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1. Executive Summary

The development of sustainable energy sou@dse levelbf 70% by 2030established as a

Hawaii statewidegoal,includesproposed projectiHa wai i 6 s of f shore Outer
(OCS) waters. fie Bureau of Ocean Energy Management (BOEM)regulatoryagency for

OCS energy proposals, required to take into consideration the impacthegeactivities on
archaeological and culturalseurces and traditional cultural properties. To meet this mandate,

in 2013,BOEM entered intorainteragency agreeme@iAA No. M13PG00018)with National

Oceanic anddtmosphericAdministratiod s Of f i ce of Nat i NOAAI Mari ne
ONMS) for compiing and analyzingultural resourceatafor the marine environment

surroundinghe mainHawaiian Islands. The interagency agreendefined three objectived)

developa database of known, reported, and potéstibmerged cultural resources.,
shipwrecks,submerged aircrafOCS Study BOEM 201021), 2) developa database of land

based historic properties that could be adversely impacted by the alteration of the view of the
ocean(OCS Study BOEM 201022) and3) developa proactive approach with irgenous

Native Hawaiian communitids identifying areas otultural significanc€OCS Study BOEM

2017023) The threepart assessment facilitatdhe management and protection of cultural

resources and properties, and enhaagency communication witlo¢al communities.

ThisreportThe Unseen Landscap@ventory and Assessment of Submerged Cultural Resources
in Hawar'i, provides cultural, environmental and historic context to thatabase of known,
reported, and potential submerged cultural resounsesitory(objective #labovg. The report
includes a description of the inégrencyproject, research and analysigthodsmarine
environmentatlescriptionfor the study area, discussion of site formation processes affecting
submerged historic propersicultural landscapsummary of cultural and historical changes

from the originalPolynesiardiscovery of the island® the postWorld War Il period
conclusionsreferencesand supporting appendicel is a work of synthesis, providing

contextual bakground and analysis at the cultural landscape level. This repatas

compilation of individual ship histories or site descriptions. That information is included within
theaccompanyinglatabasewhich featuregsomprehensive referencede and hisirical
informationfor the2,120 known, reported, and potential submerged cultural resources
Hawaiian waters.

Humans have been seafaring from | ong before t
covers 71% of the globe, and for navigaibserves as a highway discovery, migrationtrade,

and cultural contacts. People of the islands of Hawave been for hundreds of years, and

remainso todayjntimately connected to the sescively engaged in cultural, recreational,

military and canmercial pursuitsas well as marine resource conservatidhis connection has

produced anaritimeiln f oot print o or cul tur al | andscape, th
resources and historic properties. This fager statewidanalysis andhventory The Unseen

Landscapeis intendedo enhancéncreasing awareness, appreciation, and coraiderof these

unique resources, in the hopes of continued heritage preservation and protection for future
generations.



2. Introduction

2.1. Purpose of This Document

With passage of the Energy Policy Act of 2005, BOEM has assumed jurisdiction for renewable
energy development on the OCS, and is required under multiple st&@utes Continental Shelf
Lands Act 19530CSLA; National Environmental Policy Ad97Q NEPA; andNational

Historic Preservation Act966 NHPA) to take into consideration the impacts of OCS activities
on archaeological and cultural resources and traditional cultural properties. To meet this
mandate, BOEM entered inta anteragency greement with NOAAONMS for compiling and
analyzing data on the Hawaiian Island$he specificobjectivesof the Agreement were 1o

1) developa georeferenced database of known, reported, and potential submerged cultural
resources (e.g., shipwrecks, ainga, etc.) on the HawalDCS emphasizing the use of
primary sources;

2) developa geereferenced database of labhdsed historic properties that could be
adversely impacted by the alteration of the view of the ocean; and

3) developa proactive approach to wonkg with the indigenous Native Hawaiian
community in order to identify areas of significance that need to be considered in the
planning process for offshore renewable energy development.

The purpose of thidocumentThe Unseen Landscap@ventory and Asssment of Submerged
Cultural Resources Hawai'i, is to provide appropriatultural,environmental and historic
context to thenventory ofsubmerged cultural resousatabaséventorycitedin the
aforementioned first objectivel he reporimakes usef the cultural landscape approach in order
to bettercategorize and interpret the many varied siteshéstdric properties surrounding the
eight southeastern Hawaiian Islandsis is the first time that a statede inventory of
submerged cultural rearces in Hawai has been completed.

2.2. ldentifying Native Hawaiian Cultural Properties

Resource managememtogramgor Federalagenciesorganized undehe National Historic

Preservation Act (NHPA) (Public Lat13-287,54 USC 300101 et segemphaize physical
objects and specific bounded | ocations as fApr
these properties are the focus of targeted preservation effst®ric properties are material

remains of past human activities which meet#mepre-definedNational Registecriteria, both

from historic and Pr&uropean contact. The NHPA defines a historic property as:

€ any prehistoric or historic district, site, building, structure, or object included
on, or eligible for inclusion on, thgational Register, including artifacts, records,
and material remains relating to the district, site, building, structure, or object.

(NHPA 1966, as amendgd

Historic properies mayalsobe Traditional Cultural Properties (TCPs), locations that meet
spedfic criteria used for ceremonies or other cultural activities that may leave no material traces,
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and may have egoing use important to the maintenance of cultural practRakér and King
1998. The role thehistoricproperty plays in a community'sattitional religion, beliefs,
customs, and practicean enhance h e p r @igibdity to thé National Register of Historic
Places (NRHR)The Advisory Council for Historic Preservation (ACHP) provides guidamce
the role of Native Hawaiian Organizattis in thadentificationof historic properties
(Consultation with Native Hawaiian Organizations in the Section 106 Review Process: a
Handbook2011) andhasacknowledgd Native Hawaiian traditional cultural knowledge,
beliefs, and practiceand recognied their value in the understanding and preservation of
historic properties in Hawai(ACHP 2011).

It is important to note that Hawaiigrerspectives on cultural resources raagnetimeseem

unfamiliar tonon-Hawaiianresource managers. Tfageignemphasis orstructuresproperties

and specific prelefined locationsrather than living practices and traditionsgy not be ideally

suited forHawaii. Many Hawaiiansnaintain active personal connections with the marine
environment placing more importare on intangible practices and traditions, rather than tangible
fixed properties. Similar attitudes are seen elsewhere in the Pacific Islands region, such as in the
Commonwealth of the Northern Marianas Islands (McKinnon and Carrell 2015: 5).

Understanihg indigenous cultural perspectsas critical toculturalresource preservation

efforts; altural resource significance in Hawiagncompassefar more than just a list of

submerged propertie§heBOEM i NOAA interagency agreeme(iAA No. M13PG00018)
recognizé this fact andactively solicited Native Hawaiian perspectives and input in the second
objective,Aland-basedcoastahistoric propertie ( OCS St u d y022B @ané&the tidrd 1 7
0 b j e cdeveloping a pifoactive approach to identify areasigfificancé ( OCS St udy
BOEM 2017023)

Thisinventoryreport(OCS Study BOEM 201021)includes contextual background for the
Polynesian discovery and settlement of the islands, and descriptions of selecttbnear
Hawaiian property typesut doeshot inventory Native Hawaiiasubmergegbroperties per se
for describing these living practices and traditions in terms suitable to préptsriyould
frequentlybe inappropriate. Information regarding marine locations that are important to
gathering ad fishing activities was traditionally the responsibility of spedifiaohiki(resource
managers) or families and individuals, and not suitable for general distributi@more
detailed assessment of Native Hawaiian cultural resoig¢hsrefore ldfto the two
accompanying studies (abovd)his study,The Unseen Landscape: Inventory and Assessment of
Submerged Cultural Resources in Hawdbcuses on the many submerged properties of
shipwrecks and aircraft around the islafrdsn the historic pead.

All three of the OCS BOEM studiase necessary for gaining a more comprehensive
understanding of Havi® s ¢ otamgibblecard intangibleulturalresourcesetting.

2.3. ldentifying Historic Submerged Cultural Resources

The assessment effddcusedon the OCSwhich, for Hawaii, is defined as the zone Béderal
jurisdiction around the island200 miles from island shorelines. Hawd#ias no shallow
continental shelf, for the islands are formed of volcanic activity through the oceanicrshelf o
plate. The Hawaiian Islands are literally the tops of large subsea mountains, with slopes
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dropping quickly to the abyssal plain. In other words, depths increase very quickly in the waters
surrounding the islands. Shallow watemotesensingsurveys, used elsewher@® locate
submergedultural resourcesn continental shelveare limited to neashore coastal areas

Hawaii. Deep water surveys for these types of resouaoesiore complex and expensivand

far fewerhave been conducted.

Thebulk of information on submerged cultural resourceshisreforedocumentbased, derived

from archives and libraries and collections, and most often describes what was lost, rather than

what has been foundReferred to here @ s u b me r g e aboucas (SCR), thaslinken
properties that descri be el amtedayalsocollectiva/awai i 0s
knownasiunder wat er cWdH). Subraergedskipwretks, subntarines, and
aircraftreflect majoparso f  H a me@ent pagtend discoveries of these resourgeserate

public attention to the field of maritime archaeology and heritage preservation.

2.4. The Maritime Cultural Landscape

Maritime archaeologists havatentendedto interpretindividual sitesasisolated propeies but
submerged cultural resources are often related to each other, or related to common historic
events or historic periodand should be considered in conteRtibmerged archaeological sites
are never isolated from their surroundings, but are affidlcy many features outside the normal
description of historic properties, such as ocean environment, past and present uses of ocean
space, etcSynthesis in interpretation, therefore, is critical to gaining a better understanding of
the cultural significance of individual sites. his report provides culturaind historiccontexs
thataremore comprehensive and holistic in nature, in order to understand the categories of sites
and common events or historic periods that give meaning to the disamgte mdividual entries

in the submerged cultural resource databddes isa smallpart of a maritime cultural

landscape approach

Cultural landscape studies do not represent a new concept, but have long been recognized as
useful tools in describing distingeographical areas of associated cultural and natural features.
Dr. Christer Westerdahl first introduced the
archaeological concept spanning both sea and land, and other scholars since then have further
refined he archaeology of maritime landscaf@testerdahl 1992)Thereis much more to

culture than archaeologiiowever Community stakeholders seek recognition of cultural

resources beyond historic shipwrecks. Resource managers must make decisions balancing
numerous cultural inputs. Until now, though, cultural resource issues have not been understood

in a comprehensive manner.

A Cultural Landscape Approach (CLA) offers a means for looking at the
important ways in which specific cultural and environmentatesses overlap

and influence one another. The intellectual concept of cultural landscapes has
been established for nearly a century, but its application to the management of
marine resources is quite new. Cultural landscapes identify combinations of
human activity and natural areas and resources that have left identifiable cultural
and ecological patternéMPAFAC 2011)



Associated sites and features of landscapes may be categorized chronologically, thematically, or
in other ways depending on the naturé¢hef research questiohe goal of this report is to
describe and analyze the broad swath of submerged cultural resources in the inventory.

In the island setting dflawaii, major social and technological changesreofteninitiated by

the arrival onew groups or specific eventSometimes new technologies supplanted older ways
of doing things; sometimes new activities added to or transformed traditional Magther

times the old and the new found ways to coexist. The maritime cultural landis¢égsaii is
dynamic. The historical backgroungrovided in Sections-9 (below)provides the contex
necessary for better understanding tinanging and evolving maritime cultural landscapet
progresses through identifiable phases or themes

1 Polynesian discovery and Hawaiian settlement

1 Earlyforeignvoyagers

i Sailing era, sandalwogand whaling

1 Plantation era and steam propulsion

1 US Navy, Pearl Harboand WWII

1 Contemporary maritime transportation

The cultural landscape approachiscentraltotrd er st anding the significa
submerged cultural resources in a more comprehensive and holistic fashion. Other aspects or

Al andscapeso, such as the physical | andscape
(preservation laws) wilhlso be addressed.

2.4.1. Defining Known, Reported and Potential Resources

The interagency agreement initiating the project directs NOAA to crekttabase of known,

reported, and potential submerged cultural resouri@esowno wrecks are compriseaf verified

and located resource sitefiReporte@d wrecks are comprised ahverified resources which have

not been located, but for which there eekableprimary and/or secondary reports of loss in a

gener al area. A Pot e mdpadrtaih whichwessalskhave gomeenissing,iorp r i s
are reported adriftyhen there is no evidence to indicate wharerhenthey sankor if they

sank at all)as well as thoseases wher# is simply not possible, due to lack of information, to

assess the liability of the reported loss

In reference to the criteria used by MBHP, the database characterizes all wreck entries as: 1)
listed; 2) eligible; 3) ineligible; and 4) not determined. The vast majority of reported and/or
confirmed sites have not beérmally assessed in terms of the Register, and therefore fall under

the Anot determinedo status. This is not equ
prior to an actual assessment of the submerged cultural resource, propertieseshrealith as
potentially fAeligibled for management and pre

2.5. Authorizations

The State of Hawaihas mandated a goal of achieving 70% clean energy by 2030. In order to
meet this goal, development of offshore renewable energynesoand construction of
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interisland transmission cablesgybe necessary. With passage of the Energy Policy Act of

2005, BOEM has assumed jurisdiction for some types of renewable energy development on the

OCs Though the islandseaoat aHawah nacantirerdat 6 doia
shelf), for Hawalii the OCSis defined as the zone Béderajurisdiction around the islands

200 miles from island shorelinéBigure 1)

Understanding the

Legend types and locations of
Excll.Jsive Economic Zone Si g nificant
i archaeabgical and
State Seaward Boundary cultural resources is

essential to their
preservation and
consideration during
planning for offshore
renewable energy
development. This
includes, among
others, resources and
areas important to the
archaeology and
history of the
Hawaiian Islandsas
well as resources and
areas important to
Native Hawaiian

Figurel: 200mile EEZ boundary (purple) around the main eight Hawaiian communities, both
Islands. (NOAA ONMS) historical and
modern. As planning

and development for offshore renewable energy projects increases, the potential for impacts to
underwater and terrestrial archaeologicaltural, and historical resources, and traditional
cultural properties, will increase as well.

The inventory of cultural and historic resources, including the compilation of historic
background information and all available site data, and assessmdstsfsificance where
possible, directly addressEsderapreservation mandates undéiPA Section 106 requiring
agencies to consider potential impacts to historic properties from proposed undertakings, and
Section 110 requiring agencies to identify, erad, and protect historic properties under their
jurisdictions. The information will also be used to support reviews uhi¢PA, NEPA and
otherFederalaws.

2.6. Team Participants

B O E MBasific Region is responsible for managing the developmemyentional (oil and
natural gas) and renewable energy resources (wind and wavasantdneral resourceand
and gravelpn the OCS offshore California, Oregon, Washington and Hainan

6



environmentally and economically responsible waie Pacific Region functionsrelative to

these energy and mineral resources and usg#gde: lease management, plan administration,
environmental science, environmental analysis, resource evaluation and economics. The Bureau
also manages the alternate use ofteagil and gas OCS facilitiesThe Region is responsible

for providing information needed to predict, assassl manage effects from offshore energy

and marine mineral exploration, development and production activities on human, marine and
coastal envbnments. The Region also develops environmental documents under NEPA for
proposed and ongoing OCS energy and alternate use projects, and for environmental evaluation
efforts with other agencies

NOAAOGs Mar i ti me (MH®) createdgne200P, mroirgtiati@enofONMS. The
program focuses on maritime heritage resources withifotirteeendesignated National Marine
SanctuarieandMarine NationaMonumentof the Sanctuary systerand also promotes

maritime heritage appreciati@md preservatiothroughout the entire natioNOAA is legally
responsible for the management of maritime heritage resources within sanctuary boundaries.
Congress directs NOAA, through the National Marine Sanctuariescddcdmply with the

Federal Archaeological Progranihis is the collection of laws and regulations that pertain to the
protection of historical and archaeological propertieEemeralandFederallymanaged lands.

TheUniversity ofHawaii Undersea Research Laboratory (HURL) specializes in providing

sciertists with the tools and expertise they need to investigate the undersea environment,

including submersibles, remotely operated vehicles, and other cutting edge technologies. This
Center, within the School of Ocean and Earth Sciences and Teghmab theUniversity of

Hawaii, is funded through a cooperative agreement from NOAA that began in 1980. The Center

is now part of NOAAGs Office of Ocean Explora

Honua Consulting Inc. is a Hawaitwned small business founded in 2003 by Dr.sha
Kehaulani Watson Honua Consulting provides a variety of cultural, educational, community,
and environmental services, specializing in cultural and environmental impact assessments,
community engagement and consultations, education and outreactglcultaitoring, and
community capacitypuilding. The company is located on the island GHhD.

2.7. Report Organization

Thisreport provideshe analysis and interpretation of all data collected during the course of this
projectfor the first objectie: thedatabase of known, reported, and potential submerged cultural
resources (e.g., shipwreglaircraf} on the Hawai OCS

Sectionl presents the Executive Summary of this report.

Section2 describes the background of the project, the researcinatybis approaches
undertaken for the study, and the team participants who contributed to tharstudy
information sources for the inventory

Section3 presentsraenvironmentatiescription of the waters surrounding the main
Hawaiian Islandsincluding basic background information on the geologic, geographic,
and hydrologic environments. This section includes general information on the past



frequency of hurricanes and tsunamis in the area. These are the general prevailing
parameters which influencedividual site and site formation processes.

Sectiord beginsthe contextual historwith the original human discovery of the islands,
with general background in Lapita migration theory and a summary of current estimates
of original landing and settlementhe discovery of Hawdiwas the result of the longest
and boldest marine migration ever accomplishetilbyans Polynesiamavigation and
voyaging technologgre introduced, antthe basics of Hawaiian fishing and aquaculture
are covered as these adies have left a significant signature in coastal Hawaiian waters.

Section 5 explores the Europediacovery otthe islandsalong withsome ofthe cultural,
biological and demographiconsequences ébreigncontact, which proveth many
ways to balevastating to the Hawaiian populatioRotential achaeological resources
thatmay be associated with these impamtsstbe understood in this context.

Section 6 covers a period of accelerated change in Hawaiian history, as Pacific trade
contacts incre&s and Pacific whaling activities reach their apogee, bringing intense
social and economic transformation to Hawar his period saw the ondeolated island
kingdom more closely bound to regional and global economic activities. The
archaeological recdrof this intensification, particularly for shoreline infrastructure like
harbors and landings, increases.

Section 7 describes the era of steam propulsion in Hawich wasdependent on the
needs of the plantation systemd wastself a sociabnd e€onomicrevolution for the
islands. Following the illegal overthrow of the kingdom, few obstacles remained in the
commercial exploitation of island labor and agricultural resources. The steam
industrialization of the islands hbeft its mark in the suounding waters.

Section &escribesat leasfrom the perspective of submerged cultural resources, the

most important aspect of Hawaiian history, the US Navy and the militarization of
Hawaiian waters. No otheeriodleft such a tangible footprint itné oceans surrounding

the islands, for better and for worse. The section describes the strategic military nature of
the islandsthe specialized tactics of submarine warfare and amphibious craft and naval
aviation,the 1941 attack on the island ofabu nisleadingly known as the Attack on

Pearl Harbor), the intense training operations held among the islands during wartime, and
the intentional disposal of ships and other materials during and following the war.

Section describesnaritime activities othe past 50 years or so. Container ships, tugs

and barges are now the platforms for commercial operations, leaving their own distinct
imprint on the seafloor. Submarine cables, a continuing communications legacy, must be
taken into account as well, catsring that the earliest cablasoundthe islands were

laid over 100 years ago.

Section D presents a brief discussion of the results of the study as a,wbon&uding
with a preliminary analysis of resource distribution patterns across the knoviimaar
cultural landscape

The body of the report sections is followed by completiefRacesand appropriate
Appendiced-6.



Due to the high number of confirmed locations/site®]), full individual vessel descriptions and
histories araotincluded inthis studyThe Unseen Landscape: Inventory and Assessment of
Submerged Cultural Resources in HawaiOnly highlights and summaries arfichaeological
surveys are included for selected representative vessdlisletails regardingachspecific
vessebr aircraftcan be found within the database itsgi€luding transcribed journal and
newspaper articles, summaries, referencesAgbpendix 4 provides an excerpt summary list of
the inventory. This studyThe Unseen Landscapecompanies the database anavides a
broader landscagevel analysis, rather than individual site descriptioBtatistics generated
from the databassglected highlightessel entries, and implications of resource types for the
inventory arghe focus othis studyfor eachcontextual background section (Sectior8)4

2.8. Sources for the Inventory

Both known and reported sitegthin theFederawat er s 0 ®CSHrawB£200imdes
offshore(1,400 entriel as well asites within State waters{®miles 720 entriegwere
includedwithin the database.

To completethe inventorydatabasef submerged cultural resour¢€NMS examined archival
and secondary sources thagregermane to the study area aeglised and populateidatabase
template withconfirmed, reporté, and potential submerged archaeological ressuaround the
islands of Hawai, Kaho olawe, Kaud, LUha'i, Maui, Molokai, Ni‘ihau, and Gahu. The
databas¢éemplateprovided by BOEMwas based on the similar BOEM Pacific OCS study
databasewith some bthe internal fieldsmenus, and combo boxlesing modified foispecific
Hawaiianisland circumstances.

The archivalhnd fieldsources examined included both primary and secondary soances,
focused on primary sources to tpeatesextent possibleThese sources included:

1 State Historic Preservation Division Library in Kapolei;

1 Bishop Museum Library and Archives (including insurance company records of

the Dillingham Collection);

State of Hawai public library and archives division;
Hawaii Maritime Centemanuscripts and libraipventory;
University of Hawalii library system;

= =4 -8 9

and College Park MD);
T Public and private | ibraries aRidhard ol

National Archives and Records Administration (San Bruno CA, Washington DC

ect

Roger 6s dat abase Memdridl SipwrackAricle DBtabase Kr a u s s

Bob Lewis aviation list, Grig Fuller aviation listlocal recreational and technical
diver data);

1 Historic newspapers@cific Commercial Advertiser, Honolulu Star Btilke The
Friend, Polynesian Paradi3g

1 Historic maps and navigation charténfversity of Hawaii ManoaGovernment

Documentssection historic maps, NOAA Office of Coast Survey Historical Maps

and Chart Collection);



1 Archaeological site report&lfiversityof Hawaii ManoaMarine Option
Program reports, Hawaiundersea Research LAHURL) database, NOAA
ONMS Pacific IslanddRegion internal database);

1 Department of Defenseamy shipwreck and aircraft database (Naval History &

Heritage Command) and lega@portUS Navy Shipwrecks in Hawaiian Waters:

an Inventory of Submerged Naval Proper{(ian Tilburg 2003)

Department of Homeland Security United States Coast Guard records;

Stateof Hawalii database obbstructions (Hawai Department of Aquatic

Resources artificial reef program

1 US Army Corps of Engineers Honolulu District); State Division of Boating and
Ocean Rcreation Harbors Division;

1 NOAA Resources and Undersea Thr€RIIST), Abandoned Vessels Program
MHP internal database for Pacific Islandsgion;

1 Archaeological survey data froiNational Park ServiceNPS), HURL,
University of Hawai'i Marine Option Program (UH MOROAA MHP and
Office of Exploration and ResearcDER), including thePearl Harbor Deepwater
Inventory 2005and

1 Online souces(InternationalRegistry of Sunken Shipblorthern Mariner
Research shipwrecks database 20@akilo Database, Google Earth,
Automated Wreck and Obstruction Information Syst&tectronic Navigation
Charts Hawaii State wreck inventoly

= =4

2.8.1. Accuracy of Information

Accuracy of positions is one of the most challenging obstacles to submerged resource
management. &ta forthe location ofesource sites iherefore broken down amétegorized
as:

1) confirmed resource iverified as located and comhedrecordedoy standard
differential Global Positioning Syster®GP9 coordinategdatum WGS84 unless
otherwise stated®04 entries or 19%f the inventory;

2) good resource is natonfirmedor actuallylocated butthe location igeported to
nearestctual minute of latitude and longitude, or reported within a specific offshore
lease block, opreviously recordedsingthe formerLong Range NavigatiorLORAN)
system Resource sites located with moderate to good accarmady be discoveredith
a malerate amount of field surveyith remote sensing equipment, pk@meadditional
historical researctt 34 entries 016% of the inventory;

3) faird resourceaeported location is only general, to neadesiree of latitude or

longitude, oronly reportedine f er ence t o a n"&mileslsgutivesa nd mar k
of Upolu Point" Discovery of these resources would be very difficult, requiring

considerable time and effort in archival and field investigatlgf;entries or 8%ef the

inventory;
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4) poord resource location is unreliable or very vagoe without any directional

componentas i n A30 miles off Sawm@ahsl and¥enseli:
listed as adrift without further information as to when or if they sdsdéfall into this

category. Defining survey areas for locating these typesgasfsels is nearly impossible;

280 entries ol.3%of the inventory.

(The remaindeof the inventoryis made up of entries without position estimatege 2.9.2.
Graphic Representations of Positidresow.)

2.9. The Database

Theinitial template forthg@ r o j kxtt dIsas e was p r2013Racifie Goadt CSB OE MO
studylnventory and Analysis of Coastal and Submerged Archaeological Site Occurrence on the
Pacific Outer Continental Shel©CS StudyBOEM 20130115) with appropriatdield

additions subtractionandmodifications taconform tothe Hawaiian island settingAll of the

entries in the database originate in a documented report of resourcevcez$thor loss, or

discovery and/or surveyf the submerged site.

In total, there are 12 unique datdields within the database, plaategoris for: vessel
photographs/sketches, diveutonomous Underwater Vehicl&(JV)/Remotely Operated
Vehicle ROV) photographs, magnetometer contour imagedtimeam bathymetry images,
sonar images, and sdimttom profiler images. (Sesipplemental documefiMaritime
Resource Database User Gudeluded with the databa3eTypes of data includéselected
excerpt)

Vessel identification

Vessel history

Vesselconstruction

Wreck event information

Site location information

Archaeological documentation and publication

Information and outside database sources

Vessel and/or wreck images

Site plan, side scan, multibeam and/or magnetometer imagery

= =4 4 -0-5_9_9_9_-°

2.9.1. Arrangement of Data

The database provides multiple tools and formats for vieasamgent. Thé/esselForm View

divides wreck information intéive separate form pages: vessdgbrmation spatial information
vesselescriptionwrecksite information, and documetitan. Comments under the vessel
description page include transcribed journal articles, summarized newspaper features, citations,
and more.The Image Form View includessx separate pages foessel photographs/sketches,

diver AUV/ROV photographs, magrmeheter data, multibeam data, sonar images, and sub
bottom profiler imagesA uniqueSCRRecord Numbe(RN) provides the specific identification

for tracking each of th2,120entries. Vessel Form data and Image Form data may also be

11



viewed in table (Exdgformat. Content in the database may be impottedccessand exported
to/from manyotherformats including Excel, Outlook, ASCII, dBase, Paradox, FoxPro, SQL
Server and Oracle

2.9.2. Graphic Representation of Positions

Entries in the database agpresented withithe Geographical Information System (GIS)
product. This map (Figure 2)is a powerful toofor understandinghe geographic scope of
submerged historic properties and other cultural resources, yet representing estimated
(unconfirmed)ocations for reported but lotatedsites has always been problemaiscause
estimates are of varying accuraciy order to address this issue, the GIS map is constructed with
several specific layers of data. Green posgmrrespond to confirmed/loaat sites ¢onfirmed
location accuracy); yellowositiors correspond teesources not confirmed/located, but ones that
could be discovered with a moderate amount of sunyegdlocation accuracy)prange

positiors correspond toesources which have onlymgrallocationinformation, where discovery
would be very difficult fair location accuracy); and red positsxorrespond to resources which
have only unreliable or very vague position information, where even defining search survey
areas would be almostpossible fjoor location accuracy)Note: the red/vague category still
provides enagh spatial information for a very rougistimatedatitude/longitude Each of hese
four categoriesdyers may be switched on or off in ordeptartray the range of acracy in
resource locations from confirmeddstimate.

Only a subset of the inventory has been represented on thesnaany do not even qualify

under the red/vague categoi@nly ahandful of the more tharb0surface vessels and

submarines reporteghd/or confirmed lost in the Hawaiian Islands have insufficient spatial data

to allow for even an estimate of posititmbe graphically plotted. Butfohe 1,375naval

aircraft relateentriesin thedatabasel,115(81%)ar e | i st ed $awaipriwgtersas | o st
without any more specificity. This is duelioth thelack of detail in the original documentation

and inconsistencies in completing the naval aircraft crash foMasy of theseaircraft were lost

during trainingflights from the deck®f World War Il aircraft carrieroperatingat sea in

Hawaiian watersfar beyond the vicinity of island landmarks feasyorientation. Graphically,

then, aircraft aréar underrepresentad the final GIS productOf the2,120entries in the

database, hese 1, 115 @ un ma ppgp@dnatelp3%: Therefdrettiisr e pr es ent
important to understand that the GIS map, while potentially revealing distribution patterns of
submerged cultural resources of various types, does not graphically represeniréty of the

known or reported inventonlt is also important to understand that most of the marine space

around the Hawaiian Islands hast been surveyeth a systematic mannésr submerged

cultural resources; the majority of confirmed data foated sites comes from the handful of
archaeological projects, combined with voluntary reports from recreational divers and others.
Thegraphicrepresentation of sites caftenbe misleading; the map therefasea powerful but

limited tool, and its limiations need to be understood for the proper interpretation of distribution
patterns

12



Legend
4 Wreck Sites - Location Reliability = 1
Wreck Sites - Location Reliability = 2

A
4 Wreck Sites - Location Reliability = 3
A

Wreck Sites - Location Reliability = 4

Figure2: Graphic overview of wreck sites the main Hawaiian Islands, inclugdilocation categories-1
4. Notshown: 1,113 A NONI} Fid L2 aArAdAizya 60FiS32NER ' no
(NOAA ONMS)
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3. Description of the Marine Environment

3.1. The Pacific Ocean

The Pacific Ocearspanning nearlyl65 millionkm? (64 millionmi®,i s t he wobodyd6és | a
of watercoveringa third of the planet ar ger t han al |l the wtasrl|l dbés | &
twice as large as the Atlantic Ocean. The Pacific is defined not only by its waters, which are the

pl anet s deepest, but islandssnanytmfywhichtwere aithenceeatedc s h o

or shaped by volcanic forces. The Pacific Rim is also known as the Ring of Fire. Itis lined by
volcanoesthrough which the molten heart of the planet seeps past the ragged edges of the plates
thatformtheeat hds crust . It was that tectonic acti
continents began to form some 750 million years ago, and that activity continues as the

movement of the Pacific plate shifts and its edges push beneath its neighboring plates.

The vastness of the Pacific is hemmed by the land masses of the Americas and Asia to the east
and westrespectively To the south, the major islands of Indonesia and Papua New Guinea,
then Australia and New Zealand form a partial southern barriem, Speead across the ocean,

are the islands of Micronesia, Melanesia, and Polynesia. There are more islands in the Pacific
than anywhere else on earth, in all, some 25,000. Some of these islands, like those ‘gf Hawai
are the tops océmergenvolcanicislands. They are still active, and as the Pacific Plate slowly
driftsovert hi s A bxodingfrerptolt & p | a n,ehesé islandsacantinledo be formed.
Others are dormant or dead volcanoes, fringed by coral reefs that top the rims of drowned
craters. Such island groups are known as atolls

Theoceaammoves around t he Pa cindclockwisemannerrirtitieer n hemi s
southern hemisphere, the ocean moves counter clockwise. These are the major currents, but

there are many lesser apet important currents that move water not only across distances but up

from the depths. On the eastern edge of the dcé#amwest coast of North Ameri¢aone of

these is the North Equatorial Current. As it moves past the Philippines, it bends lapamng

and becomes the Kurushio, or the North Pacific Current, a powerful conveyer belt of water that
crosses the Pacific. Off the Aleutians, it forks, separating into the Kamchatka Current, moving
into the Arcticbés Ber i nglasisaard BdatishdColembia.eApi ng sou
separate current, appropriately named the Alaska Current, circles the Gulf of Alaska and passes
Vancouver Island, before looping north. These northerly, looping currents form the Subpolar

Gyre.

The Nort h E dqaeranbvementmdt these fisgml shbres and its regional currents
carries cold water from them down along the west coast of North America. Known as the
California Current, this cold wateinksand then collides with the narrow continental shelf as it
pases the coast and then swings at the Equator, warming to rejoin the North Equatorial as it
movesto the Philippines to begin its cycle again. This regular circling of the North Pacific forms
another vast gyre. Below the North Equatorial is the South BgalaCurrent, separated by an
Equatorial Countercurrent that flows along Beuate. The South Equatorial pushes east
towardthe west coast of South America, swinging along it to form the Peru (sometimes called
the Humboldt Current). Those warmer wataergewith the colder ones of the Antarctic
Circumpolar Current and then swing along the east coast of Australia to rejoin the equatorial and
start the cycle again of the South Pacific Gyre.
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3.2. The Hawaiian Archipelago

The entireHawaiian Archipelagaonsists of eight main islands plus more than 120 rocks, reefs,
atolls,shoals and submerged seamouyntich stretch for ove?,900km (1,800 mi) from the

island of Hawai in the southeast to Kure Atoll in the northwe$he maineightislands inhabit
adistinctgroup to the southeast, while the long chain of atolls and low islands extend to the
northwest. Thearchipelagatself extends from 18 degreesb minutes north to 28 degre@%
minutes north and from 154 degre48 minutes west to 178 degse20 minutes west,

straddling the Tropic of Cancer. ThwminHawaiian Islandgroupare located approximately
3,860km (2,400mi) from the North American west coastd6,100km (3,800mi) from Japan.

The Hawaiian Islands, the most physically isethgroupof islandson Earth, feature a very
dynamic land and ocean environment. Understanding this environment is foucial
understanding shipwrecks amdinterpreting artifact preservation and site formation factors for
the manysubmerged culturaksources among thelands. Specific ewvironmental conditions
sometimes vary between discrete locatiameong the islands themselyss this section present
a generalized description of environmental influences on submerged crdsoaicesites.

3.3. Geologic Background

The Hawaiian Islands arehwlly volcanic inorigin. Thewhole chain osubmerged and

emergent volcanic mountain peaks extegalstsoutheast and wenbrthwest in the northern
Pacific Ocean. The islands were all formed bygd@ogicmovemenbf the Pacifidithospheric

pl ate over a st aobdume of deépanantle ntaterialhtoetplate movingdslowly
to the north, then to the northwedthe extrusion of magméhrough the hot spdormed subsea
volcanoes, whiclgradually emerged from the surface of tieean The line oftheolder

submerged seamounts (former islanidsyounger emergent islands extends fribva Kurile

trench near Kamchatkat@® i hi s o u tslang ef slawai¢Figure 3) e |
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Figure3: The trail of underwater mountains created as the Pacific plate moves across the hotspc
millions of years, north and bgequently northwest. (National Geophysical Data Center/L 2GS
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Kure Island athe extreme western ewndthe emergent chais approximately 30 million years

old. It is an atoll; its volcanic core has eroded beneath the waves, leaving only a ring of corals
and coralline substrateCurrently the recent point of magma generatiorhairspot, is located at
the opposite end of tremergent islandgo the sutheast of thesland of Hawai. The slowly

rising seamount is knowas L@ihi. The sland of Hawai is still the site of active volcanism.

The rockscreated by the volcangruptionsamongthe Hawaiian Islands are basalts, rich in
magnesium and iron and poor in alkalies. Many contain visible crystals of green oliaiee. L
stage lava flows consist of alkalic basalts, rocks containing more alkalies and less magnesium
and iron than earlier flows. Sedimentagposition plays only a small role in island formation.
Sedimentaryockslike sandstonenly exist in an occasi@l narrow fringe around the borders of
the islandgArmstrong 1983) There are two bastypes ofbasaltiava flows in Hawai:

pahoehoaes the solidified rock from aopeytexturedsmooth surface magma flow, aadais the
hardened sharpdged clinkerock formed by the broken edges of the hardeffiogy. Lava

flows remain an activeoncern on the island of Hawiicontinuouslycovering areas of

shoreline and creating new lantdinstable projections of lava flows can leadandslidesor

mass wastingandare important geologic processes both above and below the ocean surface.
The ironrich basalts in the Hawaiian Islands can represent an obstacle to magnetometer surveys
for submerged cultural resources.

3.3.1. Ocean Plate Tectonics and Isostacy

Two types of | ithosphere, the outermost shell
oceanic lithosphere and the thicker continental lithosphere. The Hawaiian Islands reside wholly
on the section of oceanic lithosphere known as the Pacite. planderstanding the nature of

this plate is important innderstanding the ocean depths surrounding the islandsPatliie

tectonic plate is to a certain extent flexiblesponding to the weight of the tall volcanoes above

it by depressinglownwards The depths immediately around the main Hawadttéendsappear

to result fromthe sinking of the adjacent seafloor, from the downwardhggidrcesof the
heavier(taller) volcanoef the island of Hawai (Armstrong 1983Grigg 2015. This moator
Hawaiian Deepaverage#,8005,500m (16,000-18,000 f} in depth. Neato Hawai'i Island

remnant fossil reef substrate has been found at depih22d m 4,000 f), thoughmostcorals

do not grow belowt5 m (150 fi). Surrounding the subsidence of theat, the lithosphere shows

an upward or uplifted bulge of abd2®0 m (,000 ff). The radius of thiglawaiian Deep

surrounded by theplifted archextends only part of the way around the islanelsching

outwards from Mauna Keaolcanoon Hawaii Islard about400km (250 m). The islands of

Ltha'i, Moloka'i and Oahu on parts of the arclshow evidence of uplift (exposed coral

substrates) as they slowly move to the northwest over this lithospheric bulge (Grigg P6é5).
Hawaiian Deep and the surrounding arch are the geologic settingsrgrsofamerged historic
properties in Hawai'i.

3.3.2. Tsunami Frequency

Many minor earthquakes are associated with volcanic eruptions, but most of these are too small
to be fdét. Major earthquakes in Hawaare associated with faultather than volcares, and
fault movement and seafloor shifts can generate large coastal waves or tgktedatisr et al
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2002) The largest Hawaiian earthquake in historic times occurred in April 1868, and the
resulting tsunami generated a wakat, reportedly, dwarfedhe coconut trees on the south shore
of O'ahu. Since 1820, nine tsunamis have caused moderate to severe damaigéaimdthe

(Table 1) Most of these were generated by tectonic actioitgtedon the Pacific Rim,

thousands okilometersaway from Hawai, thoughtwo have originated locallyTsunami
eventsand subsequent ocean moventente the power to impact many submerged resources in
the islands.

Tablel: Historic tsunami events in the Hawaiian Islands

Date Origin Effects

1868 Hawalii Greatest Hawaiian earthquake recorded, destruction
O'ahu south shore

1946 Aleutian Islands Wave heights at Hilo oveé m @0 ft), total 159 tsunam
related deaths

1952 Kamchatka

Peninsula
1957 Aleutian Islands
1960 Chile Wave boren Hilo Bay causes destruction
1964 Prince William Last major Pacifizvide tsunami
Sound, Alaska
1975 Hawai’i Earthquake centered near Volcano National Park, de
and injuries
1996 Peru
2011 Japan Fukushima reactor damage; Hawai'i harbor damage

It would be difficult to determine the exact effects that tsunami events can have in specific areas

due to the complex nature of wave mechanics in the Hawaiian Islands. Tsunami waves can
refract or bend around i sl analsereflectoftfohistandd wr ap a
and strike what might be considered sheltered coasts. In any case, they can have a significant
impact on coastal communities and resourbeth on land and in the s@audley and Lee

1988) Due to the high degree of seismatiaity in the Pacific basin, the Hawaiian coastloan

be considered to hender continuous tsunami threat (Fletcher et al 2002).

3.4. Geographic Background

3.4.1. Mid-Pacific Island Formation

Pacific islands that originate as submarine mountainsy gr size through volcanic processes,

then subside and erode withtimean be c¢cl assified by (¢stagesr al st a
which areregulated by volcanic, erosional, and even biological actfiMiyrgan 1996) Young

active volcanic islandsonsist of highrocky basaltic peaksvith traces of alderarims and

cinder cones. The main Hawaiian Islands are characterizeachylandforms, andeeply cut
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valleys and steep volcanic cliffs. Middégied islands exhibihore extensiveoral reef gravth
around their fringes, while the originadrevolcanqg having shifted away from the active magma
hot spotdisappears downwards with time due to isostatic subsidence and erosional &sces
the basalt continues to erode and finally sinks below tHacgiof the water itself, only the coral
ring or atollmayremain, along with low sandy islands.

From young shield volcano to weathering calderas and retisetooral reef atolls, Pacific

islands move through distinigtnd forms with agéGulko 1999) In Hawalii, the lower older

atoll environments are found to the northwest. Higher rocky peaks can be found from Necker
and Nihoa Islands soutiThe Hawaiianlslandsexhibit the whole range of characteristics from
both high volcanic to low coral atdtbrmations(Grigg 2015)

3.4.2. Coral Reef Ecosystem and Reef Zones

Geol ogi cal processes and st agaeansdepthefRasfcand dngr
coral reefs. Reefsiove through stages of fringing (adjacent toisthend, barrier (sepatad

from theisland), and atoll (circular, nesland. Most reefs in the main Hawaiian Islands are

fringing reefs. Only a few locations, such dshKohe Bayfor example feature older barrier

reef environments. Both corals (invertebrates) and corallgeeare the main builders of the

reefs. Coral reef ecosystems thrive within a relatively narrow band of physical parameters, such

as turbidity, water temperatur@ndnutrient loadGulko 1999) To remain stable, reef

ecosystems must balance processes of growth with processes of e@simany shallow water

sites, corals and coralline algae have overgr8@mRresourcegVan Tilburg 1997; 20022014)

Mechanical weathering of rocks forms only a smaitipa of sand in Hawai. The majority of
white sands come from the brelakvn of coral skeletonsyhich are composed chlcium
carbonate. Surf action accounts for some of this san@darprising amournis actually
producedby parrot fish (spScaru$, which crush corals in their beaks aadcuatehe sand
elsewhere. Prevailing winds can build
: localized sand dunes along the coast.
< . : Many areas underwater in the near shore
gnore ARl P 5o environment ca be characterized as sand
substrate, coral reef substrate, or mixed
coral/sand spur and groove topography.
In some places geomorphic features like
submarine canyons serve to channel
detritus to deeper waters. Calcareous
sands, mud, and gravel of shallaater
origin make up the principal sediments
near the islands. Pelagic brown clays
dominate over most of the deeper sea

Figure4: Barrier reef zonation. (Coral Reef2017)  floor regions(Armstrong 1983)

Islanand oceans Aformo cor al reef ecosystems, a
environments. A idealized cross section of the near shore zQfigsire 4hi ghl i ght s t he
role in forming seaward barriers and dissipating wave endngymediately offshore is the
shallow reef flat or bench zopa waveswept area dominated by cocalver and reef fish.
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Seaward of the reef crest is the reef slope zone, dropping to depth8@h2®5-100 ft).
Deeper along this fore reef, below 3Q 190 ft), is a rubble zoneharacterized by
accumulations of broken coral fragme(tisyond optimuntoral growth depths).

3.5. Hydrographic Background

3.5.1. General Climate

TheHawaiian Islandsre known worlewide for theirtemperatecomfortable climate
Considering theelative southerlyatitude of thaslandscompared to the continental Urdte
Statesthere is relatively little uncomfortable heat. This coolindue tothe prevailing
northeasterly trade windashichmay blow unceasingly for weeks. The prevailing trade winds
area function of a sempermanent higlpressure cell, an anticlonic circulation known as the
North Pacific or Hawaiian Higfduvik and Juvik 1998) This highpressure cellveakens in the
winter seasomandstrengthens during the sumn{€igures5 and §. Northeast trade winds
usuallyblow betweer21-39 kilometers/houor kph (13-24 miles/hour omph). In near shore
locations, diurnal heating and cooling can give rise to onshore breezes during the day and
offshore breezes at night.

The climate in Hawai'i is dominated by two seassnsamer between May and Octobehem
the weatheis warmer ad the prevailingrade windsaremore persistent; and winter between
October and April, when the weathsicooler, andhe prevailingrade windsaremore
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Figureb: Average surface pressure in the Figure6: Average surface pressure Centt
Central Pacific for winter; Units: mbar. Pacific for summer; Units: mbar. (Flame
(Flament et al 1998) et al 1998)

interrupted by intervals of cloud and raifhis is mirrored byhe movement of the North Pacific
High, which shifts northward in the summer and southward in the wifiment et al 2017)
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North Pacific storms, antiyclonic circulation, generally migrate eastwards between 35 and 65
degreesorthlatitude, the majoaty of their impactusuallymissing the Hawaiian Islands. The

main islands are subject to strong northern swells in the winter months, and occasional southern
swells in the summer. The Northwestern archipelago can also experience severe storms in the
winter, impacting SCR resources on exposed shorelines

3.5.2. Ocean Conditions

The Pacific Ocean is the largest oceathe worldand therefore possesses the greatest amount
of fetch orlinearoceansurfacefor the development of waves and swellhie Hawaiianlslands
emerge in the middle of tid¢orth Pacific as a linear ridgeheir shores and near shore
environments exposed pmwerfulswells generated fromgreatdistance, as well as waves
generatednorelocally. Wave erosion in Hawa continuoudy cuts into the edges of the
volcanicislands and forms sea cliffs. Sea caves and archealstdgrm, particularly where
there are remnant hollow lava tubes along the coast. There are four basiatypesraes for
waves in Hawai i

1 Tradewind waves from the northeast may be present all year. These are largest
from late spring until late autumn, with heights fraf8 m @-12 ff) and periods
from 58 seconds

1 North Pacific swells, generated by distant storms, are common in the winter and
early sprig. These have greater height2 &4.3 m g8-14 ft) or more and
periods of 16017 seconds. Periods of high surf between October and March can
last for several days

1 Kona Storm waves may strike the shores from passing southern storms at any
time, with reights 0f3-4.5 m (L0-15 ft) and periods of 80 seconds

1 Southern Swell waves, generated by Antarctic winter storms, have heights only of
0.31.2 m(1-4 ft) and longer periods of 122 secondéArmstrong 1983)

Surface ocean currents in Hawaaveaging betwee20 to 30 cm/s{.4 to 0.6 knots are
generallydrivenfrom east to wedty the prevailing easterly trade windsportion of the larger

North Pacific clockwise circulation of gyre. Ocean current eddies forming to the leeward (west)
of the idands, as well as the diurnal mixed tides, can influence the strength and direction of near
shore currentsscouring the seafloor around SCR resou(Eegure 7) Surface currents, in turn,
affect deeper ocean currents, their influence decreasing with. dgdglow 1,000 m (3300 ft),

deep ocean currendwerage generally less than 5 cm/s (0.1 knot), and their patterns are not
entirely known(Flament et al 2017)

The average surfaczeantemperature arouritie Hawaiian Islands 24 Gelsius (C) of75

Fahrenheit (F)n winter and 27 C (BF) in summe(Figures8-9). Temperatures decrease with
depth, but the current eddies and ocean mixing around the islands generally prevents the
formation of a distinct thermocline between surface and deep ocean temgsFdament et al
2017. On the west coast of Hawai'i Island, near the Natural Energy Laboratory of Hawai'i, the
ocean temperature at 1,000 m (3,000 ft) is approximately 5 C (41oB¢r to the constant near
freezing temperatures of the deep ocdakai Ocean Engineering 2017)
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Figure7: Average surface current flow, National Ocean Data C¢
NOAA; units: cits (25 cm/s = 0.5 knot). (Flament et al 1998)

Figure8: Average surface water Figure9: Average surfacevater
temperatures forcoolest periodFebruar temperatures fowarmest period/Augus
to April); units: degrees Celsius. (Flam to Octobe); units: degrees Celsius.

et al 1998) (Flament et al 1998)
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