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1.0 Executive Summary

Oregon State University’'s Marine Studies I niti
expand its teaching and research role in improving the healthe Pacific Ocean and increasing
marinerelated educational opportunities for OSU students. Because of the potential for earthquakes
and tsunamis and the controversy about siting the project in a tsunami inundation zone, Oregon State
University contraatd with our firms to develop appropriate seismic and tsunami design criteria and
assist with the site selection of the new MSI Complex.

It appears logicdbr the MSI toexpand the existingiMSCGcampus and take advantage of the proximity
to the sea, theexisting facilities and research staff, and the &saasearch partnersSuch a building
locationalso means making a major capital investment and expanding the poputgtéincationthat
will eventually beénundatedby a major tsunami.

This report stives to clarify the issues related to earthqualeadtsunamisas they relate to the

proposed MSI Complex andghiMSQo facilitatean informed ad balanced decision about the short

and long term status of the Center. It clearly states that major earthquakes and tsunamiscwillgth

a low probabilityand thatthe facilities and emergency response procedures can be designed to protect
the lives of the studentdaculty, staff andvisitors

Figurel Hatfield Marine Science Center, Newport Oregon
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2.0 Introduction

Oregon State UniversiffDSUnay expandhe Hatfield Marine Science CenigiMSChas part of their
newly launched Marine Studies Initiati@SI) As shown in Figure Zi¢ expansion iacomplex
reportedlyplanned toinclude new research facilities,
teaching laboratorieand classrooms for approximately 350
new students, faculty and staff. The facility is a key part of
theUn i v e cominitmgnt te pioneer a new research and
teaching model that will help sustain h#al oceans and
ensure wellness, environmental health and economic
prosperity for future generations. It is a universityde
commitment that will have local and global impacts on the
economy and environment.
(www.marinestudies.oregonstate.eglu

CAMPUS SITE PLAN
HATFIELD MARINE SCENCE CENTER glAs

MARINE STUDIES BUILDING e

The HMSC is strategically located in the South Beach area@
Newport Oregon to retain close connection to wbdlass ~ Figure2 HMSC Site with conceptual location o
A T s new facilities (orange)

g i seawater facilities and
' 2 proximity to a number of state and federal agency partners. As with all of
the coast of Oregon, it is also located in an area subject to major
| earthquakes and within the resulting tsunami inundation zone. Figure
illustratesthe area and the extent of the expected tsunami inundasion
The yellow line shows the worst expectextent ofinundationwhere only
Safe Haverill and the Communityollegesitesare on high ground.

Because of the potential for earthquakes and tsunamis and the
¥ controversy about siting the project in a tsunami inundation zorelJO
:%‘Egﬂ'e';‘:"iw confrracte_dwi.th our firm; to Qevelop.approprigteeismic and tsunami
design criteria and assist with the site selection of the new MSI Complex
Figure3 South Beach Area The focus of the work was on addressihg prevailing vulnerabilities and
showing the Jocation of the concerngelated to expanding the existing HM$&mpus.

community Collegesafe Haven

Hill, and HMSC. _ _ .
OSU is committed to the safety of aludents,faculty,staff and visitors

The HMS@acility currently has a robust emergency response program that includes tsunami evacuation
plans and annual drills that are considered to be bestat OSU. Th&niversityunderstands and is
addressing the seismic and tsunami hazards that include strong shaking, liquefaction and inundation.

TheUniversityhas establishethe following“Building Princifes’ related to the planned expansion.

1 Allhousing will be located on high ground, sigteof the inundation zone


http://www.marinestudies.oregonstate.edu/
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1 All new huildings will beseismically resilient structusghat will survive and allow occupants to
exit and follow the tsunami evacuation plan.

9 Structural desigmriteriafor the prgposed buildingvill exceedcurrent seismic codes using state
of-the-art structural design criteria and options.

1 Theproposedexpansion will improveurrent earthquake readiness and tsunami training.

1 HMSC willentinue to collaborate with the TsunarBivacuation Plan Partners.

The 201 Tohokuearthquakeandtsunamibrought the world instant images of thaestructive power of

a major tsunami not unlike the one that is expected along the coast of Oregon. Japan is rebuilding, but
in a very cautious mannefrheir newstandards mandat¢hat al 24/7 occupancies must be built on high
ground and all other occupancies must be built with adequate plans for vertical and horizontal
evacuation.

That event as well as thmncerns expressed by ma@sU professoligad to this study that is focused

on what might happen and what can be done to mitigate the consequences. It began with meetings with
a working group that was formed to manage the decision making process related to the siting and
construction of the expansio It involved a series of interviews with a wide variety of experts in the
various disciplines related to earthquake and tsunami safétgsulted inthis statement of the issues,
suggestediesign citeria, and opportunities for OSU to considenplementing.

3.0 Proposedearthquake and Tsunaiesign Criteria

Newport, Oregonis located in a high seismic zone. As with the entire west coast of the United States,
strong earthquakes have occurred over regular intervals and will continue to.dodhe Pacific
Northwest, these earthquakes have three basic soursesllow crustal events, deep Benioff zone
events, and Cascadia subduction zone events. Q080 ZEarthquakegeryear are recorded but only a
few are large enough to be felt. Seislmgisis expect thata major earthquake ranging in magnitude 7.0
to 9.0is possibldut only expected every few hundreds of years.

Design for Earthquakes

Today, buildings and infrastructure systeatsOSUthroughoutthe westcoast and much of the United

States are designed for the largest expected earthquakes as determined by the United States Geological
Survey (USGS)YSGS uses probabilistic theory to determine how strong the shaking will be throughout
the region based on thousands of potential everiEstimates of the strong shakingith 2% probability

of being exceeded in 5@ears alongvith the levels of resulting damage that is considered acceptable

are the basis of the building codes adopted and used totlag.resulting designs take into account the
expected strong shaking as well as the occurrendarafslides|iquefaction and lateral spreading where
appropriate.
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The minimum levels aicceptabled a mage i ncor porated in today’' s bui
occupancy and function of the building or infrastructure system. At a minimum, all construction is

designed to avoidamage that will cause serious injury or loss offlifiéwithout specific regard for re

use. In addition, buildings and infrastructure systsitinat are needed to support the immediate

response andhe early days of recovery are designed to remasgable. To accomplish these goals, the

designs musprovide appropriat€foundations robust structural systems as well as anchorage and

protection ofnon-structural elements and content$he new MSI complex is required by code to be

designed only to the minimurmmodelevel, that is asa RiskCategory Il building

In the South Beach area of Newpdfiregon, the current building codequiresdesign fo a peak

ground acceleration aft8gwith consideration given to the maximum considered peak ground
acceleration of68g.At this intensity of ground shaking, liquefaction is expected to cause subsidence of
up to 3 feet and lateral spreading of up to 3@feat the HMSC sites. No liquefaction is expedtethe
vicinity around theCommunity Qollege, though there may be some areas subject to landsliBesause

of the proximity to the Cascadia subduction zore $outh Beacllesign valueare about 50% higer

than used for the design of buildings built in Corvallithe main OSU campus.

Design for Tsunami Threats

The Cascadia subduction zone has the abditgl is expected at some time generate a major
earthquakethat will result in asignificant tsunami that will inundate the Pacific Northwest Coast much
like what happened in Japan in 2011. The arrival time and depth of the inundation at any particular site
along the coast will depend on the size and location ofdhghquake. An event of this magnitude has

not occurred in over 300 yeardsing turbidite paleoseismology, seismologists hasen able to

identify up to 41 Tsunami events of various sitest have occurreaver the past 10,000 years. They
havesubsequenthydeterminedthat in the 100 year life of the MSI complex, there is a 39% to 58%
probabilitythat atsunamiof some size will occat the site.

The characteristics of the expected tsunami inundation along the Oregonwaa#te topic of a mui-

year study by group of experts convenelly the Oregon Department of Geology and Mineral Industries
(DO@WMI). The effort resulted ian OperFile Report €.3-19 entitled Tsunaminundation Scenarios for
Oregonthat included a digital data release of their modelifipey devéped seven scenario events,

five related to local Cascadia subduction zone everdssignated S, M, L, XL, aXHL andwo related

to eventsin Alaska.

In 2011, the Oregon State Legislature unanimously approved a resolution supporting the desriop

of the Oregon Resilience Plan: Reducing Risk and Improving Recovery for the Next Cascadia Earthquake
and Tsunami. The subsequent report was published in 2013 and included a series of recommsndation
related to actios that needed to be taketo make Oregomnore resilientto a tsunami generating
earthquake A Governor’ s task force was convened after

6
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recommendatiors for the plans implementation. This task force report was submitted to the legislature

in 2015.Includedin theirrecommendationsisd¢ desi gnate t he DOGAMI “L” Tsu
planning inundation zontr new constructioras requiredoy ORS 455.446 and 455.447. The following
newf acilities are therefore not permitted inside t
1 Hospitak and other medical facilities
9 Police and Fire Stations
1 Government communication centers and other facilities required for emergency response.
1 K-12 schools and child care centers with a capacity greater than 250.
9 Colleges or adult education schools withapacity of greater than 500 persons
1 Jails and detention facilities

AllMSIbuildingsbeing considered to be located within the HMSC campagparmitted to be built
in the tsunami i nundation zone accordimeg to the
(http://mww.oregon.gov/OMD/OEM/docs/resilience_tf/2014%2009%2029%200RTF%20Repport.pdf

Regardless of the legal requiremen®$SU has stated that consideration will be given to the feasibility of
designing the MSI compléaber epai rabl e given the o0c mhadditos,mce of a
evaluation of the risk to ongoing research projects andaiation planning will be done based on the
occurrence of a “XXL” event.

Figure4 illustrates theestimated inundation depths at the HMSC site (DOGAMI Statiparbarrival
timesfor D O G A Mive’losal eventsNote that the aépthsat the sitevary from less tha 1 foot to 27
feet for the five local eventand the arrival times are all about 30 minutes after the initial rupture.
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4.0 Consideringhe Effects oEarthquakeand Tsunarsi

The consulting team worked with and interviewed OSU faculty and staff, DOGAMI staff, Newport Cit
and Port Officials and members of Oregon Emergency Managementderstand how to put these

facts into perspective The interview began with a brief written survey of issues to be considered
followed by a series of questions related to the tsunami hdztihe associated risks, and the
appropriate mitigation measures. The survey fand summary of results are included as Appendix A.
Thelist of interview questionsare attached as Appendii.

The interview participants were selected by tlverking group and provided to theonsultants. In
person groupnterviews were conducteth 20150n March 1213 and November &7 and two
additional interviews were conducted by phone later in NovembaAs.is apparent in the survey results,
all participants were keenly interested in théSI complexand committed to thegrogram, as well as the
health and safety of th&niversitystudents, faculty and staffrhe interviewers kept notes of the
sessions and used them as the basis of the observationsarsitlerationsthat follow.

The following people participated in the studg members of the working group, people interviewed, or
both.

OSU dallege of Earth, Ocean, and Atmospheric Sciences

Jack Barth Professor and Associate Dean for Research

BobCowen Director,Hatfield Marine Science Center

Patrick Corcoran Associate Professor, Geography, Environmental Sciences and Marine Resource
Management

Bob Dziak Affiliate Professor, Geology and Geophysics

Chris Goldfinger Professor, Geology and Geophysics

JohnNabelek Professor, Geology and Geophysics

Anne Trehu Professor, Geology and Geophysics

Bob Yeats Professor Emeritus, Geology a@@ophysics

OSU Administration

Mike Bamberger Emergency Preparedness Manager

Glenn Ford Vice President for Finance andridistration

Steve Clark Vice President, University Relations and Marketing
Jock Mills Government Relations

Kirk Pawlowski University Architect, Capital Planning and Development
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OSU G@llege ofEngineering

Sott Ashford

Kearney Professor of Engineegiand Dean

OSU College dEngineering, Civil and Construction Engineering

Andre Barbosa Assistant Professp6tructural

Dan Cox Professor, Coastal and Ocean
Ben Mason AssistantProfessor, Geotechnical
Armin Stuedlein Associate Professor, Geotechnical
Harry Yeh Professor, Coastal and Ocean
DOGAMI

George Priest Geologist

lan Madin Interim Director, State Geologist
Jonathan Allan Coastal Geonmphologist

City ofNewport and Port Officials

Spencer Nebel City Manaer
Kevin Greenwood GeneralManager, Port of Newport
Derrick Tokos Community Development Director

Oregon Office ofEmergency Management

Dennis Sigrist State Hazard Mitigatio®fficer

Althea Rizzo

There was considerable variation in the opinions expressed about the characteristics of the expected

Geologic Hazards Program Coordinator

earthquakes and tsunamis and the opportunities dioderstanding andnitigating the consequence.
Over 90percent of ttose interviewed expressedupport forlocating the MSI complex as plannad

HMSC They collectivelyexpressed the following major benefits and suggested mitigation measures to

reduce the inherent lifesafety risksSome of the mitigation measures are already included in the

building princigls and design criteria established by the univergitpumber of other suggestions were

made by those that did not support the current plans.

Major Benefits

1.

©ONo gk wWN

Promotes increased collaboration among researchers at HMSC.
Enhances st udexpdrientce. educati onal
Strengthens the collaboration between the South Beach research partners.
Brings economic benefit to the community.

Providesaccess to the highest quality seawater for uséhmlabs.

Establishes new benchmarks fehen andhow to build in @sunamiinundation zone.
Creates an pportunity to improvethe existingHMSQvacuation plans.

Provides a opportunityto enhance safety for all occupantstire South Beaclarea

9
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Additional Mitigation Measures
1.  No 24/7 occupancies ever at HMSC (i.edstu housing)Relocate all that currently exist.
2. Evacuation measures should be based on woaste inundation (XXk)regardless of
probabilities.
Work closely with DOGAMI to defitlee® wocase” scenari o.
Consider relocating neassential teachingnd researchactivities to higher ground.
Design for sea level rise.
Design facility to be usableafr r epai r s f with candiderationlgiventos u n a mi
the expected debrigmpacts
7.  Plan for total building loss and subsequent reconstructioHMSC #fier a significant
tsunami.

ook w

Other Siggestions
1. Relocate HMSC and the new MSI Complex to high ground. Maintain only the existing dock,
tool shed,and warehousdacility at the current location.
2. Build the new MSI Complex on high ground with the intention of a complete reloaaition
HMSQan thelong term.

5.0 Recommended Considerations

The Marine Studies Initiative is underway and well rooted in the future of Oregon State University.
decisionto site the MSI complewithin the Newport, Oregoncommunity, has been madewith the
neededstudenthousingto belocatedat a new site on high ground near t@mmunity College.

Funding for the project is well developed and includesametary commitmenfrom the Stateof
OregonLegislature. The process is obviously in motion, but there is time to make a balanced decision
about how to proceed.

We recommend that the University consider proceeding on two parallel tracks. The first is related to
expandinghe evacuation planning in a move to enhance its effectiveness and support for the
surrounding community. Regardless of the final decision about the location(s) of the MSI Complex,
there is ample opportunity to improve the excellent plans now in placetan the refined information
and modeling techniques available. The second is related to commissioning the selected A/E design
team to complete the conceptual studies needed to explore the suggestions offered during the
interviews, develop cost models tife options explored, and complete the dessdgrased on the

selected solutior. Detail of each track follow.

10
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Initiate Expanded Horizontal Evacuation Planning

1.
2.

3.

Base evacuation plannimging forward on the DOGAMIX XL " event .
Expand thecurrent planning ommittee to include representatives from the City of
Newport and South Beach businesses and residents.

Build upon, augment and utilize available new technologgefme the evacuation
process to improve efficiency and completeness. Seek counsel fromrADgsg
Determine optimized evacuation routes to Safe Haven Hill and the Community College
area based omite specific, stat@f-the-art agentbasedmodelingnow under
development at OSU. Consider the opportunity to provide vertical evacustiootures,
perhapsfor useas alast resort. Strive to define a path to safety for every occupant of
South Beach.

Seek state and local funding for evacuation route improvements including additional
signage, automated alerts, evacuation route modifications, and tempataeiter support
for evacuees.

Develop and implement a South Beaglue evacuation plan that brings awareness and
includes briefings, training and regular exercises

Initiate the Design Process

1.

Develop a cost and schedule model for relocating HSMC amktheM SIComplexon

high ground.

Commission site specific studies related to strong shaking, liqguefaction, subsidence and
lateral spreading potential, tsunami inundation potential, identification of debris sources
and the potential for large ship impactsthe HSMC site. Site specific design criteria is key
to developing appropriate cost models.

Confirm the program and the adjacencies needed for the targgtarch andeaching
environment. Determine if any of the MSI Complex activities can be accomptishedh
ground at the housing complex.

Develop alternate solutiasifor the design of the facilities that need to be at the HMSC.
Determine cost models for code minimum constructamd forconstruction that will be
repairable aftem an “L” | evel i nundatio
In collaboration with the evacuation planning efforts, determine the feasibility and a cost
model for providing vertical evacuation at the site, perhaps as ardésstrt option.

Using triple bottom line style of comparis¢social, financial, environnm¢al) , determine

the best options for the short term and long testatus of the HMSC and the new MSI
Complex.

Design and construct the selected solution.

11
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Appendix A

Survey Formand Summary of Results

12
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Qurvey Form

OREGON STATE UNIVERSITY - HATFIELD MARINE SCIENCE CENTER
MARINE STUDIES INITIATIVE

Respondent Name:

How would you rate the following site selection factors?

z'-l
)

Site Selection Factors

a. Site Accessibilty (Pedestrian, Vehicular, Marine)
b. Access to critical research infrastructure such as sea water system
c. Proximity to other scientists conducting related marine science research

d. Proximity to research subject matter

Additional costs and time associated with conducting research from a
" remote location

f. Building construction project costs

g. Economic impact on the local community

h. Local politics and political influence

i. Safety and security of students, faculty & staff
j. Risks associated with potential natural disasters

k. Shovel ready site (with utilities and other improvements)

0000000000004
00000000 0000§:-
000000000000 -
00000000 0000

|. Other: (Please specify)

The Estimé Group, Inc. and Chris D Poland Consulting Engineer May 12, 2015

Survey Results

Additional Risks
Accessto  Proximity Proximity Costsfor  Building Economic Safety & Assoc.
Respondent Site Research  toOther toSubject Remote Construction Impacton Local Securityof Natural Shovel
No.: Accessibility Infrastructure Scientists Matter  Location Costs C ity Politics O Disasters Ready Site  Other: iption of Other

01 3.0 3.0 3.0 3.0 30 20 4.0 5.0 5.0 2.0 3.0  Public Education
02 3.0 40 4.0 3.0 3.0 3.0 3.0 4.0 5.0 5.0 2.0
03 4.0 5.0 4.0 4.0 4.0 3.0 30 20 4.0 3.0 30

40 5.0 5.0 5.0 4.0 4.0 4.0 3.0 5.0 40 4.0
05 4.0 4.0 4.0 4.0 5.0 3.0 20 3.0 5.0 4.0 30

3.0 40 20 1.0 3.0 3.0 20 1.0 5.0 5.0 2.0 5.0 Hazard Resilience
07 5.0 5.0 20 20 3.0 30 5.0 3.0 5.0 5.0 3.0
08 30 30 3.0 3.0 20 3.0 3.0 4.0 4.0 4.0 30
09 30 40 40 3.0 3.0 20 20 20 5.0 5.0 20
10 2.0 20 3.0 3.0 3.0 2.0 4.0 4.0 5.0 5.0 10
11 10 4.0 5.0 4.0 5.0 5.0
12 3.0 30 40 3.0 20 3.0 4.0 3.0 5.0 5.0 3.0 4.0 Vertical Evacuation
13 30 50 40 3.0 20 3.0 20 4.0 50 5.0 3.0 5.0 Decrease risk for community
14 30 4.0 40 3.0 20 3.0 5.0 4.0 5.0 5.0 3.0 4.0 Improve safety for community
15 3.0 3.0 4.0 3.0 5.0 5.0
16 3.0 3.0 4.0 3.0 5.0 5.0
17 4.0 30 30 3.0 5.0 4.0 4.0 3.0 5.0 5.0 4.0
18 3.0 3.0 3.0 3.0 3.0 3.0 4.0 3.0 5.0 5.0 2.0
19 20 5.0 5.0 5.0 5.0 4.0 4.0 3.0 5.0 4.0 4.0

Averages 31 35 32 33 3.1 35 cEENE S BN ARl S SR e, ¥ A
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Appendix B

Interview Questions
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9.

HMSC MRI Marine Sciences Building
10 Questions for the March 12-13 2015 interviews
Roz Estime, Chris Poland

Does the MSB need to be located at the HMSC?
Can the MSB be designed to protect the faculty, students and visitors during an earthquake and
Tsunami?
a. Are there any longer term experiments that need to be protected?
b. Should the damage to the MSB be repairable so that it can be reopened afterwards?
c¢. How soon?
In terms of the following characteristics, what size earthquake and Tsunami do you expect in the
next 50 years? What is the largest that could occur?
a. Magnitude
Water height
Velocity of the flow
Subsidence
Lateral spreading
Debris sources
How detailed and accurate is the computer modeling of the South Beach area?
a. Is there agreement among scientists about how to model these events?
b. Have the estimates been peer reviewed?
c. Factors of safety
Is it possible to control/redirect the expected debris flow?
a. Levy at the Marina
b. River as the least path of resistance
What are the early warning systems now in place and what is planned?
What are the current evacuation plans for South Beach?
Partner Agency Plans.
How many people will need to evacuate?
Are there plans to use the multistory buildings in the area?
What high ground is available?
Will the bridge approach be usable?
What are the existing barriers?
What can be done to improve the evacuation plans?
a. Vertical evacuation
b. Elevated Road way
c. Debris mound near NOAA
What benefits will the MSB bring to the community?

"m0 oo

o o0 T o

10. Other comments and suggestions
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