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EXECUTIVE SUMMARY

Hurricanestorm surge and wave action, and tsunami inundation, threaten all coastal areas
of the Hawaiian Islands. This includes all commercial ports and harbors. Because of their
remote location in the middle of the Pacific Ocean, the Hawaiian Islands are heavily
dependent on their ports and harbors for delivery of essential produce to and between the
islands. Closure of any of the Hawaiian commercial ports for more than a week due to
storm or tsunami inundation would severely affect the health and safety of island
residents and their ability to recover from the event.

This report summarizes a mujtear project to survey all commercial harbors in the State
of Hawaii for their vulnerability to damage during future hurricane and tsunami events.
The survey included Naiwvili Harbor and Port Allen on Kauai, Honolulu Harbor and
Kalaeloa Barbers Point Harbor on Oahu, Kahului Harbor on Maui, and Hilo and
Kawaihae Harbors on Hawaii Island. Project team members met with harbor
administrators of each commercial harbor to assccurrent procedures for response to
hurricane or tsunami warnings, and to survey the harbor facilities.

The team assessed the vulnerability of various aspects of port opegatriacilities

during the maximum considered hurricane and tsunami ev&hts.scenario events
considered for this assessment were a Category 4 hurricane making landfall at the worst
location for each port, and a potential,M.2 Great Aleutian Tsunami which would
impact the State within 4 to 5 hours of the earthquake. following are some of the

more important findings and recommendatiorede as a result of this study

Harbor Administration

The Harbor Administrator andl@istrict Manager®f commercial harbors in Hawaii are
familiar with the potential consequences of hurricane or tsunami inundation. All harbors
have procedures in place to respond to hurricane or tsunami warnings, including ship
evacuation, shipping container and equipmentdling, and personnel evacuatioAll

District Managers follow the samprocedures;however, implementation of these
procedures has not always gone smoothly during recent warning events.

Port Evacuation

Every effort should be made to evacuate all ships and barges to designated deep water
anchor zones. Ships and barges that do not evacuate the harbor may break free from their
moorings and become large floating debris. This may result in severe impacted@amag
piers, port facilities and neighboring structures, or sinking of the vessels in the harbor.
This is particularly critical for noiseaworthy ships that are unable to leave the port

Current ship evacuation procedures require that stevedores be availadmsist with
castingoff mooring lines before ships can evacuate. Pilots and tug boats are also
generally required for large vessels to leave a habhaing a hurricane warning there is
generally sufficient time for these operations to run smootHbwever, f a tsunami
warning occurs during neworking hours, these requirements can result in significant
delays to the evacuation process.



If an evacuation is called, the decision to evacuate should not be left up to the ship
captain or ship owner, artle evacuation should not be delayed in order to wait for non
essential crew members or cruise ship passengers stranded orEs$asedtial port
personnel such as pilots and tugatoperators should have special identification passes
that permit them to réer the evacuation zone during a warnifgich measures are
already in place on OahWctivities that do not require ladolased personnel, such as
casting off, should be permitted under warning conditions so as to accelerate the
evacuation process. Unignles governing these activitiemd potential liability issues

will need to be addressed before a formal policy is adopted

In order to gain a better understanding of the potential currents in selected critical ports, it
is recommended that field instruntation be developed and installed to monitor current
and wave conditions during future tsunami and hurricane events. The data collected by
this instrumentation could then be used to calibrate numerical models to simulate the
hydrodynamic effects in theekected ports. An improved understanding of the anticipated
harbor currents would allow for better decision making regarding the need to evacuate
during minor or norwarning level events.

Before the allclear can be given to allow evacuated ships and bameeenter the
harbor, it will be necessary to verify that shipping containers and other floating debris
have not sunk in the harbor channel or basin, thus reducing the availableEdct.
harbor should have access to sonar or other equipment ngcessaran for sunken
objects that might reduce the draft in the harbor channel or basin.

The wvast maj ority of cargo handled by Hawa
shipping containers. Whether empty or full, enclosed shipping containers will ifleat g

sufficient water levels. As large floating debris, they pose an impact hazard to cranes and

other port equipment, buildings and neighboring structures. They are also likely to sink

when water leaks into the container, resulting in potential lossaéifidrthe harbor.

Harbor procedures during a warning evsnouldprovide for evacuation of all shipping
containers with hazardous materials, followed by those with livestock and perishable
goods, to designated locations outside the inundation zBuogele locations for
shipping container evacuation should be identified and Memoranda of Understanding
(MOUSs) should be established with the owners of each evacuation site. Harbor personnel
required for shipping container evacuation should be provided weitiadpdentification
passes that permit them to enter the evacuation zone during a warning. All container
handling equipment that can leave the harbor should do so prior to anticipated inundation
so that this equipment is available to assist with cleandgpastevent recovery.

Empty shipping containers that are left in the inundation zone will float if they are closed
and the flow depth exceeds one foot. Consideration should be given to opening the doors
of empty containers to avoid buoyancy forces, aslraining the containers with held
downs or cables to prevent hydrodynamic loads from washing thi the harbor,

where they would sink and reduce the available draft.

Cranes required to handle shipping containers will probably survive structurally, but
water and impact damage to electrical and mechanical equipment at the base of the cranes
will likely result in extended downtime. Alternative container handling procedures such



as rolton roll-off ramps, shipmounted cranes and mobile labdsed cranes mabe
required until the harbor cranes are repaired.

Harbor Piers Equipment and Storage Facilities

Most existing piers are anticipated to perform well during future inundation events.
However, designs of future piersoshoutrdduanec
uplift pressures to which the piers might be subjected.

The majority of bulk handling facilities in Hawaii are located in Kalaeloa Barbers Point
Harbor, while limited bulk handling operations existte other harbors. Potential water

and debris impact damage to the mechanical and electrical components of this equipment
is likely to result in considerable downtime before repairs can be made and bulk handling
operations reinstated.

Fuel storage tank farms are often located within or adjato harbor facilities. These
farms are typically surrounded by berms or walls that serve to contain fuel spills. These
berms and walls will have been designed for internal hydrostatic pressure, but not
necessarily for exterior hydrostatic and hydrodyitatoads that will occur during an
inundation event. In addition, the height of these retention systems is controlled by the
potential fuel spill, and not the anticipated exterior inundation. It is therefore to be
anticipated that many of these berms otlsvavill be overtopped leading to potential
large buoyancy uplift forces on the tanks, and potential for debris impact strikes,
particularly from shipping containers that are often stored adjacent to the tank farms.

Enclosure walls that are structurallgftient or not tall enough to prevent overtopping
during a design hurricane or tsunami event should be considered for strengthening or
replacement. The addition of rotil protective fences to the top of structurally sound
enclosure walls and berms cdube considered as a measure to prevent debris
(particularly shipping containers) from entering the fuel storage enclosure and damaging
the tanks and pipind-uel storage tanks should be kept as full as practical so as to reduce
buoyancy forces if water evtops the protective wall or beralternative fuel storage
facilities outside of the inundation zone should be identified as backup supplies if the port
fuel facilities are damaged or rendered inoperable.

Harbor Buildings and Adjacent Critical Facilities

No critical operations or equipment should be housed in substandard harbor buildings
that are not expected to survive a design level hurricane or tsunami. Essential and critical
buildings such as the Honolulu Harbor control tower, the HDOT harbors divisio
Emergency Operations Center building on Pier 2, Matson control tower on Sand Island,
and other buildings that will remain occupied during a warning event, must be evaluated
structurally to ensure that they can withstand the anticipated hydrodynamielamnsl d
impact loads. Important warehouse and other harbor buildings that are required to survive
with only nonstructural damage should be evaluated structurally.

Power plants located adjacent to Kahului and Honolulu harbors should be evaluated for
their exposure to impact damage from floating shipping containers and other debris. Sand
Island Wastewater Treatment plant should be evaluated for its ability to survive a design
level hurricane or tsunami without resulting in sewage spills that could endanges res
and recovery personnel.
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1 INTRODUCTION

Ports and harbors are of necessity built at sea level, making them particularly susceptible
to damage due tsunami wave loadingand hurricanstorm surge and wave action. This
report was developed on behalf of the Hawaii Departmenfrahsportation as a
preliminary overview of the vulnerability of Hawaiisommercial ports and harbors to
damage during futuresunami andhurricane events.

The study involved site visits to all commercial ports in the Hawaiian Islands, and
meetings with prt administratorsCurrent port procedures in the event of a hurricane or
tsunami warning were reviewed and evaluated in light of past experience during the 2010
Chile Tsunami, 2011 Japan Tohoku Tsunami, ldadicane Iselle in 2014.

Potential hazards werconsidered during the field surveys and are summarized in this
report. These include the potential impact damage from ships and other vessels in the
harbor during the event, hazardous spills and impact damage from shipping containers,
loss of draftdue b sunken debris, and potential oil spills and fires due to damage to fuel
storage facilities. The survey also included evaluations of bulk handling equipment,
harbor piers, cranes, and buildings.

Chapter 2 of this report presents background informatioludimg damage caused to

port facilities elsewhere in the US and around the World during past hurricane and
tsunami events. Chapter 3 presents the hurricane and tsunami hazards that are considered
in the evaluation of Hawaiian ports. Chapter 4 present®ltBervations made during

visits to each of theevencommercial ports and harbors in the Hawaiian Islandsle

Chapter 5 provides a summary, conclusions and recommendations based on these
surveys.






2 BACKGROUND AND LITERATURE REVIEW

Considerable damage has been caused to port and harbor facilities during past hurricanes

and tsunamis. The predominant damage to port facitiiesg pashurricanes has been

due to storm surge and wave action, rather than the high speed Wsndsmi vaves

have caused significant damage to ports and harbors throughout human history. Literally
meaning fAharbor waveo, d aumarguisporty and ambora mi s h a
during recent tsunamis in the Pacific Ocean.

This introduction discusses typicdhmage observed at port facilities duridgrricane
Sandy in October 201Zurricane Katrina inSeptembe2005, the Samoa Tsunanon
September 22009, the Chile Tsunanan February 272010, and the Tohoku Tsunami

in Japaron March 112011. Similar darage during earlier tsunami and hurricane events
is also presented, particularly where it relates to likely performance of current Hawaii
port facilities.

2.1 Significant Past Hurricanes and Tsunamis

2.1.1 Hurricane Sandy

Hurricane Sandy c aufeocestormisarge ine xhé Pod of Nelvivarle r y 1 4
and New Jersey and surrounding communitieso
US in late October, 2012 (Sturgis et al. 200l )T he wat er swel l ed over
guays, causing oil and hazardous maleriacidents, sweeping debris into shipping

channels and severely damaging 180 commercial waterfront facilities. Corrosive
saltwater flooded the operations centers of marine terminals, destroying computers,
security cameras, power transformers and cargaraosystems. Crude oil refineries,

bulk-oil holding facilities, and containership and passenger vessel terminal operations all
came to a halto (Sturgis et al. 2014).

In order to mitigate the effects of this storm, the US Coast Guard activated the Marine
Transportation System Recovery Unit (MR®) two days prior to the storm arrival. The

ports were closed to marine traffic 24 hours before anticipated landfall, and all large
commercial ships, including cruise ships, went to sea to weather the Soratle

vessels that remained in port had crew onboard to avoid having vessels swept onshore or
grounded. Hurricane Sandydés storm surge and
and piping, resulting in approximately 500,000 gallons of heavy fuel oil beiegsed

into a local waterway (Sturgis et al. 2014).

According to Stwurgi s, et al . (2014) ,- Athe be
RU, whi ch wor ked successfully e because [
relationships andstwoidst he pbotrwee€m mmambery. O

2.1.2 Hurricane Katrina

Hurricane Katrinanade landfall orthe coastline of the Gulf of Mexicon August 29,
2005, as a category 3 hurrican&fecting the coastlinfom New Orleansl.ouisiana, to
Mobile, Alabama. Because of the lbt@mthymetry and shape of the coastline, as well as
the extended period as a category 5 hurricane over the Gulf of Meéeogsulting



storm surgeexceeded 25 feet in some locatiowéind-driven waves on top of this storm
surgeadded to theonsiderablalamagecausedo coastal buildings and other structures
by hydrodynamic effect@Robertsonet al 2006 2007 FEMA 549, 2006 Mosqueda and
Porter, 200Y. In addition to considerable damage to communities all along the affected
coastline, Gulfport Harbasuffered major damage due to hydrodynamic loadiigure

2-1).

Extensive
damage to
warehouses

je ate:97/114989)5" lat * 30.355882° lon - 39 elev 7ft eyealt 4931 ft Imagery.Date:18/24989)51 lat " 30.3558829 lon -89.C elev 7ft eyealt 4931

Figure 2-1: Google Earth images of Gulfport Harbor bdore (left) and after (right)
Hurricane Katrina

2.1.3 Samoa Tsunami

The September 28 2009 tsunami affecting Samoa and American Samoa dause
extensive damage in the main port of Pago Pago, American Samoa (Robefrtabn,

2010). This event was triggered by raagnitude 8.1 earthquake south of the Samoan
Islands. Most of the damage occurred on the south shores of the island chain, but
considerable wrap around damage was observed on east, west and even north shorelines
of American Samoa.

2.1.4 Chile Tsunami

On Februar27", 2010a magnitude 8.8 earthquake off the central coast of Chile caused a
near sourcegsunamithat resulted inconsiderable damage to the port of Talcahuano
(EERI, 2010; Olsenet al. 2012;Robertsonet al 2012).Numerous coastal towns were

also severely damaged by tsunami inundatibgure 2-2 and Figure 2-3 show Google

Earth images before and after the Chile Tsunami. Because the earthquake that caused the
tsunami occurred at 3:34AM local time, very few of the ships in these harbors were able
to evacuate. This resulted in numerous skigsaged, washed onshore, or sunk in the
harbor basins.
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Im3ger2006te: 9/9/2009  lat -36.695740° lon -73.102¢ elev 27ft eye Im3ger2006te: 3/6/2010

Figure 2-3: Talcahuano Naval Harbor before (left) and after (right) the Chile Tsunami



2.1.5 Japan Tohoku Tsunami

The March 11, 2011 Tohoku Tsunami off the Northeast coast of Honshu Island, Japan,
caused tremendous damage to numerous ports all along the Tohoku coastline (Chock, et
al. 2013a; Chock, et al. 2013b.). Many of these ports are still trying to recover from this
disaster, while some are likely to cease functioning as port facilities for the foreseeable
future. Figure 2-4 shows Google Earth images of Taro harbor before and after the
Tohoku Tsunami. Similar comparisons for other ports along the Tohoku coastline are
included in Appendix A.

Google earth
C

Google earth
C

9 200

Figure 2-4: Google Earth images of Taro harbor before (top) and after (bottom) the Tohoku
Tsunami



2.2 Port and Harbor Damage during past Hurricane and Tsunami Events

2.2.1 Ship and Barge Evacuation

During pasthurricane and tsunami warnings, mosthe affected ports and harbors have
attempted to evacuate larger ships and barges to deep water prior to the event. Typically
it is impossible to evacuate all vessels, particularly when warning times are short, or the
vessels are not prepared to ledweitmooring.

During the Tohoku Tsunami, most large ships were able to evacuate the harbors, even
though the warning time was only between 30 and 60 minutes depending on the location.
Hachinohe Harbor towards the North end of the Tohoku coastline wadoabl/acuate

most of the deep ocean shipping vesse€ligure 2-5 shows numerous vessels that
successfully evacuated the harbor and returned after the tsunami, alloreg mumber

that were trapped in the harbor and washed up onto the piguse 2-6 shows two of

these vessels stranded on the pier.

This port experienced tsunamoW depths on the order of3l meters (12 16 feet),

which are similar to what is anticipated for a major tsunami in Hawaii. This was
sufficient to separate ships from their moorings and float them onto the adjacent piers,
resulting in considerable disripn to port operations. Other ports in Japan experienced
flow depths of up to 20 meters (60+ feet) but such extreme conditions are not anticipated
at ports in Hawalii.

Figure 2-5: Hachinohe Harbor after the Tohoku Tsunami showing ships washed onshore
(circled) and others that evacuated during the tsunami and have now returned.



Figure 2-6: Large fishing vessels washed onto the pier at Hachinohe Harbor, Japan.

A large fishing vessel in Kamaishi Harbor, Japan, broke free of its moorings during the
Tohoku Tsunami and impacted a steel framed port building, causing considerable
structural damage to the building and piled foundatiBigure 2-7). Based on video
footage from an adjacent building, the ship was travelling at approximately 16 mph prior
to impact. In Sendai Harbor, a cargo ship floated over the pier to impact acéagye
crane and adjacent warehouse causing considerable dafgge2-8).

Figure 2-7: Ship impact damage to port building in Kamaishi, Japan.














































































































































































































































































































































































