
this hearing. In addition to H.R. 2407,

reference was also made to the National
Windstorm Impact Reduction Program
(NWIRP), whose current authorization
will expire soon and Congressional
efforts are underway towards re-
authorization of this program.

In context of the above developments
it seemed to the author that a brief
overview/comparison of the above
Congressional initiatives might be of
interest to the members of American
Association for Wind Engineering
(AAWE) and to broader audience
involved inresearch, practice, education,
outreach and other aspects related
to reduction of destructive impacts
of hurricanes and other strong wind
phenomena. As a background to the
comparison of NWIRP and NHRI, two
reports — a report developed by AAWE
in collaboration with ASCE (denoted
hereafter as the AAWE/ASCE Report)
and a report developed by a Task Force
of the National Science Board (denoted
hereafter as the NSB Report) —are briefly
summarized and compared. Next, a
discussion and synthesis of the NWIRP
and the NHRI concept postulated in the
Act are presented.

A detailed overview of the NHRI Act
was reported by the author in the July
2007 issue of The Wind Engineer (the
AAWE Newsletter, available at www.
aawe.org), entitled “Progress Report on
National Research Initiatives to Reduce
Impacts of Wind Hazards — Part 1. NHRI
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Act of 2007. In this context it seemed appropriate to label the present contribution as Part 2 of the two-part write-up
devoted to national initiatives to reduce impacts of wind hazards.

2. Comparison and Synthesis of Recommendations of AAWE/ASCE and NSB Reports

In late 2003 and early 2004, AAWE in collaboration with the American Society of Civil Engineers (ASCE) developed
a comprehensive report entitled "Wind Engineering Research and Outreach Plan to Reduce Wind Losses due to Wind
Hazards”. This report was submitted to the U.S. House of Representatives Committee on Science and Technology in
February 2004, during one of the Congressional hearings held in conjunction with Congressional activities leading to
establishment of the National Windstorm Impact Reduction Program (NWIRP), signed into law in November 2004.
A copy of the report can be accessed at www.aawe.org and www.windhazards.org/pdf/Wind Eng Report Feb04.pdf.

Building on over 20-year experience (and lessons learned) from the National Earthquake Hazards Reduction Program
(NEHRP), the report outlined a proposal for a comparable program focused on research, implementation, education
and outreach activities geared towards reduction of hazards due to strong winds. The proposed program was denoted
in the report as the National Wind Hazards Reduction Program (NWHRP). Recommendations and refinements
proposed for NEHRP, presented in a report issued in 2003 by the Earthquake Engineering Research Institute, were
adapted for wind hazards and incorporated in this proposal. The structure and scope of activities of NWHRP were
delineated and a detailed budget estimate was developed for specific tasks and sub-tasks of the program. The principal
components and subcomponents of NWHRP are schematically presented in Table 1. Areas of activities within each
component/sub-component are labeled in parentheses, for further referencing.

Table 1. Schematic representation of the NWHRP proposed in AAWE/ASCE Report (2004)

Component A Component B Component C Component D

Understanding  |Assessment Reduction of Impact Enhancement of

of Wind Hazards |of Impact of Wind of Wind Hazards Community Resilience,
Hazards ducation, & Outreach

Sub-Component Ca  [Sub-Component Cb

(Aa) Enhanced (Ba) Performance of (Caa) Retrofit (Cba) Cost Effectiveness of [(Da) Community Resilience to Wind
Knowledge and Buildings, Structures and [Measures for Existing |Loss Mitigation Hazards
Data on Severe Critical Infrastructure Buildings, Structures &
'Winds Using Data Collection,  [[nfrastructure
Experimentation &
Synthesis
(Ab) Improved (Bb) Tools for Component|(Cab) Innovative (Cbb) Financial Instruments |(Db) Cross-Area Outreach &
Understanding and Structure- Technologies for New (for Risk Transfer [Education
& Quantification  |Level Simulation & Buildings, Structures &

of Wind Loading |Computational Modeling [[nfrastructure
on Buildings and
Structures

(Ac) Mapping of  |(Bc) Tools for System-  ((Cac) Land Use & Cost [(Cbc) Emergency Response |(Dc) Education & Public Outreach
'Wind Hazards Level/Loss Assessment  [Effective Construction |& Recovery
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[n January 2007, the National Science Board released a report entitled “Hurricane Warning: The Critical Need for National
Hurricane Research Initiative”. This publication is available at www.nsf.gov. The Report presented an agenda for nation-
wide action -- a National Hurricane Research Initiative (NHRI) — that would provide hurricane science and engineering
research and education involving a broad range of entities and stakeholders in the United States.

The NHRI structure and the scope of activities proposed in the NSB Report are schematically presented in Table 2,
Specific areas of activities within each category are labeled in parentheses. In addition, priority levels assigned in the
INSB Report to each area (H = high, M = medium) are indicated. Italic font is used to distinguish activities of medium|
priority. The NHRI areas overlapping with the areas proposed for NWHRP in Table 1 are shown shaded in Table 2.

Table 2. Schematic representation of the NHRI proposed in NSB Report (2007)

Category 1 Category 2 Category 3 Category 4

Understanding & Impacts Preparedness & Response Crosscutting Activities

Prediction Measures

(Ta) Predicting Hurricane (2a) Interaction of Hurricanes (3a) Assessing & Improving (4a) Computational Capability (M)

(H) with Engineered Structures (H) | Resilience of Built Environment (H)

(1b) Understanding Air-sea | (2b) Economic & Social (3b) Disaster Response & Recovery | (4b) Training & Education

Interactions (H) Impacts & Mitigation Measures | (H) Programs Related to Hurricane
(H) Impacts (M)

(Ic) Predicting Storm (2¢) Interaction of Hurricanes (3c) Human Behavior & Risk

Surge, Rainfall, Urban with Natural Ecosystems Planning (H)

Flooding (H) (H)

(1d) Improved (3d) Evacuation Planning (H)

Observations (H)

(Ie) Hurricanes vs Climate

M)

(If) Hurricane
Predictability (M)

(1g) Hurricane
Modification (M)

Table 3 shows a synthesis of the activities of the national programs proposed in the AAWE/ASCE Report (NWHRP
and in the NSB Report (NHRI). The presented structure represents one of possible integrations of the two programs. I
is based on the activities breakdown (into components) originally proposed for NWHRP, as shown in Table 1. It takeg
into account the overlap of the activities of the NWHRP and NHRI, indicated as shaded blocks (see also Table 2) and it
incorporates non-overlapping areas of NWHRP. The non-overlapping areas of NHRI, activities labeled (1e) through (1g
in Table 2 - all of medium priority level assigned in the NSB Report - have been either incorporated in other hurricane-
related areas (in Table 3) or eliminated. To clarify the synthesis of the two programs, the labeling of the areas of activitieg
of NWHRP (in Table 1) and NHRI (in Table 2) is retained in Table 3. It should be pointed out that the synthesized
program in Table 3 includes the National Infrastructure Database and Research Model — a national initiative (in support
of the NHRI) recommended in the NSB Report.
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Table 3. Synthesis of National Programs Proposed in AAWE/ASCE and NSB Reports

Interactions (H)

Data Collection,

Experimentation &

Understanding | Assessment Reduction of Impact Enhancement of
& Prediction of Impact ] ] ] ] Community Resilience,
Engineering & Economic & Social ]
. Education, & Outreach
Construction
(Ta) Predicting (Ba) Performance of | (Caa) Retrofit (Cba) Cost Effectiveness of Loss | (Da) Community Resilience
Hurricanes (H) & | Buildings, Structures | Measures for Existing | Mitigation to Wind Hazards
(1b)Understanding | and Critical Buildings, Structures
Air-sea Infrastructure Using & Infrastructure (3a,H)

Synthesis (2a,H)
(1d) Improved (Bb) Tools for (Cab) Innovative (Cbb) Financial Instruments for (Db) Cross-Area Outreach &
Observations (for | Component and Technologies for New | Risk Transfer Education (4b,M)
Hurricanes (H) Structure-Level Buildings, Structures
Simulation & & Infrastructure (3a,H)
Computational
(Aa) Enhanced l(\%%()igllé)%gfs for (Cac) Land Use & Cost | (Cbc) Emergency Response & (Dc) Education & Public
Knowledge and System-Level/Loss Effective Construction | Recovery (3b,H) Outreach (4b,M)
Data on Severe Assessment (3a,H)
Winds for Eng.
Analysis
(Ab) Tmproved (4a) Computational (3c) Human Behavior & Risk
Understanding Capability for Planning (H)
& Quantification Hurricane Modeling
of Wind Loading M)
on Buildings and
(S ltgl)lCIglrlégfctmg (2b) Economic & (3d) Evacuation Planning (H)
Storm Surge, Social Impacts &
Rainfall, Urban Mitigation Measures
Flooding (H) (H)
(Ac) Mapping of (2¢) Interaction of
Wind Hazards Hurricanes with
Natural Ecosystems
(H)

National Infrastructure Data

base and Research Model

3. Comparison and Synthesis of NWIRP (2004) and NHRI Concept (Act of 2007)

Public discourse and legislative activities of 2004 resulted in Congressional approval and Presidential signature into
law of Act of 2004, calling for establishment of the National Windstorm Impact Reduction Program (NWIRP). Th
main components and scope of activities of this program are schematically presented in Table 4. Although the NWIR

4
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was authorized by Congress and signed into law by the President (in 2004), no funding has been appropriated yet (by
Congress) for this program.

As discussed earlier, following the release of the NSB Report several legislative initiatives responding to recommendations
formulated in this report have been undertaken in Congress. The most recent has been the National Hurricane Research
[nitiative Act of 2007 (H.R. 2407) introduced in U.S. House of Representatives in May 2007. The content of this bill was
discussed in detail in Part I. A schematic representation of the main NHRI components and scope of activities (specified
by this Act) are presented in Table 5.

Table 4. Components and Congressionally mandated scope of activities of NWIRP (2004)

COMPONENT 1. IMPROVED COMPONENT II. COMPONENT III. WINDSTORM

UNDERSTANDING OF WINDSTORM IMPACT IMPACT REDUCTION

WINDSTORMS ASSESMENT

A. Research to improve knowledge of and A. Development of mechanisms for A. Development of improved outreach and

data collection on the impact of severe wind collecting and inventorying information | implementation mechanisms to translate existing

on buildings, structures, and infrastructure. on the performance of buildings, information and research findings into cost
structures, and infrastructure in effective and affordable practices for design and
windstorms and improved collection construction professionals, and State and local
of pertinent information from sources, officials;

including the design and construction
industry, insurance companies, and

building officials.

B. Research, development, and B. Development of cost-effective and affordable
technology transfer to improve windstorm-resistant systems, structures, and
loss estimation and risk assessment materials for use in new construction and retrofit
systems; of existing construction.

C. Research, development, and C. Outreach and information dissemination
technology transfer to improve related to cost-effective and affordable
simulation and computational modeling | construction techniques, loss estimation and risk
of windstorm impacts. assessment methodologies, and other pertinent

information regarding windstorm phenomena
to Federal, State, and local officials, the
construction industry, and the general public.
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Table 5. Components and scope of activities specified in NHRI Act of 2007 (H.R. 2407)

PROGRAM 1. PROGRAMII. PROGRAM III.
NATIONAL HURRICANE NATIONAL NATIONAL HURRICANE RESEARCH
RESEARCH INITIATIVE INFRASTRUCTURE MODEL (NHRM)
(NHRI) DATABASE (NID)
I | PREDICTING HURRICANE Cataloging and characterizing | Facilities and cyber infrastructure
INTENSITY CHANGE the physical, social, and

natural infrastructure in
order to provide a baseline
for developing standards,
measuring modification, and
determining loss

UNDERSTANDING OCEAN- Providing information to Software integration
ATMOSPHERE INTERACTIONS Federal, State, and local
government officials to
improve information public
policy related to hurricanes
and tropical storms

PREDICTING STORM SURGE, Providing data to researchers | Data collection platforms and data provisioning systems
RAINFALL, INLAND FLOODING, to improve their ability to
AND STRONG WINDS PRODUCED | measure hurricane impacts,
BY HURRICANES AND TROPICAL separate such impacts from
STORMS DURING AND AFTER other effects, both natural
LANDFALL and anthropogenic, make
effective recommendations
for improved building codes
and urban planning practices,

IMPROVED OBSERVATIONS OF
HURRICANES AND TROPICAL

STORMS and develop effective
2 [ ASSESSING VULNERABLE procedures for responding to
INFRASTRUCTURE infrastructure disruption

INTERACTION OF HURRICANES
WITH ENGINEERED STRUCTURES

3 | RELATIONSHIP BETWEEN
HURRICANES, CLIMATE, AND
NATURAL ECOSYSTEMS

4 | TECHNOLOGIES FOR DISASTER
RESPONSE AND RECOVERY

5 | EVACUATION PLANNING

6 | COMPUTATIONAL CAPABILITY

A comparison of Tables 4 and 5 shows a significant overlap of a number of the activities of NWIRP and those proposed
in the NHRI Act. Based on this observation, a synthesis of the two programs is proposed in Table 6.

The format of the synthesis in Table 6 is similar to that employed in a comparison of the programs proposed by thg
AAWE/ASCE Report and the NSB Report, see Table 3. The NWIRP’s component structure is retained and the NHRI
areas of activities (in bold capitol italic font) are added in appropriate columns. The National Infrastructure Databasg
NID) and the National Hurricane Hazards Research Model (NHRM), referred to in the NHRI Act, are incorporated inj
the synthesized program. The NHRM is expanded beyond hurricanes and it includes hazards due to other types of stron
winds. Accordingly, it is labeled as the National Wind Hazards Research Model (NWHRM).

6
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Table 6. Synthesis of NWIRP and national program proposed in NHRI Act of 2007
NWIRP COMPONENTS
I. IMPROVED II. WINDSTORM II1. WINDSTORM IMPACT REDUCTION
UNDERSTANDING OF IMPACT ASSESMENT
WINDSTORMS
A. Research to improve knowledge A. Development of mechanisms | A. Development of improved outreach and implementation
of and data collection on the impact for collecting and inventorying mechanisms to translate existing information and research
of severe wind on buildings, information on the performance | findings into cost effective and affordable practices for design
structures, and infrastructure. of buildings, structures, and and construction professionals, and State and local officials;
infrastructure in windstorms
and improved collection of
pertinent information from
sources, including the design and
construction industry, insurance
companies, and building
officials.
NHRI-1. PREDICTIONS, B. Research, development, and B. Development of cost-effective and affordable windstorm-
UNDERSTANDING & technology transfer to improve resistant systems, structures, and materials for use in new
OBSERVATIONS OF loss estimation and risk construction and retrofit of existing construction.
HURRICANES & TROPICAL assessment systems;
CYCLONES
NHRI-3. RELATIONSHIP C. Research, development, and C. Outreach and information dissemination related to cost-
BETWEEN HURRICANES, technology transfer to improve effective and affordable construction techniques, loss estimation
CLIMATE, AND NATURAL simulation and computational and risk assessment methodologies, and other pertinent
ECOSYSTEMS modeling of windstorm impacts. | information regarding windstorm phenomena to Federal, State,
and local officials, the construction industry, and the general
public.
NHRI-2. ASSESSING NHRI-4. TECHNOLOGIES FOR DISASTER RESPONSE
VULNERABLE AND RECOVERY
INFRASTRUCTURE
& ENGINEERING
STRUCTURES
NHRI-5. EVACUATION PLANNING
NHRI-6. COMPUTATIONAL
CAPABILITY
NATIONAL INFRASTRUCTURE DATABASE (NID)
NATIONAL WIND HAZARDS RESEARCH MODEL (NWHRM)
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4. Comparison of Proposed Budgets

The budget for NWHRP proposed in the AAWE/ASCE Report is summarized in Table 7. A detailed budget breakdown
is included in the report. As can be seen, the average annual budget proposed for the program is $61.8M.

Table 7. Budget for NWHRP proposed in AAAWE/ASCE Report (in $M)

PROGRAM COMPONENT YR1 YR2 YR3
A UNDERSTANDING OF WIND HAZARDS 7.5 15.0 225
B ASSESSMENT OF IMPACT OF WIND HAZARDS 85 169 254
C REDUCTION OF IMPACT OF WIND HAZARDS 94 17.8 26.1
D ENHANCE COMMUNITY RESILIENCE, EDUC. & PUB. OUTR.
COMMUNITY RESILIENCE TO WIND HAZARDS 1.5 3.0 45
EDUCATION AND PUBLIC OUTREACH 46 9.1 137
TOTAL 314 61.8 921

Table 8 shows the budget authorized by Congress in 2004 to support activities of the NWIRP. As mentioned
earlier, no funds have been appropriated yet for this program. The average annual authorized budget is $23.3M.

Table 8. Budget authorized (in 2004) for NWIRP (in $M)

Y1 Y2 Y3 Total
FEMA 8.7 9.4 9.4 27.5
NSF 8.7 9.4 9.4 27.5
NIST 3.0 4.0 4.0 11.0
NOAA 2.1 2.2 2.2 6.5

Total 22.5 25.0 25.0 72.5

Finally, the annual budget specified in the NHRI Act of 2007 is presented in Table 9. It should be pointed out that the
Act called for 10-year program duration.

Table 9. Annual and overall budget proposed in Act of 2007 for NHRI (in $M)

National Hurricane Research Initiative (NHRI) 285

National Infrastructure Database (NID) 20

National Hurricane Research Model (NHRM) 130
TOTAL (per annum) 318

[TOTAL (for 10 years) $3.18B]

5. Remarks

Recent Congressional and other national initiatives geared towards better understanding of hurricanes and other
wind hazards, their impacts and mitigation of undesired impacts of strong winds, are encouraging. Members of wind
engineering community are urged to get involved in related discussions and other actions aiding this process. It is
hoped that these developments will lead to conditions conducive to timely appropriation of research funds for national
wind hazards reduction program needed to reduce property and human losses, within a reasonable time framework.
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WIND ENGINEERING
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CWE2010

USA + May 23

Y

+ PRELIMINARY ANNOUMCEMENT o
Fifth International Sympasium on Computational Wind Engineering « May 23-27, 2010
William and |da Friday Center for Continuing Education + Chapel Hill, North Carolina, USA
Scintists, academidans, technalogists, architects, and englnesrs from around the vorld will pssermble at the Fifth intesnational
Sympedium on Computational Wind Engineering (CWE20HD) in Chapel Hill, North Caraling, USA, May 23-27, 2000

This symposium sesks ta facllitate the exchange of the labest scientific and technical information in the: field of Computational
Fluld Dyrarnics {CFD), particidarly in its application to Wind Engineering. it i a mult-disciplinary matter conceming multifald
topic. Computational Wind Enginesring (CWE] iamore than £FD modeling.

The First Intemational Symposium on Computational Wind Engineering [OWE1g02) was held in Tokya, Japan, It was nitisted by
the Japan Association of Wind Enginears to activate and promote research on CFD technology and o develop research fialds
WEINE CFD In wind engineedng, CWE1997 was follewsed by OWE1g6 In Fort Collins, USA, OWEzooo In Ermingham, England, and
CWE200E In Fakohama, lapan.

For more information, vislt waww.cwea010.0rg, or contact the sympaosium chalmman Alan Huber at chairmaniEowesoiouang.

Where & Who

For more information and to reglster, please wsil wiw, cwe2010.0rg.
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Thee Tollowing OWE2OHD committees are now being formed,
vidvisory Commites: Honorary Chairperson & Murakami (Japan), Chairperson T. Stathaopoulos [Canada)

vEcipntific Commitee; Chainperson B Blocken { The Metheriands)

& Organizing and Host Committes: Chalrperson A. Hishar {LISAY

Travel Information to Chopel Hill, North Caoroling, USA

Key Event Dates
Abatract diss

Motification of Acceptance
Dacember 1, 2000

Exianded absirmot
D March 1, 2010

Reglstration

Registration for
CWE2010 opans on
October 1, 2009

The Ralsgh-Durham |nkermational Alrport (RDUY), in the heart of North Carclina, combines southern
hosptakty and high<tech amenities to be a friendly arpors for travvel. The Yeilkam and |da Priday
Center for Continung Educstion b appraximately twenty minutes travel from the sport,
Morrstop fights from most major LS. dities are avalable and & few' internationsl cities are svadable.

Approximate Travel Times to RDU

Parls 10 hosirs
Los Angeles & hours
Tokyo 1% hours
Mew Yook Oty 3 howrs
Orlando 2 hours
Daukrai 20 haurs

Sydnioy 25 haurs
Shanghad 16 haurs
Singapore 27 hours
Washington, BE 1 haur
Bexrfin 14 hours
Lirna 12 hawrs

Llondon H howrs
Beijing 18 haours
Bruziels 12 hours
Chicapo 2 hours
Milan 3 hours

Buenos Aires 14 howrs

For more information and to register, please visit www.cwe2010 org
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PRESIDENT'S CORNER

In this issue the focus is the second of two legislative reports
by Bogusz Bienkiewicz of Colorado State University. With
several of our members addressing, in person, US Senate
committees in Washington (see www.aawe.org) over re-
cent months this discussion is very timely. It is certainly an
exciting time for wind engineering — both on a political and
research front.

The inaugural AAWE Workshop at the Vail Marriott Resort
and Spa was a very successful two days of technical pre-
sentations and socializing with friends and colleagues, as

the summer wound down in the Rocky Mountains. With 83
attendees and 42 papers presented in sequential fashion we all
got to see and hear what is happening in our dynamic disci-
pline. The organizers were surprised by the attendance (about
double the number we expected) and had to close the registra-
tion on the website down in the final week due to hotel limita-
tions. I hope that any that missed out this time will join us in
about 18 months for the Second AAWE Workshop — probably
in the south of the US.

I would like to thank the personnel and management of CPP
for making every detail of the event run so smoothly. Ad-
ditionally, the three major sponsors (RWDI, CPP and High
Velocity) are sincerely thanked for their substantial financial
support of the event. Beyond the $3000 given by each com-
pany High Velocity also provided the very stylish canvas bags

Kurt Gurley gives a keynote talk.

to hold the proceedings for each attendee. Thank you to all
these individuals and companies who made the event happen.

To the AAWE members who were not able to attend the
Workshop, all the papers, a list of attendees and the pro-
gramme are available on the AAWE website in the members
section. If you are a current member and do not have your
username and password simply email me and I will pass it on
to you.

This Newsletter continues to need articles from the mem-
bers. I hope that in the next issue we will have some articles
about the recent series of hurricanes that have impacted the
southern coast of the United States. Please send publishable
items to me at lcochran@cppwind.com as Word files and
image files for us to review and place in future editions. I
would also ask the members to encourage others interested
in wind engineering to join AAWE, either as individuals or
as a corporation. Pass this newsletter on to them so they can
see what we do and encourage them to visit the website to
become a member (note that the membership calendar year of
2009 now applies).

Leighton Cochran
[970] 498 2334
Icochran@cppwind.com

SPECIAL FINAL THANKS TO OUR AAWE WORKSHOP SPONSORS!

CERMAK
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Newsletter Design & Production courtesy of CPP Inc.
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11" Americas Conference on Wind Engineering (11ACWE)
San Juan, Puerto Rico
June 22-26, 2009

Convened by the American Association for Wind Engineering
Hosted by Polytechnic University of Puerto Rico

FIRST ANNOUNCEMENT AND CALL FOR PAPERS

The conference is accepting abstract submission in all CONFERENCE VENUE:
topics related to Wind Engineering, such as (but not
limited to):

- Wind climate

- Extreme value analysis and design wind prediction

- Wind measurement and monitoring

- Hurricanes, tornadoes and downburst characteristics
- Wind-related hazards

- Wind-borne debris - trajectories and impacts

- Structural aerodynamics

- Wind loading and response of offshore platforms

- Dynamic response and control

- Wind-induced vibrations

- Computational wind engineering

- Wind tunnel testing -
- Full scale and field studies THE CONDADO PLAZA HOTEL & CASINO
- Wind damage

- Loss estimation and insurance

- Wind and emergency management

- W!nd energy KEY DATES:

- Wind erosion November 24, 2008 Last date for abstract
- Dispersion of pollutants submission

- Urban wind issues February 28, 2009 Notification of

- Vehicle aerodynamics acceptance

- Wind engineering applications April 30, 2009 Submission of full

- Wind codes and standards length paper

- Wind engineering education

For more information and details, please visit:
KEYNOTE SPEAKERS:

DR. PETER IRWIN www.pupr.edu/11acwe

DR. MARK POWELL
DR. EMIL SiMIU
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