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Executive Summary

Thefocus of this projecisthe underwater cultural heritag€JCHYemains from théwWorld War |l

(WWII) Battleof Saipan that occurred in June and July of 1944 in the Comsaitiwof the Northern
Mariana Island¢CNMI) This project budsupon a2009 ABPP grani\(\WII Invasion Beaches Underwater
Heritage TrailGA225509-028) to survey and maftne submerged archdogicalsitesfrom the Battle
(McKinnon andCarrell 2011).

The foundationsipon which the 2009 grant was builere a remote sensing survey of key areas by
SEARCH, Inc. (2008a, 2008b) andthdtime History and Archaeology of the Commonwealth of the
NorthernMarianalslands(Carrell 2009)The implementation of themaritime heritagetrail bought into
sharp focus theeedto introduce preservation planninfgr the WWIITUCHn Saipan’s water§ he
logical next stein the multiyear effort to preserve ta UCHwas this project and this report:
Management Plan and Public Outreach for WWII Sites in Shipdad under a 2011 APBB graGi-
225511-018).

Throughoutthe 20092010 arcleological survey, ivas clear thatertain submerged heritage sites were
being negatively impacted by both natural and cultural factors (McKinnon amdliC911). These
impacts were identified as contributing to an overall loss of archeologicahitarical contexand
affecting the structural integrity of the sites and their letggm survival.To addressheseconcerns and
create a framework for lonterm preservation, this project focused on two key aremssitu
conservation survey with additional archaeological investigatiorggather baseline datand a far
reaching public outreach effottsing a 17minute interpretive film

The WWII submerged sites face a variety of threats that include natural foraktsral impacts,
development and visitationThe reportincludes recommenations forinter-agency and community
partnerships, improving effectiveness of current legislation and enforo¢ntang term monitoring
programs and strategic plans to mitigate cultural and natural impacts, visiftadre and development.
It also addreses the limitations inherent in the funding, personnel, amgnagement at the CNMI
Historic Preservation Office (HPO) and CNMI Coastal Resources Managéine (CRM).

Additionally public outreach and education is a necessargponent for the longerm protection of
cultural heritage. For fragile sites, and those that are underwater where wwamif is difficult,
stakeholders and users must take an active role. Thus a film was prothucaide awareness of both
divers and nordivers alike for WWII UCH the CNMI.
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Chapter 1: Introduction

Introduction

The implementation of thaVWII Invasion Beaches Underwater Heritage Trader a2009ABPRyrant
(GA225509-028) brought into sharp focus theeedto developa managemenand preservatiorplan
for the submerged WWiheritage in Saipan’s water§hefoundations upon which the 2009 grant was
built were a remote sensing survey of key areas by SEARCH, In@,(20080) and theMaritime
Historyand Archaeology of the Commonwealth of tt@rthern Marianalslands(Carrell 209). The
logical next stefn the multiyear effort to preservéVWIl UCHvasthis projectfunded under a 2011
APBB grantGA2255-11-018)and this reportManagement Plan and Public Outreach for WWésSn
Saipan

Throughoutthe 20092010archeological surveyit was clear thatertain UCHsites were being
negatively impacted by both natural and cultural factivkKinnonand Carrell 2011). These impacts
were identified as contributing to an overdéilss of archeological and historical contartd affectingthe
structural integrity of the sites and their loigrm survival.To addressheseconcerns and create a
framework for longterm managementind preservationthis project focusedn two key areas:in situ
conservation survewith additional archaeological investigations amfarreachingpublicoutreach
effort. Thisreport details the results of those efforts and makes recommendations for tesgpvation
of WWII submerged heritage. iBhisthe technical report for the current grafiGA225511-018)

In Situ Conservation Survey

In situconsevation surveys are different fromstandard archeological survelpecausehey include the
collection of data related to theaturalenvironment (clemical and physicathat can allowfor a better
understanding of the destructiviorces affecting sites and artifacts (MacLeod and Richards ZDié4y.
also record modern cultural impadisat can be used in the management of sitexluding allowing or
restricting access to sitesdcontrols for altering behaviors of visitors. Finally, they oftefiect specific
cultural information including data on material composition of objects. Taia @ vital to
understandinghe construction of these sitdsom an arcleologicalor culturalperspective but also
contributes to understanding thimngevity of sites with relation to the material comgiien of metals
and organicshow they react to and survive within the environmeand their overall structural
integrity.

In situsurveys and studies are critical to regions such as the Pacific becausarthimited resources
(i.e. funding staff, andfacilities) to conduct recovery and conservation ofrsgioged objects and sites.
While theCNMIdoes benefifrom grant funds distributed by the National Park Ser¢NBS)this
funding is limited and often only covers a small portion of the compliance refatie HPO(Ronnie
Rodgers personal communication, 201Dhis means thathe conservation and managemieof the
resources must be done situ Further, understanding the condition of the resourtie®ughin situ
and archeological surveys is an important step mrttanagement procesgin agencycannotmanage a
site if they have norkowledge of its condiain.



In addition to the conservation stuggdditional arclological survey waseededon sites included on
the heritage traikndalso on sites that had yet to be identified andeeded. The purpose of this
archeological survey was twinld: 1)to updateinformation on natural impact® known siteghat
affect site formation processes (i.e. scouring, sediment bu@jl and cultural impacts (i.e. looting,
vandalism, etc;)and 2) to locate, record and identify new “control” sitest on the trailthat couldbe
monitored longterm for comparison purposes. Baseline data collected on newisiteseful because
they can help managersderstand thedifferentialimpacts of site visitation on those included in the
trail.

Public Outreach and Interpreti ve Film

The interpretive film was conceived during many discussions witht#iieas the NPSAmerican

Memorial park NPSNar in the Pacific National Park, the CNMI HPO, tbeais, dive tour operators

and visitors. In those discussions it was cleat #taough the posters and dive guides produced under
the 2009 heritage trail grant were well received, their impact was limitethose individuals who
obtained copies. Once those printed copies were used u@Hility of any group or individual to rais
funds toreprint them was going to be difficultTo create a broad base of support, theservation
message had to reach a much larger audience and be unlimiiésiapplication and use. An

interpretive film about the WWII submerged sites targetingeds, nondivers, visitors and residents
would not orly have an inherent appeal bubald use the power of film to reach all audiences.

Scope

Thescope d this reportincludesthe siteson the WWII Matime Heritage Trail, an additiondur sites

not included on the trajland more generally all submerged WWII heritage sites in the waters of Saipan,
CNMI(Table ).

Tablel. Table of sites investigated.
Name of Site

Trail (Y/N)
Japanese merchaship, Presumablshoan Y

Maru/Chinsen (Japanese)
Steamship (Unidentified

Possible Auxiliary Submarine Chaser (Japanese
Sherman Tank 1 (U.S.)

Sherman Tank 3 (U.S.)

Landing Vehicle Trackdd)}4 (U.S.)
LVT 2U.S.)

Daihatsu Landing Craft 1 (Japanese)
Daihatsu Landing Craft(2apanese)
Daihatsu Landing Craft(3apanese)
Kawanishi HBKEMILY (Japanese)
Aichi E13AJAKE(Japanese)

Martin PBM Mariner (U.S.)

TBM Avenger (U.S.)

PB2Y Coronado (U.S.)

Z | < |<¥|<L|KLZ|<[ <[ Z2|<|<|<L|KL|Z




The Sites

All sitesare within Garapan, Tanapag and Chalan Kédregoons on the western side of ttstaind of

Saipan. The lagoongere created by a shallow barrier reef and range in width from 375 m to 3.5 km and
in depth up to 14 m deep in Tanapag Lagoon with an averageofian 3 m deep iGarapan Lagoon
(Amesbury et al. 1996). Much dfhalan Kanoa lagoon is diffictdtnavigate because it ghallowand
interspersedwith coral heads and reef flats. A small islet caNdhiagahas located within the lagoon

just west of the modern harbor facilities.

The diesare scattered throughout the areaith the main concentration in Garapan Laggéigurel ).
They include aircraft, shipwrecks and assault vehicles of varying states of aditutzach site will be
reviewed and describenh detail inbelowchapters

Conservation Survey Sites

i Kawanishi H8K
Daihatsu 3, * SLVT (A)-4

2
ichi Coronado
m,eng,_.‘rnc,'c"" E13A,  omariner

5 :
Possible subchaserg, e e ighter
Daihatsu landing craft

oSteamship

LvT2
Tank 2, Tank 1

Tank 3¢
N

0 05 1 2 Miles A
L §e e o Bt

p., GEBCC, USGS, FAC, NP5, NRCAN,
Kadaster ML, Crdnance Survey, Esridapan,
{Hong Kong), swikstope, and the GIS User

Figurel. Map of sites investigate@cKinnon 2012).



Limitations

An inherentlimitation in this projectis that theremains of many sites have not yet been identifted
areburied beneath the sediments. Nonetheless, theitu conservation data and the recommendations
generated for preservation are broadly applicable to all of\tiA&/Il wrecksn Saipan.

Legislation
Historic shipwrecks in thENMlare protectedthrough laws passed by the Commonweadtid the US
Federal governmant. The following is a list of legislation relevantd@€Hand military heritage:

TheAbandoned Shipwreck Act 198btects historic shipwrecks “embedded in State’s submerged
lands.”

TheSunken Military Craft Act 20@®nfirms right, title and interest of the US to any sunken military
craft anywhere in the world as well as the same rights and protection teUfemilitary craft sunk in US
controlled bottomland.

TheNational Historic Preservation Act 19@6der Sectiori06 and 110 provides protection for
shipwrecks and other submerged sites with regards to the permit and ridtigprocesses and requires
inventory and assessment of such sites as standard proee

TheArchaeological Resources Protection Act &68ibits damage to archeological sites that are 100
years or older and provides archeological and permit guidelines.

CNMI Historic Preservation Act of 19B2iblic Law -39) protects submerged sites stating, “It shall be
unlawful for any person, partnershipusiness, corporation or other entity who willfully remove or take
any artifact that is of historic or cultural significance to the people of the MonttMariana Island, or
knowingly destroy, remove, disturb, displace, or disfigure any cultural tmrligroperty on public or
private land or in the water surrounding the Northern Mariana Islands as desijbgter eligible for
designation by thédPGas a cultural or historic property, unless such activity is pursuant to a permit
issued under Section 5 this Act.”

Jurisdictional Responsibilities

The Historic Preservation Office (HPO) has the overall administrative sisilionfor cultural heritage
in the CNMI. This obligation extends off shore to all UCH, whetherttévey been identified or are as
yet to be investigated.

To accomplish the legislative purpose of the Mafiagaha Marine ConservatigthéCNMI Department

of Lands and Natural Resources (DLNR) was delegated the exclusive atoho@dinage the Mafiagaha
Marine Conservation ArggMMCA) as well as other marine conservation areas in the CNMI (Section 6 of
PL 1212). The role of thedDLNRn regard to the management &fCHis to promote public access to the
siteswhile protecting the physical remain$hey are also responsible for protectisites.



Qoastal Resources Management (CRW} established on 11 February 1983, with the implemeoitat
of Public Law-37 within the Office of the Governor. The CRM program was establishedeantord

promote the conservation and wisedelopment of coastl resourcesCRM is responsible for general
permitting activities that impact coastal resources in Saipan and in particulanigseor dive boats and
dive tour operationsn all Saipan waters Similarly, the Department of Environmental Quality (DEQ)

ismainly concerned with water quality and pollution and the US Fish and Wildifee&¢F\WS)ith fish
and marine lifeTheir responsibilities extend to all Saipan waters.






Chapter 2: Historical Background 1911 -1944 (after SEARCH, Inc2008)

Historica | Context

As destructive as World War | was in other parts of the world, the Mariana Islandsspared. Still, the
end of the war had important ramifications for the island$ie League of Nations approved Japan’'s
occupation of the Mariana (sans Guamgydine, Marshall, and Palau Islands in 1921 with the
stipulation that Japan not develop fortifications in the region. For oveeaade Japan complied with
the agreement and focused on infrastructural development that strengthehedetonomy of their
possessions.

Increasingly militaristic and expansionist, Japan sought to strengtheredsmnce in the Pacific in the
late 1930s. For example on Saipan, Aslito Airfield on the southern ehd afland and a seaplane base
at Flores Point (northeast of Garapan) were constructed. Barracks, amnnusiiticage, air raid shelters,
and other facilities preparatory for an offensive war were installed elsewher®@aopan in 1941 (Russell
1984). Japan’s moves to fortify the islands abrogated their agreementétheague of Nations, thus
losing their legal jurisdiction.

The Mariana Islands in WWII, 1941 -1945

Across the Pacific, word spread that war was coming, however, only Bapanwhen and where it
would start. Shortly after the December 7, 1941 attack on Pearl Harbdawaii, Japanese forces
initiated air attacks over Guam, which they had been openly monitoring $lowember. Commercial
airline buildings, fuel supplies, the US Navy yard, vessels in Apra Harbor, aagditakat Agana were
bombed. Poorly defended by the Americans, Guam fell aeber 10th within six hours of the
subsequent Japanese invasion. Guam became the only ptré &S to fall under enemy occupation
during WWII. With this prize under its belt, the Japanese hmpArmy and Navy mounted very
successful aggressive operations across the Pacific in the early years of (fiRogas 1995; Rottman
2004a).

As these events were occurring in the Marianas, Allied powers meetirgypt &greed upon a Pacific
strategy consisting of two offensive drives. The first, led by GenerallBs MacArthur, was an advance
from New Guinea to th@hilippines. The second, led by Admiral Chester Nimitzavash through the
Gilbert and Marshall Islands across the Central Pacific to take the Marianas. Onoglsied, a
strategic bombing campaign could be mounted against the Japamainland. Byhe start of 1944, this
broad strategy proved successful for the, @&d the Japanese government realized an invasion of the
Marianas was imminent. As Marine historian O.R. Lodge wrote, “A strangliisg m@s tightening
around the inner perimeter guarding the path their homeland” (Lodge 1954).

Operation Forager

The US’s plan to take control of the Marianas from Japanese forces wasawae Operation Forager
and included the island of Guam. The plan to invade and take control of Saigacalked Peration
Teattersalls Thisoperation involved thousands of troops from all branches of the militaryaand
bewildering number of vessels, vehicles, and weapons. Japafenses focused on five islands in the



Marianas: Guam, Rota, Tinian, Saipan, and Pagan. Saipan, home of the administrigivef¢ba
Japanese Marianas, was chosen as the first target with Tinian and Guam as secondaypldBners
opted to bypass a full assault on Rota and Pagan (Rottn24e20

Air attacks were the first phase of Operation Forager. In February 1944, U®tsodastroyed the
Orote Peninsula airstrip on Guam. General air raiding also began across the MariandagresUls
dominance of the skies. In response, Japanese forceapdperatiorA-Gq which reliedupon the
support of the Imperial Japanese Navy and air forces toaiipmops on the ground in the Marianas.

Operation Forager was in full swing by June 1944 when theigwa$ Saipan was planned. The invasion
was set for June 15,-Day. Responsible for this task was the Marine V Amphibious CorpstidAC)
consisted of the ® and 4" Marine Divisions, the 27Infantry Division (Army), and the XXIV Corps
Artillery (Army). US military planners considered landing points on all sides ahSaigthe eastern

side of the islanén area designated Brown Beach on the Kagman Peninsslaamaidered but

rejected because it was walefended and would offer a poor exit. Three other beaches, Purple Beach
on Magicienne Bay and WhaiBeach 1 and 2 near Cape &ton the southern reach of the islarvdere

kept as alternates. At Tanapag Harbor were the sdefended Scarlet Beaches 1 and 2, and to the north
of this area were Black Beaches 1 and 2, which offered insufficient space fargaeinit landing that
wasplanned (Rottman 2004a).

The lower western side of Saipan was chosen as the primary invasion aréehiggrapproximately

four miles and divided into several zones, this area was most favorable betausiz¢ would allow

two Marine divisions to landimultaneously. A landing here also allowed the immediate capture of the
airstrip at Chalan Kanoa placing direct pressure on nearby Aslito Airfield. Once $eeseairstrips

were used to support the penetration northward across Saipan. Afetna Bvided the landing

beaches. To the north were Red Beaches 1, 2, and 3 and Green Beacheswihded®the south were
Green Beach 3, Blue Beaches 1 and 2, and Yellow Beachead 3ZRottman 2004a}-{gure 2.

As favorable as the lower western side of Saipan was for the US invasion, celitatiolis remained.
Because of its distance from the northern sector of the island, beachbssiarea (Scarlet 1 and 2 and
Black 1 and 2) had to be captured in order to facilitate thdaxtling of supplies from landing craft.
Another problem at the beaches off the lower western side of Saipan was thesaxteroral reef that
abutted the shore. These hdd be negotiated with amphibious vehicles including AMTRACLanding
Vehicle Tracked (LVTs) and amphibious tanks, also kn@waraling Vehicle Tanks (LVT(A)s). Both the
2" Marine Division and the"¥Marine Division had three AMTRAC battalions ealfs pne amphibian
tank battalion, for the initial shore assault. This amounted to approximd@l00 AMTRACS, the largest
use to date of amphibious vehicles. Once ashore, the AANCHRwere required to push inland from the
beach, a tactic that was equallyprecedented and also potentially dangerous. AMTRACS, with their
thin armor and low ground clearance, were not designed for ecasmtry movement



JapaneseDefences on Saipan

The Japanese defensive strategy used for Saipan and the other Mariana \géaridsntical to that of
earlier battles at the Gilbert and Marshall Islands: the enemy was todieand destroyed at the
beaches and, if allowed inland, they were to be pushed ihtodea by way of counterattacks (Denfield
1992). Japanese defenses on &aipwvhile substantial, were incomplete byliay. Prior to the outbreak
of the war, Japan’s need for troops and material elsewhere in the Pacific hamper@adde of
developments on Saipan and the other islands of the Marianas. The Jadaness establised two
bases on Saipan by early 1944. The airfield at Aslito (built in the 1930=)l s a repair and
maintenance facility for aircraft involved in battles to the east and souti.afapag Harbor, a naval
base served as a staging area for troops drigssbound elsewhere (Denfield 1992). Due to needs in
other parts of the Empire, Japanese troop numbers were fairly low; in Febr@a#y there were only

1,500 troops on Saipan.
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The impending US campaign against the Marianas hurried Jspaeéensive measures and by the end
of February thousands of troops were sent to the Marianas to preparedileb US submarine attacks
on Japaese transports prevented an estimated 2,000 troops from reachingsthads (Denfield 1992),
but by early June some 30,000 troops were prepared for dattl Saipan (Rottman 2004Db).

Once they had sufficient troops and materials available, the Japdasses commenced defensive
improvements on Guam, Tinian, Rota, Pagan, and Saipan. On Saipan, anothemaidibldlt by Lake
Susupe near the town of Chalan Kanoa, but this was little more than an encgriganding strip. More
airstrips were planned onagan and throughout the islands, but most were never congugDenfield
1992). Fortysix gun installations were established on the beaches and ridges of Saipanelwe were

not operational on EDay. An additional three units lay on railcars awaiting installation at the start of the
battle and another 42 were in storage at the navy base at Tanapag. Corwtratthree blockhouses

on the beaches of Saipan, each a concrete structure withgotts housing heavy guns, began in early
1944, Between CamPbiam and Agingan Point (White Beach 1), one of these bloskiscstood

incomplete and unarmed on-Day. Another was located to the east of Cape Obiam (White Beach 2) and
the third was on the eastern side of the island at MagicieBag (Purple Beach) (Cferid 1992).

The Battle of Saipan—Operation Tattersalls 1944

An intensive barrage presaged the beach invasion foreshamptiie massive confrontation that was set
for June 15. On June 12, 200 carrier aircraft bombed Japanese airfields inutheradviarianas,
decimating the enemy’s air force. That same day, Ameriz24 bombers began arountthe-clock raids
on Saipan and Tinian. The following day (June 13), severaféisships leveled the towns of Chalan
Kanoa and Garapan and on June 14, more battleships as well as 11 cruisk8sdmstioyers attacked
Japaneseoastal defenses.

On June 14, other crucial preliminary actions took place along the cb8stipan. Early that morning,
Underwater Demolition Teams began their mission to demolish reefs, ymeimes, and mark lanes
along the Red, Green, Blue, and Mellmeaches. This effort was largely successful. Simultaneously, a
mock attack was held by a “Demonstration Group” off the northwesterrscaaScdet and Black
beachesrgfer to Figure2) in an attempt to trick the Japanese into thinking that theasion was to
occur there. Another was held in the early morning hours aellb, DDay. The Demonstration Group
consisted of the % Marines, the 1st Battalion, #9Marines, and the 24 Marines. The feint was
supported by naval gunfire as landing craft approached the beach to withif $d1ds, circled for a few
minutes, wheeled about, and returned to their ships. Treeygere not embarked, the landing craft drew
no fire,and no activity was observed on the shore. Although cleastyconvinced by the ploy, the
Japanese stopped short of removing troops from here anépéxying them to other beaches.
Interestingly, Japanese commanders did wire Tokyo to report that hlaglyepelled an invasion in this
area (Rottman 2004a).

As the sun rose on June 15, the enormous US amphibian forcesgasialed for the invasion.
AMTRACS and DUKWSs were unloaded and LSDs (Landing &)ifaidched LCMs (Landing Craft,
Mechanized) that hiel tanks. Battleships, cruisers, and destroyers closed in on the inviasamh with
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aircraft screaming overhead toward the shore. With nearly 1,500 vesselstimatireat unpacking of
men, weaponry and ammunition was surely an intimidating sightferXapanese forces and the
islanders. At exactly 0830 hours, the AMTRACS carrying hundreds of nstmimesd for the beach as
supporting ships and aircraft opened fire. The Japanese troops generallyhbelfire until the
AMTRACS reached the lip of tteral reef when they poured artillery, mortar, and machine gun fire on
the Marines. Due to the condition of the seas, the Marines had a great déifiotilty reaching the
beach. Numerous AMTRACS were rendered inoperable or gesttias a result. Dozen$ Marines lost
their lives when AMTRACS were overturned in the rough surf, but Wy l@@@rs nearly 8,000 Marines
were ashore (Crowl 1960; Rottman 2004a).

The beaches, especially the northern Red and Green Beaches, were chaoticveshellc Because ohe
heavy swell and long shore current, the US landing in this area was severaldyadis north of its
intended location. In all areas Japanese fire was very heavy and came fromghtgrdind beyond, as
well as trenches and spiderholes along the immg&gishoreline. The overland AMTRAC charge, a
calculated risk, proved disastrous as the flimsy AMTRACS became strantiwdliy areas, craters, and
other obstructions on the ground. As casualties for theikks mounted, many chose to abandon their
machires in favor of walking or crawling. Problems increased as the morning wore the Aarthern
beaches, two % Marine Division command posts were destroyed, killing battalion comnvarated key
staff and on the south, the"4Division indecisively struggled with Japanese tanks for hours. The arrival
of US tank battalions, howitzer batteries, and other support forces impravedverall situation by the
end of the day, although the beachhead remained unconatddl On this day, the first of the battle for
Saipan, some 2,000 Marines were killed. Mortar and artillery fire were the paincguses of death.
Offshore hospital vessels were completely overwhelmed and wounded raemtwansferred to other,
non-hospital ships for treatment (Crowl 1960; RottmarD28).

Over the next two days, the Marines secured and expanded the beachhead. Thagnafrdune 16 was
spent closing the gap between the two divisions, which wereasspd by a strong Japanese force on
Afetna Point. By noon, this goal was accomplisiieluge Japanese counterattack was successfully
repelled that afternoon and the Marines engaged in the largest tank battileeolPacific War. Aslito
Airfield was under pressure at the close of the day. Inmmtf the 27" Infantry Division (Army) came
ashore to support the Marines on the morning of June 17 ane Ibloe brunt of a dooto-door fight
through Garapan village, another innovation in the Pacific War.

After the beaches were secured, support groups landed on gaeltheads to facilitate the maise
unloading of supplies. The pdsivasion landscape they witnessed was grim. Disabled AMTRACS and
boxes of erations were scattered across the beach. Bodies of dead Marines that weyehrecovered
bobbed in the surf. “The leaves on battered trees and ubdgsh were covered with a fine, gray dust,”
wrote former Naval Construction Battalion (Seabee) commander Ddwe@e. “This whole scene gave
an eerie feeling of war” (Moore 2002).

On the evening of Day, Seabees were ordered to launch the flogtauseways held in the LSTs
(Landing Ship, Tanks). Throughout the night, the Seabeesuwared the various pieces through the
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channel and assembled them at the Chalan Kanoa beachBgadhybreak supplies were being
unloaded from landing craft. Other dtaowed pontoon sections that were made into floating piers to
unload supplies. Pontoon barges were used to haul ammunitdhile vital to the continued success of
the American operation on Saipan, unloading supplies ameh@anition from barges on the beadhead
became monotonous as combat moved farther inland. Thigélng mission of moving ammunition and
other supplies to the beach...became a routine of eatingdbterations and sleeping on the barge for a
boring 54 days of blazing sun or miserable Ffai@mnembered one Seabee who served at Saipan. “The
Coxswain often grumbled: it is noble to suffer. We [the Seabees] were grantechttigtinguished title,
‘Bastards of the Beaches™ (Moore 2002).

There were nevertheless many soldiers on the mainlanthiltauld have traded places with the
Seabees. Japanese attempts to call in reinforcements from neighboring istare$ruitless, but they
continued to fight with resolve. On June 18, they attemptedidrdy countedanding from their tattered
navy base alTanapag Harbor. Japanese infantrymen were hastily loaded onto 35 barges and sent
toward the US landing beaches. In route, US infantry gunboats and Marine aititengepted them,
destroying many and deterring all. A larggrale encounter played out the Philippine Sea between
June 19 and 20 when the US Navy defeated the Japanese Infgaviain what is known at the
“Marianas Turkey Shoot.” In the meantime, the US secured Aslito Airfieltharsbuthern reaches of
the island and prepared the northwe fight (Crowl 1960; Rottman 2004a).

More gruesome scenes followed in this monstrous battle as b&tame July and US troops pushed
deeper into the island of Saipan. Garapan was secured o3 Jillg Tanapag seaplane base on July 4,
and on July 6 theajpanese forces staged their last massive banzai charge. After Saipan, Japanese
commanders deemed such suicidal charges as wasteful. Rarely effectiveyateenot used in later
battles. Through mountainous terrain, tropical conditsy and intense resistae, US forces reached the
northern end of Saipan at Marpi Point on July %4 9Crowl 1960; Rottman 2004a).

The Aftermath of the Battle of Saipan

The loss of life during the Battle of Saipan was tremendous. Approximadel§ 8f the 67,451 US

troops whoparticipated in the battle were killed or reported missing in actiorurRones this number
were confirmed wounded. Japanese losses were far greater. Of the appiteyn31,629 Japanese
troops who participated in the battle, 29,500 were killed or miggiRottman 2004b). Japanese sources,
however, estimated the total number killed on Saipan to be well over0@(Bulgrin 2005).

The longfought and costly victory at Saipan, the fiercest of the three majorldsminh the Marianas, was
politically and mitarily decisive. US successes in the opening two weeks of the battle indyszeteda
Emperor Hirohito to attempt a diplomatic end to the war. When news of Sagali'reached Japan,
political pressure forced Prime Minister, War Minister, and Chief of Army Ges&fhiTojo Hideki and
his cabinet, as well as navy officials, to resign (Rottman 2004a).

Equally as important to the decisiveness of the victory at Saipan wdsl#imd’s proximity to Japan. This
was also true of Guam and Tinian. The Mariestends were ideal for the development of bases for long
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range, B29 bombers that were capable of reaching the Japanese mainland. On Sag&l§ thasted
no time in developing these bases. Aslito Airfield was renamed ConroyaRetkthen Isley Field. By
December 1944, it was used as the main operating field on the island. &wairfields, Kobler Field
and another at Kagman Peninsula, were also built at this time. The seaplane basesaPBint was
rebuilt and improvements were made to the Marpi Point airfield.

Saipan and the Mariana Islands paved the road for more decisive battles at Okingveoaiima.
Together, the great sacrifices of these and other battles of the P&tdicgave US military planners an
impression of what could be expecteaifn an invasion of the Japanese mainland. Plans for such an
invasion were in the making when the decision was made ap tine atomic bombs on Hiroshima and
Nagasaki, resulting in the surrender of the Japanese Empir¢ha@nconclusion of WWIL.
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Chapter 3: Cultural Resources

This chapter providelsasicidentification,condition, andenvironmental dynamicen the archeological
sitesthat were the subject ofesearch on differential preservation and deterioratifon this project A
full report of findings resulting from thia situconservation survey is included AppendiA (hereafter
referred to as Richards and Carpenter 2DThese data provide the basis feelected
recommendations in Chapté.

With the exception of thd®aihatsu Landing Craft Bandingvehicle (LVT, an Unidentified Steamship
in Tanapag Harbor and the Consolidated PB2Y Coronado aircraifesdre included on theNWI|
Maritime Heritage Trait Battle of SaipanDversand snorkelersre activelyencouraged to visit the
sites provided they follow the visitation guidelines and do not interfere with the 6ite. disturb or
attempt to remove any components).

Daihatsu Landing Craft

The remains of two Japanese Daihatsu landing crafts lying in théyii each other were originally
located by Pacific Basin Environmental Consultant85)1&nd NPS (Miculka et al. 1984), reported by
Carrell (1991:500, 502), relocated by SEARCHNIRB08 (2008hb:54, 59) and aesbliogically mapped in
2010 (McKinnonrd Carrell 2011)A third site was located during the 2012 survey and was not
previously recordedBecauséaihatsu 3 is not includeah the trail, itcan serve as eontrolto monitor
visitor impacts.

Daihatsu 1

The Daihatsu Landing CraffFigure3) is located on the southweside of Saipan, inside Tanapag
Harborat a depth of about 11 m (35 (i ) - The wreckpositively identified as
a Daihatsu or 14m Japanese Landing Craft (McKinnon and Carrell 206T@33tructed primarily of
welded steel and the dimensions are 14.58 m in length, 3.3% width with a 0.76 m draught
(http://pwencycl.kgbudge.com/D/a/Daihatsu class.hfm

Thevessel is uprightind is reasonably intact exceptfihe port sideamidships region thabas

collapsed. A deck winch with wire remains in position anupper stern deck level. The steering wheel
has been displaced and is also lying on this upper deck level. Hull plates are hobad/iplaces and

the armorshield lies on the seabed on tpert side of the wheelhouse. The vessel is partially buried in
the stern and the upper half of the rudder is visible. Lihitairial has occurred with sand accumulation
in the cargo bay The maximum height of the main structure rises approximatedyn2abore the
seabed.There are some areas of active corrosion evident on the site, indicated bydkenge of the
typical red/brown “rust” spots on thewsface of the vehicle.
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The wreck lies on a flat, slightly undulating sandy sedbatliscomparativelydevad of marine biota. It
is covered in brown algal forms and some sporadic secondary colonizatiorvidastee.g. tunicates,
soft and hard corals, seaweed, gtdsolated hard coralline growths have formed in places with one
large coral formation otthe upper stern decklt appears that the wreck is not subjected to regular
burial/exposure cycles. Sediment has partly covered the lower profile arddhdastablishment of
some hard corals indicates that significant accumulation of sediment mote®adily occur. The site lies
in the comparatively protected lagoon area but the site has the potential tofeetad by storm
conditions.

Figﬁres. Daihatsu Landing Craﬂt- stern to bow view (Carpenter 2012).

Daihatsu 2

TheDaihatsu Landing Craft Figured) is located about 45 m (150 #puthwest of Daihatsu,Jon the
southwestside of Saipan, inside Tanapaarborat a depth of abat 11 m(UTVEEGNG):
The wreckpositively identified as a Daihatsu or 14 m Japanese Landing(Rckftnnon and Carrell
2011:98), izonstructed primarily ofvelded steel and measurd<.58 m in length, 3.35 m in width with
a 0.76 m draughthfitp://pwencycl.kgbudge.com/D/a/Daihatsu class.htm

The vessel is upright on the seabed and goior structural condition. Daihatsui? consideably more
disarticulated than Daihatsu 1. Large sections lie separatesiain of the wreck and substantial
remains have collapsed on the port side of the vessel. The enginiesing and presumed sahafjbut
the rudder and propeller shaft remain situ The maximum height of the main structure rises
approximately 23m above the seabed.imited burial has occurred with sand accumulation in the
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loading zone and around the lower profile are@kere are sme areas of active corrosion evident on
the site, indicated by the presence of the typical red/brown “rust” spmighe suface of the vehicle.

The wreckis in a similar environment as Daihatsu 1, a flat, slightly undulating sandy seddt@ckehe
dewid of marine biota. The wreck é®vered in brown algal forms and some sporadic secondary
colonization was evident (e.g. tunicates, soft and hard corals, segwéed Isolated hard coralline
growths have formed in some places.appears that the wreck is not subjected to regular
burial/exposure cycles. Sediment has partly covered the lower profile arddbdastablishment of
some hard corals indicates that significant accumulation of sediment mat®adily occur. The site lies
in the comparativly protected lagoon area but the site has the potential to be affected by storm
conditions.

Figure4. Daihatsu Landing Craft— port side view (Carpenter 2012).

Daihatsu 3

TheDaihatsu Landing Craft(Bigureb)is located on the southweside of Saipan, inside Tanapag
Harborat a depth of about 7 niUT V- This site was found during the 2012
survey and has not been previouslglagologically recorded’he wreck appears to be mesimilar to
Daihatsu 1 and Daihatsy @hich are constructed primarily of weldstkel;the dimensions are 14.58 m
in length, 3.35 m in width with a 0.76 m draught

(http://pwencycl.kgbudge.com/D/a/Daihatsu class.htm
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The vessel is upright on the seabed and is reasonably ifthetmaximum height of the main structure
rises approximately 2 m above the seabed. Some scouring has occrotemldhe stern and the rudder
and propeller are exposed. Many hull plates are either missing or consigeraibded with significant
areas of loss. Most of the port and starboard side hull structure irathielships area has collapsed. The
engine room this vehicle is visible through perforated hull plates. The engine rernrasigiand is
complete with the exhaust system and other associated features antlaap@quipment. For example,
a funnel is located in the starboard forward corner of the aegioom.

s

Figure5. Daihatsu Landing Craft-3port side view (Carpenter 2012).

N

There are some areas of aaicorrosion evidengspecially in the shallower, more exposed areas (i.e.
upper surfaces of the stern section) indicated by the pres of the typical red/brown “rust” spots on
the surface of the vehicle. The fact that the engine, other associated machametgome artifats (e.g.
funnel) are still presenin situsupports the fact that this site is not visited frequenttydshuman
interference has been minimal to date.

Similar to the other landing craft, the wreck lies on a flat, slightly undulatingyssembed relativig
devoid of marine biota with some isolated coral outcrops in close proxifiitg.wreck was covered in
concretion, some brown algal forms and some secondalynizationwas evident (e.g. tunicates, soft
and hard corals, etpespecially in the morprotected areas (i.en the engine room, under the stern).
Isolated hard coralline growths have formed in places with one large coral floman the upper ster
deck adjacent to the windlask.appears that the wreck is not subjected to regular buegposure
cycles. Sediment has partly covered the lower profile areas and the loadinguartiee establishment
of hard and soft corals indicates that significant accumulation difhsent does not readily occur.
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Inter -site Preservation and Deterioration

Basedupon the 2012 conservation study by lRaeds and Carpentetit appears that Daihatsu Landing
Craft 2 is corroding at a slightly faster rate than both Daihatsu Landing Craft 1 andsD&ihbt
addition, it appears that Daihatsu 1 and Daihatsu 3 are corroding at fairly similar datgste the fact
that Daihatsu 3 is a much shallower site where it is expected that thesiorroate would be slightly
higher. This seems to suggest that human interference (i.e. recreationad) digtivities) is havqnsome
impact on the deterioration rate of the deeper Daihatsu 1 site. Becatige good condition and
photogenic qualities Daihatsu 1 is frequently visited so regular monitoriegasmmended.

Sherman Tanks

Two Sherman tanks were documented by NPBB4 (Miculka et al. 1984:2) and were identified again
during a remote sensing survey by SEARCH, Inc. in 2008 (2008ap, Ith@éd two and a third tank
nearby were surveyednd reported onMcKinnon ad Carrell 2011). All threare located near Chalan
Kanoa and Susupe beaches on the southwest side of the islastallow, flat sandy and seagrass
seabed inside the barrier reéfefer to Figurel). They are sersubmerged with their turrets and decks
awash during low tides and are the subject of many isiyshotographs.

Tank 1

Tank 1 is the northernmost, located approximately 120 meters offshadeséting in approximately 1:5
2 m of water(UTM) - The tank is sensubmerged and at low tide all components
above the upper hull includintpe turret and gun are exposed to the atmosphefegiures). Shinynickel
welds are evident on the upper hull edges.

The tankwasidentified as a M4A2 Dry model, constructed principally of rolled and cast hemoog

steel, is 5.84m in length, 2.62wide and 2.74m in height (Grove 1976:1B81).The hull of Tank 1 is

JE] vE Al3Z 13 }A YA & 3Z +Z}E }v E WP IP((1E X ] u ]J&E J&fPuu
} (16 @h¥ main body of the vehicle is mostly intact but other smaller compisnge missing. This

loss may be due to corrosion and/or cultural impacts, such as salvage.arear@any areas of active
corrosion evident on the site, indicated by the presence of the typazibrown “rust” spots on the
surfaces of the tank. There are @alsigns of accelerated corrosion on the upper sections@tank

(flaking, surfacepalling and cracking of the metal surfaces and gun barrel) that are cyclically @xpose
the atmosphere. Children were observed playing on the tank, walking #h@ngan gun barrel and
jumping or diving into the watein time, this practice may become a health and safety issue due to the
extensive corrosion exhibited by these exposed sections and the ever ingeastmbility that these
areas may collapse or fragment

When combined, Saipan’s environment and the tanks’ bulk react, takioly@ these tanks in the form
of holes, cracks, and corrosion. Certain components of the tanks hapdared altogether, while
others are in danger of being lost. Natural processes such as corrosion amdldmipacts like salvage
are the primary explanations for many missing components. This is particularlgftioieg, thin parts of
the vehicles like the main gun barrel as well as movable parts such as bracketgaresh
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Figure6. M4 Sherman Tank %port side view (Carpenter 2012).

The surrounding seabed is relatively flat interspersed with large patchesgfass. The tank lies in a
shallow depression with gently sloping edges andithger section of the track and roller assembly is
mostly buried. A circular area about 12surrounding the tank is free of seagrass but algal forms are
present on the seabed and on the submerged parts of the Hidlh nutrient levels in the lagoon may be
contributing to this extensive algal growth (Denton et al. 2001).

Tank 2

Tank 2 is located nearly 300 m south of Tank 1 and about¥&fishore.This tankis also a M4A2 Dry
tank with a 75mm cannon. Therefore, it was also equipped with twin Gehtrirs 671 diesel
engines. Similar tdank 1, the fixtures are still present, but none of the auxiliary weaponaireithe
welded hull of Tank 2 is oriented with its bow shoreward on a bearidg®f The main gun is fixed on
a bearing of 270

The tracks, roller assembly, and suspension bogies of Tank @posedBecause of its shallow
location the tank is semsubmerged and at low tide all components above the uppdrihaluding the
turret and gun are exposed to ttemosphere(Figure7). Many of the removable components have
been detached and long, thin parts have become brittle andlkard. Components at risk of being lost
include the 75mm main gurabrel, hatches, and tow hook$he tankexhibits the signs of many years of
corrosion and environmental pressure, but less eviderfdeuman disturbance. This még due to the
fact that this tank is further offshore making it less accessible to shased traffic. Unlike the sandy
environment around Tank leagrass ipresent right up to theéracks andstretches approximately 20 m
from the center of the turrein all directiongFigure8).
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Figure?. The tank shows evidence of rust, surface spalling, and loss of &iratintegrity (Carpenter
2012)

Figure8. The tank sits on a bed a&feagrass that extends in all direction€arpenter 2012)
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Tank 3

Tank 3 is located approximatelykm south of Tank &t a depth of 2 mabout 175 m offshore from
Chalan KanoBeach, near Saipan World Resamtl Saipan Grant Hotél TV G-

The tank is serrsubmerged and at low tide all components above the upper halliding the turret

and gun are exposed to the atmospheFegure9). Shinyhigh nickel welds are evident on the upper hull
edges.

The tank, identified as a M4A3 Wet model, constructed principally of rolleccasidhomogenous steel,
is 5.91m in length, 28n wide and 2.74m in height (Grove 1976:11&1). Tank 3 is orientated with its
bow pointing seaward on a bearing of 295° and the 75mm gud fixea bearing of 60° (McKinnon and
Carrell 2011:1049.10). The main body of the vehicle is mostly intact but odmaller components are
missing. Most obvious is the loss of the engine cover and rgwathid the gun barrel is broken. These
remains are lying on the seabed in close proximity to the tank. This lgdendue to corrosion and/or
physical damage by natairand/or human impacts. There are many areas of active corrosion eaodent
the site, indicated by the presence of the typical red/brown “rust” spmishe surfaces of the tank.
There are also signs of accelerated corrosion on the upper sectidine @ik (flaking, spalling and
cracking of the metal surfaces and the broken gun barrel) that are cyclicatigezxo the atmosphere.

Figure9. M4 Sherman Tank 3 stern view (Carpenter 2012).

No human activity was observed on the site at the time ofghevey but on a previous survey in 2011,
tour boats and ‘banana’ boats frequently passed near itee fourists used jet skis on a race course just
north of the site and there was significanthore rubbish around the tank than observed on the Tank 1
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site (McKinnon and Carrell 2011:114). The fact that the site is locatddse proximity to two large
hotels would account for this increase in human interfererdowever, divers and snorkelereesstill
activdy encouraged to visjirovided they follow the visitation guidelines and do not interfere with the
site (i.e. disturb or attempt to remove any components).

The surrounding seabed is relatively flat, comprising of calcareous sedimenspersed with large
patchesof seagrass The tank is abovef the seabed and the lower track is visible. A circular area about
8m? surrounding the tank is free ska grassut dead coral and algal forms are present on the seabed.
Extensive algal mats are present on the submerged parts of the hull. High nigkiels in the lagoon

may be contributing to this extensive algal growth (Denton et al. 2001)

Inter -site Preservation and Deterioration

Based on the results from Richards and Carpenter (20E2gts a statistically significant increase in the
corrosion rate of the upper sectioms Tank 1(above 1m of water depthjersus lower section3he
primary site variable thadffects corrosion is the amount of water movemewhich is correlatedo

water depth.The higherthe position on the tankthe greater the amount of watemovement and

oxygen impacto the concreted iron surface, consequently the caiom rate will increaserThis increase
in corrosion rate is further exacerbated by wettidgying cycles that are experienced by areas of the
tank in the splash zone.

The corrosion rates noteoin Tank 3vere very inconsistent in comparison to those measured on Tank 1
No statistically valid relationships between depth of immersion emidosian could beobserved for this
tank. The areas that are constantly immersed (water depth greater fmahwill tend to provide more
consistent corrgionresults.However, similar to Tank 1, there were very few secondary colonizing
organisms on the concretionith the exception of algal forms and some seaweed species sporadically
located on the uppr surfaces of the tank his suggests that there is a significant amount of water
movement on this shallow site and possible sediment effiecing periods of rougkea conditions,

which would significantly reduasplonizationrates and increase corrosion rates.

Thenatural and cultural impacts of the local environment on Tank 3 are more aggrésan those
experienced byrank 1 More importantly, because therea imoretourist activity asociated with Tank 3
it is likely thatthis inciease in human interferends causig the accelerated deterioration. Although
Tank 2 was not tested, because it is farther off shore and visited less by sasuaners and snorkelsy
the rate of corrosion may be more similar to Tank 1, simply due to lesamimpact. Testing of Tank 2
is recommendedAll three tanks are fragile and some efforts to educate visiwsut both the dangers
and the fragile nature of the sites are wanted.
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Landing Vehicle Tracked LVT (A)-4

The remains of two landing craft were included in the 204d}qet. Landing Vehiclewas first located
during remote sensing surveys conducted by SEARCH, 28rand in 2010 was the subject of
intensivearcheological survey (McKinnon and Carrell 20B&13econd landing vehiglevhich appears to
be the same type, wasdated during the 2012 survey abdt hasnot been archaeologically
documented.

Landing Vehicle 1 (LVT-1)

The remains of a landingehicle(FigurelQ) are located approximately 1,100 m (3,600 from the
seaplane base at TanapadgT V) (SEARCH, Inc. 20084. The lading craft is a
LVT (A%, constructed principally of rolled homogenous steal. Its dimensiong.86m in length, 3.25m
wide and 3.11m in heighgnd it is resting at a slight angle ifl@ft. (.7- 3 m).

Flgure 10 LandlngVehche Tracked :Irport S|de V|ew (Carpenter 2012).

TheLVT(AX is mostly intact with major structural features and a number of field eigrad
modifications still evidentut many other components are missing, such as armor plating across the
deck, tracks and engine room, the guns and many of the ctsffdne turret has collapsed into the deck
space of the wreck. These losses may have been causedrbgion but it is mee likely that they were
salvaged, possibly during the disarming and disposal process outlined by&thailitary (McKinnon and
Carrell 2011:12324). There are some areas of active corrosion evident on the siteatadiby the
presence of the typicakd/brown “rust” spots on the surface of the vehicle thiese are minimal when
compared to the tanks.
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The wreck lies on a flat, slightly undulating sandy seabed, comprising of cals@edimentThere are
small and larger patches of reef surroundihg tvreck but none are in direct contact with the wreck.
The stern oL VT (AW, which faces shorewards partially buried in the seabed and there appearhave
been significant scouring around the bow (seaward side) of the vesseted@r and lower trdcare
entirely buried and the upper surfacese fully exposed to the marine environment. Stormy sea
conditions could result in sand movement that is likely to affect the exaé&burial/exposure, however
it is not anticipated that the entire vehicle would ever become totally buried. Thekwies covered in
brown algal forms and some sporadic secondarpnizationwas evident (e.g. tunicates, softé hard
corals, seaweed, etc.).

Landing Vehicle 2 (LVT-2)

LVTF2is located in close proximity to Tankwlhich lies on the soutliestside of Saipan, inside the
barrier reef about 180m off shore from Susupe BeasTVi i ) s site was
previously unknown and has not bearchedogically recordedlt lies at a depth of about 1.5 m
dependent orthe tide (Figurell). The model has not beepositively identified, but it is similar in design
to LVTF1, which isan LV{A)}4, constructed primarilyof rolled homogenous steel. It igientated parallel
to the shoreline with its bow pointing NNE. The vessel is fully submergdidiaies.

The vehicle has almost totallpltapsed and a track sprockatdetached and lies on the port side close
to its previously installed positiorfrigurell). The tracks themselves are also detached and lie, exposed,
in close proximity to the major vessel remsifThe vehicle is incomplete with the main components,
such as the engine and superstructure missing. The rermaggngartially buried (lower track wheel
bogies were not visible) with the starboard side of the vehicle posggsasore sediment coverage. The
starboard side of the vessel is extremely damaged and the loss of s&ustquite extensive with the
bow region almost absent, which facilitates sediment ingress into the imtefithe vessel. Stormy sea
conditions could result in sand movement thatikely to affect the extent of burial/exposure, however
it is not anticipated that the entire vehicle would ever become totally buried. Therenany areas of
active corrosion evident on the site, indicated by the presence of thealypid/brown “rug” spots on
the metal surfaces and at the sediment interface.

The surrounding seabed consists primarily of calcareous sediment withcdealdnterspersed around
the site and is relatively flat with short period undulagisand ripples caused by winnagi Occasional
living coral can be observed on the surrounding seabed buetlsevery limited coralline growth on the
vehicle structure itself. The wreck was densely covered in brown algal .fetigis nutrient levels in the
lagoon may be contributing tthis extensive algal growth (Denton et al. 2001).

The poor condition and collapsed state of the LVT2 cogldue to a number of human factors including
WWII but storm damage through increased wave action, in such shallogr vhais very likely
contributed to its gradual destruction. Recent impact damage was noted ohititeer profile part of

the structure and is probably due tosmall boat collision. It is not included on the maritime trsl,
visitation to the si¢ by divers and snorkelers is expeatte be less than to those wrecks thatedlisted.
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Figure 11Landing Vehicle Tracked-2front view (Carpenter 2012).

Inter -site Preservation and Deterioration
Based on thaesultsof Richards and Carpenter (2012t LVT sitesxhibit less corrosioof hull at the

level of the seabed than the shallower, more exposed positions. These lowemsegtithe vessel nea
the sediment/seawateinterface aresubjected to periodic burial cycles, which would reduce tibtal
amount of désolved oxygeimpactingthe concretion surface, consequently reducing the overall
corrosion ratelt is difficult to say whether LVRis caroding at a faster rate thabvVT-1. @nsidering
the extent of deterioration o£ VT2 in comparison to LVI, paricularly when one considers its
shallower depthit is not surprising thathe natural and cliural impacts on LVT2 aggeate than those
experienced by VT1.Visitation at LV should be limited because of its greater deterioration.

Japanese Merchant Ship, Presumably Shoan Maru aka “Chinsen”

The remains of a WWII merchant ship sunk in Tanapag Lagoon were first eckdapPiBEC anNPS
divers in 1984. The site is a popular dive location, locally referred to in Japlangsiage a€hirsen or
“the shipwreck” and was tentatively identified by Jim Brandt in 1998Fasan MaryJim Brandt
personal communicatioto Carrell 1990). The ship was subsequently revisited in 1984,, 7413,
2008, and 2010 (PBEC 198410, plates 3A, B, C; Cdir#991:331335; Lord and Plank 2003:B12;
SEARCH, Inc. 2008b:A®, McKinnon and Carrell 2011).

If this isShoan Maruit wastorpedoed in 1943 but did not sink and was towed to Saipan for repairs or
salvage. In 1944t was attacked again by aircraft and damaged beyond repair. Durengdbktwar
cleanup of Tanapag Harbor the ship was heavily salvaged astbeut to the waterline because it was
considered a navigational hazard. There are also reports that it wadarsexplosives training during
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this time (McKinnon and Carrell 2011:38). The remains lie in 35 ft (10.66 m) of water and the overall
length of the site is approximately 274 m (900t MGz (Fioure12). A complete
site plan for the shipwreckas notbeenproduced due tots sheer sizeThe vessel lies on its starboard
side and although most of the wreck is disarticulated and has collapsedny areas, major elements
such as the engines, boilers, steering mechanism and superstructure amljtocated in close
proximity to their original position. Napparentcargo was observed.

Figure 12 Japanese rarchantShip(bow view) (Carpenter 2012).

The wreck lies on a flatlightly undulating sandy seabéaterspersed with coral outcrops, especially
around the bow area. The vessel is not heavily concreted (e.g. welaggthpping hull plates are
discerniblg andit has a general layer of encrustation, which may be derived from calcareous|zerd ot
forms of algae. Patches of low profile hard coral formations and larger hard corals haveebec
established patrticularly on the side of the port bow, which is athtgievards the sea surface. Isolated
coral growth exists on other parts of the vessel but it is minimal. Asatiter sites in the lagoon
freshwater runoff and associated pollution may be influencing marine growth.

It appears that the wreck is not subjectemregular burial/exposure cycles. Limited sediment coverage
has occurred on some hull structure lying on the seabed battd the relatively high profile of the
shipwreck remains, this negates extensive burial. The establishment otbeald indicatethat
significant accumulation of sediment does not readily occur. Maximumsekpdeight of the main
structure is approximately 8m. Curved hull structure lying close toe¢hbed is undercut and free of
sand accretion. Relatively strong currents are eigreed on this site and scouring under ship structure
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is a likely consequence. The site lies in the comparatively protected lagearbut due to the extensive
profile of the vessel above the seabed it is conceivable that storms wawtel dn impact ontte ship’s
structure. Some of the higher profile sections of the vessel are exposed tirtfwsphere at low tides
but the majority of the wreck is fully submerged at all times.

There are a few areas of active corrosion evident on the site, indicatecelyréisence of the typical
red/brown “rust” spots on the surface of the vessel but these are sporeaimpared to the size of the
wreck remains.

Preservation and Deterioration

Richards and Carpenter (20X2ported that there were more hard corals on thigeckwhencompared
to the shallower wrecks, suds the LVTs and the tanks, which are subjected to more aladund
human interference. Anchore coralsthanthe other threeDaihatsu landing craffthis is probably a
reflection of the larger surface area available dofonizationrather than an effect of changes in the
local environmentInterpretation of the differences in the corrosion ratisproblematicbecause of the
sheer size of the sitdt appearsthat in general those portionthat have a very high profile, such as
vertical plates, or are more damaged, disarticulated and have collapsed comphatedyslightly higher
corrosion rates than those areas that doever profile and/or are more protected from wa action and
oxygenby deck supports oother structural hull features. It alsappears that the bow section is
corroding at an elevated rate compared to the stern section, which woeild keflection of the bow
sectioris higher profile in the water columrSome places on the site the metal is completely gone and
can present a hazard to unaware divers.

Possible Auxiliary Submarine Chaser

Divers first examined the remains of a possible Japanese Auxiliary Submarine(Eigase 13sunk in
Tanapag Lagoadn 1984 (PBEC 1984:1Q). At that time local tour operators referred to the site as the
“submarine.” Careful examination of the remains of this W&¥él ship revealed that it was not a
submarine, but was characteristic of an auxiliary submarine chaser or patrol boat{P®EC311,
Plates 4A, B, C). The site wasramined in 1990 by NPS divers (Carrell 1991338 in 2008 by
SEARCH, Inc. (SEARCH, Inca®iBg8)and in 2010 (McKinnon and Carrell 201)e wreck has not
been positively identified huit is thought to be an auxiliary submarine chaser, possibhKiye Maru 8
or Kyo Maru 10which were both steamers of 341 tons built primarily of steel in 1888Blater
requisitioned for use during WWII (McKinnon and Carrell 2011:45): Slkek hulldesign was suitable
for high-speed chases of submarines and they were to $edufor whaling after the war.

Thesiteis located on the southweside of Saipan, inside Tanapag HarlusT V|G -
It lies on its starboard side in approximbt&0 ft (9.1 m) of watellt is discrete and comprised of a
tightly-clustered linear deposit of bow, disarticulated hull plates and minor structleatents
approximately 60 m (200 ft) long by 15 m (50 ft) maximuuitv{Figurel3). There is little scattered
debris away from thenain concentration and it is fully submerged at all times.
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Figure 13Photomosaic of possible auxiliaisubmarine chaser site.
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Approximately 12 m (40 ft) of the sharp bow section remamtact and it appears that the upper deck
of the bow has been cut away from the vessel. Small hatch holes are preseattjof the stem leading
into the narrow below deckpace. The beam of the aft end of the remaining bow secti@rbig.8 m
(13-16 ft) wide. The remainder of the ship is badly disarticulated, although teekage generally
follows the original line of the ship. No evidence of the engine or boilergsept butthere is what
appears to be a section of a funnel in the amidships secfiost aft of the amidships section is where
the ship is highly fragmented and missing componeht®re is no obvious evidence of the stern,
steering gear, or propellers. The disarticulated nature and missing featalkss it difficult to
understand what has happened to the site; however this cdadddhe result of postvar cleanup,
salvage or explosives training operatiolms1984, munitions were visibly scattered in theeckage.
These were reported as “4 inches in diameter and 15.6ead¢bng” (D1 mm by 396 mm long) (PBEC
198510-11). Recent examination of the wreckage site reveals there are still mumitedt on the site.

The wreck lies on a flat, slightly undulating sandy seabed interspersedavahoutcrops. The vessel is
not heavily concreted anldas a layer of encrustation thit low in profile and patchy in appearance due
to colonizingspecies variation. Some larger living corals (isolated) have established vesel

structure but this is not extensive and reflects the minimal growth oélcon the boulders scattered
about the surrounding seabed. Fish, observed grazing on algallgrete. principally on the pper port
side of the bow, inhibithe establishment and extent of growth of potential colonizing marine biat.
with all sites in the lagoon freshwater runoff and associated pollution may hesirding marine

growth.

It appears that the wreck is not subjected to regular burial/exposure cykiested sediment coverage
has occurred on some hull structure lying on the seabed battd the relatively high profile of the
shipwreck remains, this negates extensive burial. The establishment otbeals mdicates that

significant accumulation of sediment does not readily occur. Maximumsexpdeight of the main
structure is approximately 3m. Relatively strong currents are experieandtlis site and scouring

under ship structure is a likely consequenthe site lies in the comparatively protected lagoon area but
due to the extensive profile of the vessel above the seabed it is conceivable thassimuld have an
impact on the ship’s structure. There are a few areas of active corrosiomg¢widdhe site, indicated by
the presence of the typical red/brown “rust” spots on the surface efvlessel but these are sporadic
compared to the size of the wreck remains.

A second site (Possible Auxiliary Submarine Chaser 2), identified by SEARI@GIR008 ray include the
remains of sections of this site. A closer inspection of the sedtsth<2010 and again in 20¥2vealed
similar types of hull construction techniques (i.e. welded hull plating).edewthere were also sections
of wreckage that did not match the first site’s construction type (i.eteigt hull plating). The sections of
similar hull plating may indicate that the vessel was cut up and/or blown u@iust amidships during
postwar operations and dumped on the opposite end of the chanAllernatively, the second site
could be the location adisecond auxiliary submarine chaser wr&alown to have sunk in the lagoon
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Preservation and Deterioration

There appeared to be no obvious relationship between watgstend corrosion rates at this site
according taRichards and Carpenter (201%olated iron features are corroding at a faster rate than
elementsthat arein physicatonnection over a larger surface area (i.ee thull structure). Furthermore,
articulated hull structure and anrchor lying in direct contact with the collapsed starboard hull plates
that arelying flat on the seabedndin a more protected arehada lower corrosion rate tharsolated
remains The starboard side is corroding at a slightigherrate compared to tle port side, which would
be a reflection of the increased damage, disarticulation and collapse on thisfside vessel.

This site is covered with relatively thaerobic concretions anthore hard corals present compared to
the shallower wrecks, suclsdhe LVTs and the tanks. This suggésee is a significant amount of
water movement on this sitdespite the greaterelativewater depth (10m). Generally the thicker the
concretion and corrosion layer, the lower thete of deteriorationbut only if the concretion layer
remains essentially undisturbed (i.e. no damage occurs through humanaianterference).

The auxiliary submarine chaser may be corroding at a slightly faster rat¢hindapanesenerchant
ship inpart because ofatural phenomendi.e. current or water movement ocyclonic acitiity) or
human intervention (i.esalvage, explosive damage during WWI1).

Unidentified Steamship

An unidentified seamshipis located on the southweside of Saipan, inside Tanagdarborat a
maximum deph of about 10m(UTN ) This site was recordeid 2008 by SEARCH,
Inc. 008ab9)andhas not been archaeologically documentédvas only cursorily investigated in
2012.

The ship hasot been positively identified ani$ constructecprimarily of steelFigurel4). There is
considerabledamageand although many pieces are disarticulated theyitagiose proximityVarious
sections are bent, twisttand distorted suggé¢isig war damage rather than@nsequence ampact
when it sank or collapse due to corrosion. A dislodged shipiler is basicaliyptact as aresome storage
tanks Theengine and propeller were not observed and may have be&mged. Overall impressions of
the site wereimited bypoor visibility. Generally the metal structures appear to be in a strong and
robust condition. There were no areas of active corims evident

The wreck lies on a flat, slightly undulating sandybsdanterspersed with coral outcrops of varying
dimensions. The vessel is not heavily concreted asdehlayer of encrustation tha low in profile and
patchy in appearance due tmlonizingspecies variation. Some larger living corals (isolated) are
established on the vessel structytaut this is not extensive and reflects the minimal growth of coral on
the boulders scattered about the surrounding seabed. At titeetof the surveytiere were significant
guantities of suspended material in the wawlumn Thisimitslight penetration andsediment
deposition from the water column euld deter some forms aharine growth. The source of the
increase in water turbidity was not determined but miag/ derived from land runoff. Relatively few fish
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were ob®rved at this site. As with all sites in the lagoon freshwater runoff and assd@allution may
be affecting marine growth.

It appears that theaunidentified steamshifs not subject to regular burial and exposure cycles, at least to
any great extentSediment has péally covered thdower profile areassuch as collapsed hull/deck
plates and the mast/king post structures lying on the seabed wagsproximately one third buried in
sediment. Maximum exposure height of the main structure was approximdtelyHowever, due to the
high profile of the remains and the establishment of hard corals in some areas ityighi&esignificant
accumulation of sediment does not readily occur on this site.

Figure 14 Unidentified steamship—boilers (Carpenter 2012).

Preservation and Deterioration

Based on the results from Richards and Carpenter (202 is a small but statistically valid decrease
in the corrosion of this site, whicduggests that iis deterioratingat a slowerrate than both the

auxiliary submarine chaser and the Japanese merchant Bhip would further suggest that human
interference (i.e. recreational diving activities) is having some impatiiedeterioration rate of the
Japanese merchant shimd auxiliary submarine chaser sitetlowever, the local environment may also
be contributing to this decrease in corrosion rate on thédentified steamshisite.

Aichi E13A “JAKE
The Aichi E13A aircraft wreck is located in Tanapag Lagoon approxit206f (365 m) south of the
eastern edge of Mafiagaha Island 8@ ft (275 m)westnorthwestof a large coral regdatch exposed
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at low tide (UTM)- 7his site was first investigated by PBEC and recorded as CNMI
Historic Property Registent&i9 in the 1980s (1984:14). It was also visited and photograiyNPS
volunteer diverdWilliam Cooper and Dennis Blankenbacker (Miculka et al. 1984 a8includedas Site
number 5 inCarrell’'sreport (1991:502508) and archedogically investigated i8010(Figurel5). This

aircraft lies within a Marine Conservation Area anfileguented by snorkelers and is popular with dive
instructors for novice diver training.

Theaircraftremains measure 36 ft (10.9 m) in length from bow to stern with a wingspdé & (14 m)
and it isconstructed most probably of duralumiar{aluminum alloy. The aircratft is relatively intact
lying invered on the seabed. Iilisting toport with the end of the port wing buried in the surrounding
sediment and the starboard wing rising above the seabed witBupport. One of the two floats is
absent the other lies in close proximity to the port wing. The aircraft &ires and componers,
although damagedemain in relatively good condition and still retain strength and resilience asedtes
by the unsupported starboard wing.pdece of landing geas located a short distance from the tail of
the aircraft but does not appear to be associated with the aircraft (McKimmzhCarrell 2011:55).
Overall damage to the aircraft structure is not readily distinguishable betwesshcstorm or potential
war damage, however it is thought that the aircraft was intentionally $edtfMcKinnon ancarrell
2011: 57).

Figure 150verview photograph of Aichi EL138AKKECarpenter 2012

The aircraft remains are located on a relatively flat, undulating sealdsporadic large coral
outcrops The port wing and the end of the tail are partially buried in fine sediment and localized
seasonal exposure/reburial cycles occurs in this area as changes to sefivets are noted with each
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visit. However, most of the remains are exposed and totaidbgeems unlikely to occur. The maximum
exposure height of the main structure is approximatelyrh.&bove the seabed. A thin mucilaginous
layer and algal forms cover the aluminum surfaces with coral growth evidevdrious parts of the
aircraft, espeally near the engine area where the presence of ferrous comporesteurage more
secondary colonization. The algal growth on the urslerfaces is denser than the growth on the upper
surfaces. A greater variety of colonizing species are also appareheamtiersurfaces. A steady and
generally light current affecting the site did not visibly move sedimehe slte is relatively shallow
(6m) and may be affected by turbulent seas generated byrstand cyclones.

Preservation and Deterioration

Accordingo Richards and Carpenter (2018 metal composition of the wings, aft fuselage, propellers
and boss head are very simildheforward part of the fuselage is corroding at a slightly slower rate
than other portions of the articulated remainghisis expected as this area of the fuselage is in direct
electrical contact with what appears to be machinery associated with thenemgsulting inmore

contact with iron, copper and other Isseactive metal thatlowersthe overall corro®n rate in this

area. The disarticulated float is corroding at a slightly higher tizé@ the other areasuggesting that

the aluminium alloy composition of the float is different frahe rest of the aircraft and contains less
copper and more aluminium making the corrosptential higher.

Some sections of thelde, such as the wings and the flpahoweddiscreet areas of perforation btie
extent was significantly s than that observed on the TBM Avengérissuggests that the
environment atthe Avengessite is considerably more aggressivarttithat experienced by thelle This
difference in damage can be attributed, in part, to the fact that the Avengeughrahallower ad sits
on a reef platform thats subject tanuchgreater overall water movement

Kawanishi H8K “ EMILY”

The Kawanishi H8K (Typé&&ge Flying Boat) aircrafFigurel6) was recorded in 1984 as CNMI idist
Property Register Site 1 with a recommendation that itiede a part of an underwater park (PBEC
1984:8). It was visited and photographedMi§S volunteer diveMilliam Cooper and Dennis
Blankenbé&er (Miculka et al. 1984:2) and was reported as sitenber 4 in Carrell'seport (1991:502).
During a remote sensing survey of Tanapag Lagoon it was again rel@dzt NG
and identifiedin 2008(SEARCH, Inc. 2008b:a8}§ was intensivelynappedin 2010 (McKinnon and
Carrell 2011)

Themainsection ofwreckageconsisting of wing and engine nacelfestsinverted on theseabed Other
componentdncluding the four engines and propellers, bow gun turret kpit; painted sections of the
fuselage, and smaller pieces are scattered over a large area. Most of the aircrétfirgswend
components, although damaged and disconnected, remain atively good condition and still retain
strength and resilience. However, extensive corrosion is evident®nabellesBecause damage the
structure isextensive and the sitis highly disarticulateénd scatteredit suggests aatastrophic
wrecking event (McKinnon and Carrel 2011:70).
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This aircraft is a popular diwite butthere is little evidence of anchor damagehanges to the site from
visitation are clear, however. Thckpitwasrepositioned so divers can sit in tpdot's seat and many
smaller artifactand componentsvere moved from their origingbositions and are piled up #te
nearbyKorean and Japase monuments

Theremains are located on a relatively flat, undulating sealétl sporadic coral outcropis the

vicinity. Some lower profile sections, such as the wiagscovered in a thin layer of fine sediment.

There appears to be evidence of localized, seasonal exgsburial cycles on the site, buost of the
remains are exposed and total burial seemskalji to occur. The maximuheight of the main

structure is approximately 1./ above the seabed. A thin mucilaginous layer and algal forms cover the
aluminum sufacesandcoral growthis evident on various parts of the aircraft, especially near areas
where thepresence of ferrous componentsncouragesnore secondary colonization. A steady and
generally light current affecting the site did not visibly move sedim&ie plandsin relatively shallow
water (9m) and may be affected by turbulent seas generated by st@mascyclones.

Figure 16 Kawanishi H8K (EMILY) (Carpenter 2012).

Preservation and Deterioration

The results fronRichards and Carpenter (2012) indicated the surface of the aluminium alloy
sections of the mily wing arein good condition with the exception of the nacelles where discrete areas
of pitting and perforation of the residual metal anbvious The metatomposition of these areas is

very similarso similar corrosion rates are expected. The cockpit, the plane sedttbe aft nacellethe
propellerandboss of engin® had similar ratesvhile the boss and propeller of engines 1 and 2 are
deterioratingat a slightly slower rateBecausengines 1 and 2 are considerably more intact andrthe
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bosses and propellers are connected to engine componéhis has affordedhem someadditional
protection from corrosion.

Martin PBM Mariner

An unidentified aicraft wreck (Figurel7) wasfirst recorded by PBEC as CNMI Historic Property Site
Number 7 (1984:12.3). It wasvisitedagainin 1990 and reportedn by Carrell (1991:508). Preliminary
investigations in 1984 postatied thatit wasa Japanese type 99 2EFB “Cherry.” In July 2662010
the sitewas revisited and extensively mapped leading to its identification as a M@thNrariner
(McKinnon and Carrell 2011). The wreck is located in Tanapag Lagoon mapebx0 meastof

Mafiagaha Island and 100 m north of an exposed patch(Ex/ |G- This aircraft
lies within a Marine Conservation Area.

The aircraft is constructed most probably of duralunangluminum alloy and is 24.33n in length,
8.38 m high and had a 35.9% wingspan. The main compondasitting inverted on the seabed at
depth of approximately 7 m (23 ft) and consistgyelyof the wings with twin engine compartments
(minus engines and propell§rgun turrets, tail sections ana portion of cockpit, etcMost of the
aircraft structures and components, although damaged andadisected, remain in reasonalipod
conditionretainingstrength and resilience. Because damagexiensive and the site highly
disarticulated and scattered over a relatively large aiesuggestsa catastrophic wrecking event
(McKinnon and Carre2011:85).

This site is frequented by divers and there is evidence of reamatior damageMany smalleiartifacts
and components have been moved from their original posgiand piled up in one area on the site.
Local informants told PBEC researchers that a radio and other electromigriesits removed from the
site had U.S. markings on them (PBEC 1984:12). It is also possibtaribadbsm of salvage occurred as
the engines and propellers are missing.

Theremains are located on a relatively flat, undulating sealwétl sporadic large coral outcropSome
lower profile sections, such as the wing&re covered ira thin layer of fine sediment. There appears to
be evidence of localized, seasonal exposure/reburial cycles, howewst,ahthe remains are exposed
and total burial seems unlikely to occur. The maximum exgmobeight of the main structure is
approximaely 1.5m above the seabed. A thin mucilaginous layer and algal forms cover the aluminum
surfaces andcoral growthis evident on various parts of the aircraft especially near areas where the
presence of ferros component&ncouragesnore secondary colonization. A steady and generally light
current affecting the site did not visibly move sedimeBecausetie site is relatively shallow () it

may be affected by turbulent seas generated by storms gatboes.
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Figure 17 Overview shot of central portions of Martin PBM Marineite; note dihedral wing (D.
McHenry, June 2010).

Preservation and Deterioration

The results from Richards and Carpenter (2012) revealed thautiaces of the alminium alloy
sections of the Marine such as the wings, floats, engine cowlings, nacalteswere quite corroded
andthere was signi€ant pitting and perforation of the residual metal. The remains of the Mariner are
more deteriorated than theakeeven though they lie in a similar environment at similar depiiss

can be attributed in part to increased stress and metabis caused by the wrecking event and
because theMariner is more disarticulated and spread over a wider avéh less opportunity for the
beneficial effects of pnamity to other remains to help preservation.

TBM Avenger

A wrecked TBMwenger Figurel8) is located just inside the barrier reef near the north edge of the
main channel entrance to Tanapag Harbor in approximatdl§ # (2.53 m) of wateUTVjjjj
I e site was recorded by PBEC as CNMI Historic Property Site Number €3 (PBE
1984:1617), visited and photographed by NPS volunteer diwiiam Cooper and Dennis
Blankenbackein 199Q reported by Carrell (1991:508nd extensively surveyed in 2010 (McKinnon and
Carrell 2011)ldentification is based on the wing size, width, fuselage and landing gearwaitifig
(Carrell 1991:508) he aircraft lies within a designated Marine Conservation Area.

The aircraft is most probabbonstructedof duralumin &naluminumalloy) and wasl2.19m in length,
5.00m high and had a 16.5h wingspan.The aircraft isnverted on the seabedith a concentrated site
distribution consisting of theentral portion of thewing. The wing measures approximately 50 ft (15 m)
in lengthand is 8 ft (2.5 min width at the fuselageThe aircraft remainsra mostly submerged,

however the hydraulic landing gear, which is in théyfaktended positionis exposed to the
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atmosphere at extreme low tide3he aircraft is missing its tail sectj@ngine and propelleA few

small sectionsof wreck are scattered withi65-130 ft (2640 m).The sections includgart of a radial
engine, a section of fuselage with an observation port and a turret ring. Vs, appears to be a radio
boxis gpproximately20ft (6 m)aft of the wreckage.

Figure 18Grumman TBM Avenger (Carpenter 2012).

The aircraft remains are located dmettop of the barrier reef that createBanapagHarborand are
subjected to considerable water movement due to this high energy enviemtinharge quantities of
dead coral are strewn over the seabed, which is comprisedafsegrainedcalcareous sediment. The
surviving aircraft structure is slowly beiimgegrated into the reef through the growth of coralBhe
maximum exposure height of the main structure is approximatelyridbove the seabed.he
aluminum skin of the wings is corroded and has a number of irregular holes and smalleatent

Its reef top position implies that the Avenger remains are always exposedarall sediment burial is
very unlikely. Sand is present inside and in front of therengay cavity which may scour in more
turbulent conditionsLocalizedlimited and partial exposure cycles may occur in this area. The
development of coral growth may potentially cover the aircraft remains vititte thowever the limited
size and extent of hard coral growths on the aircraft structure after somge@bs of immersion is likely
to bea consequence of the more dynantacalizedenvironment (including storm damage).

The smooth metal skins of aircraft generally seem to inhibit the establishofdatger forms of marine

biota unlesghere is dreak in the surface or a ferrous metapigsent. The exceptiois colonizationof
the undersurfaces of areas, such as wings, where light levels may exist that are similaseddhnd in
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the entrance to underwater caves, efthese conditionsust the establishment of lower profile sponges
and small gorgonia (sea fans) thatlonize these features. The protruding landing stares essentially
devoid of marine growtlibecause theyre subjected to a relatively strong and constant current as water
streams @er the reef into the lagoonThe muchower profile, and largely reefhielded wing remains

are less affected by excessive water movement.

Preservation and Deterioration

Richards and Carpenter (2012) reported tHae tondition of thealuminumalloy is poor comparedith
those aircraft wreck located on sandy sediments in calmaeeas of the lagoon. It is not possible to
distinguish the cause of damage to the site betwegash, storm owisitation. The site is shallow (3m)
and its reef top position means that it must be affected bsbtilentseas generated by storms and
cyclonesLocal surfers use the protruding landing gear as boat moorings and brightalaninum
surfaces are evidersuggesting direct impacin these areas.

Consolidated PB2Y Coronado

A Consolidated PBZXronado(Figurel9) is locatedon the southwest side of Saipan, inside Tanapag
Lagoon at a depth of aboutm (UT Ml ) The aircraft remains were shown to

project staff by a captain of the lattouristsubmarine and positively identified as a Consolidated PB2Y
Coronado in 2012, a U.S. four engine maritime patrol flying boat, constrootstl probably of

duralumin énaluminumalloy) andwas24.16m in length, 8.38n high and had a 35.0% wingspan.

The aircraft remains are disconnected and scattered over a very largefaresang the components
identified were a single detached engine, flight instruments with dials, aerial mast, itaekppy with
windscreen wipers, hatch covers, float supp@ chair, concreted forks and a number of unidentifiable
hull sections Damages extensive and the sites disarticulatedand scattered over a large area
suggesting @&atastrophic wrecking evenilThe presence ofaller artifactqe.g. chair, forks, etgin situ
supports the fact that this site is not visited frequerdlyd human interference has been minimal to
date.

Theremains are located on a relatively flat, undulating seabed comprising primarily afdicareous
sedimen. There are sporadic large coral outcropshia vicinity and a very large reef formation lies to
the south east of the major siteoncentration Some lower profile sections, such as the wings and tail
planes were covered in a thin layer of fine sedimé&mbst of the remains are exposed and total burial
seems unlikely to occur. The maximum exposure height of most rensaapproximately 50cm with the
engine being the exception rising about in5above the seabed. A thin mucilagindagerand algal
forms cover thealuminumsurfacesand coral growthis evident on various parts of the aircraft,
especially near areas where the presencéenfous componentgncourags more secondary
coloniation. A steady and generally light current affecting the site didvimibly move sediment.
Because the site is in shallow water, iyrbe affected by turbulent seas generated by storms and
cyclones.
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Preservation and Deterioration

Based on the findings of Richards and Carpenter (20E23urfaces of the aluminium allggctions of

the Coronadoexhibitedsignificant pitting and perforation of the residual mefahe average corrosion
potentials of the float strut, an area ofunidentified wreckageandthe control panelsuggest thathese

have different metal compositions (i.e. higher aluminium contettiah other sectionsesulting ina

higher rateof corrosion The Coronado isiore deteriorated than theakeand Enily even though they
arein similar environments at similar depthihis § due in part to the increased stress and metal fatigue
resulting from damage and because it is disarticulatedsprédad over a widearea, and therefore not
afforded the beneficial effects of proximity to other sections to slow saiedeterioration.

Figure 19Consolidated PB2&€oronado(Carpenter 2012).
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Chapter 4: Threats and Impacts

Cultural Threats and Impacts

Cultural or human impacts to underwater sites are not that much differemhftioe impacts on their
terrestrial counterparts. Ovevisitation, looting, vandalism, removal or movement of artifaats
developmentaffect allcultural heritage sitesThe mapr difference between terrestrial and underwater
sites it that isnherentlymore difficult to identify mitigate and monitorimpactsto underwater sites that
are literallyout-of-sight and often oubf-mind to managers and to all but a select few visitorhis
often leads to an accumulation of significant impact&ere is no question that the underwatsites in
Saiparhavesuffered as a result of the fundamental difference in their “visibility.”

Most often it is development witklredging, filling ad construction that impacts sites. Because the
lagoon is shallow and the shippiogannel has existed and beesutinely dredged for manyears, few
new developmetal impacts affect these sites. This typleimpacthasalready happened, most of which
wasimmediately after the successful capture by US forcesseqguent cleanup, and postar salvage.
Going forward, ew development can be regulated and potential impacts monitored and mitigated

In what may be a uniquproblem, he majority of impacts to Saipan’s submerged sites are a direct
result ofvisitation, specificallyanchor or mooring damage, looting, moving artifacts, and acts of
vandalism. This presents a challenge for managers who have limited staffatichéunding.

Anchor and Mooring Damage

Within the Mafiagaha Marine Conservation Aragure20) where there areestrictions on anchoring
steps to preventdamage have been underway since the heritage wai developedn 2009 TheCRM
office is in the process of installimgooring buoys athe more heavily visited sites including the
Kawanishi HBKEMILY site (which now has two moorings)nd repairing and replacing radngs on the
Japanese merchant shiBlans are currently in the works for installimgpre mooringson heritage trail
siteswithin the conservation area

However, br those sites otside of the Marine Conservation Ardgere is no mandate or sygort for
installing mooringso anchor damage is a greater risk. Conversations with a local boat driveselisc
the Avenger’danding gear isegularlyusedas a boat mooring for local surfers (Sheldon Preston
personal communication, 2010). The effeof mooringare seen on the landing gear where exposed
metal is obviougFigure21). Continueduse of the landing gear @asmooring will eventuallgause severe
damage if the boats collide with ¢haircraft orbreakthe landing gear during rough swell conditions.
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Managaha Marine Conservation Area

A Fully Protected No-lake Area

Exposed rock on Barges  Lower Base
reef flat

1.3 mi
(2.1 km)

Sanctuary Rules:
- No Taking
- No Fishing
- No Feeding Fish
- No Collecting

“Take only pictures... leave only footprints.”

CNMI's Marine Protected Areas -,
b/ Protecting our reefs and fish today g ¥
so they can be enjoyed tomorrow.

Call 888-5908 to report violations.

Figure 20Map of Mafiagaha Marine Conservation Are@RMN.

Figure 21 Avenger landing gear, note shiny m
mooring Carpenter2012).

A
etal where concretion has been rubhveayadue to
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Looting and Moving Artifacts

Looting and the movement of artifacts on site are probably the mostroon and mat destructive
impacts By their very naturenodern war-relatedsites have a considerable amount of associatewll
portableobjects. Br many yearslivers have been removirgytifacts or simply re@anging them on
site. Because this activitympacts the historical andrchedogical context or fabric of a sité canmake
identification more difficult and also affects the information that can be learned fragnatly in which
the site was created (i.e. crashirginking and dumping.

Of thenine sites on the trajlfour have had some form of looting or movement of artifagtsthe

Daihatsu 1 sit¢he steering wheel for the craftras popped up on the stern deck and glass bottleg, no
associated \th the site,are regularlyre-arrangedon the deck The Japanesmerchant shigsite aka

Shoan Maruncludesa Korean monument on which &liber bullets have been placed and rearranged
into patterns(Figure22). It is uncertain where thedilets actually originated and if they are from the
wreck or another site.

Figure 22 Korean monument with .50 caliber rounds (Gauvin 2010).

Divers are having major impact on tle Kawanishi HBKEMILY.)Impactsin the cockpitarea were
photographically documented during the February and R0iOfield seasongMcKinnon and Carrell
2011)(Figure23). The cockpit control pangtasshifted and subsequently balanced on its mount giving
the appearance of its original position. Furthermore, the steering colwasmoved to the opposite

side of the cockpit chair. Consultation with divgeratorsconfirmsthat tourist divers like to take
photograghs while seated in the cockpit. This behavior is detrimental to the preservafithe site and
will eventually destroy these unique features.
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February 2010

Figure 23 Cockpit configuration changes over time on Kawanishi H8K (Bell 2010).

Aladderlike metal objectvaspropped upagainst the southern side of tharcraft wing.Smaller

artifacts located orthe Kawanishgite have been moved from their original positiansludingstacking
ordnance and gas cylinders around the Japanese monu®enire24). It is possibl¢hat these artiicts
were movedo enhance the memori&ation of the site.While such movement of artifacts on a historic
site destroysontextual evidenceffom a sociecultural perspective iteflects thedifferent norms by
whichculturalgroupsmemorialize sites andommemoratetheir visits

Figure 24 Japanese monument surrounded by gas cylinders and other moveable objects @eym
2012).

Thepresentlocations of the four enginesn the Kawanishinay also be an example ofl#ferent sort of
cultural impact. There is some question whether the engaresn situor were moved to their current
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locations. Engine 2, in particular, has a questionable position as it is Sjeonlits edgen a coral head
in a fashion that implies it may have been placed intentionally for the purpoisassthetics and a
potential photographic setting.

While there is no evidence of any systematic salvage aKt#wanishithere are indications of
opportunistic salvageAlocal dive shp owner is in possession Gfientification plate$ that were
reportedly removed from theplane(McKinnon and Carrell 201@igure25). Upon furtherresearch, tle
plate was identified affom the plane’s wireless radi@eparatelythe Hstoric PreservationOffice was
informed of a piece of aircrafteposited on a beaclsuspected to have come from the Kawanishi
(Figure26). After careful review of photographs it was determined to be a portion of teerarea.
There is no way t@ccurdely determine the extent of or damage caused by such activities.
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Figure 25Wireless radiddentification plate recovered from the Kawanishi H8K sitgsasadive
saipan.com, accessed June 2010).

(N.B.:The bottom row of characters Matsushita Musen KabushikigasiMatsushita is the
predecessor company to Panasomwysenmeans wireless, ankibushikigaish#s a company
classification. The row above the company name is the manufacture dateneginih the year (02),
month (8) August, and production or model number (19). The yeds 6ibst likely a reference to the
imperial year system; the zero refers to the production year 2600 (12600 then is 1942.
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Figure 26 A p)r"ti n of a Kawanisihi H8K reported tithe HPO (Rogers 2010).
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With the implementation of the underwater trailhe Martin PBM Marineis beingvisited more
frequently, which is having an impact on its preservation and integdtgnanceand smaller artifacts
are beingmoved from theiroriginal positionsthis wasdocumented inFebruary 2010 and theirew
locations in June 201(@Figure27). They were @thered into ae area in ananner similato that
observed athe Japanese Memorial at the Kawanishi H8K site -Edflifper rounds were also located on
site with gunpowder spilling from the casings; it isgible that this was caused Hivers breaking he
casings open. A leather shoe sole was also moved to this location angvjtiie¢tie rounds.

¥

Figure 27 Artifact pile created by divers and altered over time (Bell1f).

Because the plane missingts engines and propellerand there is no chance they could have
disintegrated;salvageor removalis a strong possibilitynterestingly, here are two four-blade
propellersat a nearby “sité that wascreated by thdocalsubmarine tour compang{Figure28). While
these propellersnaybelong to theMariner siteor some other aircraft wregkhe artifact pile represents
another type of cultural impact fauxsite creaton.

Theartifacts at the“site” include ammunition boxes, 5@aliber rounds, two progéers, hatches,

multiple aircraft seats and othemidentifiable artifactslt is uncertain when this pile was created but it
is now touted to submarine tourists as &aircraft’ wreck. his type ofmisinformation to tourists is
disappointing and now that the artifacts have been displatkdir context will never be recovered and
historical andarchedogical data has been lost forever.
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Figure 28 Fauxairplanewreck created for a submarine tour withartifacts gathered from sites in the
vicinity. Note four-blade propeller(foreground)and gun in background (Carpenter 2012).

Acts of Vandalism

Vandalismwhetherintentional or unintentionalalso mpact submerged sited ocal tour boats
frequent the Sherman tankand “banana” boats pull passengers by for a closek.ldour operators
were observedlemonstratinghow to climb on the tanks and/or swing off the gun barrelslangerous
and destructiveactivity. It is suspected that similar behavior at Tank 3 resultedgaréion of the endof
the barrelbreaking.Certainly there will come a time when the barrels have ddgdeand can no longer
sustainthe weight of people jumping or swinging off them.

Graffiti has been etched into the mucilaginous layer on the aluminum surfaceedatvanishH8K
aircraft onthe wing of the aircraft and the gun turréligure 29). These graffiti areas were nobticed
during the February 2010 field season but were found in 201. The etching on the bow turret is
indiscernible; however, initials appetar be etched on the starboard wing. The letterscharactersare
not distinguishableTheylikely represent the initials of the inscriber and may have been etched to
personally memorialize one’s attendance at the site. There are several platks Band where initials
have been carved into objects. For example, at Suicide Cliff there are latpettase pads have been
used to etch initials of visitors. Particularly interesting is the fact thatntiajority of the initials are of
Asian languages inading Japanese and Korean.
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Tourism Services Impacts

Certaintourist services hava direct impacbn sites The Sherman tankare subjected to an enormous
amount of“foot traffic” when Jet Skis and banana bogass nearbyThese vehicles typically create
wakesthat wash over the tanks causing a cyclical pattern of wetting and drying. Thitsaffec
immediate site environment bincreasing oxidization leveils the water that in turn inadeasecorrosion
Tank 3 shows signs of incredsmrrosion rateghat are mostikely due to itgproximity totwo large
resortsand a Jet Ski course. The ngwnvestigated_VT2 site showed signs of ecentimpact where a
boat or Jé Ski hi the vehicle.

Unsightly rubbish, while na serious impact, is found aites. Because the Sherman tanks are located
just offshore from several large resorts and locally popular picnic beaches, rubbigtingglastic bags,
beer and soda canplastic forks and fighg line accumulate. Not only can trash present hazards to
snorkelers and divers, but they certainly have an impact on marine life. Tarttefish may ingest
pieces of plastican adverse impact that is well documented elsewhere.

Anothertourism service impadhat affectsboth the environment (i.emarine organismsandcultural
heritageis the operatiorof the localtourist submarine TheJapanese merchant shigon thetour and

as it moves towards the shipwreck the submarirgpédrses large quantities of fish feed including te
attract fish to the wreck.No information is available on the impacts of repeated discharges of rice or
other norrmarine organics into the water in the vicinity of the wrecks. Doesléiaid to highe rates of
pollution and therefore deterioration? More concerning dhe submarine’s thrusterthat blow onto

the shipwreck as it makes its turBecausetie thrustersare powerful enough tonove portions of the
iron plating up and dowythis will almost certainly leai increased deterioration in those areanad
significant impacts
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Memorialization

The process of memorializatioaffectsthe sites in Saipan through the addition of outside material,
aggregation of moveable objectgotential damageo buried artifacts,andalteringthe overallintegrity
and ‘feeling’ of a site. Two monument®n the Kawanishivreck site are dedicatedtthose lost during
the battle. The first and largest monument is located narttihe port wing and was placed there by
Challenge! Earth Exploratipa television adventures series that previously aired on the Korean
Broadcasting System (KBS). The larger panels of the monument statb ldvean and English, “Spirits
sacrificed in the Pacific War, rest in peace, KBS Challenge! Earth ExploratmnhElmgmeering Co.

Ltd.”

One side of the square monument lists the director, progluand others involved in the television
program’s placement of the monument. The other side has a series wfom& poems and statements
(Jack London personal communication, 2010). One poemeaitie of the monument dedicates the
memorial, “to spirits who hired to the compulsory military service and died duhe Pacific War,” and
an additional poem relates, “Anger, tears and grunges.’bAly one translation was received for the
poem, it is uncertain whether the word “grunge” is accurate or if it is in factdge.” These remarks
clearly indicate a Korean connection with those lost during the Battle of Saimhfurther emphasize
that Korean soldiers were forced into service. Althougls uncertain why a Japanese aircraft wreck
was chosen as the placement site for a Korean monument.

Thesecond Japanese monumeitis much maller than the Korean and small artifacts from around the
wreck site have been piled around it. The Japanese monumentappe be an epitaph for an
individual (Jun Kimura personal communication, 2010). As the first few letteri® a special writing
style, they are indiscernible; however the last four charactersslate to “Underwater (seabed) War
Memorial.” The shape of the monument is similar to that of a wooden stupd t@ modern Japanese
Buddhist style graves.

There is a third monumenbtated on the Japanese merchant ship. Much larger thariviioe

monuments on he Kawanishithis monument is off the starboard side of the bow and is dedicated to
Korean conscripts lost during the battle. Together all the monumentsotitargely affect the historical
andarchedogical context of a site but when consider@dngside the developments occurring on land,
which include gjnificant increases in the numbermsore monuments might begin to impact the context.

Environmental Threats and I mpacts

In general, the physalchemical measurements of the local environmemtreunding thewreck sites in
Saiparreported by Richards and Carpenter (2012) are typical for a shallow, near coastal,
circulation,oxidizingmarine environment, where corrosion rates are likely to be relatively high fdr bo
ferrous (iron)alloy wrecks andaluminumalloy aircraft. All of the wrecks and the aircraft were mostly
exposed with only very thin layers of sediment covering some lower proékesdying on the seabed,
which would be particularly mobile during periods of excessive water mewne (i.e. storm and cyclonic
activity). Hence, natural protection via seasonal sediment burial would tyewdikely for ay of the
wrecks identified to date
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Theresults from the examination of a number of locations on each of theattoy sites areevealing.
While each site and locales with in each site are unique they can be characteriaethsdy corroding
and will continue to do so until all the iron is consumed, are in #xjiuim where the corrosion has
slowed and formation ofoncretions rave stabilized the underlying metalr have moved into the
passive zone where little if any residual metal remains and only the cornctayieris left. A shift from
equilibrium to active corrosion can be triggered if the concretion layer is dadhttgough human or
natural interference. Because the vast majority of the sites are in shalkterywind and wave driven
sand and debris from a strong storm or cyclonic activity has the potentigetregreturn to active
corrosion.

When comparing sites is it important to look at the data in aantion with the environmental and site
dynamics information. While all the tanks are the same type and in generallgrstmvironments,

there is a statically significant increase in the corrosion rate of Tank 3 compmaifieshk 1. Thisuggests
that the natural and cultural impacts of the local environment on Tank 3 are ggressive than those
experienced by Tank 1. More importantly, as there appears to be noairést activity associated with
Tank 3, it may b#his increase in human interference that is causing the accelerated dettooraf
Tank 3Richards and Carpenter 2012)

It is difficult to say whether the L\ZTis corroding at a faster rate than th&T Jas all average
measurements are within thenespective statistical errors. However, considering the extent of
deterioration of the LVR as compared to theVT Jit would appear that the natural and cultural
impacts on the LVZ would be greater than those experienced by thér 1 (Richards and Canper
2012)

Based on theesults from theDaihatsu wrecksome differences in corrosion rate can be atmeed.
Daihatsu 2 may beorroding at a slightly faster rate than both Daihaisand 3. This is not unexpected
as it is known that isolated iraartifactsand steel hull structures that have been damaged either
through natural phenomena (e.g. cyclonic activity) or human intereante.g. salvage, explosive
damage during WWII) possess higher corrosion rates than thaksthuctures thatare relatively intact
(i.e. Daihatsu 1 and Daihat8) In addition, it appears thdDaihatsu 1 and Daihatsiare corroding at
relatively similar ates, despite the fact that Daihatsus3a much shallower site, where it would be
expected that the corrosion rateould be slightly higher. This would seem to suggest that human
interference (i.e. recreational diving activities) is having some impatttedeterioration rate of the
deeper Daihatsu &ite (Richards and Carpenter 2012)

It is difficult to determine any changes in corrosloehaviorof the larger shipwreckgapanese
merchant shipthe auxiliary submarine chasand the unidentified steamshigs most average
measurements are within their respective statistical errors. Havelvased on theesults,it appears
that there is asmall but statistically valid decrease in the corrosion potential oLimdentified
steamship sggestinghat this vessel is corroding at a slower rate than both the auxiliary submarine
chaserand theJapanesenerchant ship. Furthethe results from the auxiliary submarine chaseiggest
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that it may be corroding at a slightly faster rate thzapanesenerchant ship. This is not unexpected as
steel hull structures that have been extensively damagedduriliary submarine chasgpossess higher
corrosion rates than those hull structures that are relatively intact Japanesenerchant shipand the
unidentified steamship This would seem to suggest that human interference (i.e. recrealtiving
adivities) is having some impact on the deterioration rate of dlapanesenerchant shipandauxiliary
submarine chasesites as thaunidentified steamshiite is not on the heritage trail. However, the local
environment (i.e. increase in turbidity) maysalbe contributing to this decrease in the corrosion rare
the unidentified steamshigite (Richards and Carpenter 2012)

The fivealuminumalloy aircraftwrecks in Saipan present their own set of problemssiof the aircraft
manufactured during WWlsed a variety odluminumalloys consisting mainly afuminumbut
including varying concentrations of minor alloying constituents (e.g, topper, magnesium,
manganese, zinc and silicon) in order to change the functionality ailtreinum One of themost
common alloying metals used was copper (e.g. Duralyminch was added taluminumto increase
its strength. However the presence obpper dramatically decreased the corrosion resistance of the
metal to seawater. The other issue that will increétse deterioration rates of the aircraft is galvanic
corrosion, where the more reactivsduminumalloyscorrode faster effectively protecting the more
noble metals, such as iron and copiRichards and Carpenter 2012)

All these issues combinedakeit extremely difficult to determine any differences in corrosion rétms
the five planesHowever, becausell aluminumalloys are corroding in a commaxidizingmarine
environment in Tanapag Lagoon, the different values of the corrosicengiats mayprovide a guide to
the underlying differences in alloy composition of the aircrBétsed orthe datacollected the metal
composition of thealuminumalloys for each aircraft, in order of decreasing concentrations of
incorporated copper (or other lessaetive metals) is Avengerlake> Mariner ~ Coronado Bmily. That
is, the Avenger may have the highest concentration of copperimdlhoup ofaluminumalloys
measured whileahe EMILYwill have the lowest. This hasnsequences for the corrosion ratekthese
aircraft as higheconcentrations of coppencreasethe rate of pitting and intergranular corrosidgithe
aircraft are subjected to similar environmental conditions and other compligdtiotors, such as
increases in corrosion through stresganetal fatigue, are absent. Unfortunatebhis is not the case
with these aircraft (i.e. the Avenger lies in a very aggressive, shallower masiimerenent and the
Coronado is extensively damaged with separate sections strewn ovey &vge area) higightingthe
problem with interpreting corrosion data based on only one set of corrogamameter meaurements
(Richards and Carpenter 2012).

It is obvious that there are problems with determining differences in ciasrolsehaviorof wrecks based
ononly one set otlatameasurementsOnly tirough continued observatioand collection otorrosion
measurementwill it be possible to tease out the subtle differences in deterioration calbyddcal
environmental conditionsersus the more obvious impacts resulting from human activitys type of
information can inform decisions on which sites to actively discouragatios versus sites that are
better able to withstand the bumps and bangs caused bgrdivt can also inform decisions on where to
place warning markers for boat traffic and how to educate visitors to the fragileraaifithese sites.
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In Situ and Ex Stu Artifacts

Material recovered from WW]I sites includes objects that were removed airtteof wrecking or post
battle duringgovernment sanctioned salvagand harborclearingworks.However, atifactsremoved by
private persons sinc&/WI|, if associated with UBiilitary craftof any type are legallythe property of
the USgovernment.

Legislation aimed at protecting and preserving cultural heritage has a longyhistthe U.Sbheginning
with the Antiquities Act of 190&he Historic Sites Act of 193the Archaeological and Historic
Preservation Act of 197Archaeological ResourcBsotection Act of 1973he Abandoned Shipwreck
Act of 1987 and theSunken Military Craft Act of 200dmong othersinternationally the 197Q@NESCO
Convention on the Means of Prohibiting and Preventing the lllicit Import, Eaqbifransfer of
Ownershipof Cultural PropertyLaw of the Sea Convention of 19&2d theUNESCO Convention on the
Protection of Underwater Cultural Heritage of 2@@h seek to protect cultural heritage from damage
looting, and treasure salvage.

Under the property clause ohe US Constitutio, the 1982United Nations Convention on the Law of the
Sea(Articles 95 and 96and established principles of international maritime lamd sovereign

immunity, the U.S.Department of the Navy retains custoutyperpetuityof its ships and aircraft. These
lawsstate the right, title, and ownership of federal property is not lost to thegd@rnment due to the
passage of timgor by neglect or inaction.

This also applies to the remains of Japanese military.ddafier the same internatinal laws, he

Japanese government retains control and ownership of those items uhlegsvere specifically and
formally disposed ofin the case of WWII wrecks, tHeeaty of Peace with Japasigned8 September

1951, provides in Chapter V, Article 1}2@ that each of the Allied Powers “shall have the right to seize,
retain, liquidate or otherwise dispose of all property, rights and interestslapan, “which on the first
coming into force of the present Treaty were subject to its [the Allied Povatisgliction” (DOS 1951).
This effectively gave ownership and conwblapanessites to the Ugovernment. Because these
properties are not considered “abandoned” in tAdandoned Shipwreck Act of 1988 U.S. C. 2101
2106) they did not transfer to the states with adoption of the Act.

It is difficult to determine the amount of artifact remowval lootingthat has takerplacesince the end of
WWII. Because WWII is within the recent pasitiltural remansand artifacts associated with the war
were not generally recognized by the public as having historicaifisignce. Miny objectsonnected
with these sites were routinely colteed by local divers as well bg visitors Only with the passage of
time arethese sites now seen as an important part of our sharexdtégeand worthy of protection.

On Saipan a great deal of material remo¥enn sitesin the past is held in personal, undocumented
collectionson the islandand some may have left the isknThere is no effort by the US government to
reclaim these objects nor is there an effort by the CNMI to do so. R#tbemphasis is on insuring
that the sites and objects that remain are protected and preserved for futeneigtions. A limited
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numberof artifactsare on display at thédmerican Memorial Park, however it is not known if any of
these are from underwater contextdlo material wasecovered during the recerdrchedogical site
inspections.
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Chapter 5: Public Outreach

Introduction

Thisproject is the nexphase of a multyear effort to raise awareness ohd importance of protecting
WWIIUCHon Saipan. Phase one began in 2009 witirant from theABPRGA225509-028. Rublic
outreach and community collaboration efforts began with thedrg and have continued uninterrupted
during this project

By holding bth formal and infemal meetings witlgovernment agencies, tourism offices, dive sgop
volunteers the publicandstakeholders with a variety of perspectives made their needs knawn
response to stakeholder inpuraining in basic site documentation and maritime heritages provided
in 2010 Stakeholder input also prompted the developmentunderwater heritage trail, full color
posters am dive guides in two languagedapanese and Englisheflecting the two major user groups
of these resource®utside tle confines of Saipaawebsite and project blogere createdo reach
beyond the local tourism base and educate the broaderlipwdbout this unique collection of WWIJICH
sites

Because nderwater trail,posters, dive guides, websites and blogs readly arfractio of the public, a
17-minute interpretive filmWWII Maritime Heritage Trail: Battle of Saipéocusing orselected sites,
was developedThis interpretive film is shown at théP 3 American Memorial Park visitor center.

Consultation, Public Meetings , Presentations, Press and Digital Media

Consultation

Beginning in 2009hree agencies on the island have playedracialrole in determinig the success of
project efforts the Hstoric PreservationOffice (HPO) the Department of Environmental Quality (DEQ),
and the @astalResources Managemelr@ffice(CRM) Initial meetings and consultatiomgere held with
theseagencies to assess their cooperation, interasi involvement with the archaeological
documentation and underwater heritage trail projects (McKinnon and C204&l) Allwere again
consulted for the current project and their direct involvements eneged.

Because HPO is the regulatory agency that deals with heritage, we havedwand to maintain an
open lineof communicatiorthrough regularemail and phone contact. Staff was involved with the
conservation study, more fully described elsewhere aral/jgled as Appendix A, affidcilitated
communication with other agencies and the general pul@ieMand DEQtaff met with us to provide
useful hformation on the efficacy of the ongoing mooring buoy pobjat selected sites on the
underwater heritage traindto discuss preliminary results of the conservation study

The Marianas Visitor Authority Office (MVA), a governifanted office focusedn the development

of tourism, was contacted for consultatio®y providing demographic information éourist divers and
snorkelersijt quickly became apparent that interpretive productosid be produced in Korean,
Russian, Japanese, Chamorro and @aaol in addition to the planned Englishhey provided assistance
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with dissemination othe postersin 2011to locals and touristand important public feedback thatere
applied to the interpretive film

The projecteamalso heldmeetings with small groups including nprofit organizations. Two that
were particularly helpful are the Northern Marianas Council for the Humanities, goradit supported
by government funding, and the Pacific Marine Resourcegutes a nonprofit with interests in
traditional Micronesian fishing. Vital support from these organizations was prowidthe form of local
information and contacts with smaller user groups including diving and fishiagiaegions.

Consultation with diving and fishing groups included visit®tal diveshops toreceive feedback on
needs at the local level. Two important groups, Marianas Dive and Mariants &pob, Incwere
consulted Several members of the Manas Dive group participated training heldin 2010and
members of the Mariana Sports Club, Inc. provided valuable historical informeatih insight into the
history of the wrecks.

TheNPSAmerican Memorial Park on Saipand Warin the PacifidNational Historical Park staff and
Superintendentvere key caosultants. They provided important insights into theeds of visitorand
guestions often asked. &y reviewed the posters antail guides for accuracy and provided guidance
on the interpretive film. Because the film was designed from the outset to beisltin the park visitor
centers, their input was particularly important.

The collaboration of the NPS Submerged Resources G&R€Nvas crucial in bringing the film to
completion.As the only team of maritime archaeologists and filmmakers focusindCdtthey
participated directly in the filming and editing phases. Windward Media, our \pdeducerswent to
Denver to meet and review the film with the SRC. The finished producesartent to the close
collaboration between SRC and Windward Media.

Information, participation, and collaboratiofiom all of these organizations materially informed the
development of the underwater heritage trail, the posters, dive guides and ati¢ily the interpretive
film.

Public Meetings and Presentations

Several pblic meeting and presentations were given during thimulti-yearproject. The firstpublic
meeting was held on Saipan in June 2010 at the American MahiRark and included an audience of
over 100 people. The presentation consisted of amBute presentéion on the archeological and
historical research, the concept of thiederwater heritagdrail and the benefits to the community as
well as a question and answer session. The meeting was sponsored by thd @odwhe Humanities
and the PowerPoint slideas posted on their website for public viewing. A publeetng was held in
April 2011 at the American Memorial Park and included an audience of 57 pa@tjleresentation was
an hour long and presented the final results of the trail including drafteeotinderwater guides and
posters. The meeting was sponsored by the Asia Pacditefty of Science, Education, and
Environmental Management-ollowing this meeting there was a question and answer plerio
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More than 20 presentationshave been given at pfessional societies and organizatiomsluding the
following:

2014 Site Formation Processes of Sunken Aircraft: A Case Study of FouAWAVER In Saipan’s
Tanapag Lagoon. Paper presented at the Society for Historical Archa@aofgrence. Quebec,
Canada.

2013 A Sea Story of Fluidity in the Mariana Islands. Paper presented at Sea StorigmeéMarit
Landscapes, Cultures and Histories Conference. SydeeyShiuth Wales.

2013 Community Archaeology Approaches in the CommonwealtheoNorthern Mariandslands.
Paperpresented at the Society for American Archaeology Meeting. HondHdwaii.

2012 Before 3D, there was 2D; Collaborative efforts in creating an interpretive filomfterwater
heritage in Saipan, CNMI. Seminar given at the Department of Archaeologyaf&miies,
Flinders University. Adelaide, South Australia.

2012 The Economic Benefits of Protecting Underwater Cultural Heritage. Iméteer at the 2012
UNESCO AsRacific Regional Meeting for the Protection of Underwater Cultural Hgritidoh
Kong, Cambodia.

2012 Heritage that Hurts: Interpreting Battlefield Sites in Maritime ArchaeolBgper presented at
the Society for Historical Archaeology Conference. Baltimore, Maryland.

2011 Saipan’s Underwater Heritage. Presentation given to the Rotary ClsbnKise, Florida.

2011 Interpreting Underwater Battlefield Sites for the Publimclusion, Negotiation and
Communication. Invited paper presented at the Pacific V#8445 Heritage, Legacies, and
Culture Conference. Melbourne, Vickar

2011 Inclusion and negotiation: Interpreting underwater battlefield sites far gublic. Paper
presented at the Asi®acific Regional Conference on Underwater Cultural Heritage. Manila,
Philippines.

2011 The Potential for research on Spanish cultheiitage in the Commonwealth of the Northern
Mariana Islands. Paper presented at the A&ific Regional Conference on Underwater
Cultural Heritage. Manila, Philippines.

2011 Recording the Indigenous Maritime Cultural Landscape and Seascape in Baspamn.
presented at the Asi®acific Regional Conference on Underwater Cultural Heritage. Manila,
Philippines.

2011 Management and engagement: using maritime heritage trails to interpret ang@iro
submerged WWII heritage from the Battle of Saipan. Papesented at IKUWA4. Croatia.

2011 The WWII maritime heritage traiBattle of Saipan project: lessons learned. Paper presented at
the Australasian Institute of Maritime Archaeology Conference. Brisbane,mQlaeel.

2011 Fair winds and following seas: community (maritime) archaeology. Seminartgittes Flinders
Institute for Research in the Humanities. Adelaide, South Australia.

2011 Recent underwater archaeological research and “discoveries” in the CNddération given to
the Asia Pacific Acadeno§ Science, Education and Environmental ManagementaSa(NMI.

2011 A WWII underwater heritage trail: developing an underwater program in Saipan|. &djper
presented at the Society for Historical Archaeology Conference. Auskas.T

2010 The task ofeinterpreting: using maritime heritage trails to interpret submerged WWiitage
from the Battle of Saipan. Paper presented at the Maritime Heritage Confer&adtimore,
Maryland.

2010 Saipan’s underwater heritage; developing an underwater VWA&flitage trail. Presentation
sponsored by the Northern Mariana Islands Council for the Humanities. Saipa,
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2010

2009

From training to tourism; developing a WWII maritime heritage trail in Saipan. 8egiuwen at
the Department of Anthropology Brown Bag Seriésrida State University. Tallahassee,
Florida.

Recent archaeological investigations in the Commonwealth of the Northern Malsé&nds.
Seminar given at the Department of Archaeology Seminar Series, FlindegssityhilAdelaide,
South Australia.

Press and Digital Media
A vital link to the community on Saipan is through written, radio and televisiess. A number of press
announcements were released locally from 2009 to the present.

NMI's First Public 3D Presentation (Marianas Variety May 2013)
Underwater Heritage Trail 3D Documentary available in June (Marianas Variety M@y 201
NMI to Have First 3D Public Presentation (Marianas Variety April 2013)

Radio Interview omnterpretive Film and @hservation research projecKkKMR(1440 AM
and92.1 FM Mrch 2013)

3D Film on Underwater Heritage Trail to Premier (Marianas Vagetjanuary 2013)

Choose your own adventure: Saipan’s New WWII Maritime Heritage Trdd BB8aipan is
now open for business (Mariana/&riety, 21September 2011)

Radio Inteview with “Your Humanities HaHour” (Power 99FM, sponsored by Humanities
Council, April 2011)

Television Interview obinderwater Heritage Trail products (KSPN Channel 2 Sport Program,
April 2011)

Television Interview obinderwater Heritagdral (John Gonzales Live Show, KSPN Channel
2, April 2011) (presented in English and Chamorro)

Heritage Tourism Tipped as CNMI Money Spinner (Radio New Zealand Intexin&Xjwil
2011)

Commonwealth Can Develop Heritage Tourism (Saipan Tribune, April 2011)
Commonwealth Should Organize "Heritage Tours" (Pacific Bewtr April 2011)
Heritage Awareness Seminar Today (Marianas Variety, April 2011)

Archaeologist Discusses Prospects for NMI Heritage Tourism (Marianay \sprdt2011)
Lecture to preview ungrwater WWII heritage trail (Marianas Variety, 23 June 2010)

Underwater heritage trail in the works for Saipan lagoon (Saipan Tribune, 30 June 2010)
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Television interview with two archeology students on project (KSPN Chanidly 2010)
Television intenagw with J. McKinnon on project (KSPN Channel 2, Februaf) 20
Rusting Relics Still Have Tales to Tell (Flinders Journal, September 2009)

NMI should tap heritage tourism potential (Marianas Business Jouridl /Aigust 2009)
Study of Saipan war relics pleed (Saipan Tribune, 30 June 2009)

SDE to develop underwater heritage trail in CNMI (Marianas Variety, 23 008g 2

$49970K grant to fund underwater mapping of Saipan lagoon (Saipan Tribunge30 J
2009)

Website
A website http://www.pacificmaritimeheritagetrail.com/ wascreated using WordPress to

information about the trail, photographs and a location whi¢he dive guides and posters can be
downloaded.

Facebook
AWWII Maritime Heritage Trail: Battle of Saipan Facebook group was created toaithe

https://www.facebook.com/#!/groups/120863607992582?ap=The idea behind creating a
group was mentioned by a local diver who wished to have a sg@mpest photographs and his
experiences of diving on sites somewhere. The group is opEssevhich means any person can
view and join the group. It includes copies of the dive guates postersand has already
generateda goodamount of interest. As dflarch 2014there arel14members in the group. This
group will be maintained by Ships of Discovery Facebook members and locsivdicehave
volunteered to be administrators.

Wikipedia

AWiFI)<ipeda page http://en.wikipedia.org/wiki/Maritime Heritage Trail- Battle of Saipanhas
been created with basic information about the heritage trail. Because Wikipediadpen source
public space, the general public can edit the entry and include factual infamalbout the trail
and the heritage sites.

Interpretive  Materials and Film

Two types of public outreach products were created as part of a larger plaid in the preservation
and protection of UCH sites that were already being impacted through Vasitgirinted “hand out”
materials that visitors could take with them or dowall from the internet and print and an interpretive
film. The printed materials, a poster and underwater dive guide, were pratiunder grant GAR255
09-028. The film is the public outreach component of this grant.

Poster and Dive Guide
With the establishment othe WWII underwater heritagérail in Saipar{more fully described in
McKinnon and Carrell 201%)e hoped it would solidify the concept that these resources were more
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than just a collection afandom “leftovers” from a time and event thadtave a direct connection only to
the oldest of Saipan’s residenfsoday’s postWWII generations have grown up seeing remnants of
ships, barges, landing craft, and tanks poking above the water from the lieyentere children. Their
very commonness madéém easy to ignore and their significance easy to overlook.

Anecdotal evidence from other areas where similar trails exist suggestththdevelopment and
promotion of underwater heritage trails helps to foster an appreciation foalteritage. Sagn’s
situation is different from other areas that have underwater trails in one imporéspect; the vast
majority of users are tourists not locals. The interaction between tousemice providers (locals) and
the uses (tourists) meant that in order tengender an appreciation in the tourssve needed to
educate the service provider

After much public consultation it was clear that posters andsable dive guides were the preferred
products. The combination meant that both the rdiving and divig public were targeted. The design
of the posters,drge format, colorand doublesided outlinedeach site’s history and importance, legal
protection and proper etiquettdor visiting(Figure30, andFigure31). Each was designed to be
attractive and include quality photographsor the diving public, wateproof laminated siteguides
(Figure32) including a brief description and a drawing to identify key features were pemtincboth
English and Japanese.

A total of 750postersand500 waterproof dive guides of nine sites were printed digtiéd. The
National Park Service American Memorial visitor center Wagptimary distribution poinfor the
postersalong with the Mariana’s Visit@ureay HPO and the Humanities Counthedive guidesvere
assembled into 55 sets and distributed0 of dive shops.

The limitations of this approach are obvious. Once all the posters heare diven away, once the all the
dive guides are “used uptheir impact and effect on behavior rapidlyntinishes However, all artwork
for the guides and posters were given to several agencies including HPQ NPS and Humanities
Council so that they may be printed. Additionally, they were posteddamdibad on the trail website.
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WORLD WAR II MARITIME HERITAGE TRAIL
BATTLE OF SAIPAN

Lin € JAPANESE SHIPWRECKS
Figure 30 Front of Japanese shipwrecks poster.
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Chinsen (presumably Shoan Maru)

This shipwreck Is a popular dive location, locally referred to as the Chinsen, or “the.

Japanese merchant vessel and was tentatively identified in 1999 as Shoan Maru, Nearly two dozen

including Shoan Mar, were sunk in Tanapag Lagoon ot Inmmmmmm‘hm_ .
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Flgure 31Back of Japanese shipwrecks poster.
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The Aircraft
The Aichi E13A, (Allied code name "Jake") was a
single-engine, twin-float, long-range reconnaissance
seaplane that made its combat debut in 1941. The
Imperial Japanese Navy operated more aircraft of
this type than any other during WWIL, It participated

The Wreck

This aircraft is located in Tanapag Lagoon in
approximately 8m (23ft) of water. It lies
upside down on the seabed and many of its
features remain intact. Clues to the plane's
demise may be found near the tail where

in a number of significant operations, including Bullet bullet holes and an odd crimped area sug-
reconnaissance patrols over Pearl Harbor. The E13A holes gest battle damage or possible salvage or
was operated by a crew of three and could carry a Crimped discard attempts. To read more about this
250kg (5501b) bomb load. 4« area mystery, check out the poster! To access the

site, follow your GPS to: 15 14' 9.485"N,
145 42’ 44.263"E

The wreck lies within a Marine Conservation
Area, so please follow local regulations for
accessing the site. Remember, take only
pictures and leave only bubbles.

This material ks based upon work assisted by a grant from the Department of the
interior, National Park Service. Any opinions, findings, and conchisions or recom-
mendations expressed in this material are the authors' and do not necessarily
reflect those of the Department of the Interlor,

Figure 32 Aichi 313A dive guide.

The Film - WWII Maritime Heritage Trail: Battle of Saipan

Why afilm? It is an accepted truistihat film canconsistentlyreach more peopl@ver timethan an
inherentlyfinite supply obooks, pamphletsposters, and statimuseum exhibitsDepending upon
where a film is shown, for example in the United Kingdom, fibwut archaeology shown on TV
regularly receive8-5 million viewers per airinfClack 2006:87)n comparison, the British Museum had
slightly fewer than 5 .5 million visitors @il of 2005 (Clack 2006:87)he implication is clear: in a single
hour afilm can reach nearly as many people as the largest heritage museums in ttiskeceso reachin
anentire year. The power of filo reach a diverse audience atawlreinforceits message isvident It
also has the advantage of being unlimited in its usase, and venue. With the rise of YouTube, it can
now be streamed worldwide.ilfh can daall of this at a fraction of the cost of print media per target
audience memberSo the question isn’t “why a film?” but “why not a film?”

Thel7-minute interpretivefilm produced for this project had two objectives: to educate the local
population and tourists aboutCHand to encourag itsappreciation ad preservationThefilm was
designed to take diving and nativing visitors on #&our of the WWII Underwater Hétage Tralil
developed under the 2009 ABPP Grdntells the story of the Battle of Saipan through the underwater
heritage sites that are scattered across Saipan’s seabed including aircrast, leding vehicles, and
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ships. Special care was taken to include all those involved and affected by theaBdttlee larger war
in general. The video also embraces a strong conservation and preservatioageess

Western styles of cultural preservation tend to focus on tangible heritagéeewhicronesians display a
preference for nortangible heritage (e.g. traditional skills and knowledge) (O’Neill and Spenmeman
2001:46). According to Spennemann, some have argued that Yéwiains are left to deteriorate by the
Indigenous Micronesian populatiobgcause theylo not care about them or at least were not
concerned about them in the past. But why should they camuathem?With few exceptions, the
Pacific islanders did not actively choose to be involved in the War. AccordBpetmemann (1992:15),

It happened around them; it happened against them. Tietémids were bombed and
burned; their gardens burned by napalm or destroyed by sgulbwing through them; their
villages shelled by naval vessels and canoes sunk by aircraft; the islanderslvesmere
commandeered for forced labor, experienced food shortages and starvation.

For the descendants of those who lost their lives on Saghaing WWII there is a buiih affinity for the
locations where these events occurred, but not necessarily tlebrid” resulting from te events. The
challenge of the film was to transcend 8esingle viewg into a shared story and a shared history

As the standard of living has increased in developing cosntigtorsfrom Russia, Japan, Korea, and
Chinahaveincreased exponentially. Special tours arranged by organizations with tiessa countries
bring in busloads of tourists. Many of these groups include the National Bavk&SAmerican Memorial
park visitor center on their list of stop§here are alstour organizations that cater to the diving public
and they too bring theicustomersto the visitor centerVisitors by far have the greatest impact on the
underwater sites, and visitors, whether they remain on land or ventuetime sea, will take homthe
story that the sites represent.

A film that provides accurate informatido these target audiencesnd does so in a respectful manner
can take the single perspective and turn it into one that is shaledan encourage “ownership” across
time, distance and culturesln an effort to broaden and deepen the impact of the film it is also subtitled
in Japanese, who are the majority of visitors. By usindlR8American MemoriaParkvisitor center as

a primary point of distribution the park staff c@ustomize the visitongerience depending on the

origin of the groupThere is also a version that is subtitled in English for the hearing impaired.

A secondary point of distribution is the school systems Ty prove to be the best and longdisted
impact and where the concept pfeserving sites that exemplifyshared historwvill be the most
influential. Teachers can use it as one element in a suite of tools to teach the next gensraitiont
their history and their stories.

Finally, we live in a digital age where content is availablé.2dearly everyonexpecs that anything
can be accessed with the touch of a few kéyge third point of distribution i¥ouTubewhichhas
become thede factosource br video uploads and searchd® access a global audience Ships of
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Discovery set up a dedicated YouTube charingh:(/www.youtube.com/user/ShipsOfDiscoveyyo
showecase this film, among others.

In addition, copes of the film were provided to the following:
Office of the Governor
Historic Preservation Office
Coastal Resources Management
Mariana’s Visitor Authority
NorthernMarianas Council for the Humanities
Saipan Chamber of Commerce
Pacific Development, Inc.
War in the Pacific National Park (Guam)

Prior to finalizing the film, it was shown to a number of different target audienagisersity students,
family members, friends, resource managers, park staff, tour operators, antbers of other ethnic
backgroundsFrom the professional audience theost often received comment was that the
conservation/preservation message was clear and not-twearing and the overall tone and feeling of
the film was positive and respectful. From nprofessional friends, family and others, comments (and
an audible sigh) occurred when damage through vandalismmeationed and shown. They generally
expressed a deep concern that this would lead to the desimou of the site and a loss to future
generations. This feeling was the same whether the individual was a divenaliver. It did not matter
whether the individual ever anticipated visiting the ske&om park staff the response was very positive
and only recommended adding Chinese subtitles. Subtitlikgpiean and Russian were also suggested.
Under the currengrant, the funds to accomplish those translations and film editing were unavailable.

The true test of the success or failure of the film will be the respofiske visitors who see it dhe
American Memorial Park visitor centétational Parks have a long history of providing intelligent,
informative, unbiased information to educate and enlightie public. It is hoped that this film will
support that mission and lead to a greater sense of shared ownership fag Hresother WWII heritage
sites. Onlytime (and visitor feedback) will tell.

WWII in the Pacific, a momentous event in world history from a Western asigff perspective, is
simply a brief interlude from the Indigenous Pacific islanders’ point of (@@&nnemann 1992:15). This
perspective though pragmatic, has the potential to hinder the effective preservatiomon-Indigenous
heritage resourceslhe rise of global tourism and more particularly eaad heritagetourism is forcing

a change imutlook. For a small country such as the CNfdlirism has arguably become its most
important economic driver. Heritage managers in the CNMI face numerousmged in balancing site
protection with public interpretation. The fragility, vulnerability, and #igance of the resources make
the sitesmore susceptible to visitor impactg\ film can educate and inspire, but it cannot take the place
of committed stakeholders and government agencies to take on the hakd fsmanagement and
protection.
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Chapter 6: Recommendations and Relevant Issues

O’Neill and Spennemann (2001:46) argue that efficacious preservatmuitofal resources is
dependent upon several factors: political will, community interest, and availabiliesources. Saipan
struggles in each of these areds Saipan’s ecomy continues to weaken the impact on the agencies
that are charged with managing, protecting, and interpretiigHand the environment hakad their
budgets and personneéduced The HPO has been withouarector since 201@nda qualifiedstaff
archaeologist sinc011. This presents particular challenges in the developmetuioti community and
agency action planning and implementation.

An upsurge in the CNMI's heritage tourism industry will uddedly stimulate the local economy,
attractingvisitors and drawing money to the islands. However, the ection between economic gain
and heritage preservation is a precarious one in that heritaigs sire vulnerable resources thaiay be
harmed by tourism activitiefAccording to Carrell'developng tourism operations of the CNMI could
cause heavy visitation to these sites by scuba divers. There is alreatymercial tour submarine on
Saipan that offers tours of some underwater sites. There have been sepbthis tour submarine
damaging somefahe sites” (1991:335)This warning, given nearly 25 years ago, simply reinforces the
difficulty in creating a viable environment for heritage protection with limitedources.

A frameworkfor managindJCHthat both promotes and protectSaifan’s subnerged heritagdstimely
and necessanEach issue wadentified based omliscussions with managing agencies and the dive
community tempered with knowledge of the sites, their historical andhaodogical context, the
environmental and cultural impactsfatting the sitesand the social, economic and political conditions
of Saipan Because of overlapping responsibilities, limited personnel, and lack ofemarokiing agency
with both the authorityandresources to push forward a comprehensive managensaategy, these

can only be recommendations.

The recommendations fall into four broad categories: policies and procedpregrammatic, site
specific and public outreach. Included within policies and proceduresgistalive initiatives, capacity
shaing and strategic planningndinter-agency cooperative agreements. Programmatic
recommendations focus on those areas that are mandated by varioutatlégisequirements. Site
specific recommendations include direct and indirect site monitoring, whildic outreach is self
explanatory. Eachecommendation igollowed by a discussion of underlying issues that cornstrai
impact implementation, and then an action item walproposed time frameTable2 at the end of this
section is provided as a quick reference summary to the recommendatotisns and time frames.

The time frames are all dependent upon having adequttisg at the HP®, including hing a qualified
archaeologist as soon asssible The recommendationsequirethe leadership of HPO staff to initiate
consultation and strategic planning as a foundationaction andmplementation.Lack of adequate
staff, and a qualified archaeologist, at the HPnéshiiggest obstacle to the lorigrm preservation of
UCHon SaipanThe current team is simply not able to take on this loegn effort with their current
level of staffing.
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Management of Underwater Cultural Heritage Sites

Recommendation.Ensure that the HPO has adequate qualified and trained staff to manage cultural
heritage sites

Issue:Lack of StaffAn obstacle in th€NMI is thathere are no effective means to protect UCH
because of a lack of trained staff in altloé managing agencie$his is particularly problematic at the
HPO.As of this writing there is only one archeological technician at the HRibezkto dive and that
has undergone training in underwater archeoldggving taken the Flinders Universitgining in
underwater archeology in 2009). This makes it impossible to manage,aonastsess and enforce
legislation The archaeologist position at the HPO has been vacant 230ick

This status quo is contradictory to Part Il, Guideline 5 ofthandoned Shipwreck Act 1987at states
“The agencies responsible for the management of S@uenedwatersshould have (or have access to)
adequate professional staff, office and laboratory facilities, vessels, divingratatwater survey
equipment to carnout assigned responsibilities.” As a resulie communitycurrentlyrelies on off
island resources and expertise to assist them with the management of tiiemergedarcheological
heritagethrough projects such as this.

Action. Hire a qualified archeologist and archeological technicians (a minimum of tlamsdgxisting
staff be trained in SCUBA and the ability to conduct archeological assessmeertwater.
Time FrameAs soon as possible

Consultation and Strategic Planning

RecommendationConsultaion and strategic planning among the key governmentiésdh the
management of submerged heritaggencouraged. fie fundamental principles of site protection as
stipulated in theNational Historic Preservation Aaft1966 the Archaeological Resources Protection Act
of 1979 the Abandoned Shipwreck Aat1987 the Sunken Military Craft Acif 2005 andthe CNMI
Historic Preservation Act of 1982

Issue Cooperation.Thesites discussed in this report aal located withinCNMIwaters andmany, but
not all, are located witim the Mafiagaha Marine Conservation Argdais means that there are
overlapping jurisdictions and responsibilitiessome areas angapsin management and capabilities in
others

TheHPOhas the overall administrative responsibility cultural heritage in the CNMI. This obligation
extends off shorgo all UCH, whether they have been identifiedae as yeto be investigated.
However, the HPO doemt have any ofthe-water capacityto monitor sites or enforce violations.

To accomplish the legislative purpose of the Mafiagaha Marine ConservatigthéACNMI Department
of Lands and Natural Resources (DLNR) was delegated the exclusive atthodinage the Mafiagaha
Marine Conservatiodrea(MMCA) as well as other marine conservation areas in the CNMI (Section 6 of
PL 1212). The role of thdDLNRn regard to the management &fCHs to promote public access to the
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siteswhile protecting the physical remains. TR805 managemerplanfor the conservatiorareastates
that DLNRhas a role improvidinglogistic and financial support fgalacing moorings on sites to reduce
impacts by anchoringhey have o#the-water capability to monitor siteand the ability to enforce laws
and cite violabrs. But they do not have anyone with a cultural heritagekground.

CoastalResourcedManagement (CRMyas established on 11 February 1983, with the implemeaotat

of Public Law-37 within the Office of the Governor. The CRM program was establistoedento

promote the conservation and wiseedelopment of coastal resourceaSRM is responsible fgeneral
permitting activities thaimpact coastal resources in Saipamdin particular permits for dive boats and
dive tour operations They have o#the-water capability to monitor siteand enforce violations outside

the MMCA. Similarly, the Department of Environmental Quality (D&@)ly concerned with water

quality and pollutiorand the US Fish and Wildlife Service (US FWS) all hdake-omter capalities

and enforcemenbbligations But none of these agencies have staff with a cultural heritage background.

In order to coordinate their natural resources efforts these agenciesddrthe Marine Monitoring
Team (MMT) that is charged with providingtsttically sound and relevant scientific information
necessary for the management of reef and fish resources. It is comrfigadrine biologists and
environmental technicians that collect information on coral species divemlony populations,
benthic percent cover, and fish and madrnvertebrate numbers.

Action. Establistan HPEGDNLRCRMDEQFWSworking group(Working Group) to discuss this
management plan, to organize effective means to monitor and enforce glioteof UCHhrough
capacitysharing and toaddress specific threats to both natural and cultural resourdésere
necessary, create additional language foticies and procedures in each agency that support the
protection of submerged heritage.

This could be a UG$pecific Working up that follows theMMT model. However, given limited staffs
and time, the HPO is urged to partner with the MMT.

Time Frame2014 Join the MMT/form a UCH Working Group to lay the framework for casgtyng
Time Frame20142015 Identify additiondlanguage in policies and procedures

Legislation and Effective Enforcement

Recommendation.Review CNMI legislative mandates to bring them up to international standards.
Ensure effective protetion under existing legislatiofVWII sites areurrently protected under the
National Historic Preservation Aaft1966 Archaeological Resources Protection &dt979 Sunken
Military Craft Actof 2005 andthe CNMI Historic Preservation Act of 1982.

Issue: LegislatiorPresently the CNMI does nose the AnneRules contained in theNESCO
Protection on the Protection of the derwater Cultural Heritage 20Cds a basis for best practice to
conduct under water archaeological investigations or UCH manage@ent management requires
balancing legislation and capabilities. This is not a cafigsher restrictions but an approach that
appliesexistinglegislaton most efficientlyby layering method®f protectionand enforcement.
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Action. Review CNMI’s led@ion as it relates to the protection dAJCH and update as necessatye T
AnnexRules contained in thNESC®rotection on the Protection of the Underwater Cultural Heritage
2001shouldbe used as a model in formulating this procddss falls under thpurview of the HPO, but
will necessitate the full cooperation of the CNMI legislature and other reteagencies and
departments. Ideally, the CNMI would endorse the UNES@@e@tion and adopt the Annex Rules as
best practice.

Time Frame20182019

Action. Working Group identifies means to layer protection usngstinglegislationand agency
mandates to manageultural and natural resource$hiscould involve something as simple as
recognizing the location of thaiteswithin the Conservation Arear National Landmarknd gplying
that legislativeframework

Time Frame20152016

Issue:Effective EnforcemenBecause there ignly onescubacertified staffmemberat the HPO whds
currently able to participate in site inspections and theCHibes not havéaw enforcement training,
there is no effectivenforcement to ensurg@rotection of the submerged sites.

Action. Partner with and enlist other agency staff whose job descripgioeadyincludes enforcement
of natural or environmental legislatiomhe MMT, which includes théRM, DLNR, DFW, and DE&yge
in placethe boat assets andwith heritagetraining, the staff that could include visits to UCH sites and
incorporate them in their routine biodiversity and monitog studies.

Time Frame2015

Action. Seek funding for UCH training for MMT members
Time Frame2016

Action. Working Group establishestra-agency agreements in which HPO staff accompany other
agency enforcement affers during inspection§ection 6 of Public Law 12 states that “...the
Department [of Lands and Natural Resources] may coordinate and as@stGiammonwealth or
Federal agencies in performing their emergency or other agency fulsctiithin marineconservation
areas, if the exercise of such functions is deemed prudent or necesstrg Bepartment, or the
performance of such functions is clearly permitted by law within marineewasion areas.There is a
precedent set in law that allows for caliorative efforts in management of marine resources.

Time Frame.20152016

Complete National Register Nominations

RecommendationThe nomination of significant sites to the National Register of Historic$igce
essential in identifying and demonstratititgir importance to the local, national and international
community; this programmatic requirement should be met as soon as possible
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Issue: Register nomination®lo National Historic Register Nominations exist for submerged W4 si
in CNMIL.

Action. HPO undertake nominations or seek grant funding for preparation of Nationak&egis
nominations of the submerged WWII sitekformation from Carrell 2008nd McKinnon and Carrell
2011 can be used in the development of nominations. Atrdamuim the sites included on the heritage
trail should be nominated.

Time Frame20162017

Site Database and At-Risk Artifacts

RecommendationHPO should develop and maintain a submerged sites dag¢abas includes a means
to record and inventory atisk artifacts remogd from sites or donated to the CNMI. HPO develop a
form for documenting submerged sites.

Issue: Database and recording formihe HPO does not have a submerged sites database or a site
recording form specific to recording submerged sites. By creattBipalatabase and form the agency
will be able to better manage existing sites and update databases with nesesitecurrent

information regarding the condition of sites. Further a database will asgistassessments in the event
of development applicadns.

Action. HPO create a GIS database and form for recording submerged sites.
Time Frame2016

Issue: ArtifactsSince the posbattle period of government sanctioned salvage, no archeological frojec
has raised artifacts from WW!II submerged sitagecent surveys of the wrecks (see McKinnon and
Carrell 2011) a variety of personal items and moveable items were ndtedeTare vulnerable to the
environment and looting, and should be assessed and reméreed the sites if risks are posed

Action. At minimum photographic documentation of moveable artifaeind inclusion in a database
should be completed. This could help track items if remdvenh the sites. Enlisting the help of the
previously trained cadre of divers to photograph these items is an®¢o encourage stakeholder
ownership of the sites and a means to monitor ongoing maseihon the sites or removal.

Time Frame20152016

Action. A comprehensive evaluation of sites that have not been heavily visitstll have moveable
items should b undertaken by HPO in conjunction with Naval Historical Center staff. |f exrtifiaec
removed, it is recommended that professionals properly conserve themNBRval Historical Center has
indicated their support for this process.

Time Frame20162017
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Programmatic Research and Inventory

RecommendationHPO in conjunction with other agencies, organizations, &rdebholders continue
programmatic investigation of submerged sites through historical reseatokiey, site identification,
site documentationand the collection of oral histories. This research is hecessary for coemsigh
management of UCH.

Issue: Incomplete Information on WWII UCAHditional historical research into the location,
identification and details of WWII submerged wrecks isiatio completing the history of the Battle of
Saipan. For known sites, the research should be specific and geared towastiagsquestions of
identification and circumstances of loss. For sites yet to be identifis@areh should be more general
to obtain information on posinvasion cleanup, cold war demolition, and recent salvage, channel
clearing and dredging.

Action. HPO seek grant funds to continue programmatic historical research and ideuificdtUCH.
Time Frame.2017and beyond

Issue:Further survey inside the lagoow total of1,543potential archeological targets were identified
during the SEARCH, Inc. 2008 remote sensing surveys of Saipsteisiagoon. Only a small portion of
those targets have been tested and identified. There is a need to conduct furtlearobson these
anomalies to determine whether they are UCH.

Action. HPO seek grant funds to continue programmatic identification and evatuafipreviously
located submerged resourcddPQOcan also partner with and seek cooperationbs. Navy, U.S. NPS,
Japanese govement, CRM, DEQ@niversitiesrecreational divers and community groufgsundertake
this work.

Time Frame2016 and beyond

Issue: Further survey in potential area&.number of WWII submerged sites have been reported that
fall outside of the western lampns and that are in need of baseline remote sensing survey and
preliminary investigation. There are a few known dumps around the islandewh&. forces simply
threw equipment off cliffs into the water. One in particular is just outsifithe northernedge of the
lagoon and said to be a collection of at least five LVTs.h&né&hown dump is located just north of
Bonsai Cliff below a concrete pad on the cliff edge. Thedeottrer known or reported dumps should be
investigated and documented archeologig.

Lau Lau Bay on the east side of Saipan was a significant area to WWII operatimnghAilt was not an
invasion beach, Japanese forces used the bay as awlatw anchorage. The bay is 731m (2,40@ft)
the deepestpoint (PBEC 1984:S3). It Is@athe suspected location of aZ® crash site. This area has not
been archeologicallgurveyed.

72



An area that is likely to have scattered remains is the deep water off thieemesdges of the fringing
coral reef. The 2008 SEARCH, Inc. survey extensieloigyond the reef and identified a number of
anomalies. This is an area where large naval vessels or private vessels comeahisgithe Navy
currently anchor and it is also the U.S. staging area for the invasion. Theagrgeeht historical
significarce and has not been surveyed. Because of its ongoing useasmehorage, any potential sites
are currently under threat. Vessels in deeper water have a better chance of betgripacted by
cultural and natural factors and therefore could be signiftda terms of what they have to offer
archeologically.

Action. HPO seeks copies of any previously collected relevant bathymetricingagapd survey data for
Lau Lau Bay to determine if further survey with remote semsiquipment would be useful. Itp@ssible
that bathymetric mapping and survey has been conductedtbgragovernment agencies that could
lead to identification ofJCHsites.

Time Frame2015

Action. HPO seek grant funding and develop partnerships to undertekgr@mmatic inventory thragh
remote sensing surveys of areas outside the western lagoon, Lau aarlan areas where other
significant or threatened sites may be located.

Time Frame2017 and beyond

Issue: Oral historieral histories can provide a more nuanced undersiagaf historical events
particularly in cultures with traditions in oral histories. Individual experiencesfiea not found in
government documents and the only access to those is throughdtection of oral histories and
review of diaries and personal letters or memoirs. Oral histories can providelankrcative and
understanding of the WWII wrecks that is undocumentdulisicollection of oral historieshould be
consideredn order to record personal accounts and narratives of the battlewartkrstandocalvalues
with regard tosubmergedNWIIsites

Action. HPO seek grant funding and partner with relevant CNMI agencies, orgamizationmunity
and regional stakeholders to collect oral histories.
Time Frame2017-2018

Monitor Material Rem ains to Identify Natural Impacts
Recommendation.Implement along-term monitoring andconservaion program to identifynatural
impacts to UCH and develop of a strategic plan to mitigate adverse impacts.

Issue Corrosion Survey3he submerged shipwrecks and aircraft wrecks located in Saipan are a
significant part ofWVWIlhistory and are one of the main tourist attractions in Saipan.ifhportant that
anappropriatemonitoring andconservatiorplanisimplemented to ensure the future preseation of
these sites. The prograshould include regulamonitoringand data collection to determine the&tatus

of the natural and culturdieatures onthe wrecks This is best carried out using a systematic approach
to data collection combied with visual inspections. A baselio@rosionstudy was completed as part of
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this project and the full report is provided in AppendixThAe optimal information to be gathered under
a systematic data collection program is outlined in @@Site Corrosin Survey Data Shekgitcluded in
that report.

Action. The Wbrking Group identifiesvhich agency has the capacity to condrexjular site inspections

at the identified sitesThe most important aspect of theegular site inspections jghotographic
documentation of any changes thaiccur. This wilkllow meaningful comparisons to be made in the
future to ascertain if any significant changes to a particular site have occdinede could be carried

out as part of other duties to monitor the health of na#iior marine resources and thereby save money
and time. The report provided in Appendix A includes thetlona of each of the corrosion data
collection points. These locations should be photograpaied the photographs labeled and filed with
appropriatemembersof the Working Group.

Time Frame2014-2015

Action. The Working Groupstablishesn inspection schedule that would alldar two visits to each
site per year. Additional inspections are urged following any severe storgtlang activity so any
changes in the integrity of the site are noted by direct comparison with eadieeys.

Time Frame2014-2015

Action. The Working Groupeeksfunding foranother full corrosion and environmental surviey3-5
years In this way, from comparisons of the regular site inspection resuttgtaadditional corrosion
parameter data for each wreck site, it will be possible to ascertain if there isdrategeffect from
diving tourism on the sites and if it is at all comparable to the detrimental efi@iforded by natural
occurrences, such as seasonal storm and cyclonic activity. Finally ausombination of information
gathered from these surveys it will be possibletmritize these submerged sites with respect to their
overallin situmanagement requirements and the most appropriate managehplans determined and
applied to each site.

Time Frame20162017

Recognize UCH as Sites of Natural Significance
Recommendation.Undertake additional research on timearine environment and associated marine
life at each of the sites investigated.

Issue: WWII wrecks as sites of natural significanBevreck can create a unigue local environment for
fauna and flora to thriveand this has a bearing on defining theestsignificance and issues of research
and interpretation.Bological research was conducted in conjunction with thealiepment of the
heritage trail(20092010)by a researchr from Sydney University. Fowler conducted two yearsbf
assemblage studgeon the sites included ahe trail. His research determined thawell- established
vesselreefs are capable of approximating fish abundances and assemblegyagtars on natural coral
reefs” (Fowler and Booth 2012).

This esearch indicatethat WWII stes areof natural and environmentaignificance and should be

74



protected as such. There are no provisions withimblic Law 112, which regulates the Mafiagaha
Marine Conservation Area, identify submergedsitesas aquatic resensor equivalent. Howesr
access to the sit if they are environmentally sensitiveaybe be controlled under provisions of the
Mafiagaha Marine Conservation Area management.plan

Action. Working Group with MMT develops a long term research program to gathes biological
information at all of the WWII sites identified to date to 1) assess tradue as sites of natural resource
significance, 2) monitor the impacts of visitor use on the marine biota3amdake recommendations
for visitor use. The results of this study idbetter inform the management of the UChtid to the
corpus of information on these sites, and support thentiate of the MMT.

Time Frame201520162017

Protect Material Remains from Cultural Threats

RecommendationAll WWII shipwrecks, aircraft wrecks and vehicles underwater are protecttdakby
National Historic Preservation Aaft1966 Archaeological Resources Protection #&d979 Sunken
Military Craft Actof 2005 andthe CNMI Historic Preservation Act of 198hder ths legislation it is
illegal to interfere with, damage or remove an histaite or related itemsRaising awareness and
community outreach using a variety of meaiad partnershipss strongly urged.

Issue: Salvage and lootinglany WWi larcheological sitehave been partially salvageduring
sanctioned posbattle operationge.g. Japanese merchant shipossible auxiliary submarine chaser)
More relevant to management issuisthe questiorof whether somesites were salvagedn the recent
past after sanctioned government salvage took place. Particularly the lvipweecks aresulnerable
from those that may salvage for scrap metal vaNe.records or instances have come to light
concerning this type of activity. However, there is knowledfysonivenir huntingr looting and artifact
movementthat has occurred regutly on these sites (seéhapter 4). All featureson all sitesare
arguably vulnerable from this threat. Those features under greatest threaguse of their individual
appeal, are personal objects or small, moveable items such as huls¢sial number plateand
recognizable features of the machinery such asdfesmiand gauges. Though not much has been located
in terms of personal objects, these may still be buried on site

Action. The HPO and/or Working Grodpvelops partnerships with the MVNational Park Service
American Memorial Parkourism service praders, dive shopand organizationsand schools to spread
the word about heritage protdon. A heritage preservation awareneday,poster contest for school
children and radio interviews are all viable options. This message can incorporate pyotettiatural
heritage; protecting one often protects the other.

Time Frame20152016

Action. TheHPO and/oiVorking Groupenlista community leader or community groups to devekop

education program that raises people's awareness of the significancetofitisrecks A public
outreachprogram that reviews protective legislation as well as communicatiadntstorical, cultural
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and environmental significance of the wrecks would be most effective lamald be aimed at all age
groups including both local and tourist populations.
Time Frame 20152016

Issue Accidental interference whildiving. Damage could be caused by divers who are unaware of
appropriate wreck diving practices. Divers could handle, move or acaitiedamagertifactsbecause
they do not know that interference is illegal under tlagv. Divers may also accidentalbuch fragile
material with fins, tanks or their bodiestherefore divers need to be made aware of the appropriate
diving practices expected when visitisites. This includes a policy of “look but do not toueind a
request that dives pay attention to theibuoyancy so as to not accidentally damage material. This is
the same message given with regards to natural resources and so it dfe@ahby to rela this concept
to cultural resources.

Action. Because this issue impacts both natural and cultural resource¥ytrking Grougshould

partner with the community and relevant stakeholders developa brochure or educational outreach
program ained at dive operators/shops thatutlines the importance of promoting appropriate behavior
and buoyancy on wrecKSeeFigure33for example)

Time Frame20162017

Shipwreck Guidelines 2

South Australia’s shipwrecks offer & wealth of
recreational diving experiences for beginner
and advanced divers and are enjoyed by both
local and international visitors.

The types of shipwreck sites and the surrounding
sea conditions can vary greatly, so caraful
planning and an apprapriate level of experience
are essential to ensure a safe dive.

Diving Shipwrecks

Divers exploring historic wrecks should be
familiar with the legislation which protects thesa
sites.

Careless actions, such as excessive finning or
grabbing the structure In strong currents, can
cause Irreversible damage and should be
avoided.

Anchors are a major threal to historic wracks,
fearing the structure, accelerating corrosion and
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follow recommended anchoring procedures, 9197 B feafell Sire st
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and shipboard life.

A Songvaar, Wardang Island

Historic Shipwrecks are protected

Under the Commanwealth Historic Shipwrecks Act 1876
and the South Australian Historic Shipwrecks Act 1981

interference with Historic Shipwracks is prohibited.

Wreck material must not be damaged, maved on site or

taken from a wreck. Relics associated with an historic
wreck are also protected.

The Zanoni shipwreck,
south-gast of Ardrossan,
has a Protected Zona
which can only be
entered with a permit
Issued by Heritage SA.

Diving South Australian shipwrecks

Mare than 800 vessels are known to have been wrecked along South Australia’s coast and
inland waters, with approximately 200 of these sites currently located and identified. While
most were lost in catastrophic circumstances - driven ashore, smashed on reefs or foundering
al sea — other vessels were simply abandonad when they were no longer valuad.

South Australia’s shipwrecks are impressive dive sites, They are mini-reel systems, rich in
colourful marine life, and archaeological sites offering rare evidence of past technology, trade

Shipwrecks are fascinating to all, but divers have a special opportunity to explore, document
and protect these fragile reminders of our maritime heritage.

Be a responsible visitor

Dive shipwreck sites safely. Da not interfere with the site
and avoid accidental or deliberate damage to the wreck
with your dive vessel's anchor or dive gear.

Report newly discoverad wrecks or the possession of a
shipwreck artefact to Heritage SA, and obtain permits
when necessary.

Take only bubbles ...

Removal of wreck malerial and other disturbance are
very real threats to the preservation of many of South
Australia’s shipwreck sites.

Thoughtless prabing and fossicking on wrecks inevitably

Time capsules

Shipwreck remains are the archaeological record of a
pracise moment in time. They are time capsules
preserving the physical evidence of a distinct period,
culture and locality.

Maritime archaeologists examining South Australia's
shipwreck sites have discoverad valuable Information
about ship construction and [ite at sea. The remains of
cargoes and crew or passenger possessions have
provided rare insights
into aspects of the
Stale’s settlement,
development and
trade.

Shipwrecks are
tragile, non-renewabla
heritage resources.
Once damaged or
disturbed they cannot
be replaced.

A Geitwood, Southend

Heritage South Australia

Heritage SA Is the government agency responsible for
the management, protection and promation of South
Australia’s maritime and terrestrial heritage. The
organisation encourages the responsible enjoyment of
shipwreck sites throughout the State and has produced

Penalties for breaches of
the Acts are severe and
include confiscation of
boals and equipment,
fines and jail terms.

leads to extensive damage, depriving the site of its many frails and publications specifically far divers.
archaeological value and diminishing its potential tor

ottt nid aprasiion: Underwater interpretive plaques have been placed

adjacent to historic wrecks in popular dive locations
as parl of Adelaide’s Underwater Heritage Trail and
the Wardang Istand and Kangaroo lsland Maritime
Heritage Tralls.

Uncovering parts of the wreck site by digging or hand-
fanning’ exposes wreck malerial and accelerates
corosion and decomposition.

Itis a requirement of
the legislation that
Heritage SA be notified
of any new shipwreck
discoveries and that all relics recovered from historic
wrecks, irespective of how long aga, be ragistered by
Herltags SA.

Deliberate removal of parts for souvenirs and other
disturbance of shipwrecks are illegal and cause
Irreparable damage so ‘look and leave intact’. This will
ensure that shipwrecks remain available for everyong's
enjoymenl and interest In the future.

Guide books and brochures provide further
infarmation about the history and significance of these
vessels. The Wardang Island and Investigator Strait
books are very popular, being printed on waterproof
‘paper’ as an underwaler guide for divers.

A Bow of the Zanoni, Ardrossan

Figure 33 Diving Shipwreck brochure produced by South Australia Heritage.

Issue: Anchoring on the sit&/isitors drop their anchors onto or drag their anchors across the remains of
wrecks to moor over themAnchors dragged across or dropped ositescause damage to the remains.
Therefore anchoring on site is interpreted as interference and damage to an histek whichis

illegal under the multiple laws that protect these sitesaddition to anchdng, “tying off” to the

exposed remains afwreck also causes interference and damagd is therefordllegal. The

destructive effect of anchoring or mooring directlytora wreck has been documentea several sites

in Saipan

Action. Because this $sie impacts both natural and cultural resources, the WaylGroupshould
partner with the community and stakeholders to expand the existnooring systeroutside the MMA
to includethe more heavily visited or fragile sites.

Time Frame20162017

Action. The Working Group hold public meetingstioriease education for boaters and captains of
charter vesselabout the damages they cause and how their actions are illegal, potentiatiygh a
brochure or stickerequired on their vess€SeeFigure34 for example)

Time Frame20152016
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Action. HPO coordinate with the agency responsible for issuing peatits and ask they include
language in permits or licenses about the laws regarding anchoring and moorimstoric sitedo

prevent future disturbance.
Time Frame20162017

Historic Shipwrecks are protected

Legisiation encourages the responsible use of
South Australia’s historic wracks. It benefits diving
and fishing interests by ensuring that wreck sites
and their associated marine life are protected for
the future.

Under the Commonwealth Historic Shipwrecks Act
1976 and South Australia’s Historic Shipwrecks
Act 1981 Imerference with Historic Shipwrecks is
prohibited. Wreck material must not be damaged,
moved on site or taken from a wreck.

A Bow of the Zanoni, Ardrossan

The highly significant Zanoni wreck in Gull

St Vincent has a declared Protected Zone which
cannot be entered for any reason without a permit
issued by Heritage SA.

Penallies for breaches of the Hisloric Shipwrecks
Acts are severe and include confiscation of boats
and equipment, fines and Jall terms.

Heritage South Australia
Level B Chesser House
91-97 Grenfell Street
Adelaide SA 5000
GPO Box 1047
Adelaide SA 5001

Phone (08) B204 9245
Fax (08) 8204 9455

Emall: heritage@saugov.sa.gov.au
Web: www.heritage.sa.gov.au

Publications available from:
The Environment Shop

77 Grenfell Street
Adelaide SA 5000

Cover photograph:
S8 Australian, Wardang Island
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Historic Shipwrecks are
irreplaceable

Shipwracks are time capsules revealing rare
information about the past. As artificial reefs
they are fragile havens for a variety of marine
life. Once a wreck site is damagad or disturbed
disintegration of the wreck is accelerated and
these valuable assets are eventually last.

Recommended anchoring procedures

= locate the wreck (generally using an echo
sounder).

* Mark the position of the wrack by dropping a
small marker buoy attached to a line and small
waight (sufficient to resist any current but light
enough that the wreck is not damaged).

= Motor upwind or, if appropriate, up-current of
the wreck site.

- ;
ARRECRliet ok de ke « Drop an anchor suitable to the size of the boat

Great dive sites and popular fishing spots! A0 e Lan ot esRieE Dontalylen el ot

sand).
Boat anchars are @ major threat to historic wracks — = Lay back on the anchor line until the boat is
tearing the structure, disturbing the site and destroying positioned near to or over the wreck site
sensilive marine lifa. (ie close 10 the marker buoy already dropped),
Boat operators should remember that it is fllegal to anchor = If there is litle wind or current that could move
into an Historic Shipwreck as this will inevitably cause the marker buoy off site it can be left in place,
damage. As most wrecks do not have permanent mooring otherwise retrieve it
facilities, recreational divers and anglers should anchor
off the wreck and allow the vessel to drifl back ta the or divers:

s .

required position. Drop a shot line so that it hovers over the site,
about five metres above the wreck. The line
should be appropriately marked for

A Marion, Troubridge Shoals \ = = decampression staps.

+ Use another line to secure the shot to the sea
floor — preterably clear of the wreck. It a fixture
is not available, and if conditions allow, leave
the shot line havering above the wreck. If the
only option is to altach the line 1o the wreck,
choose a very light line and attach it to a stable
seclion of the wreck so thal the line will break
under stress without damage to the wreck.

To minimise anchor damage on some of South
Australia’s most popular wreck sites Heritage SA,
through the National Moorings Program, has
recently installed mooring buoys an the Austraflan,
Songvaar, Moarara, Investigator and Macintyra
wracks al Wardang Island. Buoys have also been
placed at the Porfland Many north of Kangaroo
Island, the Star of Gresce near Port Willunga, the
Norma off Semaphore and the Zanonl {for which
a permit is required) and a hopper harge sauth-
east of Ardrossan.

It shipwrecks are not cared for their potential
tor archasological research, tourism and
racreation is greatly diminishad.

Figure 34 Anchoring brochure produced by South Australia Heritage Branch.

Issue: Boat maneuveringsome wrecks are near the surfaaed break the water at low tide#\ boat
being maneuvered around the site may accidentally collide with the remathsause majostructural
damage. Therefore a boat collision with tregnains of any historic wreakould constitute interference
and damage, both acts illegal under tharrent legislation

Action. The Working Group addresses this issue in public meetirdjemlists the help of the
community and stakeholders to exercise all possible cawtioite maneuvering around sigeor in
transit. Moorings or markers would also contribute to raising awareness about their locatio
Time Frame20152016

Action. HPO to work with relevant agency to insure that all sites on the heritage traiélhasvany
known sites that pose a hazard to navigation (e.g. LMitR)dedon NOAA charts.
Time Frame20162017

Issue: VandalismVandalism has occurred on some siéesl may be the result of intentionar
unintentional behavior. Howeverng action intentional or unintentional, thatlamages or interferes
with a site is illegal. Scratching names into the metal fabric of a site causes thieanenter into an
activestate of corrosion until such time that it can reasfuilibriumagain.Further, as has been
demonstrated in then situcorrosion survey, many of these sites are still actively corroding anie s
case all of the metallic fabric has been lost. This creates a situation in whigkdsbkels are fragile and
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should be handled with care. Thus climbing on the sites g on to the sites could damage or
interfere with the site which is illegal under current legislation.

Action: The Working Groupoldspublicmeetingsand partnerswith stakeholders teducate users.
Vandalism also impacts natural resources so this is an excellent opportipitgmote ananti-
vandalism messagdRartner with educators and stakeholders to develop andyote educationa
outreach.

Time Frame20152016 and beyond

Issue: InterferenceTour operators and resorts undertake or promote activities that impact trecks
negativdy. Some sites are too closely visited by small haksSki®r submarines andre on a regular
trackor course which creates avake or disturbance of the immediate watandthe wreck itself.

Through the creation of a wake or movement of parts of the hull of a&kyahanges are made to the
environment and the structurevhich increases corrosion due to oxidization or disturbance of the metal
fabric. This disturbance and interference damages the sites and is illegal.

Action: TheWorking Group in cooperation with stakeholders create disturbancéno wake” zones
aroundstes that are vulnerable, particularly the Sherman tanlegiate the tracks ocourseghat
boats, Jet Skis or submarimaskearound or nearby sitethrough the permits required. For example,
change the Jet Ski course for those sites nearby or requiredbmarine to make its turn awagther
than towards the Japanese merchant shipthat its thrusters do not affect the wredRartner with
stakeholders to establish protocols and alternatives.

Time Frame20162017

Monitor Impact s of Development
RecommendationThe HPO, th®epartment ofPublic Lands (DPand DEQvork to insure that future

development will not adversely impact UCH.

Issue DevelopmentThe DPL is responsible for all lands in the Ciigllding underwaterand is the
permitting agency for all land use. Lessees currently include the Hyatt, Shimizu Ciampokéabil Oil,
Shell Qil, and Pacific Telecom Inc. Such leases fuel a significant part of thednoatyeThere are at
present no known plans for development in the vigirof the WWII wrecks in Saipan’s lagoétowever
this does not preclude development from affecting the sites in the future.d e sites located within
the intertidal zoneon thebeaches that could be affected by coastal erosion caugetktlielopmenbor
upgrading of beaches for recreation. Additionally, those sites that areddasarby or within the
existing workinghavigationakchannel may be impactdaly future dredging plansr vessel trafficThus
knowledge of where the sites are and what developinglans are projected is vital to protecting these
resources.

Action. Develop a mechanisimo involvethe HPO in all lease permits that include submerged or
shoreline lands. This type of cooperatiaineady exists foon-shore lands regarding the poteatifor
human remains. Thshould be built upon to include WWII UCH.
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Time Frame20152016

Action. The Working Group includes in its inspections of gaesatural and/orcultural impacts a
checkilist toidentify impactsattributable to development.
TimeFrame:2016

Monitor Visitation to Sites
RecommendationVisitation to WWII sites included on the maritime heritage sabuld be

encouragedand visitor numbers tracked to provide information on potential impacts

Issue Visitor NumbersThe majority 6 visitors tothe underwater WWII siteare diversand the vast
majority of those do son chartered vessels or as part of a dive tolo date, here are no data
collected and provided to the HRBat givevisitation numbers to UCkites Because the nundrs of
users has a direct bearing on the potential for adverse impacts, particulafhagite sites, this type of
information is needed to inform long term managemeDtvecharter operationsare registeredand
typically they require that diversompleteliability paperwork, so visitor use can be tracked.

Action. The HPO and CRM in cooperation with stakeholders update the reporting systeaciutde
visitor numbers to UCH sites. This should not be a separate report, bplysaim expansion of existing
CRM requirements to report visits to natural areas. In aludisions with stakeholders, it must be
emphasized thathis not a means of controlling who visits, but only a+odrusive method of
monitoring site visitation.The goal is to insure long term preservation of the sites for visitorilse.
benefits of ths approach are:
{ HPO staff will be able to gather information without having to visit thessite
{ itis an opportunity for theHPOto distribute interpretation and site access literature and for
visitors to access other forms of interpretation the wrecks
{ registration, as a means of collecting visitation infation, is an effective yet neimtrusive
method, and
{ aformal registration process will likely positivaiject thebehaviorof visitors when on the
sites.
Time Frame20152016

Strengthen Relati onship with the Dive Community
RecommendationThe HPO develops a stronger public presence with the dive caityria increase
awareness about the importance of protecting submerged heritage.

Issue: Relationship with dive communityraditionally there ha been little communication between
local divers and CNMI HPO. Local divers report being frustrated when tioyiegort new sites to HPO
and receive information about their history or significance. This discorngectesult of HPO's inability
through training, equipment and funding to be involved in thamagement of submerged sites.
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Action. HPO should partner with stakeholders dodal divers, dive groups and dives shops in the
location and identification of new sites. Those who know the waters d&esthose who use itegularly
Identify a community based leader or point person outside HPO who can keep up momentuhhere
isalready a small cadre of previously trained divers (McKinnon and C#id)lwho could form the
basis for this relationshigeducation programs meetings, information sessions and the development of
a sitereportingprogram are all options for increasingmmunication.

Time Frame2016and beyond

Increase Availability of Interpretive Material s

RecommendationEducational outrach is the best method to guaranteg@preciation and long term
preservation of all cultural heritage sites. The dissemination of informationtayWIl wreckshould
be widespread andaterto the general publicas well as touristdnterpretation should promote
awarenessof the wrecks’ significance and of the need to presethem.

Issue Interpretive materials.Dive guides angosters were produced on the maritime heritage trail in
201011 They includesite plars,information about the history of th@esselsand site locationsThey
also statethat the sites are protected and what this means in regar site access. Distrihion of this
material began in early 20ldndall materials have been distributeAn interpretive film was produced
in 2012 that takes the diver and naliver on a virtual tour of the WWII sites. The film is shown at the
American Memorial Park visitor ioter, but is not readily available elsewhere.

Action. TheHPGOshouldpartnerwith the Marianas Visitors Authoriggnd other stakeholderas
appropriateto raise funds tqrint more dive guides aridr posters.The posters could be sold in a
variety of vemies including dive shops and tourist centers. The sales farithe venues shouldeb
sufficient toreplenish the funds to print moreDive shopsare one logical venufor resale to their
customers. The original production files are not copyright protecied are readily available for this
use.

Time Frame20152016and beyond

Action. The HPO should partner with the Mariana’s Visitor Authority and otheehtakers to raise
funds to duplicate the existing/orld War Il Maritime Heritage Trail: Battle 8&ipaninterpretive film

The film could be sold in a variaty venues including dive shops and tourist centers. Thesgaice to

the venues should be sufficient to replenish the funds tplahate more copies. The film is not copyright
protected are eadilyavailable for this purpose.

Time Frame20152016and beyond

Action. The HPO should partner with the Mariana’s Visitor Authority and otheektallers to raise
funds to obtain Chinese, Korean, and/or Russian language translations-adding of the film to
include thosdanguagesubtitles. This would increase visitmtreach and public impact.

Time Frame2017-2018
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Issue: splay. TheAmerican Memorial PatAMME)hasa WWII display available to visitors to the Park
but does not include any information on the underwater site

Action. Work with AMME to provide supplemental information on the WWII UCH o&8aip
Information could be taken directly from the interpretive materiahich has already been produced.
Photographs and site plaiase not copyright protected and are readily available for this purpose.
Time Frame20172018

Table2. Quickreference torecommendationsaction items and time fame

Recommendation Action Time Frame
Ensure adequate professional staffir
at HPO

HPO hire a qualified archaeologist an ASAP
additional staff to manage cultural
heritage sites on land and underwate

Consultation and Strategic Planning

Policies and procedurg Create Working Group to lay 2014
framework for capacity sharing
Policies and procedureg Identify and create language in existin 20142015
polices/procedures to support
protection of submerged sites

Review CNMI legislation and ensure
effective protection and enforcement

Policies and procedure Bring CNMI legislation up to 20182019
internationalstandards

Policies and procedure Identify means to use existing 20152016
legislation to layer protection

Policies and procedure Hire qualified archeologist and ASAP

archeological technicians
Policies and procedure Partner with and enlistther agency | 2015
staff to help with enforcement and
protection

Policies and procedure Create intraagency agreements to 20152016
accompany other agency officers
during routine inspections of natural
resources

Complete National Register
Nominations

Programmatic HPO seek funding or complete 20162017
nominations in house

Develop and maintain submerged Si
database

Programmatic| Create GIS database and form for 2016
submerged sites and artifacts
Site specifig Photographic documentation of 20152016
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Recommendation Action Time Frame
artifacts at risk
Site specifig Reevaluation of sites with at risk 20162017

artifacts

Continue programmatic investigation
of submerged sites

Programmatic

HPO seek grant funds to continue
historical research to identify
submerged sites

2017 and beyond

Programmatic

HPO seek grant funds to continue
identification and evaluation of
previously located submerged sites

2016 and beyond

Programmatic

HPO seek grant funds to survey othe
areas for as yet to be located
submerged sites

2017 andbeyond

Programmatic

HPO seek copies of prior bathymetric
mapping and survey for evaluation

2015

Programmatic

HPO seek grant funding to collect or
histories

20172018

Implement longterm monitoring and
conservation to identify natural
impacts tosites

Policies and procedure

Working Group identifies CNMI agen(
to conduct regular site inspections

20142015

Policies and procedure

Working Group establishes inspectior
schedule

20142015

Programmatic

HPO and/or Working Group seeks
grant fundingfor second full corrosion
study

20162017

Conduct additional natural resources
research on each site

Site activity| Working Group assess value of sites| 20152016
for natural resources significance
Site activity| Monitor impacts of visitor use on 2016 and beyond

marine biota

Protect sites from cultural threats

Public outreach

HPO/Working Group develop
stakeholder partnerships to conduct
public outreach

20152016

Public outreach

HPO/Working Group enlist a
community leader to develop public
eduation program

20152016

Public outreach

HPO/Working Group with stakeholde
develop a public outreach program
aimed at divers to protect sites from
visitor use damage

20162017

Site activity

HPO/Working Group with stakeholde

20162017
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Recommendation

Action

Time Frame

to expand existing mooringystem

Public outreach

Working Group and stakeholders holg
public meetings to increase educatior
for boaters

20152016

Policies and Procedure

HPO work with agency responsible fg
boating permits to add language in
permits about anchoring and moring
on historic sites

20162017

Public outreach

Working Group with stakeholders hol
public meetings to educate boaters
about mooring around submerged
sites

20152016

Policies and Procedure

HPO ensure that any sites that pose
hazard to navigatioare included on
NOAA charts

20162017

Public Outreach

HPO/Working Group hold public
meetings to educate visitors about
vandalism

20152016

Site activity

Working Group with stakeholders
establish “no wake” zones around
vulnerable sites

20162017

Protectsites from impacts of future
development

Site activity

Working Group includes checklist to
identify impacts to sites attributable ta
development

2016

Policies and procedure

Develop mechanism to involve HPO i
lease permits that include submerged
or shoreline lands

20152016

Monitor visitation to sites

Policies and procedure

HPO/CRM with stakeholders update
existing reporting system to include
visitor numbers at submerged sites

20152016

Strengthen relationship with dive
community

Site activiy

HPO partner with stakeholders and
local dive community to help locate
and identify new sites

2016 and beyond

Increase availability of interpretive
materials

Public outreach

HPO partner with MVA to duplicate
and distribute film as a sale item in
diveshops and tourist centers

20152016 and
beyond

Public outreach

HPO partner with MVA and
stakeholders to reprint dive guides an

posters

20152016 and
dbeyond
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Recommendation

Action

Time Frame

Public outreach

HPO partner with MVA to raise funds| 20172018

to add Chinese, Korean and/or Russian
subtitlesto interpretive film
Public outreachh HPO work with AMME to provide 20172018

supplemental information about
submerged sites
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Chapter 7: Conclusion

TheMariana Island and thePacific region in generhbvetheir own unique set of challenges angues
that are quite different fronother parts of the worldlt is important therefore,that other “models” are
not applied wholesale to this region.mdethodthat considers the challenges and difficulties the
Marianasis facingand a program that is suited to deal with these challenges and resolve itite the
future is the most likelguccessfulong termapproach. As Anita Smittated inContested Heritages in
the Pacifidslandg(nd), “Communities and governmentsthe region are keen to engage with
international conservation programs not only because they are interestedoitecting their heritage
and resources but also as they provide a source of income, training and awveraagrimunication with
the global commnity. The challenge is for processes of heritage protection and ratiegislation to
govern and enforce this protection to be based in and evolve from traditigsésis of governance
and cultural practices rather than imposed from the outside.”

Therecommendations in this report wengritten with the intention of assisting the CNMI HPO and
other interested agencies in managing their submerged WWII heritage. Tdrenatfon has the
potential to empowelthe local community with knowledge about their sites drav they might initiate
further investigation and research into such sites andgebthem from further degradation through
cultural and natural factors.

While thisreport specifically focuses on WWII submerged heritage, there are many mesdrsim
previous and later time periodbat are significant tolie local history It is hoped that this reportwill
serve as a blueprint tguidethe HPO in managingnd preservingll sites Inclusive and collaborative
efforts should be made with theegulatory agenciethat deal with the marine environmenthe
community andstakeholdersThe interests of the U.S. andphnese government are at the core of this
heritage but a local perspective thatcorporates Chamorro, Carolinian, Filipino and Korean values
should be actively pursued.

The reportincludes a range of recommendat®and actionsAll are dependent on a number obiges
local to the island including: staffaining, equipment, funding;ooperation,and priorities. Additional
assistace with corrosion surveys using specialized equipment lbeayeeded in the futurealthough
basic corrosion survaysing camerasan be caductedby the HPO or its partnerssingmethods
outlined in Appendix ANevertheless, when corrosion or archeologmarveys are needed, there are
several partners identified within this document who might assist wigsthneeds including agencies,
museums and universities. Additionally, it might be useful to seelasiséstance of other Micronesian
HPOs who have tnagd staff including Guanthat has been actively researching and surveying its
submerged heritage.

A communitycentered stakeholdeinvested approach to public outreach is particularly important. The
film offers an opportunity to reach a wide audiencelwé positive message of preservation and
appreciation that goes beyond one group or ethnic identit can be used as a springboard to invite and
encourage community involvementhe old adage applies herenany hands make the work light
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Sharing the work and spreading the benefits among the peop&agian will enrich all of us, whether
we live there or not, whether we will ever see tWéVIllunderwater heritage sites first hand only
through vicarious means.

These sitesnayrepresent the stoies of WWII onSaipan but they are our shared history.
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Further Contact
The authors and researchers of this report would be pleased to answer anomqsethat might arise

from its content and would welcome any feedback or suggest Should there be a neéor additional
training or survey, the authors would be happy to assist. The contaatislef each author are listed
below in case of further questions or contact.

Jennifer McKinnon, Ships of Discovery &adt Carolina University, Program in Maritinhedis,
Admiral Eller House, Room 103, Greenville, NC 24858, +252328-6788,mckinnonje@ecu.edu

Toni Carrell, Ships of DiscoveB® Condesa Road, Santa Fe, NM 87508,-4662240,
ticarrell@shipsofdiscovery.org

Vicki Richards, Western Australian Mused®47 Cliff St Fremantle, WA160AUSTRALIABL (8)
9431 8472Vicki.richards@museum.wa.gov.au

Jon Carpenter, Western Australian Museul:47 Cliff St Fremantle, WA160AUSTRALIAGL (8)
9431 8472Jon.Carpenter@museum.wa.gov.au
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EXECUTIVE SUMMARY

Ships of Exploration and Discovery Research Inc. (Ships) requested the services of a diving
conservation scientist to conduct pre-disturbance conservation surveys on selected World War Il
underwater archaeological wreck sites in Saipan, Commonwealth of the North Marianas Islands and
provide recommendations for the development of a management plan for long-term preservation which
will be written by Ships archaeologists. This management plan will be developed by Ships
archaeologists in cooperation with the Historic Preservation Office, CNMI (HPO) and will outline an
appropriate framework for the monitoring, management and conservation of World War Il resources in
the CNMI. This plan will be delivered to HPO for future reference and use.

Based on the scope of work and the eligibility requirements Dr Jennifer McKinnon awarded the
contract to Vicki Richards, Conservation Scientist, Department of Materials Conservation (DMC),
Western Australian Museum (WAM) in collaboration with Jonathan Carpenter, Senior Conservator,
DMC, WAM. Conservation surveys of 15 individual wreck sites were carried out by Vicki Richards and
Jonathan Carpenter, assisted by a small archaeological team, over a one week field season on
Saipan, CNMI in February 2012. This report will describe the results obtained from these conservation
surveys, discuss the data with respect to site stability and suggest some recommendations for future
monitoring and long-term preservation, which may assist in the development of a holistic management
program for these UCH sites.

In general, the physico-chemical measurements (pH, Eeqox dissolved oxygen, salinity, temperature,
etc) of the local environment surrounding the wreck sites in Saipan are typical for a shallow, near
coastal, open circulation, oxidising marine environment, where corrosion rates are likely to be relatively
high for both ferrous alloy wrecks and aluminium alloy aircraft. All of the wrecks and the aircraft were
mostly exposed with only very thin layers of sediment covering some lower profile areas lying on the
seabed, which would be particularly mobile during periods of excessive water movement (i.e. storm
and cyclonic activity). Hence, natural protection via seasonal sediment burial would be very unlikely for
any of the wrecks surveyed in 2012.

The corrosion parameters of a number of different areas on each of the ten iron alloy wrecks and the
five aluminium alloy aircraft were measured during the survey period from 20-24 February 2012.
Based on the corrosion parameter data and the environmental and historical information some
conclusions were drawn about the differences in corrosion behaviour of the fifteen wreck sites.

The natural and cultural impacts of the local environment on the M4 Sherman Tank 3 (Tank 3) are
more aggressive than those experienced by the M4 Sherman Tank 1 (Tank 1). More importantly, as
there appears to be more tourist activity associated with Tank 3, it may be this increase in human
interference that is causing the accelerated deterioration of Tank 3. It is difficult to say whether the
Landing Vehicle Tracked 2 (LVT2) is corroding at a faster rate than the Landing Tracked Vehicle 1
(LVT1), however, considering the extent of deterioration of the LVT2 as compared to the LVT1 it would
appear that the natural and cultural impacts on the LVT2 would be greater than those experienced by
the LVTL. It appears that the Daihatsu Landing Craft 2 (DAI2) is corroding at a slightly faster rate than
both the Daihatsu Landing Craft 1 (DAI1) and the Daihatsu Landing Craft 3 (DAI3). In addition, it
appears that DAI1 and DAI3 are corroding at relatively similar rates, despite the fact that DAI3 is a
much shallower site, where it would be expected that the corrosion rate would be slightly higher. This
would seem to suggest that human interference (i.e. recreational diving activities) is having some
impact on the deterioration rate of the deeper DAIL site. It appears that the small but statistically valid
decrease in the corrosion potential (E.,) of the unidentified Steamship (SS) suggests that this vessel
is corroding at a slower rate than both the Auxiliary Submarine Chaser (ASC) and the Japanese
Freighter (JFR) and the small increase in the average E.,, of the ASC suggests that it may be
corroding at a slightly faster rate than JFR. This would seem to suggest that human interference (i.e.
recreational diving activities) is having some impact on the deterioration rate of the JFR and ASC sites
as the SS site is not on the diving heritage trail. However, the local environment (i.e. increase in
turbidity) may also be contributing to this decrease in the corrosion rate on the SS site.



Appendix A

It is difficult to determine any differences in corrosion rates based on the corrosion parameter data for
the aluminium alloy aircraft wrecks as there are no statistically valid differences between any of the
average corrosion parameter measurements as all fall within the maxima/minima range calculated
from the standard deviations for each set of data points. However, since all aluminium alloys are
corroding in a common oxidising marine environment in Tanapag Lagoon, the different values of the
corrosion potentials may provide a guide to the underlying differences in alloy composition of the
aircraft. The metal composition of the aluminium alloys for each aircraft, in order of decreasing
concentrations of incorporated copper is the Avenger > Jake > Mariner ~ Coronado > Emily. That is
the Avenger may have the highest concentration of copper in this group of aluminium alloys measured
whilst the Emily will have the lowest based on this data set. This may have consequences for the
corrosion rates of these aircraft as higher concentrations of copper will increase the rate of pitting and
intergranular corrosion if the aircraft are subjected to similar environmental conditions and other
complicating factors, such as increases in corrosion through stress and metal fatigue, are absent.
Since this is not the case with these aircraft (i.e. the Avenger lies in a very aggressive, shallower
marine environment and the Coronado is extensively damaged with separate sections strewn over a
very large area) this highlights the problem with interpreting corrosion rates based on only one set of
corrosion parameter measurements for aluminium alloy wrecks.

In conclusion, a holistic approach must be taken using all the data obtained including the
environmental and historical information in order to understand the corrosion processes occurring on a
wreck site. Hence, continued observation of the sites and further corrosion measurements in the future
may assist in corroborating or refuting the aforementioned inferences.

It is recommended that site inspections of these fifteen wreck sites using the guidelines provided by
Richards and Carpenter, are undertaken at regular intervals and after any severe storm or cyclonic
activity so any changes in the integrity of the sites are noted. The more surveys carried out the better
as it will provide more information regarding the rate of deterioration and the inherent stability of a site,
which will assist in recognising which sites are a priority for future implementation of appropriate in situ
conservation management strategies. In addition, it is recommended that another full corrosion and
environmental survey using the underwater corrosion survey equipment is performed in another few
years. In this way, from comparisons of the regular site inspection results and the additional corrosion
parameter data for each wreck site, it will be possible to ascertain if there is indeed any effect from
diving tourism on the sites and if it is at all comparable to the detrimental effects afforded by natural
occurrences, such as seasonal storm and cyclonic activity. Finally, using a combination of information
gathered from these surveys it will be possible to prioritise these submerged sites with respect to their
overall in situ management requirements and the most appropriate management plans determined
and applied to each site.
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1 INTRODUCTION

1.1 BACKGROUND

Ships of Exploration and Discovery Research Inc. (Ships) requested the services of a diving
conservation scientist to conduct pre-disturbance conservation surveys on selected World War |l
underwater archaeological wreck sites in Saipan, Commonwealth of the North Marianas Islands and
provide recommendations for the development of a management plan for long-term preservation which
will be written by Ships archaeologists. This management plan will be developed by Ships
archaeologists in cooperation with the Historic Preservation Office, CNMI (HPO) and will outline an
appropriate framework for the monitoring, management and conservation of World War Il resources in
the CNMI. This plan will be delivered to HPO for future reference and use.

1.2 SCOPE OF THE WORK

Working with Ships archaeologists, the contractor will:

1. Review previous archaeological survey results and consult with Ships archaeologists in
selecting wreck sites for conservation surveys.

2.  Conduct pre-disturbance conservation surveys on selected wreck sites including the
collection of environmental, chemical and cultural data.

3. Provide on-site training for Historic Preservation Office and Coastal Resources Management
staff on conducting conservation surveys.

4. Conduct conservation assessments on selected sites with regards to site condition,
environmental, chemical and cultural factors affecting the site, corrosion activities of metals
and degradation of organic materials, and overall stability of wreck sites.

5. Prepare recommendations for the development of an appropriate conservation management
program for long-term preservation.

The eligibility requirements for the contractor:

Extensive experience in in situ conservation surveys.

Ability to meet RFP specifications based on the Scope of Work.

Demonstrated understanding of and working on archaeological research projects.
Previous experience in the production of conservation management programs.
Previous experience in training managers in conservation survey programs.

agrwnNPE

Preference will be given to producers who have experience working with underwater archaeologists
and on WWII underwater wreck sites.

Based on the scope of work and the eligibility requirements Dr Jennifer McKinnon awarded the
contract to Vicki Richards, Conservation Scientist, Department of Materials Conservation (DMC),
Western Australian Museum (WAM) in collaboration with Jonathan Carpenter, Senior Conservator,
DMC, WAM.

Conservation surveys of 15 individual wreck sites were carried out by Vicki Richards and Jonathan
Carpenter, assisted by a small archaeological team, over a one week field season on Saipan, CNMI in
February 2012. This report will describe the results obtained from these conservation surveys, discuss
the data with respect to site stability and suggest some recommendations for future monitoring and
long-term preservation, which may assist in the development of a holistic management program for
these UCH sites.
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2 METHODOLOGY

A series of corrosion parameter measurements [pH; corrosion potential; total depth of penetration
(concretion + corrosion); water depth] were conducted on each of the fifteen wrecks (10 iron alloy
based wrecks and 5 aluminium alloy aircraft) to determine the underlying nature of the corrosion
processes. The surface pH measurements were effected by a VWR epoxy body, flat surface pH
electrode connected to a Cyberscan 200 pH meter and the corrosion potentials measured via a
platinum electrode connected to a high impedence Finest digital multimeter set to read at 2V direct
current. Both meters were housed in a custom-built plexiglass waterproof housing. In order to obtain
reproducible results, it was essential that the measurements were taken by a two person dive team
(one assistant diver; one operating diver): the assistant diver drilled and filled the holes while the
operating diver conducted the measurements and took the positional photographs. However, during
this fieldwork season, in order expedite the measuring process, a third diver filled the drill holes with
epoxy while a fourth diver took the photographs.

Contact was made with the underlying residual metal by drilling through the marine growth with an air-
powered pneumatic drill equipped with a masonry tungsten-tipped bit. This type of drill bit drilled
through the concretion and corrosion product layer but did not penetrate into the sound residual metal.
When the drill could not penetrate further (the metal surface had been reached), the drill bit was
removed by the assistant diver and the operating diver immediately inserted the flat-surface glass pH
electrode into the drill hole. The minimum pH of the microenvironment created by the corroding metal
was recorded.

Following the pH measurement, the platinum electrode was inserted into the same drill hole and the
corrosion potential (in volts) was recorded. Good electrical contact was made with the underlying metal
when the voltage only changed by +0.001V measured against a flow-through silver/silver chloride/
seawater reference electrode attached to the underwater housing lying immediately adjacent to the
area of measurement. If the voltage reading was not stable the assistant diver drilled another hole
immediately adjacent to the previous position and the entire measurement process was repeated (i.e.
pH, corrosion potential, etc).

The total depth of penetration (concretion + corrosion) was then measured with a plastic vernier. If
possible, the depth of corrosion was also measured. This is where the protective encapsulating layer
of marine concretion ceased and the original outer surface of the metal began measured to the bottom
of the drill hole. However this interface is extremely difficult to discern under most circumstances.

The water depth to the drill hole was then measured with a digital dive computer and a series of
photographs taken to indentify the measurement position on-site. The drill hole was then filled with an
underwater curing two part epoxy sealant (e.g. Selleys Knead-It).

The measurement of pH on the aluminium alloy aircraft surfaces was difficult owing to the very thin
layer, often less than 1 mm, of marine growth and corrosion products. The thin nature of this surface
deposit and the inherent softness of aluminium alloys meant that the use of any form of drill was
inappropriate. The assistant diver used the flat end of a diving knife to scrape the surface and
immediately the operating diver placed the pH electrode against the exposed shiny metal surface to
record the underlying acidity. These experimental difficulties meant that the pH values on the aircraft
were generally very conservative, i.e. generally the pH will be lower than was reported. The corrosion
potential, water depth and photographs were then taken but obviously the depth of penetration was not
measured and there was no requirement to fill any drill holes with epoxy.

The temperature, salinity and dissolved oxygen content of the seawater column were measured on
each site at 0.5m intervals to the seabed surface with the appropriate underwater sensors connected
to a TPS 90DC microprocessor, which was located on the dive boat.

Finally an on-site conservation survey data sheet was completed for every site (Appendix A).
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3 CONSERVATION ASSESSMENTS *IRON ALLOY WRECKS

3.1 M4 SHERMAN TANK 1 *TANK 1

Figure 1. M4 Sherman Tank 1 (Tank 1)

tport side view (Carpenter 2012).

Date of Inspection
20 February 2012

Environmental Conditions

Generally fine weather conditions with an average daily temperature of 29°C over the survey period
(20-24 February 2012). In the morning (20/6/2012) the winds were ENE at 13 to 18 knots which
tended more easterly in the afternoon, increasing to 15 to 21 knots. Seas were relatively consistent
over the entire day with breezy whitecapping conditions and moderate choppy seas with small, short
period wind waves (morning - ENE 1.5m at 10 seconds; afternoon +NE 1.7m at 10 seconds). The
tides were semi-diurnal over the survey period and are reported in Table 1 (http://buoyweather.com).

Table 1. Tidal variations for Saipan during the survey period (20 24 February 2012).

Day Lower low water Higher high water Higher low water Lower high water
Mon 20 Feb 2012 -0.07m @ 1236 0.60m @ 0743 0.32m @ 1316 0.55m @ 1818
Tues 21 Feb 2012 -0.05m @ 0119 0.60m @ 0813 0.27m @ 1356 0.55m @ 1910
Wed 22 Feb 2012 -0.02m @ 0157 0.60m @ 0840 0.23m @ 1432 0.54m @ 1956
Thurs 23 Feb 2012 0.02m @ 0231 0.59m @ 0904 0.20m @ 1507 0.53m @ 2051
Fri 24 Feb 2012 0.07m @ 0302 0.58m @ 0927 0.16m @ 1541 0.51m @ 2124
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The in-water visibility was approximately 10m. The depth to the base of the wreck at 0828 was 1.9m.
The pH of seawater usually falls within the range of 7.5 to 8.3. The redox potential range of marine
environments is -0.300 to 0.000V in reducing environments and 0.000 to +0.250V in oxidising
environments. The pH and redox potential of the seawater on-site at 1.9m was 8.06 and 0.172V
respectively, indicating a normal, open circulation oxidising marine environment. The change in
dissolved oxygen content, salinity and temperature of the water column with depth measured on 20
February 2012 is shown in Table 2.

Table 2. Dissolved oxygen content, salinity and temperature of the seawater on the M4
Sherman Tank 1 site.

Water Depth (m) Dissolved Oxygen Salinity (ppK) Temperature (°C)
Content [ppm(S)]
0.0 5.82 36.7 26.1
0.5 5.72 36.6 26.4
1.0 5.66 36.6 26.4
1.5 5.55 36.5 26.5
2.0 5.77 36.3 26.6
Average 5.70 £ 0.10 36.5%0.2 26.4+0.2

There was no significant change in salinity and temperature with increasing water depth, which is
typical of the hydrology of well mixed near coastal marine waters. The average water temperature was
26.4 + 0.2°C and the average salinity of the water column was 36.5 + 0.2ppK, which is within the usual
salinity range for the open ocean of 32-37ppK. The average dissolved oxygen content was 5.70 +
0.10ppm. The change in dissolved oxygen concentration with increasing water depth is shown in
Figure 2.

Change in Dissolved Oxygen Content with Water Depth
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Figure 2. Change in dissolved oxygen content with increasing water depth measured on the M4
Sherman Tank 1 site (Richards 2012).

For open circulation ocean environments, there is usually a surface maximum in the dissolved oxygen
concentration. This maximum is a direct result of absorption from the atmosphere interface, increased
water movement and photosynthetic activity by plants and cyanobacteria. Typically, after this surface
maximum the dissolved oxygen concentration of the water column will decrease with increasing depth.
Factors contributing to this trend are decreasing water movement, which leads to less oxygen
exchange with the atmosphere, decreasing photosynthetic activity due to less light penetration and
increasing aerobic respiration of plankton in the photosynthetic zone. However, the relatively small
standard deviation between the measurements and a decrease of only 0.25ppm over the first 1.5m
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indicates that there is very little variation in the dissolved oxygen content with increasing water depth
over such a shallow depth range, which is not unexpected. Hence, this trend coupled with the other
physico-chemical measurements, are typical for a shallow, near coastal, open circulation, oxidising
marine environment, where corrosion rates are likely to be relatively high.

Wreck Site

Tank 1 is located on the south western side of Saipan, inside the barrier reef about 180m off shore
from Susupe Beach (GPSHEEEEEENENENGEEEEEEEEEEEEE PV D GHSWK RI DERXW P
identified as a M4A2 Dry model, constructed principally of rolled and cast homogenous steel, is 5.84m
in length, 2.62m wide and 2.74m in height (Grove 1976:130-131). Tank 1 is orientated with its bow
pointing towards the shore on a bearing of 133° and the 75mm gun fixed on a bearing of 197°
(McKinnon and Carrell 2011:106). The tank is semi-submerged and at low tide all components above
the upper hull including the turret and gun are exposed to the atmosphere (Figure 1). Bright high nickel
welds are evident on the upper hull edges.
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M4iShermanklank 1
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Figure 3. Location of the M4 Sherman Tanks, Saipan, CNMI (Richards 2012 after Google Earth
2012).

The surrounding seabed is relatively flat, comprising of calcareous sediment interspersed with large
patches of seagrass. The tank lies in a shallow depression with gently sloping edges and the lower
section of the track and roller assembly is mostly buried. A circular area about 12m? surrounding the
tank is free of seagrass but algal forms are present on the seabed and on the submerged parts of the
hull. High nutrient levels in the lagoon may be contributing to this extensive algal growth (Denton et al.
2001).
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The main body of the vehicle is mostly intact but other smaller components are missing. This loss may
be due to corrosion and/or cultural impacts, such as salvage. There are many areas of active corrosion
evLGHQW RQ WKH VLWH LQGLFDWHG E\ WKH SUBRWM R IWKKHVWUSDF
the tank (Figure 1). There are also signs of accelerated corrosion on the upper sections of the tank
(flaking, spalling and cracking of the metal surfaces and gun barrel) that are cyclically exposed to the
atmosphere. Children were observed playing on the tank, walking along the main gun barrel and
jumping or diving into the water. In time, this practice may become a health and safety issue due to the
extensive corrosion exhibited by these exposed sections and the ever increasing probability that these
areas may collapse or fragment. However, divers and snorkelers are actively encouraged to visit the
site through the WWII Maritime Heritage Trail +Battle of Saipan, provided they follow the visitation
guidelines and do not interfere with the site (i.e. disturb or attempt to remove any components).

Corrosion Survey

The corrosion parameters of eleven different areas on Tank 1 were measured over a 70 minute dive
on 20 February 2012. The results are presented in Table 3 and the on-site positions shown in Figure
5. In order to compare the corrosion data collected from the different positions measured on Tank 1
and ascertain the thermodynamically stable state of the iron, the corrosion potentials (E.o) and the pH
of the residual iron alloy surfaces were plotted on the iron Pourbaix diagram in aerobic seawater at
25T (Figure 4). The exception being the exposed weld as this particular Pourbaix diagram is not
applicable due to the high nickel content which will significantly change the corrosion mechanism. The
temperature of the seawater on-site was 26T, however this 1T increase does not si gnificantly affect
the nature or equilibria of the chemical species described in this diagram.

Table 3. Corrosion parameter measurements on the M4 Sherman Tank 1.

Position | Description pH Ecorr VS dtotal = depth Water
Number NHE (V) of concretion Depth
+ corrosion (m)
(mm)

1 stbd aft vertical volute spring on the | 6.95 -0.305 23 1.7
suspension bogie (immersed)

2 stbd side of upper hull (immersed) 6.51 -0.307 39 0.9

3 stbd top surface of upper hull (splash | 6.40 -0.306 5 0.7
zone)

4 stern midline (immersed) 6.87 -0.304 24 1.0

5 port aft vertical volute spring on the | 6.89 -0.304 24 1.6
suspension bogie (immersed)

6 port side of upper hull (immersed) 6.53 -0.304 14 0.8

7 port upper track (immersed) 6.73 -0.299 23 1.2

8 port top surface of upper hull (splash | 6.51 -0.303 29 0.5
zone)

9 bow midline (immersed) 7.38 -0.306 9 0.9

10 stbd side turret (splash zone) 8.06 ns 9 0.3

11 stbd side exposed high nickel weld nd -0.304 na 0.5
(splash zone)

ns = not stable
nd = not determined
na = not applicable
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Figure 5. Schematic plan and profile views of the M4 Sherman Tank 1 indicating the corro sion

parameter measurement positions (Richards 2012 after Hanks 2010 in McKinnon and Carrell
2011:107).
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Generally, the areas on the tank that are constantly immersed in this oxidising marine environment
were covered with relatively thick aerobic concretions (>20mm). Those areas that are either in the
splash zone or subjected to wetting/drying cycles, such as the turret, had significantly reduced
concretion layers thicknesses (<10mm). It should be noted that there was very little secondary marine
growth on the concretion with the exception of algae and some seaweed species, which suggests that
there is a significant amount of water movement on this shallow site and possible sediment
impingement during periods of rough sea conditions, which would significantly reduce colonisation
rates and increase corrosion rates. In addition, the deleterious effect on the growth by human
interference, such as walking on the upper surfaces of the tank, cannot be underestimated and will
also lead to thinner concretions subsequently increasing corrosion rates in these areas. Iron is not
biologically toxic and increases the growth rate of encrusting organisms but the exposed welds on the
edges of the upper section of the tank (11) possessed no concretion. These welds are high in nickel,
which inhibits concretion formation.

From the Pourbaix diagram (Figure 5), the intercepts of all points (1 +9) measured on the iron alloy
sections of tank 1 (no stable corrosion potential could be obtained on the gun turret 10) lie in the active
corrosion region, where ferrous ions are the thermodynamically stable chemical species and corrosion
will continue until all iron is consumed. Generally, with film free corrosion mechanisms, such as occurs
on concreted iron artefacts, an increase in the corrosion potential (tending more positive) indicates an
increase in the corrosion of the metal. However, the average corrosion potential of the nine
measurement points was -0.305 = 0.003V. This 3mV standard deviation is comparatively small and
within experimental error for the equipment and measuring procedure suggesting that the entire tank is
in electrical connection and the same film free corrosion mechanism applies to all areas on the tank.
Hence, it is not possible to determine any differences in corrosion between the positions based on the
E.or data.

It should be noted that Pourbaix diagrams are thermodynamic stability maps and therefore, do not
provide kinetic information with regard to corrosion rates. However, it is possible to calculate the
annualised corrosion rate if the depth of corrosion of the measurement point and the years of
immersion of the wreck is known. Unfortunately, on tank 1 which had been immersed for 68 years, it
was not possible to discern where the concretion layer ceased and the corrosion layer began, hence
the actual depth of corrosion could not be measured so it was not possible to estimate corrosion rates.

Since E.,; data describes the electrochemical environment of the iron alloy that is electrically
connected to the measurement point (e.g. with tank 1 this is a very large surface area as all points are
in electrical connection) it is not as sensitive to changes in localised corrosion processes as the value
of the pH recorded at the same point, provided no damage has occurred to the protective concretion
layer. It has been shown that pH data is a useful guide to the corrosion rate, since the pH is controlled
by the dynamic equilibrium (Equation 1) between the concentration of the Fe” ions (represented as
FeCl, in Equation 1) and their acidic hydrolysis products and is therefore, more sensitive to changes in
apparent corrosion rate (MacLeod and Richards 2011).

2FeCl, + 2H,0 J [FE(OH),.FECL] + 2H" + 2CI oot (@H)

So, generally as corrosion rate increases the concentration of Fe” ions underneath the protective
layer of concretion increases, correspondingly the extent of hydrolysis increases producing more
hydrogen ions causing the pH to decrease (become more acidic).

On tank 1, the deeper positions below 1m (1, 4, 5 & 7) have an average pH value of 6.86 + 0.09
whereas the shallower positions, above 1m (2, 3, 6 & 8) have a more acidic average pH of 6.49 + 0.06.
This decrease of 0.37 pH units indicates that there has been a statistically significant increase in the
corrosion rate of the upper sections of the tank. This is not unexpected as the major site variable that
dominates the overall corrosion rate of iron is the amount of water movement and thus the flux of
oxygenated seawater to the concreted iron surface, which is directly affected by the water depth.
Hence, the shallower the position on the tank the greater the amount of water movement and oxygen
impingement to the concreted iron surface, consequently the corrosion rate will increase accordingly.
This increase in corrosion rate is further exacerbated by wetting/drying cycles that are experienced by
areas of the tank in the splash zone.
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It has been previously reported (MacLeod et al. 2007) that the thickness of concretion is an important
factor in determining how effective the marine growth is in establishing separation of the anodic and
cathodic sites of the corrosion cell and this, in turn will be reflected in the pH values. On wreck sites
where there have been episodic deconcretion events, either caused by natural phenomena, such as
storms and cyclones, cyclic wetting/drying cycles and/or by human intervention, it takes some time for
the marine organisms to regrow and the rate of regrowth is dependent on a variety of interrelated
factors. Thus when measurement points are accessed there is a chance that the pH recorded is more
alkaline than the underlying long term corrosion rates would indicate. In simple terms, more recently
deconcreted and recolonised areas tend to present more alkaline pH values (e.g. turret 10 pH = 8.06;
diotas = 9mm) whereas the fully matured sections possess more acidic values. In this instance, it is
important not to confuse alkaline pH values with low corrosion rates for without knowledge of the
corrosion thickness and the environmental history of the vessel it is not wise to apply simplistic
interpretation of the data as this can imply that the rate of corrosion is low whereas it is usually high in
these particular areas.

Interestingly, using this corrosion parameter data, the limit of the splash zone can be estimated to a
maximum depth of about 1m, even though the survey was carried out during high tide and the
shallower sections of the tank were fully immersed. This depth also corresponds to the average
maximum tidal range experienced on this site.

3.2 M4 SHERMAN TANK 3 *TANK 3

Figure 6. M4 Sherman Tank 3 (Tank 3) xstern view (Carpenter 2012).

Date of Inspection
24 February 2010
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Environmental Conditions

Generally fine weather conditions with an average daily temperature of 29°C over the survey period
(20-24 February 2012). In the morning (24/6/2012) the winds were E at 13 to 18 knots which tended
more ESE in the afternoon, at 13 to 17 knots. Seas were relatively consistent over the entire day with
breezy whitecapping conditions and moderate choppy seas with small, short period wind waves
(morning and afternoon - E 1.6m at 9 seconds). The tides were semi-diurnal over the survey period
and are reported in Table 1 (hitp://buoyweather.com).

The in-water visibility was approximately 10m. The depth to the base of the wreck at 0850 was 2.5m.
The pH of seawater usually falls within the range of 7.5 to 8.3. The pH of seawater usually falls within
the range of 7.5 to 8.3. The redox potential range of marine environments is -0.300 to 0.000V in
reducing environments and 0.000 to +0.250V in oxidising environments. The pH and redox potential of
the seawater on-site at 2.5m was 7.49 and 0.211V respectively, indicating a normal, open circulation
oxidising marine environment. The change in dissolved oxygen content, salinity and temperature of the
water column with depth measured on 24 February 2012 is shown in Table 4.

Table 4. Dissolved oxygen content, salinity and temperature of the seawater on the M4
Sherman Tank 3 site.

Water Depth (m) Dissolved Oxygen Salinity (ppK) Temperature (°C)
Content [ppm(S)]
0.0 5.44 34.7 271
0.5 5.32 34.7 271
1.0 5.32 34.7 271
1.5 5.11 34.6 271
Average 5.30£0.14 347201 27.1 0.0

There was no significant change in salinity and temperature with increasing water depth, which is
typical of the hydrology of well mixed near coastal marine waters. The average water temperature was
27.1 £ 0.0°C and the average salinity of the water column was 34.7 £ 0.1ppK, which is within the usual
salinity range for the open ocean of 32-37ppK. The average dissolved oxygen content was 5.30 *
0.14ppm. The change in dissolved oxygen concentration with increasing water depth is shown in
Figure 7.

Change in Dissolved Oxygen Content with Water Depth
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Figure 7. Change in dissolved oxygen content with increasing water depth measured on the M4
Sherman Tank 3 site (Richards 2012).
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Similar to the Tank 1 site, the relatively small standard deviation between the measurements and a
decrease of only 0.33ppm over 1.5m indicates that there is very little variation in the dissolved oxygen
content with increasing water depth over such a shallow depth range, which is not unexpected. There
had been a 2ppK decrease in the salinity and a drop in pH (pH = 7.49) on the Tank 3 site, which may
indicate some fresh water contamination from land run off as it had rained quite heavily on previous
days prior to this survey. However, the measurements are still within range for a shallow, near coastal,
open circulation, oxidising marine environment, where corrosion rates are likely to be relatively high.

Wreck Site

Tank 3 is located approximately 1 km south of Tank 1 about 200m off shore from Chalan Kanoa
Beach, near Saipan World Resort and Saipan Grand Hotel (GPS N DO\ D
depth of about 2m (Figure 3). The tank, identified as a M4A3 Wet model, constructed principally of
rolled and cast homogenous steel, is 5.91m in length, 2.62m wide and 2.74m in height (Grove
1976:130-131). Tank 1 is orientated with its bow pointing seaward on a bearing of 295° and the 75mm

gun fixed on a bearing of 60° (McKinnon and Carrell 2011:109-110). The tan k is semi-submerged and

at low tide all components above the upper hull including the turret and gun are exposed to the
atmosphere (Figure 6). Bright high nickel welds are evident on the upper hull edges.

The surrounding seabed is relatively flat, comprising of calcareous sediment interspersed with large
patches of seagrass. The tank lies proud of the seabed and the lower track is visible. A circular area
about 8m? surrounding the tank is free of seagrass but dead coral and algal forms are present on the
seabed. Extensive algal mats are present on the submerged parts of the hull. High nutrient levels in
the lagoon may be contributing to this extensive algal growth (Denton et al. 2001).

The main body of the vehicle is mostly intact but other smaller components are missing. Most obvious

is the loss of the engine cover and cowling and the gun barrel is broken. These remains are lying on

the seabed in close proximity to the tank. This loss may be due to corrosion and/or physical damage

by natural and/or human impacts. There are many areas of active corrosion evident on the site,

indicated by the presence of the typical red/lbrow Q 3UXVW"~ VSRWV RQ WKH VXUIDFHV RI \
There are also signs of accelerated corrosion on the upper sections of the tank (flaking, spalling and

cracking of the metal surfaces and the broken gun barrel) that are cyclically exposed to the
atmosphere. No human activity was observed on the site at the time of the survey but on a previous

VXUYH\ LQ WRXU ERDWY DQG PEDQDQDY ERDWWV LINJW V XEMHGOM I3 W V\X
a race course just north of the site and there was significantly more rubbish around the tank than

observed on the Tank 1 site (McKinnon and Carrell 2011:114). The fact that the site is located in close

proximity to two large hotels would account for this increase in human interference. However, divers

and snorkelers are still actively encouraged to visit the site provided they follow the visitation

guidelines and do not interfere with the site (i.e. disturb or attempt to remove any components).

Corrosion Survey

The corrosion parameters of eleven different areas on Tank 3 were measured over a 40 minute dive
on 24 February 2012. The results are presented in Table 5 and the on-site positions shown in Figure
8. In order to compare the corrosion data collected from the different positions measured on Tank 3
and ascertain the thermodynamically stable state of the iron, the corrosion potentials (E.o) and the pH
of the residual iron alloy surfaces were plotted on the iron Pourbaix diagram in aerobic seawater at
25T (Figure 9). The exception being the exposed weld as this particular Pourbaix diagram is not
applicable due to the high nickel content which will significantly change the corrosion mechanism. The
temperature of the seawater on-site was 27, however this 2T increase does not si gnificantly affect
the nature of the chemical species described in this diagram.

Table 5. Corrosion parameter measurements on the M4 Sherman Tank 3.

Position | Description pH Ecor VS diotal = depth Water
Number NHE (V) of concretion Depth
+ corrosion (m)
(mm)
1 port mid vertical volute spring on the | 6.41 -0.324 5 1.8
suspension bogie (immersed)
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2 port upper track 6.01 -0.323 4 15
3 port side of upper hull (splash zone) 7.09 -0.321 4 0.9
4 port side turret (splash zone) 7.49 -0.316 1 0.4
5 stern midline (immersed) 5.89 -0.323 8 1.2
6 stbd mid vertical volute spring on the | 6.61 -0.320 5 1.9
suspension bogie (immersed)
7 stbd upper track (immersed) 6.74 -0.319 11 15
8 stbd side of upper hull (splash zone) 5.92 -0.320 10 1.0
9 stbd side turret (splash zone) 6.07 -0.318 10 0.5
10 stbd side exposed high nickel weld | 7.49 -0.318 na 0.8
(splash zone)
11 bow midline (immersed) 6.38 -0.316 1 1.6
na = not applicable
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Figure 8. Schematic plan and profile views of the M4 Sherman Tank 3 indicating the corro
parameter measurement positions (Richards 2012 after Hanks 2010).
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Generally, the areas measured on Tank 3, whether they are constantly immersed or lie in the splash
zone, were covered with relatively thin aerobic concretions (<11mm) in comparison to Tank 1. Unlike
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Tank 1 there appears to be no relationship between the depth of immersion and the concretion
thickness. However, similar to Tank 1, there were very few secondary colonising organisms on the
concretion with the exception of algal forms and some seaweed species sporadically located on the
upper surfaces of the tank. Again this suggests that there is a significant amount of water movement
on this shallow site and possible sediment impingement during periods of rough sea conditions, which
would significantly reduce colonisation rates and increase corrosion rates. In addition, if the decrease
in salinity is due to fresh water ingress then this could also decrease concretion formation and reduce
the growth rate of many colonising marine organisms, which generally require very specific salinities
for reproduction and proliferation.

The exposed high nickel welds on the upper section of Tank 3 (10) were also devoid of concretion.

From the Pourbaix diagram (Figure 9), the intercepts of all points (1 £9 & 11) measured on the iron
alloy sections of Tank 3 lie in the active corrosion region, where ferrous ions are the
thermodynamically stable chemical species and corrosion will continue until all iron is consumed.
Generally, with film free corrosion mechanisms, such as occurs on concreted iron artefacts, an
increase in the corrosion potential (tending more positive) indicates an increase in the corrosion of the
metal. However, the average corrosion potential of the ten measurement points was -0.320 = 0.003V.
This 3mV standard deviation is comparatively small and within experimental error for the equipment
and measuring procedure suggesting that the entire tank is in electrical connection and the same film
free corrosion mechanism applies to all areas on the tank. The average corrosion potential for Tank 1
was -0.305 + 0.003V, which is only 15mV more positive than Tank 3, hence, it is not possible to
determine any differences in corrosion behaviour between the measurement points on Tank 3 and
between Tank 1 and Tank 3 based on the E.,, data.

Again, it was not possible to discern the interface between the concretion and the corrosion product
layers on Tank 3 so the depth of corrosion could not be measured, therefore it was not possible to
calculate the annualised corrosion rate for this tank.

As mentioned previously, the pH is often a more reliable indicator of changes in localised corrosion
rates, however the pHs measured on Tank 3 were very inconsistent in comparison to those measured
on Tank 1. Therefore, no statistically valid relationships between depth of immersion and changes in
pH could be observed for Tank 3. The areas that are constantly immersed (water depth >1m) will tend
to provide more consistent corrosion parameter results. Therefore, the average pH values of these
areas for Tank 1 (1, 4,5 & 7) and for Tank 3 (1, 2, 5, 6, 7 & 11) were 6.86 + 0.09 and 6.34 + 0.33,
respectively. This decrease of 0.52 pH units for Tank 3 indicates that there has been a statistically
significant increase in the corrosion rate of Tank 3 as compared to Tank 1 and in conjunction with the
thinner dis Measured on Tank 3, suggests that the natural and cultural impacts of the local
environment on Tank 3 are more aggressive than those experienced by Tank 1. More importantly, as
there appears to be more tourist activity associated with Tank 3, it may be this increase in human
interference that is causing the accelerated deterioration of Tank 3.
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3.3 LANDING VEHICLE TRACKED 1 *LVT1

Figure 10. Landing Vehicle Tracked 1 (LVT1) zport side view (Carpenter 2012).

Date of Inspection
21 February 2010

Environmental Conditions

Generally fine weather conditions with an average daily temperature of 29°C over the survey period
(20-24 February 2012). On 21 February 2012 the winds were ENE at 17 to 24 knots. Seas were
choppy with a moderate long period swell (morning NNW 2m at 10 seconds; afternoon N 2m at 10
seconds). The tides were semi-diurnal over the survey period and are reported in Table 1
(http://buoyweather.com).

The in-water visibility was approximately 10m. The depth to the top and base of the wreck at 1431 was
0.5m and 2.7m, respectively. The pH of seawater usually falls within the range of 7.5 to 8.3. The redox
potential range of marine environments is -0.300 to 0.000V in reducing environments and 0.000 to
+0.250V in oxidising environments. The pH and redox potential of the seawater on-site at 2.6m was
8.27 and 0.200V respectively, indicating a normal, open circulation oxidising marine environment. The
change in dissolved oxygen content, salinity and temperature of the water column with depth
measured on 21 February 2012 is shown in Table 6.
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Figure 12. Location of the LVT(A)-4 or LVT1 in Tanapag Harbour, Saipan, CNMI (Richar ds 2012
after Google Earth 2012).

The wreck lies on a flat, slightly undulating sandy seabed, comprising of calcareous sediment. There
are small and larger patches of reef surrounding the wreck but none are in direct contact with the
wreck. The stern of LVT1, which faces shoreward, was partially buried in the seabed and there
appeared to have been significant scouring around the bow (seaward side) of the vessel. The rear and
lower track were entirely buried and the upper surfaces were fully exposed to the marine environment.
Stormy sea conditions could result in sand movement that is likely to affect the extent of
burial/exposure, however it is not anticipated that the entire vehicle would ever become totally buried.
The wreck was covered in brown algal forms and some sporadic secondary colonisation was evident
(e.g. tunicates, soft and hard corals, seaweed, etc).

The LVTL1 is mostly intact with major structural features and a number of field expedient modifications
still evident but many other components are missing, such as armour plating across the deck, tracks
and engine room, the guns and many of the controls. The turret has collapsed into the deck space of
the wreck. These losses may have been caused by corrosion but it is more likely that they were
salvaged, possibly during the disarming and disposal process outlined by the U.S. military (McKinnon
and Carrell 2011:123-124).

There are some areas of active corrosion evident on the site, indicated by the presence of the typical
UHG EURZQ 3UXVW" VSRWV RQ WKH VX WbuliaHese &dé nvihkndl whidriKdofm@akéd
to the tanks. This LVT 1 is included on the WWII Maritime Heritage Trail +Battle of Saipan and divers
and snorkelers are actively encouraged to visit the site provided they follow the visitation guidelines
and do not interfere with the site (i.e. disturb or attempt to remove any components).
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Corrosion Survey
The corrosion parameters of twelve different areas on the LVT1 were measured over a 40 minute dive
on 21 February 2012. The results are presented in Table 7 and the on-site positions shown in Figure
13. In order to compare the corrosion data collected from the different positions measured on the LVT1
and ascertain the thermodynamically stable state of the iron, the corrosion potentials (E.o) and the pH
of the residual iron alloy surfaces were plotted on the iron Pourbaix diagram in aerobic seawater at
25T (Figure 14). The temperature of the seawater on-site was 28T, however this 3T increase does
not significantly affect the nature or equilibria of the chemical species described in this diagram. No pH

and E.,,, measurements were possible when there was total penetration of the steel structure.

Table 7. Corrosion parameter measurements on the LVT1.

Position Description pH Ecor VS diotal = ¢ =depth | Annualised Water
Number NHE (V) depth of of corrosion Depth
concretion corrosion rate (m)
+ corrosion (mm) (mmy‘l)
(mm)

1 stbd side, aft bow, 7.50 -0.321 16 6 0.09 2.6
near seabed

2 sthd side, aft bow, total penetration 23 7 0.10 1.6
1m above seabed

3 bow, vertical | 5.46 -0.320 15 2 0.03 1.8
surface

4 upper track, port | 7.56 -0.321 20 1.9
side, near stern

5 port side, aft bow, total penetration 21 1.5
1m above seabed

6 port side, aft bow, | 7.88 -0.321 2 25
near seabed

7 bow, top surface total penetration nd 1.0

8 stern, top edge, total penetration 24 21
midships

9 upper track, stbd total penetration 25 2.1
side, near stern

10 turret, aft towards | 5.44 -0.325 27 1.8
stern

11 added aft gun | 5.27 -0.326 11 1.0
shield, port side

12 fwd gun mount, | 5.66 -0.320 15 1.0
sthd side

nd = not determined
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Figure 13. Schematic plan and profile views of the LVT1 indicating the corrosion

parameter

measurement positions (Richards 2012 after Arnold 2010 in McKinnon and Carrell 2011:118).
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Generally, the areas measured on LVT1 were covered with relatively thick aerobic concretions
(average di = 18 £ 7mm). There were very few secondary colonising organisms on the concretion
suggesting that there is a significant amount of water movement on this shallow site and possible
sediment impingement during periods of rough sea conditions, which would significantly reduce
colonisation rates and increase corrosion rates.
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From the Pourbaix diagram (Figure 14), the intercepts of all points (1, 3, 4, 6, 10-12) measured on
LVT1, with the exception of the positions where there was total penetration of the metal (2, 5, 7-9) and
no corrosion parameters could be recorded, lie in the active corrosion region, where ferrous ions are
the thermodynamically stable chemical species and corrosion will continue until all iron is consumed.
Generally, with film free corrosion mechanisms, such as occurs on concreted iron artefacts, an
increase in the corrosion potential (tending more positive) indicates an increase in the corrosion of the
metal. However, the average corrosion potential of the seven measurement points was -0.322 +
0.002V. This 2mV standard deviation is comparatively small and within experimental error for the
equipment and measuring procedure suggesting that the entire vessel is in electrical connection and
the same film free corrosion mechanism applies to all areas on the LVT. This very small standard
deviation also means that it is not possible to determine any differences in corrosion behaviour
between the measurement points based on the E,, data.

As mentioned previously, the pH is often a more reliable indicator of changes in localised corrosion
rates. The average pH value for the more acidic areas (3, 10, 11 & 12) was 5.46 = 0.16 and for the
more alkaline positions (1, 4 & 6) was 7.65 £ 0.20. There appeared to be no obvious relationship
between water depth and the average pH values. However, the large difference in average pH values
indicates that the more acidic positions are corroding at a faster rate than the more alkaline areas. It is
not unexpected that positions 1 and 6, which were located on the hull at the seabed surface at a water
depth of 2.5m, would be corroding at a slower rate than the shallower, more exposed positions. These
lower sections of the vessel near the sediment/seawater interface would be subjected to periodic burial
cycles, which would reduce the total amount of dissolved oxygen impingement to the concretion
surface, slow the cathodic reaction (reduction of oxygen at the concretion surface) of the corrosion
cell, consequently reducing the overall corrosion rate. In support, positions 2 and 5, which were
located on the hull, 1m directly above points 1 and 6 at a water depth of 1.5m and exposed at all
times, were totally corroded indicating a higher corrosion rate. Position 4, which was located on the top
of the track on the port side near the stern at a depth of 1.9m, also had a more alkaline pH indicating a
reduced corrosion rate. However, position 9 was located in a similar position but on the starboard side
and had a diy of 25mm with no residual metal remaining. The diy for position 4 was 20mm, which
was significantly thicker than the average di, Of the other measured positions (12 + 6mm) with the
exception of the turret (27mm), hence, the more alkaline pH on position 4 may not represent a slower
corrosion rate but be due to the track having almost no residual metal remaining and under these
conditions there is no longer the driving force to maintain the lower pH and E, values inside the
concretion and the solution slowly equilibrates to those values of the local environment (higher Eco
and more alkaline pH).

The fact that there were five positions (2, 5, 7-9) where there was no residual metal and total
penetration with the drill occurred indicates extensive corrosion in these areas. However there was no
obvious relationship between the water depths, the orientation (i.e. vertical versus horizontal) and/or
the dyta at these locations as compared to the positions where residual metal remained (1, 3, 4, 6, 10-
12). Therefore it is difficult to explain the reason for the total loss of metal at these particular positions.
One possibility is that the original metal thickness in these areas was less than the other areas where
residual metal remained. If positions 1 and 6 are discounted because they are near the sediment
surface and have a generally lower corrosion rate compared to the exposed positions on the vessel
and position 4 is included in the total penetration group because it is likely that very little residual metal
remains in the track then this leaves positions 3, 10, 11 and 12 which may have had thicker original
metal thicknesses. This assumption is not unfeasible as position 3, was the vertical surface of the bow,
10 was the turret, 11 was the added protective shielding on the turret and 12 was the forward gun
mount shield, where thicker metal would be expected affording better protection for the operators of
the machine. Some published specifications for the LVT(A)-4 support this inference with the upper
front of the hull being 13mm thick steel and the rest of the vessel (i.e. middle front, lower front, sides,
upper rear, lower rear and top) being 6.4mm thick and the turret gun shield being 38mm thick with the
front, sides and rear being 25mm (http://afvdb.50megs.com/index.html).

MacLeod (1998) showed that the depth of corrosion (d.) can be used to calculate the mean corrosion
rate. The data for this relationship is obtained by measuring the depth of the corroded layer, which is
then divided by the number of years of submersion of the metal to give an average annualised
corrosion rate. This depth of corrosion is normally determined on objects where there is no or very little
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concretion, the concretion has been removed or where there exists a very clear demarcation between
the concretion and the corrosion phases. Presently, there are problems with the methodology involved
in measuring depths of corrosion and the interpretation of the associated data owing to the non-
uniform nature of corrosion across large ferrous alloy objects so there is a need for caution in the
interpretation of corrosion depths. However, despite these anomalies, it is well known that the average
long-term corrosion rate for isolated iron in aerobic seawater is approximately 0.11 mmy'l (La Que
1975).

Unlike the tanks, on some positions on LVTL1 it was possible to discern where the concretion layer
ceased and the corrosion layer began so the depth of corrosion (d.) could be measured (Table 7). It
should be noted that the d. measurements are not extremely accurate and the subsequent calculated
annualised corrosion rates should only be treated as approximations. If we assume that the LVT1 was
sunk in 1944 then it has been immersed for 68 years at the time of this corrosion survey. The
calculated annualised corrosion rates for positions 1, 2 and 3 are presented in Table 7 with an average
corrosion rate of 0.07 + 0.04mmy™, which is in the range for the standard long-term corrosion rate for
iron in flowing aerobic seawater. So based on this average corrosion rate it is not surprising that areas
of the LVT hull structure, which may have had original metal thicknesses of about 6mm, have corroded
completely in this open circulation, oxidising marine environment.
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3.4 LANDING VEHICLE TRACKED 2 *LVT2

Figure 15. Landing Vehicle Tracked 2 (LVT2)  zfront view (Carpenter 2012).

Date of Inspection
22 February 2010

Environmental Conditions

Generally fine weather conditions with an average daily temperature of 29°C over the survey period
(20-24 February 2012). On 22 February 2012 the winds were ENE at 18 to 24 knots in the morning
tending ENE at 17 to 23 knots in the afternoon. Seas were choppy with a moderate short period swell
(morning E 2.2m at 9 seconds; afternoon ENE 2.1m at 9 seconds). The tides were semi-diurnal over
the survey period and are reported in Table 1 (http://buoyweather.com).

The in-water visibility was approximately 10m. The depth to the top and base of the wreck at 1501 was
0.5 and 1.5m, respectively. The pH of seawater usually falls within the range of 7.5 to 8.3. The redox
potential range of marine environments is -0.300 to 0.000V in reducing environments and 0.000 to
+0.250V in oxidising environments. The pH and redox potential of the seawater on-site at 1.5m was
8.12 and 0.122V respectively, indicating a normal, open circulation oxidising marine environment. The
LVT2 is in close proximity to Tank 1 so the change in dissolved oxygen content, salinity and
temperature of the water column with depth measured on the Tank 1 site will be used for the LVT2 site
(Table 2, Figure 2). The same interpretation and conclusions for the environmental conditions on the
LVT2 site will be similar to those for the Tank 1 site. Basically all measurements are typical for a
shallow, near coastal, open circulation, well-mixed oxidising marine environment, where corrosion
rates are likely to be relatively high.

Wreck Site
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LVT2 is located in close proximity to Tank 1, which lies on the south western side of Saipan, inside the
barrier reef about 180m off shore from Susupe Beach (Figure 3). The LVT2 lies at a depth of about
1.5m dependent on the tide (Figure 15). The model has not been positively identified but it is likely to
be similar in design to the LVT1, which is a LVT(A)-4 constructed primarily of rolled homogenous steel.
The LVT2 is orientated parallel to the shoreline with its bow pointing NNE. The vessel is fully
submerged at all times.

The surrounding seabed consists primarily of calcareous sediment with dead coral interspersed
around the site and is relatively flat with short period undulating sand ripples caused by winnowing.
Occasional living coral can be observed on the surrounding seabed but there is very limited coralline
growth on the vehicle structure itself. The wreck was densely covered in brown algal forms. High
nutrient levels in the lagoon may be contributing to this extensive algal growth (Denton et al. 2001).

The vehicle has almost totally collapsed and a track sprocket has detached and lies on the port side
close to its previously installed position (Figure 15). The tracks themselves are also detached and lie,
exposed, in close proximity to the major vessel remains. The vehicle is incomplete with the main
components, such as the engine and superstructure missing. The remains were partially buried (lower
track wheel bogies were not visible) with the starboard side of the vehicle possessing more sediment
coverage. The starboard side of the vessel is extremely damaged and the loss of structure is quite
extensive with the bow region almost absent, which facilitates sediment ingress into the interior of the
vessel. Stormy sea conditions could result in sand movement that is likely to affect the extent of
burial/exposure, however it is not anticipated that the entire vehicle would ever become totally buried.
There are many areas of active corrosion evident on the site, indicated by the presence of the typical
UHG EURZQ #dbK s hetdISiRfaces and at the sediment interface.

The poor condition and collapsed state of the LVT2 could be due to a number of human factors
including WWII but storm damage through increased wave action, in such shallow water, has very
likely contributed to its gradual destruction. Recent impact damage was noted on the higher profile part
of the structure and is probably due to a small boat collision. The LVT2 is not included on the WWII
Maritime Heritage Trail +Battle of Saipan therefore visitation to the site by divers and snorkelers would
be less than to those wrecks that are listed on the heritage trail.

Corrosion Survey

The corrosion parameters of five different areas on the LVT2 were measured over a 28 minute dive on
22 February 2012. The results are presented in Table 8 and the on-site positions shown in Figures 16
and 17. In order to compare the corrosion data collected from the different positions measured on the
LVT2 and ascertain the thermodynamically stable state of the iron, the corrosion potentials (E.,) and
the pH of the residual iron alloy surfaces were plotted on the iron Pourbaix diagram in aerobic
seawater at 25T (Figure 18). The temperature of the seawater on-site was 31, ho wever this 6C
increase does not significantly affect the nature or equilibria of the chemical species described in this
diagram. No pH and E.,, measurements were possible when there was total penetration of the steel
structure.

Table 8. Corrosion parameter measurements on the LVT2.

Position Description pH Ecorr Vs diotal = depth Water
Number NHE (V) of concretion Depth

+ corrosion (m)

(mm)

1 port side, aft bow, near seabed 6.25 -0.273 13 1.5

2 port side, top surface total penetration 5 0.8

3 stern midships 7.77 -0.327 3 1.0

4 stbd side, aft bow, near seabed 7.36 -0.286 5 1.2

5 track, near bow total penetration 7 1.4

Generally, the areas measured on LVT2 were covered with relatively thin aerobic concretions (average
dieta = 7 £ 4mm). There were very few secondary colonising organisms on the concretion suggesting
that there is a significant amount of water movement on this shallow site and possible sediment
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impingement during periods of rough sea conditions, which would significantly reduce colonisation
rates and increase corrosion rates.

Figure 16. Image indicating the corrosion parameter measurement positions 1, 2 and 5 on th e
LVT2 (Richards after Carpenter 2012).
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Figure 17. Image indicating the corrosion parameter measurement positions 3 and 4 on the

LVT2 (Richards after Carpenter 2012).
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From the Pourbaix diagram (Figure 18), the intercepts of all points (1, 3, 4) measured on LVT2, with
the exception of the positions where there was total penetration of the metal (2, 5) and no corrosion
parameters could be recorded, lie in the active corrosion region, where ferrous ions are the
thermodynamically stable chemical species and corrosion will continue until all iron is consumed.
Generally, with film free corrosion mechanisms, such as occurs on concreted iron artefacts, an
increase in the corrosion potential (tending more positive) indicates an increase in the corrosion of the
metal. The average corrosion potential of the three measurement points was -0.295 + 0.028V. This
relatively larger 28mV standard deviation suggests that there is some break in electrical connectivity
between the remaining hull structure and there are some statistically valid differences in corrosion
behaviour between the areas measured on the LVT2 based on the E, data. The average E,, for
positions 1 and 4 was -0.280 + 0.009V, which is 0.047V more positive than position 3 (-0.327V)
suggesting that these former positions located on the port and starboard hull sides are more corroded
and there is very little residual metal remaining.

The pH is often a more reliable indicator of changes in localised corrosion rates but it is difficult to
comment based on only thee measurements for the LVT2. However, the average pH and d, values
were 7.13 £ 0.79 and 7 + 4mm, respectively. The more alkaline average pH, lower diy and the more
positive average E.o (-0295 + 0.028V) coupled with the total penetration of two positions (2 and 5)
strongly suggests that the LVT2 is extensively corroded with almost no residual metal remaining in the
hull structure. Under these conditions there is no longer the driving force to maintain the lower pH and
E.or values inside the concretion and the solution slowly equilibrates to those values of the local
environment (more positive E¢,, and more alkaline pH). Due to the collapsed nature of the LVT2 this is
not unexpected as it is known that isolated iron artefacts and steel hull structures that have been
damaged either through natural phenomena (e.g. cyclonic activity) or human intervention (e.g. boat
collisions, explosive damage during WWII) possess significantly higher corrosion rates than those hull
structures that are relatively intact (i.e. LVT1), where the current density of the corrosion process can
be spread over a much larger surface area effectively lowering the corrosion rate (MacLeod and
Richards 2011; Richards et al. 2011).

Again, it was not possible to discern the interface between the concretion and the corrosion product
layers on the LVT2 so the depth of corrosion could not be measured, therefore it was not possible to
calculate the annualised corrosion rate for this vessel. However, if the average long-term corrosion
rate for isolated iron in aerobic seawater (0.11mmy'1) is used as an approximation of the corrosion rate
on the LVT2 and it is assumed that the vessel was sunk in 1944 then it can be estimated that about
7.5mm of metal could be consumed over a 68 year submersion period. If the original metal thickness
of the hull structure was 6.4mm (e.g. sides, upper rear, lower rear) then it is not surprising that very
little residual metal remains on the LVT2.

Based on the corrosion parameter measurements it is difficult to say whether the LVT2 is corroding at
a faster rate than the LVT1 as all average measurements are within their respective statistical errors.
However, considering the extent of deterioration of the LVT2 as compared to the LVT1 it would appear
that the natural and cultural impacts on the LVT2 would be greater than those experienced by the
LVT1.
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3.5 DAIHATSU LANDING CRAFT 1 +DAI1

Figure 19. Daihatsu Landing Craft 1 (DAI1)  xstern to bow view (Carpenter 2012).

Date of Inspection
22 February 2010

Environmental Conditions

Generally fine weather conditions with an average daily temperature of 29°C over the survey period
(20-24 February 2012). On 22 February 2012 the winds were ENE at 18 to 24 knots in the morning
tending ENE at 17 to 23 knots in the afternoon. Seas were choppy with a moderate short period swell
(morning E 2.2m at 9 seconds; afternoon ENE 2.1m at 9 seconds). The tides were semi-diurnal over
the survey period and are reported in Table 1 (http://buoyweather.com). There was a slight current
(<0.5 knots) running in a NNE direction.

The in-water visibility was approximately 20m. The depth to the top and base of the wreck at 1051 was
9.9 and 11.3m, respectively. The pH of seawater usually falls within the range of 7.5 to 8.3. The redox
potential range of marine environments is -0.300 to 0.000V in reducing environments and 0.000 to
+0.250V in oxidising environments. The pH and redox potential of the seawater on-site at 11.2m was
8.06 and 0.198V respectively, indicating a normal, open circulation oxidising marine environment. The
change in dissolved oxygen content, salinity and temperature of the water column with depth
measured on 22 February 2012 is shown in Table 9.
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Figure 20. Change in dissolved oxygen content with increasing water depth measured on the
DAI1 and DAI2 sites (Richards 2012).

For open circulation ocean environments, there is usually a surface maximum in the dissolved oxygen
concentration. This maximum is a direct result of absorption from the atmosphere interface, increased
water movement and photosynthetic activity by plants and cyanobacteria. Typically, after this surface
maximum the dissolved oxygen concentration of the water column will decrease with increasing depth.
Factors contributing to this trend are decreasing water movement, which leads to less oxygen
exchange with the atmosphere, decreasing photosynthetic activity due to less light penetration and
increasing aerobic respiration of plankton in the photosynthetic zone. Despite the variability in the
dissolved oxygen measurements, which would indicate a quite dynamic physical environment on this
site, the overall trend was decreasing dissolved oxygen content with increasing water depth. This trend
coupled with the other physico-chemical measurements, are typical for a shallow, near coastal,
dynamic, open circulation, oxidising marine environment, where corrosion rates are likely to be
relatively high.

Wreck Site

The Daihatsu Landing Craft 1 (DAI1) is located on the south western side of Saipan, inside Tanapag
Harbour (GPS I DV D GHSWK RI DERXWrhe ®reckiweX U H
positively identified as a Daihatsu or 14m Japanese Landing Craft (McKinnon and Carrell 2011:93),
constructed primarily of welded steel and the dimensions are 14.58m in length, 3.35m in width with a
0.76m draught (http://pwencycl.kgbudge.com/D/a/Daihatsu class.htm). The vessel is fully submerged

at all times.

The wreck lies on a flat, slightly undulating sandy seabed, comprising of calcareous sediment. The
surrounding seabed is relatively devoid of marine biota. The wreck was covered in brown algal forms
and some sporadic secondary colonisation was evident (e.g. tunicates, soft and hard corals, seaweed,
etc). Isolated hard coralline growths have formed in places with one large coral formation on the upper
stern deck (Figure 19).

It appears that the wreck is not subjected to regular burial/lexposure cycles. Sediment has partly
covered the lower profile areas but the establishment of some hard corals indicates that significant
accumulation of sediment does not readily occur. The site lies in the comparatively protected lagoon
area but the site has the potential to be affected by storm conditions.

The vessel is upright on the seabed and is reasonably intact except for the port side midships region
which has collapsed. A deck winch with the wire remains in position on the upper stern deck level. The
steering wheel has been displaced and is also lying on this upper deck level. Hull plates are holed in
many places and the armour shield lies on the seabed on the port side of the wheel house. The vessel
is partially buried around the stern and the upper half of the rudder is visible. Limited burial has
occurred with sand accumulation in the loading zone. The maximum height of the main structure rises
approximately 2-3m above the seabed.

There are some areas of active corrosion evident on the site, indicated by the presence of the typical

UHG EURZQ B3UXVW" VSRWV RQ WKH VXUIDFH RI WKH::YHBEDEQWLRFHKLYV
Heritage Trail +Battle of Saipan and divers are actively encouraged to visit the site provided they

follow the visitation guidelines and do not interfere with the site (i.e. disturb or attempt to remove any
components).

Corrosion Survey

The corrosion parameters of ten different areas on the DAI1 were measured over a 56 minute dive on
22 February 2012. The results are presented in Table 10 and the on-site positions shown in Figure 22.
In order to compare the corrosion data collected from the different positions measured on the DAI1
and ascertain the thermodynamically stable state of the iron, the corrosion potentials (E.o) and the pH
of the residual iron alloy surfaces were plotted on the iron Pourbaix diagram in aerobic seawater at
25T (Figure 23). The temperature of the seawater on-site was 28C, however this 3T increase does
not significantly affect the nature or equilibria of the chemical species described in this diagram. The
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E.or measurement for position 5 on the outer surface of the starboard hull structure was unstable
indicating that electrical connection was not possible and there was no residual metal remaining in that

particular area.

Figure 21. Location of the Landing Vehicle Tracked 1 (LVT1 or LVT(A)-4),
Craft 1 and 2 (DAI1 and DAI2), Japanese Freighter (Freighter) and the possible Au

Table 10. Corrosion parameter measurements on the DAIL.

Daihatsu Landing

xiliary
Submarine Chaser (Sub Chaser) in Tanapag Harbour, Saipan, CNMI (Richards 2012 after
Google Earth 2012).

Position Description pH Ecorr Vs diotar = depth of Water
Number NHE (V) concretion + Depth
corrosion (m)
(mm)
1 bow ramp midships, top edge 7.24 -0.333 5 10.1
2 bow ramp midships, inner surface 7.07 -0.333 2 10.7
3 port hull, outer surface 7.96 -0.344 16 11.3
4 port hull, gunwale directly above 3 7.78 -0.347 7 11.3
5 stbd hull, outer surface 7.85 ns 23 10.9
6 stbd hull, gunwale directly above 5 6.12 -0.335 3 10.6
7 stern midships, base, near drive shaft 5.87 -0.317 14 11.4
8 stern midships, gunwale, top deck 7.86 -0.330 2 9.9
9 windlass 6.51 -0.325 10 9.9
10 armour shield 7.97 -0.341 3 11.3

ns xnot stable
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Figure 22. Schematic plan view of the DAIL indicating the corrosion parameter measurement
positions (Richards 2012 after McAllister and Yamafume 2011 in McKinnon and Carrell
2011:94).
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Figure 23. Pourbiax diagram for iron (10 °M) in aerobic seawater at 25T indicating the
intercepts of the areas measured on the DAI1 (Richards 2012).

Generally, most areas measured on the DAI1 were covered with relatively thin aerobic concretions
(average 9 + 7Tmm). There were hard corals and more varieties of colonising biota on this wreck
compared to the shallower wrecks, such as the LVTs and the tanks, however, the distribution was
sporadic suggesting there is still a significant amount of water movement on this site despite the
increase in water depth.

From the Pourbaix diagram (Figure 23), the intercepts of points 1, 2, 4, 6-9 measured on DAIL, lie in
the active corrosion region, where ferrous ions are the thermodynamically stable chemical species and
corrosion will continue until all iron is consumed. Positions 3 and 10 lie on the equilibrium line between
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active corrosion and the passive region, which implies that the typical aerobic corrosion mechanism
where the major stable chemical species is the ferrous ion (Fe**) is in equilibrium with the formation of
an insoluble corrosion product layer of magnetite (FesO,). This is a very common corrosion state for
large steel ships where a large proportion of the vessel remains are still in electrical contact. No stable
voltage could be obtained for position 5 (starboard hull structure, outer surface), which indicates that
there was no residual metal remaining in that particular area. Generally, with film free corrosion
mechanisms, such as occurs on concreted iron artefacts, an increase in the corrosion potential
(tending more positive) indicates an increase in the corrosion of the metal. The average corrosion
potential of the nine measurement points was -0.334 + 0.009V. This 9mV standard deviation is
comparatively small and within experimental error for the equipment and measuring procedure
suggesting that the entire vessel is in electrical connection and the same film free corrosion
mechanism applies to all areas on the DAIL. This very small standard deviation also means that it is
not possible to determine any differences in corrosion behaviour between the measurement points
based on the E,, data.

The pH is often a more reliable indicator of changes in localised corrosion rates. The average pH value
for the more acidic areas (6, 7 & 9) was 6.17 £ 0.32 and for the more alkaline positions (1 +5, 8 & 10)
was 7.68 + 0.36. There appeared to be no obvious relationship between water depth and the average
pH values as the difference in water depth from the shallowest to the deepest measurement positions
was only 1.5m. However, the large difference between the average pH values (1.51) indicates that the
more acidic positions are corroding at a faster rate than the more alkaline areas. The greater corrosion
rate for position 7, which is located on the base of the stern section, could be explained by the fact that
there may be some form of galvanic coupling occurring between the lower stern area and the engine
remains, the propeller shaft and the propellers, which will have different metal compositions (i.e.
copper alloy propellers). This form of galvanic corrosion would cause the stern section to corrode
preferentially to the other electrically connected parts, hereby increasing the corrosion rate in that
area. Isolated iron features tend to possess higher corrosion rates than those experienced on large
iron vessel remains, where the current density is dispersed over a much larger surface area. This
would explain the increase in the corrosion rate of the windlass, position 9. More difficult to explain is
the increase in the corrosion rate of position 6, which was on the starboard gunwale, midway along the
length of the wreck. However, position 5, which was directly below position 6, on the starboard hull
was totally corroded with no residual metal remaining. This particular area on the vessel stands upright
approximately 1.5m above the sediment level and is not protected by any other sections of the wreck.
Hence, the starboard side, as compared to the port side which lies almost level with the seabed and
the bow section which is protect inside the hull structure, would be subjected to the full force of the
current, which tends to run north-south across the wreck, increasing the amount of oxygen
impingement to the concreted metal surface, subsequently increasing the corrosion rate on the
starboard side. Most of the more alkaline areas (1 - 4 & 8) were measured on the hull remains, which
are in electrical connection, dispersing the current density over the entire hull and lowering the overall
corrosion rate.

It has been observed that the pH of corroding residual metal surfaces decrease linearly with increasing
total thickness of the corrosion product layer and the encapsulating concretion (MacLeod and Richards
2011). That is, generally the thicker the concretion, the lower the surface pH but only if the concretion
layer remains essentially undisturbed (i.e. no damage occurs through human/natural interference).
Generally, this relationship applies to this wreck, where the most corroded positions (7, 9 and 5)
possessed the thickest concretion and corrosion product layers (dia), Which is in agreement with the
conclusions regarding corrosion rate differences based on the pH measurements.

It was not possible to discern the interface between the concretion and the corrosion product layers on

DAI1 so the depth of corrosion could not be measured, therefore it was not possible to calculate the
annualised corrosion rate for this wreck.
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3.6 DAIHATSU LANDING CRAFT 2 +DAI2

Figure 24. Daihatsu Landing Craft 2 (DAI2)  *port side view (Carpenter 2012).

Date of Inspection
22 February 2010

Environmental Conditions

The wreck site of the Daihatsu Landing Craft 2 (DAI2) lies approximately 45m to the southwest of DAI1
and the survey was carried out during the same dive as DAIL1. Hence, the environmental conditions
were the same as for DAIL (see Section 3.5). The depth to the top and base of the wreck at 1051 was
11.4 and 12.3m, respectively. The results are typical for a shallow, near coastal, open circulation,
oxidising marine environment, where corrosion rates are likely to be relatively high.

Wreck Site

The Daihatsu Landing Craft 2 (DAI2) is located about 45m southwest of DAIL, on the south western

side of Saipan, inside Tanapag Harbour (GPS N DPVW D GHSWK RI DE
11m (Figure 21). The wreck was positively identified as a Daihatsu or 14m Japanese Landing Craft

(McKinnon and Carrell 2011:98), constructed primarily of welded steel and the dimensions are 14.58m

in length, 3.35m in width with a 0.76m draught (http://pwencycl.kgbudge.com/D/a/Daihatsu class.htm).

The vessel is fully submerged at all times.

The wreck lies on a flat, slightly undulating sandy seabed, comprising of calcareous sediment. The
surrounding seabed is relatively devoid of marine biota. The wreck was covered in brown algal forms
and some sporadic secondary colonisation was evident (e.g. tunicates, soft and hard corals, seaweed,
etc). Isolated hard coralline growths have formed in some places (Figure 24).
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It appears that the wreck is not subjected to regular burial/exposure cycles. Sediment has partly
covered the lower profile areas but the establishment of some hard corals indicates that significant
accumulation of sediment does not readily occur. The site lies in the comparatively protected lagoon
area but the site has the potential to be affected by storm conditions. Limited burial has occurred with
sand accumulation in the loading zone and around the lower profile areas. The maximum height of the
main structure rises approximately 2-3m above the seabed.

The vessel is upright on the seabed and is in poor structural condition. DAI2 is considerably more
disarticulated than DAIL. Large sections lie separate, astern of the wreck and substantial remains have
collapsed on the port side of the vessel. The engine is missing and presumed salvaged but the rudder
and propeller shaft remain in situ.

There are some areas of active corrosion evident on the site, indicated by the presence of the typical

UHG EURZQ B3UXVW"™ VSRWV RQ WKH VXUIDFH RI WKH::YHERDEQWLFHKLV
Heritage Trail +Battle of Saipan and divers are actively encouraged to visit the site provided they

follow the visitation guidelines and do not interfere with the site (i.e. disturb or attempt to remove any
components).

Corrosion Survey

The corrosion parameters of five different areas on the DAI2 were measured over a 56 minute dive on
22 February 2012. The results are presented in Table 11 and the on-site positions shown in Figure 25.
In order to compare the corrosion data collected from the different positions measured on the DAI2
and ascertain the thermodynamically stable state of the iron, the corrosion potentials (E.o) and the pH
of the residual iron alloy surfaces were plotted on the iron Pourbaix diagram in aerobic seawater at
25T (Figure 26). The temperature of the seawater on-site was 28C, however this 3T increase does
not significantly affect the nature or equilibria of the chemical species described in this diagram. Total
penetration occurred at position 1 on the base of the stern structure indicating that there was no
residual metal remaining in that particular area.

Table 11. Corrosion parameter measurements on the DAI2.

Position Description pH Ecor VS diota = depth of Water
Number NHE (V) concretion + Depth
corrosion (m)
(mm)
1 stern midships, base, near drive shaft total penetration 15 12.3
2 stern midships, top deck 6.09 -0.324 3 114
3 stbd hull, gunwale 6.09 -0.327 9 11.7
4 port hull, gunwale 6.72 -0.323 28 114
5 bow ramp midships, top edge 6.65 -0.327 4 115

37



Appendix A

Figure 25. Image indicating the corrosion parameter measurement positions on the DAI2
(Richards after Carpenter 2012).
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Figure 26. Pourbiax diagram for iron (10 °M) in aerobic seawater at 25T indicating the
intercepts of the areas measured on the DAI2 (Richards 2012).

Some areas measured on the DAI2 were covered with relatively thin aerobic concretions (average 2, 3
& 5 =5 = 3mm) while positions 1 and 4 had thicker concretions with an average diy, Of 22 £ 9mm.
There were hard corals and more varieties of colonising biota on this wreck compared to the shallower
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wrecks, such as the LVTs and the tanks, however, the distribution was sporadic suggesting there is
still a significant amount of water movement on this site despite the increase in water depth.

From the Pourbaix diagram (Figure 26), the intercepts of points 2 - 5 measured on DAI2, with the
exception of position 1 where there was total penetration of the metal and no corrosion parameters
could be recorded, lie in the active corrosion region, where ferrous ions are the thermodynamically
stable chemical species and corrosion will continue until all iron is consumed. Generally, with film free
corrosion mechanisms, such as occurs on concreted iron artefacts, an increase in the corrosion
potential (tending more positive) indicates an increase in the corrosion of the metal. The average
corrosion potential of the four measurement points was -0.325 + 0.002V. This 2mV standard deviation
is comparatively small and within experimental error for the equipment and measuring procedure
suggesting that the entire vessel is in electrical connection and the same film free corrosion
mechanism applies to all areas on the DAI2. This very small standard deviation also means that it is
not possible to determine any differences in corrosion behaviour between the measurement points
based on the E,,, data.

The pH is often a more reliable indicator of changes in localised corrosion rates. The average pH value
for the more acidic areas (2 & 3) was 6.09 + 0.00 and for the more alkaline positions (4 & 5) was 6.68
+ 0.05. There appeared to be no obvious relationship between water depth and the average pH values
as the difference in water depth from the shallowest to the deepest measurement positions was only
1.0m. However, the difference between the average pH values of 0.59 indicates that the more acidic
positions are corroding at a faster rate than the more alkaline areas. The greater corrosion rate for
position 2 (top deck of the stern section) and the total corrosion of position 1 (base of the stern section
near the rudder) could be explained by the fact that there may be some form of galvanic coupling
occurring between the lower stern area and the propeller shaft, rudder, etc, which will have different
metal compositions. This form of galvanic corrosion would cause the stern section to corrode
preferentially to the other electrically connected parts, hereby increasing the corrosion rate in that
area. The increase in the corrosion rate of position 3 (starboard gunwale) may be due to its higher
profile above the seabed, where dissolved oxygen impingement to the concreted gunwale surface will
be greater than on more protected, lower profile areas, such as on the bow ramp (5) and port gunwale
(4). However, the fact that the diy for position 4 (port gunwale) was 23mm, the thickest of all areas
measured during this survey tends to suggest that the more alkaline pH for position 4 may not
represent a slower corrosion rate but be due to the port gunwale having almost no residual metal
remaining and under these conditions there is no longer the driving force to maintain the lower pH and
E.or values inside the concretion and the solution slowly equilibrates to those values of the local
environment (higher E.,r and more alkaline pH).

Again, it was not possible to discern the interface between the concretion and the corrosion product
layers on DAI2 so the depth of corrosion could not be measured, therefore it was not possible to
calculate the annualised corrosion rate for this wreck.

Based on the corrosion parameter measurements it is difficult to say whether the DAI2 is corroding at
a faster rate than the DAI1 as most average measurements are within their respective statistical
errors, with the exception of the average pH values of the more alkaline positions, which were 6.68 *
0.05 on DAI2 and 7.68 = 0.36 on DAIL1. This decrease in average pH of DAI2 suggests that it may be
corroding at a slightly faster rate than DAI1. This is not unexpected as it is known that isolated iron
artefacts and steel hull structures that have been damaged either through natural phenomena (e.g.
cyclonic activity) or human intervention (e.g. salvage, explosive damage during WWII) possess higher
corrosion rates than those hull structures that are relatively intact (i.e. DAI1), where the current density
of the corrosion process can be spread over a much larger surface area effectively lowering the
corrosion rate (MacLeod and Richards 2011; Richards et al. 2011).
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3.7 DAIHATSU LANDING CRAFT 3 +DAI3

Figure 27. Daihatsu Landing Craft 3 (DAI3)  tstarboard side view (Carpenter 2012).

Date of Inspection
23 February 2010

Environmental Conditions

Generally fine weather conditions with an average daily temperature of 29°C over the survey period
(20-24 February 2012). On 23 February 2012 the winds were ENE at 15 to 21 knots in the morning
tending E in the afternoon. Seas were moderately choppy with small short period wind waves (E 1.8m
at 9 seconds). The tides were semi-diurnal over the survey period and are reported in Table 1
(http://buoyweather.com). There was a slight current (<0.5 knots) running in a NNE direction.

The in-water visibility was approximately 20m. The depth to the top and base of the wreck at 1141 was
4.2 and 6.6m, respectively. The pH of seawater usually falls within the range of 7.5 to 8.3. The redox
potential range of marine environments is -0.300 to 0.000V in reducing environments and 0.000 to
+0.250V in oxidising environments. The pH and redox potential of the seawater on-site at 6.4m was
8.10 and 0.166V respectively, indicating a normal, open circulation oxidising marine environment. The
change in dissolved oxygen content, salinity and temperature of the water column with depth
measured on 23 February 2012 is shown in Table 12.

There was no significant change in salinity and temperature with increasing water depth, which is
typical of the hydrology of well mixed near coastal marine waters. The average water temperature was
27.8 £ 0.1<C and the average salinity of the water column was 35.8 + 0.5ppK, whi ch is within the usual
salinity range for the open ocean of 32-37ppK. The average dissolved oxygen content was 6.11 +
0.12ppm. The change in dissolved oxygen concentration with increasing water depth is shown in
Figure 28.
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The Daihatsu Landing Craft 3 (DAI3) is located on the south western side of Saipan, inside Tanapag
Harbour at a depth of about 7m. The wreck has not been positively identified but appears to be very
similar to DAI1 and DAI2 which are Daihatsu or 14m Japanese Landing Craft, constructed primarily of
welded steel and the dimensions are 14.58m in length, 3.35m in width with a 0.76m draught
(http://pwencycl.kgbudge.com/D/a/Daihatsu class.htm). The vessel is fully submerged at all times.

The wreck lies on a flat, slightly undulating sandy seabed, comprising of calcareous sediment. The
surrounding seabed is relatively devoid of marine biota with some isolated coral outcrops in close
proximity. The wreck was covered in concretion, some brown algal forms and some secondary
colonisation was evident (e.g. tunicates, soft and hard corals, etc) especially in the more protected
areas (i.e in the engine room, under the stern). Isolated hard coralline growths have formed in places
with one large coral formation on the upper stern deck adjacent to the windlass (Figure 27). It appears
that the wreck is not subjected to regular burial/exposure cycles. Sediment has partly covered the
lower profile areas and the loading area but the establishment of hard and soft corals indicates that
significant accumulation of sediment does not readily occur.

The vessel is upright on the seabed and is reasonably intact. The maximum height of the main
structure rises approximately 2m above the seabed. Some scouring has occurred around the stern
and the rudder and propeller are exposed. Many hull plates are either missing or considerably
corroded with significant areas of loss. Most of the port and starboard side hull structure in the
midships area has collapsed. The engine room of this vehicle is visible through perforated hull plates.
The engine remains in situ and is complete with the exhaust system and other associated features and
ancillary equipment. For example, a funnel is located in the starboard forward corner of the engine
room.

There are some areas of active corrosion evident on the site, especially in the shallower, more
exposed areas (i.e. upper surfaces of the stern section) indicated by the presence of the typical
UHG EURZQ 3UXVW  ufateRoihe \rlgiclaV Enld DAI3 is not included on the WWII Maritime
Heritage Trail +Battle of Saipan therefore visitation to the site by divers and snorkelers would be less
than to those wrecks that are listed on the heritage trail. The fact that the engine, other associated
machinery and some artefacts (e.g. funnel) are still present in situ supports the fact that this site is not
visited frequently and human interference has been minimal to date.

Corrosion Survey

The corrosion parameters of eleven different areas on the DAI3 were measured over a 61 minute dive
on 23 February 2012. The results are presented in Table 13 and the on-site positions shown in Figure
29. In order to compare the corrosion data collected from the different positions measured on the DAI3
and ascertain the thermodynamically stable state of the iron, the corrosion potentials (E.o) and the pH
of the residual iron alloy surfaces were plotted on the iron Pourbaix diagram in aerobic seawater at
25T (Figure 30). The temperature of the seawater on-site was 28T, however this 3<T increase does
not significantly affect the nature or equilibria of the chemical species described in this diagram.

Table 13. Corrosion parameter measurements on the DAI3.

Position | Description pH Ecor VS diotal = Water
Number NHE depth of Depth

V) concretion (m)

+
corrosion
(mm)

1 rudder 7.00 -0.339 15 6.0

2 propeller 6.28 -0.340 3 6.6

3 stern, upper deck, midships 7.36 -0.338 6 5.2

4 windlass 7.90 -0.337 4 4.2

5 stern, upper deck, fwd windlass, midships total penetration 7 5.1

6 stbd support beam, midships 7.10 -0.338 5 5.6

7 port support beam, midships 7.19 -0.338 7 5.8

8 bow ramp midships, inner surface 7.97 -0.337 2 6.4
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9 stbd gunwale, bow area 7.95 -0.337 2 5.5
10 port gunwale, bow area 6.54 -0.338 4 5.7
11 bow ramp midships, top edge 6.20 -0.340 14 5.9

nd = not determined

Figure 29. Image indicating the corrosion parameter measurement positions on the DAI3

(Richards after Carpenter 2012).
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Figure 30. Pourbiax diagram for iron (10 'GM) in aerobic seawater at 25T indicating the
intercepts of the areas measured on the DAI3 (Richards 2012).

Generally, the areas measured on the DAI3 were covered with relatively thin aerobic concretions
(average 6 = 4mm). There were more hard corals and more varieties of colonising biota on this wreck
compared to the shallower wrecks, such as the LVTs and the tanks, which are subjected to more
natural and human interference and the other two Daihatsu landing crafts (DAI1 and DAI2), which
were at a depth of about 11m almost twice that of DAI3. This suggests that the DAI3 is subjected to a
less aggressive environment however, the distribution of marine biota on the upper surfaces was still
sporadic suggesting there is still a significant amount of water movement on this site.

From the Pourbaix diagram (Figure 30), the intercepts of points 1 - 3, 6, 7, 10 & 11 measured on DAI3,
lie in the active corrosion region, where ferrous ions are the thermodynamically stable chemical
species and corrosion will continue until all iron is consumed. Positions 4, 8 & 9 lie on the equilibrium
line between active corrosion and the passive region, which implies that the typical aerobic corrosion
mechanism where the major stable chemical species is the ferrous ion (Fez+) is in equilibrium with the
formation of an insoluble corrosion product layer of magnetite (Fez0,4). This is a very common
corrosion state for large steel ships where a large proportion of the vessel remains are still in electrical
contact. Total penetration of the metal occurred on position 5 indicating that there was no residual
metal remaining in that particular area. Generally, with film free corrosion mechanisms, such as occurs
on concreted iron artefacts, an increase in the corrosion potential (tending more positive) indicates an
increase in the corrosion of the metal. The average corrosion potential of the nine measurement points
was -0.338 + 0.001V. This 1mV standard deviation is comparatively small and within experimental
error for the equipment and measuring procedure suggesting that the entire vessel is in electrical
connection and the same film free corrosion mechanism applies to all areas on the DAI3. This very
small standard deviation also means that it is not possible to determine any differences in corrosion
behaviour between the measurement points based on the E.,,, data.

The pH is often a more reliable indicator of changes in localised corrosion rates. The average pH value
for the more acidic areas (2, 10 & 11) was 6.34 + 0.18 and for the more alkaline positions (1, 3, 4, 6 -
9) was 7.50 + 0.42. There appeared to be no obvious relationship between water depth and the
average pH values as the difference in water depth from the shallowest to the deepest measurement
positions was only 1.5m. However, the large difference between the average pH values (1.16)
indicates that the more acidic positions are corroding at a faster rate than the more alkaline areas. The
greater corrosion rate for position 2, which was the propeller, could be explained by the fact that the
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propeller would probably possess a different metal composition and this particular Pourbaix diagram is
not applicable or there may be some form of galvanic coupling occurring between the propeller and the
engine remains. This form of galvanic corrosion would cause the propeller to corrode preferentially to
the other electrically connected parts, hereby increasing the corrosion rate in that area. More difficult to
explain is the increase in the corrosion rate of position 10, which was on the port gunwale, near the
bow and position 11 which was on the upper edge of the bow ramp as these areas appear to have
been in direct electrical contact with the rest of the vessel remains. Most of the more alkaline areas (1,
3, 4, 6 - 9) were measured on the hull remains, which are in electrical connection, dispersing the
current density over the entire hull and lowering the overall corrosion rate.

It has been observed that the pH of corroding residual metal surfaces decrease linearly with increasing
total thickness of the corrosion product layer and the encapsulating concretion (MacLeod and Richards
2011). That is, generally the thicker the concretion, the lower the surface pH but only if the concretion
layer remains essentially undisturbed (i.e. no damage occurs through human/natural interference).
Generally, this relationship applies to this wreck, where the most corroded positions (7, 9 and 5)
possessed the thickest concretion and corrosion product layers (dia), Which is in agreement with the
conclusions regarding corrosion rate differences based on the pH measurements.

It was not possible to discern the interface between the concretion and the corrosion product layers on
DAI3 so the depth of corrosion could not be measured, therefore it was not possible to calculate the
annualised corrosion rate for this wreck.

Based on the corrosion parameter measurements it is difficult to say which of the Daihatsu landing
craft is corroding at a faster rate as most average measurements are within their respective statistical
errors, with the exception of the average pH values of the more alkaline positions, which were 6.68 *
0.05 on DAI2 and 7.68 £ 0.36 and 7.50 £ 0.42 on DAI1 and DAI3, respectively. This decrease in
average pH of DAI2 suggests that it may be corroding at a slightly faster rate than both DAI1 and
DAI3. This is not unexpected as it is known that isolated iron artefacts and steel hull structures that
have been damaged either through natural phenomena (e.g. cyclonic activity) or human intervention
(e.g. salvage, explosive damage during WWII) possess higher corrosion rates than those hull
structures that are relatively intact (i.e. DAI1 and DAI3), where the current density of the corrosion
process can be spread over a much larger surface area effectively lowering the corrosion rate
(MacLeod and Richards 2011; Richards et al. 2011). In addition, it appears that DAI1 and DAI3 are
corroding at relatively similar rates, despite the fact that DAI3 is a much shallower site, where it would
be expected that the corrosion rate would be slightly higher. This would seem to suggest that human
interference (i.e. recreational diving activities) is having some impact on the deterioration rate of the
deeper DAI1L site.

3.8 JAPANESE FREIGHTER - JFR
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Figure 31. Japanese Freighter (JFR)  +bow view (Carpenter 2012).

Date of Inspection
21 February 2010

Environmental Conditions

Generally fine weather conditions with an average daily temperature of 29°C over the survey period
(20-24 February 2012). On 21 February 2012 the winds were ENE at 17 to 24 knots. Seas were
choppy with a moderate long period swell (morning NNW 2m at 10 seconds; afternoon N 2m at 10
seconds). The tides were semi-diurnal over the survey period and are reported in Table 1
(http://buoyweather.com). There was quite a strong current (>1 knot) running in a NNE direction.

The in-water visibility was approximately 20m. On the day of the survey the highest part of the wreck
was breaking the seawater surface and the depth to the base of the wreck at 1010 was 11.2m (Figure
31). The pH of seawater usually falls within the range of 7.5 to 8.3. The redox potential range of
marine environments is -0.300 to 0.000V in reducing environments and 0.000 to +0.250V in oxidising
environments. The pH and redox potential of the seawater on-site at 8.8m was 8.20 and 0.210V
respectively, indicating a normal, open circulation oxidising marine environment. The change in
dissolved oxygen content, salinity and temperature of the water column with depth measured on 21
February 2012 is shown in Table 14.
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maximum the dissolved oxygen concentration of the water column will decrease with increasing depth.
Factors contributing to this trend are decreasing water movement, which leads to less oxygen
exchange with the atmosphere, decreasing photosynthetic activity due to less light penetration and
increasing aerobic respiration of plankton in the photosynthetic zone. The overall trend on the JFR site
was a relatively steady decrease in dissolved oxygen content with increasing water depth. This trend
coupled with the other physico-chemical measurements, are typical for a shallow, near coastal, open
circulation, oxidising marine environment, where corrosion rates are likely to be relatively high.

Wreck Site

The Japanese Freighter (JFR) is located on the south western side of Saipan, inside Tanapag Harbour
GPSHEEE OW D PD[LPXP GHSWK RI DERXW P )LJXUH
not been positively identified but may be the Shoan Maru, a steamer of 5624 tons built primarily of

steel in 1937 and later requisitioned for use during WWII (McKinnon and Carrell 2011:40-44). Some of

the higher profile sections of the vessel are exposed to the atmosphere at low tides but the majority of

the wreck is fully submerged at all times.

The wreck lies on a flat, slightly undulating sandy seabed, comprising of calcareous sediment. The
surrounding seabed is interspersed with coral outcrops, especially around the bow area. The vessel is
not heavily concreted (e.g. welded overlapping hull plates are discernable) and it has a general layer
of encrustation which may be derived from calcareous and other forms of algae. Patches of low profile
hard coral formations and larger hard corals have become established particularly on the side of the
port bow which is angle towards the sea surface (Figure 31). Isolated coral out-growths exist on other
parts of the vessel but it is minimal. Coral fish predominate and a very large stonefish was noted.
Pelagic fish are prevalent around this site in contrast to the other sites investigated. As with other sites
in the lagoon freshwater run-off and associated pollution may be influencing marine growth.

It appears that the wreck is not subjected to regular burial/exposure cycles. Limited sediment coverage
has occurred on some hull structure lying on the seabed but due to the relatively high profile of the
shipwreck remains, this negates extensive burial. The establishment of hard corals indicates that
significant accumulation of sediment does not readily occur. Maximum exposure height of the main
structure is approximately 8m. Curved hull structure lying close to the seabed is undercut and free of
sand accretion. Relatively strong currents are experienced on this site and scouring under ship
structure is a likely consequence. The site lies in the comparatively protected lagoon area but due to
the extensive profile of the vessel above the seabed it is conceivable that storms would have an
LPSDFW RQ WKH VKLSTV VWUXFWXUH

The vessel lies on its starboard side and although most of the wreck is disarticulated and has
collapsed in many areas, major elements such as the engines, boilers, steering mechanism and
superstructure are generally located in close proximity to their original position. No discernible cargo
was observed. The ship was apparently torpedoed in 1943 but did not sink and was towed to Saipan
for repairs or salvage. In 1944 it was attacked again by aircraft and damaged beyond repair. During
the post-war clean up of Tanapag harbour the ship was heavily salvaged and cut-down to the
waterline because it was considered a navigational hazard. There are also reports that it was used for
explosives training during this time (McKinnon and Carrell 2011:38-40).

There are a few areas of active corrosion evident on the site, indicated by the presence of the typical
UHG EURZQ 3UoXYheVsurfa&Rithe vessel but these are sporadic compared to the size of the
wreck remains. This JFR is included on the WWII Maritime Heritage Trail +Battle of Saipan and divers
are actively encouraged to visit the site provided they follow the visitation guidelines and do not
interfere with the site (i.e. disturb or attempt to remove any components).

Corrosion Survey

The corrosion parameters of twenty four different areas on the JFR were measured over two dives (80
and 61 minutes) 21 February 2012. The results are presented in Table 15 but due to the large
distribution area of the wreck the on-site positions are not shown. In order to compare the corrosion
data collected from the different positions measured on the JFR and ascertain the thermodynamically
stable state of the iron, the corrosion potentials (E,) and the pH of the residual iron alloy surfaces
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were plotted on the iron Pourbaix diagram in aerobic seawater at 25T (Figure 33). The temperatur e of
the seawater on-site was 28T, however this 3T increase does not significant ly affect the nature or
equilibria of the chemical species described in this diagram.
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Table 15. Corrosion parameter measurements on the JFR.

Position | Description pH Ecor VS diotal = Water
Number NHE (V) depth of Depth
concretion (m)
+
corrosion
(mm)
1 rudder 7.62 -0.343 8 7.9
2 stbd hull 1%, stern 7.28 -0.340 2 6.7
3 stbd deck 1%, stern 6.76 -0.342 9 5.2
4 stbd hull 2 7.76 -0.338 4 6.2
5 stbd deck 2 6.95 -0.329 8 5.9
6 bollard 6.87 -0.330 6 5.8
7 stbd hull 3, vertical plate 5.48 -0.344 13 8.1
8 stbd deck 3 6.75 -0.334 9 5.9
9 stbd hull 4 7.94 -0.347 2 8.0
10 stbd deck 4 7.67 -0.346 2 7.0
11 stbd hull 5, under bow 8.11 -0.342 4 8.0
12 stbd hull 5, vertical bow plate 6.81 -0.345 7 7.8
13 port hull 1, stern 7.93 -0.338 1 5.6
14 port deck 1, stern 7.96 -0.338 2 5.1
15 port hull 2 7.86 -0.337 1 5.7
16 port deck 2 6.38 -0.330 16 5.5
17 engine block 7.89 -0.256 1 3.6
18 port hull 3 8.14 -0.344 1 7.5
19 port deck 3 6.47 -0.330 5 7.0
20 boiler 7.89 -0.330 5 7.2
21 port hull 4 7.45 -0.340 2 7.1
22 port deck 4 7.01 -0.330 2 6.3
23 port hull 5, bow 6.71 -0.340 3 8.1
24 port deck 5, bow 7.21 -0.356 4 5.0
! stbd hull and deck 1-5; port hull and deck 1-5 = traversing from stern to bow
S~ @
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Figure 33. Pourbiax diagram for iron (10

®M) in aerobic seawater at 25T indicating the
intercepts of the areas measured on the JFR site (Richards 2012).
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Generally, the areas measured on the JFR were covered with relatively thin aerobic concretions
(average 5 £ 4mm). There were more hard corals on this wreck compared to the shallower wrecks,
such as the LVTs and the tanks, which are subjected to more natural and human interference and the
other three Daihatsu landing crafts (DAI1, DAI2 and DAI3). However, this is probably a reflection of the
larger surface area available for colonisation than an effect of changes in the local environment.

From the Pourbaix diagram (Figure 33), the intercepts of points 1-8, 10, 12, 16, 19, 21-24) measured
on the JFR, lie in the active corrosion region, where ferrous ions are the thermodynamically stable
chemical species and corrosion will continue until all iron is consumed. Positions 9, 13-15, 20 lie on
the equilibrium line between active corrosion and the passive region, which implies that the typical
aerobic corrosion mechanism where the major stable chemical species is the ferrous ion (Fe®") is in
equilibrium with the formation of an insoluble corrosion product layer of magnetite (Fe;0,4). This is a
very common corrosion state for large steel ships where a large proportion of the vessel remains are
still in electrical contact. Positions 11, 17 and 18, lie in the passive magnetite region (Fe;O,) indicating
there is very little if any residual metal remaining in these areas. Generally, with film free corrosion
mechanisms, such as occurs on concreted iron artefacts, an increase in the corrosion potential
(tending more positive) indicates an increase in the corrosion of the metal. Position 17, which was the
engine block had a more positive corrosion potential of -0.256V indicating an increase in the corrosion
of the engine. The average corrosion potential of the other twenty three measurement points was -
0.339 + 0.007V. This 7mV standard deviation is comparatively small and within experimental error for
the equipment and measuring procedure suggesting that the entire vessel is in electrical connection
and the same film free corrosion mechanism applies to all areas on the JFR. This very small standard
deviation also means that it is not possible to determine any differences in corrosion behaviour
between the measurement points based on the E,, data.

The pH is often a more reliable indicator of changes in localised corrosion rates. From the Pourbaix
diagram the measurement positions were separated in cluster groups based on their pH values. There
appeared to be no obvious relationship between water depth and the average pH values of the
different groups as the difference in water depth from the shallowest to the deepest measurement
positions was only 3.1m. Position 7 had the most acidic pH value at 5.48 of all measurement points
indicating it has the highest corrosion rate. This position was located at the base of a 3m high vertical
hull plate on the starboard side of the wreck where water movement and oxygen impingement to the
concreted steel surface would very high and therefore the rate of the cathodic reaction (oxygen
reduction on the concretion/seawater surface) would be high concomitantly increasing the overall
corrosion rate of this high profile structural feature. Positions 16 and 19, which were measured on
collapsed deck plates on the port side of the wreck, possessed the next most acidic average pH value
of 6.42 + 0.06. Positions 3, 5, 8, hull deck plates on the starboard side; position 22, a deck plate on the
port side; positions 12 and 23, bow hull plates on the starboard and port sides, respectively and a
bollard (6) near position 5 had the next most acidic average pH value of 6.84 £ 0.11. The next cluster
group had an average pH value of 7.50 + 0.22 and included the rudder (1), starboard hull plates near
the stern (2, 4), a starboard deck plate (10) and hull (21) and deck plates (24) on the port side all
towards the bow section. The final cluster group had the most alkaline average pH value of 7.98 + 0.11
and included starboard hull plates (9, 11) towards the bow, port hull and deck plates towards the stern
(13, 14, 15, 18) and the boiler (20). Position 17, which was the engine block had an alkaline pH of 7.89
and a corrosion voltage of -0.256V, almost 83mV more positive than the average E.,, for this site (-
0.339V) which indicates there is very little metal remaining. This significant increase in the extent of
corrosion of the engine could be due to galvanic corrosion with the engine block preferentially
corroding with respect to the other elements of the engine, which would possess different metal
compositions.

Interpretation of the differences in the corrosion rates between so many measurement positions on this
very large site is particularly difficult but on closer inspection of the cluster groups it appears that
generally, those positions that have a very high profile, such as position 7 or are more damaged,
disarticulated and have collapsed completely, such as positions 16, 19, 3, 5, 6, 8, 12, 22 and 23 have
slightly higher corrosion rates than those areas, which are lower profile and/or are more protected from
wave action and oxygen impingement by deck supports or other structural hull features, such as
positions 1, 2, 4, 9-11, 13-15, 18, 20, 21 and 24. It also appears that generally, the bow section is
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corroding at an elevated rate compared to the stern section, which would be a reflection of the bow
sections higher profile in the water column.

Generally the thicker the concretion and corrosion layer, the lower the surface pH but only if the
concretion layer remains essentially undisturbed (i.e. no damage occurs through human/natural
interference). Generally, this relationship applies to this wreck, where the most corroded positions (7,
16, 3, 5, 8, 12) possessed the thicker concretion and corrosion product layers (dia >8mm), which is in
general agreement with the conclusions regarding corrosion rate differences based on the pH
measurements.

Due to the thinner nature of the concretion and corrosion product layers on the JFR (5 = 4mm), it was
possible to discern the interface between the concretion and the corrosion product layer on many of
the measurement positions so the depth of corrosion (d.) was measured at about 2 £ 1mm. It should
be noted that the d. measurements are not extremely accurate and the subsequent calculated
annualised corrosion rates should only be treated as approximations. If we assume that the JFR was
sunk in 1944 then it has been immersed for 68 years at the time of this corrosion survey. Therefore the
calculated annualised corrosion rate was 0.03 + 0.01mmy™ which is about a third of the average long-
term corrosion rate for isolated iron in aerobic seawater at 0.11mmy™. This lower corrosion rate is not
unexpected as the corrosion parameter measurements indicate that most of the structural remains on
this very large vessel (about 125m in length) are in electrical connection, dispersing the current density
over the entire hull thus lowering the overall corrosion rate.

3.9 AUXILIARY SUBMARINE CHASER - ASC

Figure 34. Auxiliary Submarine Chaser (ASC)  tbow view (Carpenter 2012).

Date of Inspection
22 February 2010
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Environmental Conditions

Generally fine weather conditions with an average daily temperature of 29°C over the survey period
(20-24 February 2012). On 22 February 2012 the winds were ENE at 18 to 24 knots in the morning
tending ENE at 17 to 23 knots in the afternoon. Seas were choppy with a moderate short period swell
(morning E 2.2m at 9 seconds; afternoon ENE 2.1m at 9 seconds). The tides were semi-diurnal over
the survey period and are reported in Table 1 (http://buoyweather.com). There was a slight current
(<0.5 knots) running in a NNE direction.

The in-water visibility was approximately 15m. The water depth to the top and base of the wreck at
0911 was 7.2 and 10.3m, respectively (Figure 34). The pH of seawater usually falls within the range of
7.5 to 8.3. The redox potential range of marine environments is -0.300 to 0.000V in reducing
environments and 0.000 to +0.250V in oxidising environments. The pH and redox potential of the
seawater on-site at 9.7m was 8.03 and 0.223V respectively, indicating a normal, open circulation
oxidising marine environment. The change in dissolved oxygen content, salinity and temperature of the
water column with depth measured on 23 February 2012 is shown in Table 16.

Table 16. Dissolved oxygen content, salinity and temperature of the seawater on the ASC site.

Water Depth (m) Dissolved Oxygen Salinity (ppK) Temperature ()
Content [ppm(S)]
0.0 6.16 35.9 27.3
0.5 6.24 35.8 275
1.0 6.11 35.7 27.6
15 6.01 35.6 27.6
2.0 6.16 35.7 27.6
2.5 5.94 35.7 27.6
3.0 5.86 35.6 27.6
3.5 5.86 35.7 27.6
4.0 5.93 35.7 27.6
4.5 5.88 35.7 27.6
5.0 5.71 35.7 27.6
55 5.76 35.7 27.6
6.0 6.02 35.7 27.6
6.5 5.80 35.7 27.6
7.0 5.71 35.7 27.6
7.5 5.63 35.7 27.6
8.0 5.40 35.7 27.6
8.5 5.07 35.7 27.6
Average 5.85+0.29 35.7+0.1 276+0.1

There was no significant change in salinity and temperature with increasing water depth, which is
typical of the hydrology of well mixed near coastal marine waters. The average water temperature was
27.6 £ 0.1C and the average salinity of the water column was 35.7 + 0.1ppK, whi ch is within the usual
salinity range for the open ocean of 32-37ppK. The average dissolved oxygen content was 5.85 +
0.29ppm. The change in dissolved oxygen concentration with increasing water depth is shown in
Figure 35.
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under ship structure is a likely consequence. The site lies in the comparatively protected lagoon area
but due to the extensive profile of the vessel above the seabed it is conceivable that storms would
KDYH DQ LPSDFW RQ WKH VKLSYTV VWUXFWXUH

The vessel lies on its starboard side with approximately 12m of the bow section is still intact (Figure
34). The remainder of the hull structure has collapsed. The aft hull structure, stern, propeller, propeller
shaft, engines and ancillary equipment all appear to be missing. A small anchor, probably originally
stored on the deck, judging by its present location, appears to be in reasonable condition and state of
preservation. Most notably were some munitions lying inside the midships structure. The disarticulated
nature and missing features could be the result of post-war salvage and clean-up and possible
explosive training operations (McKinnon and Carrell 2011:47).

There are a few areas of active corrosion evident on the site, indicated by the presence of the typical

red/brown 3UXVW" VSRWYV RQ WKH VXUIDFH RI WKH YHVVHO EXW RIKWYH D L
wreck remains. This ASC is included on the WWII Maritime Heritage Trail * Battle of Saipan and

divers are actively encouraged to visit the site provided they follow the visitation guidelines and do not

interfere with the site (i.e. disturb or attempt to remove any components).

Corrosion Survey

The corrosion parameters of fourteen different areas on the ASC were measured over a 55 minute
dive on 22 February 2012. The results are presented in Table 17 and the on-site positions shown in
Figure 36. In order to compare the corrosion data collected from the different positions measured on
the ASC and ascertain the thermodynamically stable state of the iron, the corrosion potentials (Ecor)
and the pH of the residual iron alloy surfaces were plotted on the iron Pourbaix diagram in aerobic
seawater at 25T (Figure 37). The temperature of the seawater on-site was 28<C, ho wever this 3C
increase does not significantly affect the nature or equilibria of the chemical species described in this
diagram.

Table 17. Corrosion parameter measurements on the ASC.

Position | Description pH Econ VS diotal = depth Water
Number NHE (V) of Depth
concretion + (m)
corrosion
(mm)
1 hull 1, bow 7.54 -0.328 2 9.0
2 deck 1, bow 7.97 -0.329 4 8.3
3 hull 2, port side 7.48 -0.327 4 8.7
4 hull 3, port side 5.97 -0.327 4 8.1
5 hull 4, port side, end amidships 8.01 -0.321 2 7.5
6 hull 5, stbd side, end amidships 7.55 -0.323 5 7.2
7 box, sthd side 6.95 -0.324 1 9.3
8 anchor, stbd side 7.37 -0.330 2 10.3
9 hull 6, stbd side, fwd anchor 6.08 -0.327 6 9.9
10 deck 2, end broken bow section total penetration 20 9.5
11 lower deck, port side 8.01 -0.327 1 8.0
12 lower deck, stbd side 7.87 -0.328 4 9.3
13 hull 7, end broken bow section 7.99 -0.321 1 8.8
14 stanchion 6.58 -0.336 23 9.6
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Figure 36. Photomosaic indicating the corrosion parameter measurement positions on the A SC
(Richards after McKinnon and Carrell 2011:49).

Generally, the areas measured on the ASC were covered with relatively thin aerobic concretions
(average 6 £ 7mm). There were more hard corals on this wreck compared to the shallower wrecks,
such as the LVTs and the tanks, which are subjected to more natural and human interference but
possessed similar growth densities as was evident on the DAI1 and DAI2 sites (11m), suggesting
there is a significant amount of water movement on this site despite the increase in water depth (10m).

From the Pourbaix diagram (Figure 37), the intercepts of points 1, 3, 4, 6-9, 14 measured on the ASC,
lie in the active corrosion region, where ferrous ions are the thermodynamically stable chemical
species and corrosion will continue until all iron is consumed. Positions 2, 5, 11-13 lie on the
equilibrium line between active corrosion and the passive region, which implies that the typical aerobic
corrosion mechanism where the major stable chemical species is the ferrous ion (Fe) is in
equilibrium with the formation of an insoluble corrosion product layer of magnetite (Fe;0,4). This is a
very common corrosion state for large steel ships where a large proportion of the vessel remains are
still in electrical contact. No corrosion parameters could be measured for position 10, where total
penetration of the metal occurred. Generally, with film free corrosion mechanisms, such as occurs on
concreted iron artefacts, an increase in the corrosion potential (tending more positive) indicates an
increase in the corrosion of the metal. The average corrosion potential of the thirteen measurement
points was -0.327 % 0.004V. This 4mV standard deviation is comparatively small and within
experimental error for the equipment and measuring procedure suggesting that the entire vessel is in
electrical connection and the same film free corrosion mechanism applies to all areas on the ASC.
This very small standard deviation also means that it is not possible to determine any differences in
corrosion behaviour between the measurement points based on the E.,,, data.
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Figure 37. Pourbiax diagram for iron (10 °M) in aerobic seawater at 25T indicating the
intercepts of the areas measured on the ASC site (Richards 2012).

The pH is often a more reliable indicator of changes in localised corrosion rates. Similar to the JFR the
measurement positions from the Pourbaix diagram were separated in cluster groups based on their pH
values. Again, there appeared to be no obvious relationship between water depth and the average pH
values of the different groups as the difference in water depth from the shallowest to the deepest
measurement positions was only 3.1m. Positions 4 and 9 had the most acidic average pH value at
6.02 £ 0.08 indicating the highest corrosion rate. Position 4 was on the upper surface of the port side
hull structure, where there was extensive explosive damage and position 9 was an isolated hull plate
on the collapsed starboard side of the wreck. Similarly, position 10, which had totally corroded was
located on the deck next to the broken end of the bow section where increases in micro-structural
stress of the metal would lead to concomitant increases in corrosion rate. Positions 14, a stanchion
and 9, a box both located midway along the site possessed the next most acidic pH values at 6.58 and
6.95 respectively. These were also isolated iron features and as such will corrode at a faster rate than
positions that are in electrical connection over a larger surface area (i.e. the hull structure). For
example, positions, 1, 3 and 6, which were on the hull structure and position 8, which was an anchor
lying in direct contact with the collapsed starboard hull plates lying flat on the seabed surface and was
hence, in a more protected area had a more alkaline average pH value of 7.48 + 0.08, indicating a
lower corrosion rate than the previously mentioned positions. Similarly, positions 2, 5, 11-13 were all
part of the hull structure in relatively protected areas and possessed the most alkaline average pH
value of 7.97 + 0.06 indicating the lowest corrosion rate. In addition, generally it appears that the
starboard side is corroding at a slightly elevated rate compared to the port side, which would be a
reflection of the increased damage, disarticulation and collapse on this side of the vessel.

Generally the thicker the concretion and corrosion layer, the lower the surface pH but only if the
concretion layer remains essentially undisturbed (i.e. no damage occurs through human/natural
interference). This relationship on the ASC was ambiguous as the average diuy Of the thinner
concretion and corrosion product layers was 3 + 2mm but some of these areas had quite low surface
pHs. However, positions 9 (di = 6mm) and 14 (dy = 23mm) had acidic pH values in conjunction
with thicker concretion and corrosion product layers, which is in agreement with the conclusions
regarding corrosion rate differences based on their pH measurements.

Unfortunately, unlike the JFR, even though the diys On the ASC were relatively thin (6 £ 7mm) it was
not possible to discern the interface between the concretion and corrosion product layer on the
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positions so the depth of corrosion (d.) could not be measured and therefore the average long-term
annualised corrosion rate could not be estimated.

Based on the corrosion parameter measurements it is difficult to say whether the ASC is corroding at a
faster rate than the JFR as most average measurements are within their respective statistical errors,
with the exception of the average E.,, values which were -0.327 £ 0.004V on ASC and -0.339 £
0.007V on the JFR. This small increase in average E, of the ASC suggests that it may be corroding
at a slightly faster rate than JFR. This is not unexpected as it is known that isolated iron artefacts and
steel hull structures that have been damaged either through natural phenomena (e.g. cyclonic activity)
or human intervention (e.g. salvage, explosive damage during WWII) possess higher corrosion rates
than those hull structures that are relatively intact (i.e. JFR), where the current density of the corrosion
process can be spread over a much larger surface area effectively lowering the corrosion rate
(MacLeod and Richards 2011; Richards et al. 2011).

3.10 STEAMSHIP - SS

Figure 38. Steamship (SS) zboilers (Carpenter 2012).

Date of Inspection
23 February 2010

Environmental Conditions

Generally fine weather conditions with an average daily temperature of 29°C over the survey period
(20-24 February 2012). On 23 February 2012 the winds were ENE at 15 to 21 knots in the morning
tending E in the afternoon. Seas were moderately choppy with small short period wind waves (E 1.8m
at 9 seconds). The tides were semi-diurnal over the survey period and are reported in Table 1
(http://buoyweather.com). There was no discernible current observed during the survey.
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The in-water visibility was approximately 5m, which was considerably less than the other sites
investigated during the survey period. The depth to the base of the wreck at 0955 was 10.4m. The pH
of seawater usually falls within the range of 7.5 to 8.3. The redox potential range of marine
environments is -0.300 to 0.000V in reducing environments and 0.000 to +0.250V in oxidising
environments. The pH and redox potential of the seawater on-site at 9.9m was 8.05 and 0.278V
respectively, indicating a normal, open circulation oxidising marine environment. The change in
dissolved oxygen content, salinity and temperature of the water column with depth measured on 23
February 2012 is shown in Table 18.

Table 18. Dissolved oxygen content, salinity and temperature of the seawater on the SS site.

Water Depth (m) Dissolved Oxygen Salinity (ppK) Temperature (TC)
Content [ppm(S)]
0.0 5.85 35.6 27.7
0.5 5.76 35.8 27.7
1.0 5.68 35.7 27.7
15 5.70 35.7 27.7
2.0 5.65 35.7 27.7
25 5.72 35.7 27.7
3.0 5.69 35.8 27.7
35 5.88 35.7 27.7
4.0 5.87 35.8 27.7
4.5 5.96 35.8 27.7
5.0 5.48 35.8 27.7
5.5 5.77 35.8 27.7
6.0 5.78 35.8 27.7
6.5 5.48 35.8 27.7
7.0 5.54 35.8 27.7
7.5 5.67 35.8 27.7
8.0 6.70 35.8 27.7
8.5 5.70 35.8 27.7
9.0 5.94 35.8 27.7
9.5 5.53 35.8 27.7
10.0 5.53 35.8 27.7
10.5 5.42 35.8 27.7
11.0 5.22 35.6 27.7
Average 5.72+£0.28 35.8+0.1 27.7+£0.0

There was no significant change in salinity and temperature with increasing water depth, which is
typical of the hydrology of well mixed near coastal marine waters. The average water temperature was
27.7 £ 0.0C and the average salinity of the water column was 35.8 + 0.1ppK, whi ch is within the usual
salinity range for the open ocean of 32-37ppK. The average dissolved oxygen content was 5.72 +
0.28ppm. The change in dissolved oxygen concentration with increasing water depth is shown in
Figure 39.
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due to the relatively high profile of the shipwreck remains and the establishment of hard corals in some
areas it is likely that significant accumulation of sediment does not readily occur on this site.

The vessel is considerably damaged and although many parts are disconnected they lie in close

proximity to each other. Various sections are bent, twisted and distorted suggesting war damage

rather than a direct consequence of seabed impact when it sank or collapse due to corrosion. A

dislordgHG VKLSV ERLOHU DSSHDUV LQWDFW DV GR VRPH ¢ VSRIRIDBHD W/HD;
were not observed and may have been salvaged. Overall impressions of the site were limited by the

relatively poor visibility. Generally the metal structures appear to be in a strong and robust condition.

There were no areas of active corrosion evident on the wreck remains. This steamship is not included
on the WWII Maritime Heritage Trail +Battle of Saipan therefore visitation to the site by divers and
snorkelers would be less than to those wrecks that are listed on the heritage trail.

Corrosion Survey

The corrosion parameters of twelve different areas on the SS were measured over a 65 minute dive on
23 February 2012. The results are presented in Table 19. The on-site positions are not shown as no
site plan or photomosaic has been produced for this wreck at this point in time. In order to compare the
corrosion data collected from the different positions measured on the SS and ascertain the
thermodynamically stable state of the iron, the corrosion potentials (Eco) and the pH of the residual
iron alloy surfaces were plotted on the iron Pourbaix diagram in aerobic seawater at 25T (Figure 40).
The temperature of the seawater on-site was 28C, however this 3T increase does not significantly
affect the nature or equilibria of the chemical species described in this diagram.
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Table 19. Corrosion parameter measurements on the SS.

Position | Description pH Ecor VS NHE diotal = de = Water
Number (V) depth of depth of Depth
concretion corrosion (m)
+ (mm)
corrosion
(mm)
1 bow hull plate 8.00 -0.360 2 1 9.3
2 water tank 1 8.04 -0.360 2 1 9.7
3 water tank 2 7.43 -0.358 1 9.7
4 midships hull plate 7.99 -0.353 1 10.1
5 water tank 3 (smaller) 8.00 -0.353 3 1 9.2
6 kingpost 8.04 -0.355 2 8.4
7 stern hull plate 8.00 -0.358 9 8 7.6
8 shaft 8.03 -0.355 0 3 8.4
9 engine 8.04 -0.350 2 1 9.1
10 boiler 1 8.03 -0.352 6 2 9.8
11 boiler 2 7.97 -0.353 6 2 9.3
12 anchor 6.38 -0.357 11 10.4
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Figure 40. Pourbiax diagram for iron (10 °M) in aerobic seawater at 25T indicating the
intercepts of the areas measured on the SS site (Richards 2012).

Generally, the areas measured on the SS were covered with relatively thin aerobic concretions
(average 4 + 3mm). There appeared to be less hard corals on this wreck compared to the other
wrecks and this is probably a reflection of the increased turbidity on the site restricting secondary
marine growth.

From the Pourbaix diagram (Figure 40), the intercepts of points 1, 2, 4-11 measured on the SS, lie on
the equilibrium line between active corrosion and the passive region, which implies that the typical
aerobic corrosion mechanism where the major stable chemical species is the ferrous ion (Fe2+) is in
equilibrium with the formation of an insoluble corrosion product layer of magnetite (Fe;O,4). This is a
very common corrosion state for large steel ships where a large proportion of the vessel remains are
still in electrical contact. The intercepts of position 3 (water tank 2) and position 12 (anchor) lie in the
active corrosion zone where ferrous ions are the thermodynamically stable chemical species and

63



Appendix A

corrosion will continue until all iron is consumed. Generally, with film free corrosion mechanisms, such
as occurs on concreted iron artefacts, an increase in the corrosion potential (tending more positive)
indicates an increase in the corrosion of the metal. The average corrosion potential of the twelve
measurement points was -0.355 = 0.003V. This 3mV standard deviation is comparatively small and
within experimental error for the equipment and measuring procedure suggesting that the entire vessel
is in electrical connection and the same film free corrosion mechanism applies to all areas on the SS.
This very small standard deviation also means that it is not possible to determine any differences in
corrosion behaviour between the measurement points based on the E.,, data.

The pH is often a more reliable indicator of changes in localised corrosion rates. Again, there
appeared to be no obvious relationship between water depth and the pH values of the different
measurement positions as the difference in water depth from the shallowest to the deepest points was
only 2.8m. Positions 1, 2, 4-11 possessed the most alkaline average pH value of 8.01 + 0.02 indicating
a lower corrosion rate. This is not unexpected as large steel wreck remains in electrical connection
tend to have lower corrosion rates than isolated iron alloy artefacts due to the current density being
spread over a much larger surface area. Position 3, which was the water tank 2 had a more acidic pH
value of 7.43 and position 12 which was the anchor possessed the most acidic pH value of 6.38
measured on the site. These more acidic values indicate that these features are corroding at a higher
rate than the other parts of the vessel and therefore it is probable that this particular water tank and the
anchor are electrically isolated from the rest of the vessel remains.

Generally the thicker the concretion and corrosion layer, the lower the surface pH but only if the
concretion layer remains essentially undisturbed (i.e. no damage occurs through human/natural
interference). Generally, this relationship applies to this wreck (with the exception of positions 3 and 7),
where the least corroded positions possessed the thinner concretion and corrosion product layers
(average di = 2 £ 2mm) and the anchor (12), which had the thickest dio Of 11mm possessed the
most acidic pH value. This is in general agreement with the conclusions regarding corrosion rate
differences based on the pH measurements.

Due to the thinner nature of the concretion and corrosion product layers on the SS (4 £ 3mm), it was
possible to discern the interface between the concretion and the corrosion product layer on many of
the measurement positions so the depth of corrosion (d.) was measured at about 2 + 2mm. It should
be noted that the d. measurements are not extremely accurate and the subsequent calculated
annualised corrosion rates should only be treated as approximations. If we assume that the SS was
sunk in 1944 then it has been immersed for 68 years at the time of this corrosion survey. Therefore the
calculated annualised corrosion rate was 0.02 + O.Olmmy'1 which is about a fifth of the average long-
term corrosion rate for isolated iron in aerobic seawater at 0.11mmy'1. This lower corrosion rate is not
unexpected as the corrosion parameter measurements indicate that most of the structural remains on
this large vessel are in electrical connection, dispersing the current density over the entire hull thus
lowering the overall corrosion rate.

Based on the average corrosion potentials of the JFR (-0.339 + 0.007V), the ASC (-0.327 £ 0.004V)
and the SS (-0.355 + 0.003V) it appears that the small but statistically valid decrease in the corrosion
potential (Ecor) Of the SS suggests that this vessel is corroding at a slower rate than both the ASC and
the JFR. This would seem to suggest that human interference (i.e. recreational diving activities) is
having some impact on the deterioration rate of the JFR and ASC sites as the SS site is not on the
diving heritage trail. However, the local environment (i.e. increase in turbidity) may also be contributing
to this decrease in corrosion rate on the SS site.
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4 CONSERVATION ASSESSMENTS + ALUMINIUM ALLOY
AIRCRAFT WRECKS

41 GRUMMAN TBM AVENGER +AVR

Figure 41. Grumman TBM Avenger (AVR) (Carpenter 2012).

Date of Inspection
20 February 2012

Environmental Conditions

Generally fine weather conditions with an average daily temperature of 29°C over the survey period
(20-24 February 2012). In the morning (20/6/2012) the winds were ENE at 13 to 18 knots which
tended more easterly in the afternoon, increasing to 15 to 21 knots. Seas were relatively consistent
over the entire day with breezy whitecapping conditions and moderate choppy seas with small, short
period wind waves (morning - ENE 1.5m at 10 seconds; afternoon +NE 1.7m at 10 seconds). The
tides were semi-diurnal over the survey period and are reported in Table 1. There was a consistent
and relatively strong current (~1 knot) running over the reef into the lagoon.

The in-water visibility was approximately 10-15m. The depth to the base of the wreck at 1027 was
2.7m. The pH of seawater usually falls within the range of 7.5 to 8.3. The redox potential range of
marine environments is -0.300 to 0.000V in reducing environments and 0.000 to +0.250V in oxidising
environments. The pH and redox potential of the seawater on-site at 2.7m was 8.13 and 0.208V
respectively, indicating a normal, open circulation oxidising marine environment. The change in
dissolved oxygen content, salinity and temperature of the water column with depth measured on 20
February 2012 is shown in Table 20.
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other physico-chemical measurements, are typical for a shallow, near coastal, open circulation,
oxidising marine environment, where corrosion rates are likely to be relatively high.

Wreck Site
The Grumman TBM Avenger (AVR) is located on the south western side of Saipan, inside the barrier
reef near the north edge of the main channel entrance to Tanapag Harbour (GPS
DW D GHSWK RI DERXW P )LJXUH 7KH DARFL@ I IWeEDV L
Avenger torpedo bomber (McKinnon and Carrell 2011), constructed most probably of duralumin
(aluminium alloy containing 3-5% Cu, 0.4-1.0% Mn, 0.3-0.6% Mg) and is 12.19m in length, 5.00m high
and had a 16.51m wingspan (http://www.flugzeuginfo.net). The aircraft remains are mostly submerged,
however the hydraulic landing gear, which is in the fully extended position (Figure 41), is exposed to
the atmosphere at extreme low tides.

Figure 43. Location of the aircraft wrecks, Saipan, CNMI (Richards 2012 after Google Eart h
2012).

The aircraft remains are located on the top of the barrier reef which surrounds Tanapag Harbour and
are subjected to considerable water movement due to this high energy environment. Large quantities
of dead coral are strewn over the seabed, which is comprised of coarse grained calcareous sediment.
The surviving aircraft structure is becoming integrated into the reef as corals have developed. The
maximum exposure height of the main structure is approximately 1.5m above the seabed.

Its reef top position implies that the AVR remains are always exposed and overall sediment burial is
very unlikely. Sand is present inside and in front of the engine bay cavity which may scour in more
turbulent conditions. Localised, limited and partial exposure cycles may occur in this area. The
development of coral growth may potentially cover the aircraft remains with time however the limited
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size and extent of hard coral growths on the aircraft structure after some 65 years of immersion is
likely to be a consequence of the more dynamic localised environment (including storm damage). The
smooth metal skins of aircraft generally seem to inhibit the establishment of larger forms of marine
biota unless a purchase can be made due to a break in the surface or a ferrous metal is present. The
exception can be the colonisation of the under-surfaces of areas, such as wings, where light levels
may exist that are similar to those found in the entrance to underwater caves, etc and therefore the
conditions suit the establishment of lower profile sponges, etc and small gorgonia (sea fans) that
usually colonize these features. The protruding landing struts are subjected to a relatively strong and
constant current as water streams over the reef into the lagoon and are essentially devoid of marine
growth. The much lower profile, and largely reef-shielded wing remains are less affected by excessive
water movement.

The aircraft remains lie inverted and consist principally of the central area between the prominent
wheel struts and the incomplete remains of the main wings. The engine and propeller are absent. The
aluminium skin of the wings is corroded and has a number of irregular holes and smaller perforations.
There is a disconnected gun turret ring about 20-40m north of the main site. The wheel-well openings
remain discernable and the fuselage wreckage is covered in very dense coralline growth. The body
and tail plane of the aircraft are also absent. The condition of the aluminium alloy is poor in
comparison with those aircraft wrecks located on sandy sediments in calmer areas of the lagoon.

Overall damage to the aircraft structure is not readily distinguishable between crash, storm or potential
war damage. The site is shallow (3m) and its reef top position means that it must be affected by
turbulent seas generated by storms and cyclones. McKinnon and Carrell (2011) mention that the local
surfers use the protruding landing gear as boat moorings and bright, bare aluminium surfaces are
evident suggesting some form of interference in these areas. This aircraft is included in the WWII
Maritime Heritage Trail +Battle of Saipan and lies within a Marine Conservation Area. Divers and
snhorkelers are actively encouraged to visit the site provided they follow the local visitation guidelines
and do not interfere with the site (i.e. disturb or attempt to remove any cultural or natural components).

Corrosion Survey

The corrosion parameters of twelve different areas on the AVR were measured over a 54 minute dive
on 20 February 2012. The results are presented in Table 21 and the on-site positions shown in Figure
44. In order to compare the corrosion data collected from the different positions measured on the AVR
and ascertain the thermodynamically stable state of the aluminium, the corrosion potentials (E.) and
the pH of the residual aluminium alloy surfaces were plotted on the aluminium Pourbaix diagram in
aerobic seawater at 25C (Figure 45). The temperature of the seawater on-site was 28T, however
this 3T increase does not significantly affect the nature or equilibria of the che mical species described
in this diagram.

Table 21. Corrosion parameter measurements on the AVR.

Position | Description pH Ecorr VS NHE Water Depth

Number V) (m)
1 port wing 7.96 -0.440 2.3
2 stbd wing 7.94 -0.439 2.6
3 cylinder at bow 7.83 -0.498 2.9
4 box aft of cylinder 8.06 -0.438 2.6
5 aft port wing, aft wing support 8.03 -0.440 2.4
6 port wheel support strut 8.18 -0.439 2.0
7 port wheel support (clean metal) 8.16 -0.437 0.5
8 aft stbd win g, aft wheel support 8.09 -0.439 2.5
9 stbd wheel support strut 8.16 -0.438 1.9
10 stbd wheel support 8.16 -0.437 0.5
11 stbd side strut, aft stbd wing 8.16 -0.436 2.6
12 gun turret remains, 20m N off site 8.02 -0.401 3.8
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Figure 44. Schematic plan of the TBM Avenger (AVR) indicating the corrosion parameter
measurement positions (Richards 2012 after Bell 2010 in McKinnon and Carrell 2011:89).

Figure 45. Pourbiax diagram for aluminium (3.7 x 10
the intercepts of the areas measured on the AVR site (Richards 2012).
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Generally, the areas measured on the AVR were covered with a very thin (<Imm) mucilaginous layer
consisting of proteinaceous and algal based material in combination with hydrated aluminium
hydroxide gels. Hence measurements of total depth of concretion and corrosion products (di) are not
applicable for aluminium alloy aircraft. On some areas of the aircraft patches of blue corrosion
products, typical of hydrated oxidised copper corrosion products, were observed, indicating the use of
a copper - aluminium alloy, such as Duralumin in these areas.
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From the Pourbaix diagram (Figure 45), the intercepts of all points measured on the AVR, lie in the
passive region, where Al,03.3H,0 is the dominant corrosion product (Equation 2) and forms a
continuous passivating layer, effectively slowing the corrosion rate. This is a very common corrosion
state for aluminium alloy aircraft in marine environments (MacLeod 2006).

2 Al +3H,0 : AlL,Os; +6H" + 6e 2

However, whilst the addition of copper to aluminium (e.g. Duralumin) increases the strength it
dramatically decreases the corrosion resistance of the metal to seawater. Without a protective paint
film such alloys suffer severe pitting and total perforation can occur in a few years. In the pitting of
aluminium the copper acts as a cathodic site for the reduction of oxygen (Equation 3). More noble
impurities, such as AlsFe, act in a similar manner. Chloride ions are known to be absorbed onto
aluminium and as little as 15ppm chloride can initiate pit growth due to the breakdown of the protective
oxide film. The corrosion of aluminium (the anodic reaction) occurs at the bottom of the pit (Equation 4)
and the aluminium ions migrate towards the interfacial region (the area between the metal and the
corrosive medium) where hydrolysis occurs (Equation 5), which makes the pit acidic. Chloride ions
migrate into the pit to form aluminium chloride (AICI3) which dissolves in the solution. There is an
equilibrium between the formation of aluminium oxide and AICI; at this interfacial region (Equation 6).
When aluminium chloride forms a pit develops and when alumina (Al,O3) forms the pit will passivate.
The chloride ions directly affect the corrosion potential of aluminium and the higher the chloride ion
concentration the more negative the corrosion potential and the faster the metal will corrode.

0, + 2H,0 + 4e” : 40H (3)
Al . AP+ 3¢ (4)
AP +3H,0 : AI(OH); + 3H* (5)
AlLOs + 6H" + 6CI ' 2AICl5 (oq) + 3H,0 (6)

In addition, copper has a limited solubility in aluminium (up 2 wt%) and unless the liquid metal is
rapidly cooled copper will not be uniformly distributed throughout the grains of the aluminium phase. If
precipitation hardening (increase in hardness of the metal due to the precipitation of the CuAl,
intermetallic phase) occurs, the areas around the grain boundaries become depleted in copper and as
such become more anodic (more reactive) than the rest of the grain. Under these conditions the metal
is subject to intergranular corrosion. In the absence of complicating factors the more reactive metal or
metal phase will have a more negative corrosion potential. For example aluminium has a corrosion
potential of -0.520V vs NHE in seawater (more reactive) but 2% copper in a solid solution of aluminium
has a corrosion potential of -0.420V vs NHE (less reactive). This difference of 100mV in the E o
values is quite large and can lead to markedly different corrosion rates across the different phases of
the sheet metal (MacLeod 2006).

These types of corrosion behaviour were noted on the aircraft especially on the larger parts of the
wings and fuselage, primarily adjacent to the connecting seams of the aluminium alloy metal where
significant loss of metal occurred, either through pitting or intergranular corrosion or more likely a
combination of both mechanisms.

Oxidation of aluminium alloys is largely controlled by the passage of electrons from the metal through
defects in the passivating oxide coating to react with oxygen in the surrounding environment. Owing to
the nature of the passivating film, less negative E.,; values generally imply a lower corrosion rate but
only if the metal composition of the alloys are very similar. Obviously the incorporation of different
alloying metals, such as copper and iron at different percentages will change the corrosion potential of
the metal. Therefore it is often difficult to determine differences in corrosion behaviour between
different measurement points on aircraft as varying alloys are used for different parts of the machines.
However, since all aluminium alloys are corroding in a common oxidising marine environment in
Tanapag Harbour, the different values of the corrosion potentials may provide a guide to the
underlying differences in alloy composition of the aircraft.

Therefore most of the E.,, values of the positions, namely 1, 2 and 4 to 11 all fall into the average
corrosion potential range of -0.438 + 0.001V indicating that the metal composition in these areas is
very similar. The two positions that lie outside this average E., range are 3 and 12. Position 3, which
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was a cylinder associated with the engine, had a more anodic E,, value equal to -0.498V and coupled
with a more acidic pH value of 7.83, indicates a higher corrosion rate. This increase in corrosion rate
could be due to galvanic corrosion, i.e the more reactive aluminium alloy parts of the engine in
electrical connection to the more noble metals, such as copper and iron within the engine, are
corroding at a faster rate thus providing protection to these less reactive metals. However, a box
measured aft of this cylinder (4) fell within the average E.,, range for most of the measurement
positions hence it is more likely that the aluminium alloy composition of the cylinder is different to the
rest of the aircraft and contains less copper and more aluminium making the corrosion potential more
anodic and hence, more reactive. On the other hand, position 12, which was the gun turret remains,
located about 20m north of the main aircraft wreckage had a less negative E.o, of -0.401V, indicating
that there is probably more iron associated with this section of the aircraft, which is effectively
decreasing the corrosion rate. Another factor which may also have an effect on lowering the corrosion
rate of the gun turret is the increase in the water depth. The gun turret lies in 3.8m of water, which is
1.7m deeper than the average water depth of the main wreckage (2.1 £ 0.8m). It is well known that
corrosion rates tend to fall with increases in water depth as the amount of oxygen impingement to the
metal surface decreases with the decrease in overall water movement as the water depth increases.

Marine fouling on aluminium alloys tends to be dominated by bacteria, which form thin biofiims and
unlike iron wrecks where marine organisms respond to the release of iron ions and therefore the depth
of concretion increases with increasing corrosion rates, the overall amount of marine growth found on
aircraft tends to be limited. Hence, the pH values measured on aircraft are generally very conservative,
that is the underlying acidity will be higher (i.e. pH lower) than reported, since there is no significant
reserve of acidic materials trapped under the thin protective corrosion and biofilm layer that can
effectively buffer the immediate effect of the corroding surface being directly exposed to the more
alkaline seawater (MacLeod 2006). However, owing to the inherent acidity of hydrated trivalent metal
ions, such as aluminium, AI**, a series of hydrolysis reactions will take place (see equation 5) in the
microenvironment of the pits or underlying the biofilm. Hence, the amount of aluminium corrosion
products will be in dynamic equilibrium with the acidity arising from the hydrolysis reactions, thus
higher concentrations of A** ions will be reflected in more acidic pH values. So since the pH is a
measure of the underlying concentration of the metal ion, then more alkaline pH values will reflect
lower corrosion rates, as lower concentrations of Al** ions will undergo less hydrolysis and produce
less acid. This is consistent with the more acidic pH value of 7.83 measured on the cylinder at the bow
(3) compared to the average pH value of the eleven other positions of 8.08 + 0.08 indicating the
cylinder is corroding at a faster rate than the rest of the aircraft remains due to a difference in metal
composition. This is also in general agreement with the conclusions regarding corrosion rate
differences based on the E.,, measurements.
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4.2 AICHI E13A +*JAKE

Figure 46. Aichi E13A (JAKE) (Carpenter 2012).

Date of Inspection
20 February 2012

Environmental Conditions

Generally fine weather conditions with an average daily temperature of 29°C over the survey period
(20-24 February 2012). In the morning (20/6/2012) the winds were ENE at 13 to 18 knots which
tended more easterly in the afternoon, increasing to 15 to 21 knots. Seas were relatively consistent
over the entire day with breezy whitecapping conditions and moderate choppy seas with small, short
period wind waves (morning - ENE 1.5m at 10 seconds; afternoon +NE 1.7m at 10 seconds). The
tides were semi-diurnal over the survey period and are reported in Table 1. There was a slight current
(<0.5 knot) running in a NNE direction.

The in-water visibility was approximately 20m. The depth to the base of the wreck at 1156 was 6.8m.
The pH of seawater usually falls within the range of 7.5 to 8.3. The redox potential range of marine
environments is -0.300 to 0.000V in reducing environments and 0.000 to +0.250V in oxidising
environments. The pH and redox potential of the seawater on-site at 2.7m was 8.19 and 0.211V
respectively, indicating a normal, open circulation oxidising marine environment. The change in
dissolved oxygen content, salinity and temperature of the water column with depth measured on 20
February 2012 is shown in Table 22.
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Table 22. Dissolved oxygen content, salinity and temperature of the seawater on the JAKE site.

Water Depth (m) Dissolved Oxygen Salinity (ppK) Temperature (TC)
Content [ppm(S)]
0.0 6.65 35.6 27.4
0.5 6.56 35.7 27.4
1.0 6.54 35.8 27.3
15 6.56 35.9 27.3
2.0 6.52 35.9 27.2
25 6.52 35.9 27.2
3.0 6.53 35.9 27.2
35 6.52 36.1 27.1
4.0 6.45 36.1 27.1
4.5 6.45 36.1 27.1
5.0 6.49 36.1 27.1
55 6.54 36.2 27.0
6.0 6.48 36.2 27.0
6.5 6.43 36.2 27.1
7.0 6.44 36.2 27.0
Average 6.51 + 0.06 36.0+0.2 27.2+0.1

There was no significant change in salinity and temperature with increasing water depth, which is
typical of the hydrology of well mixed near coastal marine waters. The average water temperature was
27.2 £ 0.1C and the average salinity of the water column was 36.0 £ 0.2ppK, whi ch is within the usual
salinity range for the open ocean of 32-37ppK. The average dissolved oxygen content was 6.51 +
0.06ppm. The change in dissolved oxygen concentration with increasing water depth is shown in
Figure 47.

For open circulation ocean environments, there is usually a surface maximum in the dissolved oxygen
concentration. This maximum is a direct result of absorption from the atmosphere interface, increased
water movement and photosynthetic activity by plants and cyanobacteria. Typically, after this surface
maximum the dissolved oxygen concentration of the water column will decrease with increasing depth.
Factors contributing to this trend are decreasing water movement, which leads to less oxygen
exchange with the atmosphere, decreasing photosynthetic activity due to less light penetration and
increasing aerobic respiration of plankton in the photosynthetic zone. However, the relatively small
standard deviation between the measurements and a decrease of only 0.22ppm over the 7.0m depth
range indicates that there is very little variation in the dissolved oxygen content with increasing water
depth over such a shallow depth range, which is not unexpected. Hence, this trend coupled with the
other physico-chemical measurements, are typical for a shallow, near coastal, open circulation,
oxidising marine environment, where corrosion rates are likely to be relatively high.
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snorkelers are actively encouraged to visit the site provided they follow the local visitation guidelines
and do not interfere with the site (i.e. disturb or attempt to remove any cultural or natural components).

Corrosion Survey

The corrosion parameters of eleven different areas on the JAKE were measured over a 44 minute dive
on 20 February 2012. The results are presented in Table 23 and the on-site positions shown in Figure
48. In order to compare the corrosion data collected from the different positions measured on the
JAKE and ascertain the thermodynamically stable state of the aluminium, the corrosion potentials
(Ecorr) @and the pH of the residual aluminium alloy surfaces were plotted on the aluminium Pourbaix
diagram in aerobic seawater at 25T (Figure 49). The temperature of the seawater on-site was 28<C,
however this 3T increase does not significantly affect the nature or equilibria of the chemical species
described in this diagram.

Table 23. Corrosion parameter measurements on the JAKE.

Position Description pH Ecor Vs NHE Water Depth

Number V) (m)
1 stbd wing tip 8.01 -0.448 5.9
2 stbd wing near fuselage 7.86 -0.448 5.9
3 stbd fwd fuselage 8.05 -0.421 6.2
4 boss, port side 7.94 -0.442 6.3
5 port propeller 8.03 -0.442 6.6
6 port fwd fuselage 7.93 -0.426 6.3
7 port wing near fuselage 8.02 -0.448 6.0
8 port wing near tip 8.02 -0.448 6.4
9 float 7.83 -0.463 6.3
10 aft fuselage midway 8.13 -0.447 6.0
11 vertical propeller 8.04 -0.442 5.4
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Figure 48. Schematic plan of the Aichi E13A (JAKE) indicating the corrosion parameter
measurement positions (Richards 2012 after Bell 2010 in McKinnon and Carrell 2011:56).
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Figure 49. Pourbiax diagram for aluminium (3.7 x 10 "GM) in aerobic seawater at 25<C indicating
the intercepts of the areas measured on the JAKE site (Richards 2012).

Generally, the areas measured on the JAKE were covered with a very thin (<lmm) mucilaginous layer
consisting of proteinaceous and algal based material in combination with hydrated aluminium
hydroxide gels. Hence measurements of total depth of concretion and corrosion products (diy) are not
applicable for aluminium alloy aircraft. Unlike the AVR, there was no observed evidence of the typical
blue copper corrosion products on the JAKE.

From the Pourbaix diagram (Figure 49), the intercepts of all points measured on the JAKE, lie in the
passive region, where Al,03.3H,0 is the dominant corrosion product (Equation 2) and forms a
continuous passivating layer, effectively slowing the corrosion rate. This is a very common corrosion
state for aluminium alloy aircraft in marine environments.

Some sections of the JAKE, such as the wings and the float showed discreet areas of perforation,
however the extent was significantly less than that observed on the AVR, suggesting pitting corrosion
was the preferred corrosion mechanism in this environment with considerably less intergranular
corrosion occurring. This would indicate that the environment on the AVR site is considerably more
aggressive than that experienced by the JAKE, which is not unexpected as the AVR site is much
shallower and sits on a reef platform which experiences much greater overall water movement.

The Er values of eight of the eleven measurement positions, namely 1, 2, 4, 5, 7, 8, 10 and 11 all fall
into the average corrosion potential range of -0.446 + 0.003V indicating that the metal composition of
the wings, aft fuselage, propellers and boss head are very similar. Positions 3 and 6, measured on
forward part of the fuselage, had an average E, of -0.424 + 0.002V, which is 22mV more positive
than the other areas, indicating that this section is corroding at a slightly slower rate. This would not be
unexpected as this area of the fuselage is in direct electrical contact with what appears to be
machinery associated with the engine, where there would be more contact with iron, copper and other
less reactive metals concomitantly lowering the overall corrosion rate in this area. Position 9, which
was the disarticulated float, possessed the most negative E,, equal to -0.463V and the most acidic pH
value of 7.83, indicating the aluminium alloy composition of the float is different to the rest of the
aircraft and contains less copper and more aluminium making the corrosion potential more anodic and
hence, more reactive.
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4.3 MARTIN PBM MARINER *=MNR

Figure 50. Martin PBM Mariner (MNR) (Carpenter 2012).

Date of Inspection
20 February 2012

Environmental Conditions

Generally fine weather conditions with an average daily temperature of 29°C over the survey period
(20-24 February 2012). In the morning (20/6/2012) the winds were ENE at 13 to 18 knots which
tended more easterly in the afternoon, increasing to 15 to 21 knots. Seas were relatively consistent
over the entire day with breezy whitecapping conditions and moderate choppy seas with small, short
period wind waves (morning - ENE 1.5m at 10 seconds; afternoon +NE 1.7m at 10 seconds). The
tides were semi-diurnal over the survey period and are reported in Table 1. There was a slight current
(<0.5 knot) running in a NNE direction.

The in-water visibility was approximately 25m. The depth to the base of the wreck at 1349 was 7.0m.
The pH of seawater usually falls within the range of 7.5 to 8.3. The redox potential range of marine
environments is -0.300 to 0.000V in reducing environments and 0.000 to +0.250V in oxidising
environments. The pH and redox potential of the seawater on-site at 6.8m was 8.19 and 0.222V
respectively, indicating a normal, open circulation oxidising marine environment. The change in
dissolved oxygen content, salinity and temperature of the water column with depth measured on 21
February 2012 is shown in Table 24.
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range indicates that there is very little variation in the dissolved oxygen content with increasing water
depth over such a shallow depth range, which is not unexpected. Hence, this trend coupled with the
other physico-chemical measurements, are typical for a shallow, near coastal, open circulation,
oxidising marine environment, where corrosion rates are likely to be relatively high.

Wreck Site

The Martin PBM Mariner (MNR) (Figure 50) is located in Tanapag Harbour approximately 600m SSE
of Mafiagaha Island (GPSHIIEENENEGgGgGESEEEEEE CVW D GHSWK RI DERXW
extensive historical and archaeological investigation the aircraft was positively identified in 2010 as a
Martin PBM Mariner U.S. twin-engined maritime patrol flying boat (McKinnon and Carrell 2011:74),
constructed most probably of duralumin (aluminium alloy containing 3-5% Cu, 0.4-1.0% Mn, 0.3-0.6%
Mg) and is 24.33m in length, 8.38m high and had a 35.97m wingspan (McKinnon and Carrell 2011:75).
The aircraft remains are totally submerged at all times.

The aircraft remains are located on a relatively flat, undulating seabed comprising primarily of fine
calcareous sediment. There are sporadic large coral outcrops in close vicinity to the wreck. Some
lower profile sections, such as the wings were covered in a thin layer of fine sediment. There appears
to be evidence of localised, seasonal exposure/reburial cycles on the site, however, most of the
remains are exposed and total burial seems unlikely to occur. The maximum exposure height of the
main structure is approximately 1.5m above the seabed. A thin mucilaginous layer consisting of
proteinaceous and algal forms cover the aluminium surfaces with coral growth evident on various parts
of the aircraft, especially near areas where the presence of ferrous components would encourage
more secondary colonisation. A steady and generally light current affecting the site did not visibly
move sediment.

The main wreckage is lying inverted on the seabed and consists principally of the wings with twin
engine compartments minus engines and propellers with other wreck remains, including gun turrets,
tail sections and a portion of cockpit, etc distributed over a relatively large area. Most of the aircraft
structures and components, although damaged and disconnected, remain in relatively good condition
and still retain strength and resilience. However, extensive corrosion is evident on parts of the wings
and nacelles. There was also a large anchor, with chain and cable covered in extensive coralline
growth, west of the major wing structure.

Overall damage to the aircraft structure is quite extensive and the site highly disarticulated and
scattered over a relatively large area which may indicate a catastrophic wrecking event (McKinnon and
Carrel 2011:85). However, there is evidence of recent anchor damage and over the past two years the
site has been frequented by more divers. Many smaller artefacts and components have been moved
from their original positions and piled up in one area on the site. It is also possible that some form of
salvage occurred as the engines and propellers are missing. The site is relatively shallow (7m) and
may be affected by turbulent seas generated by storms and cyclones. This aircraft is included in the
WWII Maritime Heritage Trail +Battle of Saipan and lies within a Marine Conservation Area. Divers
and snorkelers are actively encouraged to visit the site provided they follow the local visitation
guidelines and do not interfere with the site (i.e. disturb or attempt to remove any cultural or natural
components).

Corrosion Survey

The corrosion parameters of fifteen different areas on the MNR were measured over a 68 minute dive
on 20 February 2012. The results are presented in Table 25 and the on-site positions shown in Figure
52. In order to compare the corrosion data collected from the different positions measured on the MNR
and ascertain the thermodynamically stable state of the aluminium, the corrosion potentials (E.) and
the pH of the residual aluminium alloy surfaces were plotted on the aluminium Pourbaix diagram in
aerobic seawater at 25C (Figure 53). The temperature of the seawater on-site was 28T, however
this 3T increase does not significantly affect the nature or equilibria of the chemical species described
in this diagram.
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Table 25. Corrosion parameter measurements on the MNR.

Position | Description pH Ecor Vs NHE Water Depth

Number (V) (m)
1 port wing near tip 7.95 -0.464 6.8
2 port wing near tip under sediment 8.04 -0.464 6.8
3 float lying on port wing 8.13 -0.465 6.3
4 float lying fwd of port wing 7.91 -0.450 6.9
5 top surface fwd port engine 7.84 -0.463 54
6 stbd side port engine aft 5 8.03 -0.463 5.5
7 top surface dihedral wing stbhd side 7.80 -0.464 5.2
8 nacelle stbd wing 8.27 -0.414 6.2
9 stbd wing near tip 7.97 -0.464 6.7
10 float lying aft stbd wing 8.11 -0.448 6.7
11 upper deck gun turret 8.35 -0.323 6.5
12 tail fin 8.01 -0.439 6.8
13 tail gun turret 8.78 -0.448 6.8
14 plate aft fuselage 7.88 -0.458 6.4
15 gun turret fwd port wing 8.41 -0.460 7.0
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Figure 52. Schematic plan of the Martin PBM Mariner (MNR) indicating the corrosion
measurement positions (Richards 2012 after Bell 2010 in McKinnon and Carrell 2011:78).

parameter
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Figure 53. Pourbiax diagram for aluminium (3.7 x 10 'GM) in aerobic seawater at 25<C indicating
the intercepts of the areas measured on the MNR site (Richards 2012).

Generally, the areas measured on the MNR were covered with a very thin (<1mm) mucilaginous layer
consisting of proteinaceous and algal based material in combination with hydrated aluminium
hydroxide gels. Hence measurements of total depth of concretion and corrosion products (diy) are not
applicable for aluminium alloy aircraft. On some areas, especially position 7, which was the very
corroded area on the dihedral wing, patches of blue corrosion products, typical of hydrated oxidised
copper corrosion products, were observed, indicating the use of a copper - aluminium alloy, such as
Duralumin in these areas.

From the Pourbaix diagram (Figure 53), the intercepts of all points measured on the MNR, lie in the
passive region, where Al,03.3H,0O is the dominant corrosion product (Equation 2) and forms a
continuous passivating layer, effectively slowing the corrosion rate. This is a very common corrosion
state for aluminium alloy aircraft in marine environments.

The surfaces of the aluminium alloy sections of the MNR, such as the wings, floats, engine cowlings,
nacelles, etc were quite corroded and pitting and intergranular corrosion mechanisms had caused
significant pitting and perforation of the residual metal. The remains of the MNR are obviously more
deteriorated than the JAKE even though they lie in a similar environment at similar depths. However,
this is not unexpected as the remains of the JAKE are almost intact, whereas the MNR remains are
more damaged, disarticulated and spread over a wider area, therefore there would be more
intergranular corrosion occurring on the MNR aircraft remains due to increased stress and metal
fatigue.

The E. values of the measurement positions, namely 1to 7, 9, 10, 12, and 14 all fall into the average
corrosion potential range of -0.458 + 0.008V indicating that the metal composition of these areas are
very similar. The average pH values for all these positions was 7.97 + 0.10, however two positions, 5
and 7, had more acidic pH values of 7.84 and 7.80, respectively. This indicates that these areas, which
were on the top surfaces of the engine remains and the dihedral wing were corroding at a faster rate
than the other measurement positions. This was supported by the extensive pitting observed in these
two areas as compared to the other measurement positions. However, it is likely that the reason why
the local E., of positions 5 and 7, that had these lower pH values, were similar to the potentials of the
other measurement positions is that the pH reflects the local microenvironment of the position while
the E.q reflects the average voltage of the corrosion cell that consists of the areas that are electrically
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connected to the point of measurement. Similar behaviour was observed on the large iron shipwrecks
in Saipan.

Interestingly, the gun turrets, 11, 13 and 15 and the damaged nacelle 8, had an average pH value of
8.45 * 0.20, which was more alkaline than the surrounding seawater at pH 8.19 and was much more
alkaline than the mean pH of 7.97 £ 0.10 for the rest of the aircraft remains. This significant increase in
pH indicates there are higher concentrations of iron associated with these positions and they are being
cathodically protected by the corroding aluminium alloy sections, which are more reactive. This is
supported by the fact that position 11, upper deck gun turret and position 8, the damaged nacelle,
which is close association with extensive engine remains had significantly less negative corrosion
potentials (-0.323V and -0.414V, respectively) than the rest of the aircraft remains (-0.458 + 0.008V)
indicating that most of the associated aluminium alloy had corroded away and the average voltage of
the corrosion cell was moving towards the more positive corrosion potential of iron in seawater.

4.4  KAWANISHI H8K *EMILY

Figure 54. Kawanishi H8K (EMILY) (Carpenter 2012).

Date of Inspection
21 February 2012

Environmental Conditions

Generally fine weather conditions with an average daily temperature of 29°C over the survey period
(20-24 February 2012). On 21 February 2012 the winds were ENE at 17 to 24 knots. Seas were
choppy with a moderate long period swell (morning NNW 2m at 10 seconds; afternoon N 2m at 10
seconds). The tides were semi-diurnal over the survey period and are reported in Table 1
(http://buoyweather.com). There was a slight current (<0.5 knot) running in a NNE direction.
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The in-water visibility was approximately 15m. The depth to the base of the wreck at 0834 was 8.0m.
The pH of seawater usually falls within the range of 7.5 to 8.3. The redox potential range of marine
environments is -0.300 to 0.000V in reducing environments and 0.000 to +0.250V in oxidising
environments. The pH and redox potential of the seawater on-site at 7.4m was 8.18 and 0.237V
respectively, indicating a normal, open circulation oxidising marine environment. The change in
dissolved oxygen content, salinity and temperature of the water column with depth measured on 21
February 2012 is shown in Table 26.

Table 26. Dissolved oxygen content, salinity and temperature of the seawater on the EMILY

site.
Water Depth (m) Dissolved Oxygen Salinity (ppK) Temperature (C)
Content [ppm(S)]
0.0 7.20 35.9 27.1
0.5 7.17 35.8 27.1
1.0 7.08 35.8 27.1
15 7.07 35.8 27.1
2.0 7.05 35.8 27.1
25 7.05 35.8 27.1
3.0 7.04 35.8 27.0
35 7.04 35.8 27.0
4.0 7.01 35.8 27.0
4.5 7.00 35.8 27.0
5.0 6.99 35.8 27.0
5.5 7.01 35.8 27.0
6.0 6.98 35.8 27.0
6.5 6.98 35.8 27.0
7.0 6.99 35.8 27.0
7.5 6.97 35.8 27.0
8.0 6.90 35.8 27.0
8.5 6.85 35.7 27.0
9.0 6.82 35.8 27.0
Average 7.01 +0.09 35.8+0.0 27.0+0.1

There was no significant change in salinity and temperature with increasing water depth, which is
typical of the hydrology of well mixed near coastal marine waters. The average water temperature was
27.0 £ 0.1<C and the average salinity of the water column was 35.8 £ 0.0ppK, whi ch is within the usual
salinity range for the open ocean of 32-37ppK. The average dissolved oxygen content was 7.01 +
0.09ppm. The change in dissolved oxygen concentration with increasing water depth is shown in

Figure 55.
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area. Most of the aircraft structures and components, although damaged and disconnected, remain in
relatively good condition and still retain strength and resilience. However, extensive corrosion is
evident on the nacelles.

Overall damage to the aircraft structure is quite extensive and the site highly disarticulated and
scattered over a relatively large area which may indicate a catastrophic wrecking event (McKinnon and
Carrel 2011:70). This aircraft wreck is a popular dive site, however there is little evidence of anchor
damage. It appears that the cockpit has been repositioned so divers can sit in the pilots seat and many
smaller artefacts and components have been moved from their original positions and are piled up near
the Korean and Japanese monuments present on the site. The site is relatively shallow (9m) and may
be affected by turbulent seas generated by storms and cyclones. This aircraft is included in the WWII
Maritime Heritage Trail +Battle of Saipan and divers and snorkelers are actively encouraged to visit
the site provided they follow the local visitation guidelines and do not interfere with the site (i.e. disturb
or attempt to remove any cultural or natural components).

Corrosion Survey

The corrosion parameters of sixteen different areas on the EMILY were measured over a 46 minute
dive on 21 February 2012. The results are presented in Table 27 and the on-site positions shown in
Figure 56. In order to compare the corrosion data collected from the different positions measured on
the EMILY and ascertain the thermodynamically stable state of the aluminium, the corrosion potentials
(Ecorr) and the pH of the residual aluminium alloy surfaces were plotted on the aluminium Pourbaix
diagram in aerobic seawater at 25T (Figure 57). The temperature of the seawater on-site was 27<C,
however this 2T increase does not significantly affect the nature or equilibria of the chemical species
described in this diagram.

88



Appendix A

Table 27. Corrosion parameter measurements on the EMILY.

Position Description pH Ecor Vs NHE Water Depth

Number (V) (m)
1 stbd wing tip 8.15 -0.474 8.7
2 stbd wing midway 8.13 -0.475 8.0
3 nacelle 1 sthd wing 7.92 -0.474 7.6
4 nacelle 2 stbd wing 7.94 -0.475 7.5
5 broken port wing 7.93 -0.475 6.8
6 nacelle 3 port wing 7.52 -0.474 7.6
7 port wing midway 7.94 -0.475 8.5
8 port wing tip 8.04 -0.475 9.0
9 cockpit 8.14 -0.465 8.4
10 bow gun turret 8.02 -0.472 8.9
11 engine 1 propeller 8.19 -0.450 7.5
12 engine 1 boss 7.97 -0.450 7.1
13 engine 2 bent propeller 8.03 -0.452 8.3
14 plane part aft nacelle 2 8.27 -0.461 8.2
15 engine 3 propeller 8.11 -0.465 7.8
16 engine 3 boss 8.06 -0.465 7.4
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Figure 56. Schematic plan of the Kawanishi H8K (EMILY) indicating the corrosion parameter
measurement positions (Richards 2012 after Bell 2010 in McKinnon and Carrell 2011:63).
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Figure 57. Pourbiax diagram for aluminium (3.7 x 10 'GM) in aerobic seawater at 25T indicating
the intercepts of the areas measured on the EMILY site (Richards 2012).

Generally, the areas measured on the EMILY were covered with a very thin (<lmm) mucilaginous
layer consisting of proteinaceous and algal based material in combination with hydrated aluminium
hydroxide gels. Hence measurements of total depth of concretion and corrosion products (diy,) are not
applicable for aluminium alloy aircraft. Unlike the AVR and MNR, there was no observed evidence of
the typical blue copper corrosion products on the EMILY.

From the Pourbaix diagram (Figure 57), the intercepts of all points measured on the EMILY, lie in the
passive region, where Al,03.3H,0O is the dominant corrosion product (Equation 2) and forms a
continuous passivating layer, effectively slowing the corrosion rate. This is a very common corrosion
state for aluminium alloy aircraft in marine environments.

The surface of the aluminium alloy sections of the EMILY wing were generally in good condition with
the exception of the nacelles where discrete areas of pitting and perforation of the residual metal were
obvious, however the extent was significantly less than that observed on the AVR and MNR,
suggesting pitting corrosion was the preferred corrosion mechanism in this environment with
considerably less intergranular corrosion occurring.

The E¢or values of the measurement positions 1 to 8 and 10 all fall into the average corrosion potential
range of -0.474 + 0.001V indicating that the metal composition of these areas are very similar. This
would not be unexpected as positions 1 to 8 were all part of the wing structure and position 10 was the
bow gun turret, which would have been connected to this area in the past. The cockpit (9), the plane
section aft of nacelle 2 (14) and the propeller (15) and boss (16) of engine 3 had an average corrosion
potential of -0.464 + 0.002V, whilst the boss of engine 1 (12) and the propellers of engine 1 (11) and 2
(13) had an average corrosion potential of -0.451 + 0.001. These more positive average E. values
indicate that the metal composition of these positions are different to the wing section and probably
contain more noble minor alloying constituents, such as copper and iron (e.g. the cast propellers and
bosses) and/or are electrically connected to different metal components (e.g. the cockpit). The 13mV
increase (more positive) in the E.q, of positions 11 to 13 is readily explained by the fact that engines 1
and 2 were considerably more intact and the propellers and bosses were electrically connected to
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engine components of differing metal composition (e.g. iron and copper). On the other hand, only
small amounts of iron were associated with the cockpit (9) and the plane section aft of nacelle 2 (14)
and the propeller (15) and boss (16) of engine 3 were separated from the main engine components.

The average pH value for positions 1 to 8 and 10 was 7.95 £ 0.17 but positions 9, 11 to 16, which
possessed more positive E,, values, had a more alkaline average pH value of 8.11 + 0.09. This
increase in pH indicates that the corrosion rate in these areas is less than on the wing and turret and it
is likely these areas are being cathodically protected to some extent and/or the composition of the
metal contains less reactive elements, such as iron and copper, which is in agreement with the
conclusions based on the corrosion potential data.

45 CONSOLIDATED PB2Y CORONADO - CRDO

Figure 58. Coronado (CRDO) (Carpenter 2012).

Date of Inspection
22 February 2012

Environmental Conditions

Generally fine weather conditions with an average daily temperature of 29°C over the survey period
(20-24 February 2012). On 22 February 2012 the winds were ENE at 18 to 24 knots in the morning
tending ENE at 17 to 23 knots in the afternoon. Seas were choppy with a moderate short period swell
(morning E 2.2m at 9 seconds; afternoon ENE 2.1m at 9 seconds). The tides were semi-diurnal over
the survey period and are reported in Table 1 (http://buoyweather.com). There was a slight current
(<0.5 knots) running in a NNE direction.

The in-water visibility was approximately 20m. The depth to the base of the wreck at 1234 was 7.7m.
The pH of seawater usually falls within the range of 7.5 to 8.3. The redox potential range of marine
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environments is -0.300 to 0.000V in reducing environments and 0.000 to +0.250V in oxidising
environments. The pH and redox potential of the seawater on-site at 7.7m was 8.06 and 0.263V
respectively, indicating a normal, open circulation oxidising marine environment. The change in
dissolved oxygen content, salinity and temperature of the water column with depth measured on 23
February 2012 is shown in Table 28.
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increasing aerobic respiration of plankton in the photosynthetic zone. However, the relatively small
standard deviation between the measurements and a decrease of only 0.38ppm over the 9.0m depth
range indicates that there is very little variation in the dissolved oxygen content with increasing water
depth over such a shallow depth range, which is not unexpected. Hence, this trend coupled with the
other physico-chemical measurements, are typical for a shallow, near coastal, open circulation,
oxidising marine environment, where corrosion rates are likely to be relatively high.

Wreck Site

The Coronado (CRDO) is located on the south western side of Saipan, inside Tanapag Lagoon at a
depth of about 7m. The aircraft remains were positively identified as a Consolidated PB2Y Coronado
in 2012, a U.S. four engine maritime patrol flying boat, constructed most probably of duralumin
(aluminium alloy containing 3-5% Cu, 0.4-1.0% Mn, 0.3-0.6% Mg) and is 24.16m in length, 8.38m high
and had a 35.05m wingspan (http://www.flugzeuginfo.net). The aircraft remains are totally submerged
at all times.

The aircraft remains are located on a relatively flat, undulating seabed comprising primarily of fine
calcareous sediment. There are sporadic large coral outcrops in close vicinity to the wreck and a very
large reef formation lies to the south east of the major site. Some lower profile sections, such as the
wings and tail planes were covered in a thin layer of fine sediment. Most of the remains are exposed
and total burial seems unlikely to occur. The maximum exposure height of most remains is
approximately 50cm with the engine being the exception rising about 1.5m above the seabed. A thin
mucilaginous layer consisting of proteinaceous and algal forms cover the aluminium surfaces with
coral growth evident on various parts of the aircraft, especially near areas where the presence of
ferrous components would encourage more secondary colonisation. A steady and generally light
current affecting the site did not visibly move sediment.

The aircraft remains are disconnected and scattered over a very large area. Among the components
identified were a single detached engine, a rectangular box structure with dials, etc, aerial mast,
cockpit canopy with windscreen wipers, hatch covers, float support, a chair, concreted forks and a
number of unidentifiable hull sections. Overall damage to the aircraft structure is quite extensive and
the site highly disarticulated and scattered over a relatively large area which may indicate a
catastrophic wrecking event. The site is relatively shallow (7m) and may be affected by turbulent seas
generated by storms and cyclones. This aircraft is not included on the WWII Maritime Heritage Trail +
Battle of Saipan therefore visitation to the site by divers and snorkelers would be less than to those
wrecks that are listed on the heritage trail. The fact that smaller artefacts (e.g. chair, forks, etc) are still
present in situ supports the fact that this site is not visited frequently and human interference has been
minimal to date.

Corrosion Survey

The corrosion parameters of fourteen different areas on the CRDO were measured over a 69 minute
dive on 22 February 2012. The results are presented in Table 29 and the on-site positions shown in
Figure 60. In order to compare the corrosion data collected from the different positions measured on
the EMILY and ascertain the thermodynamically stable state of the aluminium, the corrosion potentials
(Ecorr) @and the pH of the residual aluminium alloy surfaces were plotted on the aluminium Pourbaix
diagram in aerobic seawater at 25T (Figure 61). The temperature of the seawater on-site was 28<C,
however this 3T increase does not significantly affect the nature or equilibria of the chemical species
described in this diagram.

Table 29. Corrosion parameter measurements on the CRDO.

Position | Description pH Ecor VS NHE Water Depth
Number V) (m)

1 wing tip 7.87 -0.459 7.6

2 stbd wing 8.05 -0.464 7.2

3 fuselage 7.96 -0.469 7.3

4 fuselage 7.83 -0.454 7.5

5 cockpit 7.97 -0.461 7.4

6 fuselage 7.93 -0.460 7.6
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7 float strut 8.08 -0.499 7.6
8 unidentified piece of wreckage 8.01 -0.451 7.3
9 unidentified piece of wreckage 7.95 -0.451 7.5
10 hatch cover 8.07 -0.466 7.7
11 unidentified piece of wreckage 7.93 -0.480 7.5
12 engine 7.89 -0.460 6.3
13 control panel 7.93 -0.483 7.3
14 float ? 7.99 -0.451 7.8
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Figure 60. Schematic plan of the Consolidated PB2Y Coronado (CRDO) indicating the corrosion
parameter measurement positions (Richards 2012 after Harvey and Raupp 2012).
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Figure 61. Pourbiax diagram for aluminium (3.7 x 10 'GM) in aerobic seawater at 25<C indicating
the intercepts of the areas measured on the CRDO site (Richards 2012).

Generally, the areas measured on the CRDO were covered with a very thin (<lmm) mucilaginous
layer consisting of proteinaceous and algal based material in combination with hydrated aluminium
hydroxide gels. Hence measurements of total depth of concretion and corrosion products (diy) are not
applicable for aluminium alloy aircraft. Unlike the AVR and MNR, there was no observed evidence of
the typical blue copper corrosion products on the CRDO.

From the Pourbaix diagram (Figure 61), the intercepts of all points measured on the CRDO, lie in the
passive region, where Al,03.3H,0O is the dominant corrosion product (Equation 2) and forms a
continuous passivating layer, effectively slowing the corrosion rate. This is a very common corrosion
state for aluminium alloy aircraft in marine environments.

The surfaces of the aluminium alloy sections of the CRDO were quite corroded and pitting and
intergranular corrosion mechanisms had caused significant pitting and perforation of the residual
metal. The remains of the CRDO are obviously more deteriorated than the JAKE and EMILY even
though they lie in a similar environment at similar depths. However, this is not unexpected as the
CRDO remains are more damaged, disarticulated and spread over a wider area, therefore there would
be more intergranular corrosion occurring on the CRDO aircraft remains due to increased stress and
metal fatigue.

The E. values of the measurement positions 1 to 6, 8 to 10, 12 and 14 all fall into the average
corrosion potential range of -0.459 * 0.006V indicating that these areas have similar metal
compositions and are corroding at a similar rate. The average corrosion potential of positions 7 (float
strut), 11 (unidentified wreckage) and 13 (control panel) was -0.487 + 0.008V, which is 28mV more
negative than the other positions indicating that these areas have different metal compositions (i.e.
higher aluminium contents) and are therefore corroding at a higher rate. Unfortunately the average pH
values of all groups of measurements all fell within the statistical standard sample deviation so
differences in pH cannot be used as an indication of differences in corrosion rates.
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5 CONCLUSIONS

In general, the physico-chemical measurements (pH, Eeqox dissolved oxygen, salinity, temperature,
etc) of the local environment surrounding the wreck sites in Saipan are typical for a shallow, near
coastal, open circulation, oxidising marine environment, where corrosion rates are likely to be relatively
high for both ferrous alloy wrecks and aluminium alloy aircraft.

All of the wrecks and the aircraft were mostly exposed with only very thin layers of sediment covering
some lower profile areas lying on the seabed, which would be particularly mobile during periods of
excessive water movement (i.e. storm and cyclonic activity). Hence, natural protection via seasonal
sediment burial would be very unlikely for any of the wrecks surveyed in 2012.

The corrosion parameters of a number of different areas on each of the ten iron alloy wrecks in Saipan
were measured during the survey period from 20-24 February 2012. In order to compare the corrosion
data collected from the different positions measured on the iron wrecks the corrosion potentials (Ecor)
and the pH of the residual iron alloy surfaces were plotted on the iron Pourbaix diagram in aerobic
seawater at 25C. Generally, the intercepts of all points measured on the iron alloy wrecks either lay in
the active corrosion region, where ferrous ions are the thermodynamically stable chemical species and
corrosion will continue until all iron is consumed, lay on the equilibrium line between active corrosion
and the passive region, which implies that the typical aerobic corrosion mechanism where the major
stable chemical species is the ferrous ion (Fe2+) is in equilibrium with the formation of an insoluble
corrosion product layer of magnetite (Fez;0,4) or lay in the passive magnetite region (Fes0,) indicating
there was very little if any residual metal remaining in those areas. Generally, with film free corrosion
mechanisms, such as occurs on concreted iron artefacts, an increase in the corrosion potential
(tending more positive) indicates an increase in the corrosion of the metal.

However, since E.,, data describes the electrochemical environment of the iron alloy that is electrically
connected to the measurement point and as such, it is not as sensitive to changes in localised
corrosion processes as the value of the pH recorded at the same point, provided no damage has
occurred to the protective concretion layer. It has been shown that pH data is a useful guide to
changes in corrosion rate, since as the corrosion rate increases the pH decreases (becomes more
acidic). It has also been observed that the pH of corroding residual metal surfaces decrease linearly
with increasing total thickness of the corrosion product layer and the encapsulating concretion (do)-
That is, generally the thicker the dy, the lower the surface pH but only if the concretion layer remains
essentially undisturbed (i.e. no damage occurs through human/natural interference).

The average corrosion parameters (Ecor, PH values and diy,) of all measurement points on each iron
wreck are shown in Table 30. However, for many of the wrecks there are no statistically valid
differences between the average corrosion parameter measurements as they fall within the
maxima/minima range calculated from the standard deviations for each set of data points, making it
difficult to determine any differences in corrosion rates between the wrecks based on the corrosion
parameter data. However some conclusions can be drawn if only based on some of the corrosion
parameter data in conjunction with the environmental and historical information.

Table 30. Average corrosion parameter measurements for all iron alloy wrecks measured in
Saipan, CNMI from 20-24 February 2012.

Wreck Average Average pH Average pH Average pH Average
Corrosion (acidic) (alkaline) (all points) diotal
Potential vs NHE (mm)
(V) (all points)
Sherman Tank 1 -0.305 * 0.003 6.86 + 0.09 19+11
Sherman Tank 3 -0.320 + 0.003 6.34 £ 0.33 6+4
LVT1 -0.322 £ 0.002 6.40+1.18 18+7
LVT2 -0.295 * 0.028 7.13+0.79 74
DAIl1 -0.334 £ 0.009 6.17 £ 0.32 7.68 £ 0.36 7.22 +£0.80 9+7
DAI2 -0.325 + 0.002 6.09 +0.00 6.68 + 0.05 6.39+0.34 11+12
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DAI3 -0.338 £ 0.001 6.34+0.18 7.50+0.42 7.15+ 0.66 6+4
JFR -0.339 + 0.007 7.29 £ 0.68 5+4
ASC -0.327 £ 0.004 7.34+£0.72 6+7
SS -0.355 £ 0.003 7.83+0.49 4+3

The average corrosion potential for Tank 1 was -0.305 + 0.003V, which is only 15mV more positive
than Tank 3, hence, it is not possible to determine any differences in corrosion behaviour between the
measurement points on Tank 3 and between Tank 1 and Tank 3 based on the E.,; data. The decrease
of 0.52 pH units for Tank 3 indicates that there has been a statistically significant increase in the
corrosion rate of Tank 3 as compared to Tank 1 and in conjunction with the thinner dy,s measured on
Tank 3, suggests that the natural and cultural impacts of the local environment on Tank 3 are more
aggressive than those experienced by Tank 1. More importantly, as there appears to be more tourist
activity associated with Tank 3, it may be this increase in human interference that is causing the
accelerated deterioration of Tank 3.

It is difficult to say whether the LVT2 is corroding at a faster rate than the LVT1 as all average
measurements are within their respective statistical errors. However, considering the extent of
deterioration of the LVT2 as compared to the LVTL1 it would appear that the natural and cultural
impacts on the LVT2 would be greater than those experienced by the LVTL1.

Based on the average pH values of the more alkaline positions on the Daihatsu wrecks, which were
6.68 + 0.05 on DAI2 and 7.68 + 0.36 and 7.50 + 0.42 on DAI1 and DAI3, respectively some differences
in corrosion rate can be ascertained. The decrease in average pH of DAI2 suggests that it may be
corroding at a slightly faster rate than both DAI1 and DAI3. This is not unexpected as it is known that
isolated iron artefacts and steel hull structures that have been damaged either through natural
phenomena (e.g. cyclonic activity) or human intervention (e.g. salvage, explosive damage during
WWII) possess higher corrosion rates than those hull structures that are relatively intact (i.e. DAI1 and
DAI3), where the current density of the corrosion process can be spread over a much larger surface
area effectively lowering the corrosion rate. In addition, it appears that DAI1 and DAI3 are corroding at
relatively similar rates, despite the fact that DAI3 is a much shallower site, where it would be expected
that the corrosion rate would be slightly higher. This would seem to suggest that human interference
(i.e. recreational diving activities) is having some impact on the deterioration rate of the deeper DAI1
site.

Based on the corrosion parameter measurements it is difficult to determine any changes in corrosion
behaviour of the larger shipwrecks, JFR, the ASC and the SS as most average measurements are
within their respective statistical errors. However, based on the average corrosion potentials of the
JFR (-0.339 £ 0.007V), the ASC (-0.327 = 0.004V) and the SS (-0.355 + 0.003V) it appears that the
small but statistically valid decrease in the corrosion potential (E¢or) Of the SS suggests that this vessel
is corroding at a slower rate than both the ASC and the JFR and the small increase in the average E.or
of the ASC suggests that it may be corroding at a slightly faster rate than JFR. This is not unexpected
as steel hull structures that have been extensively damaged (i.e. ASC) possess higher corrosion rates
than those hull structures that are relatively intact (i.e. JFR and the SS). This would seem to suggest
that human interference (i.e. recreational diving activities) is having some impact on the deterioration
rate of the JFR and ASC sites as the SS site is not on the diving heritage trail. However, the local
environment (i.e. increase in turbidity) may also be contributing to this decrease in the corrosion rate
on the SS site.

The corrosion parameters of a number of different areas on each of the five aluminium alloy aircraft
wrecks in Saipan were measured during the survey period from 20-24 February 2012. In order to
compare the corrosion data collected from the different positions measured on the aircraft the
corrosion potentials (E.,;) and the pH of the residual aluminium alloy surfaces were plotted on the
aluminium Pourbaix diagram in aerobic seawater at 25C. From these Pourbaix diagrams, the
intercepts of all points measured on all aircraft, lie in the passive region, where Al,03.3H,0 is the
dominant corrosion product and forms a continuous passivating layer, effectively slowing corrosion
rates. This is a very common corrosion state for aluminium alloy aircraft in marine environments.
However this particular Pourbaix diagram is only applicable to pure aluminium in seawater and most of
the aircraft manufactured during WWII used a variety of aluminium alloys consisting mainly of
aluminium but including varying concentrations of minor alloying constituents (e.g. iron, copper,
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magnesium, manganese, zinc and silicon) in order to change the functionality of the aluminium. One of
the most common alloying metals used was copper (e.g. Duralumin) which was added to aluminium to
increase its strength, however the presence of the copper dramatically decreased the corrosion
resistance of the metal to seawater. The other issue that will increase the deterioration rates of the
aircraft is galvanic corrosion, where the more reactive aluminium alloys will corrode faster effectively
protecting the more noble metals, such as iron and copper. All these issues combined makes it
extremely difficult to determine any differences in corrosion rates based on the corrosion parameter
data. For example, the average corrosion potential and pH values for all measurement points for each
wreck are shown in Table 31 (columns 2 and 3) and from this data it is obvious that there are no
statistically valid differences between any of the average corrosion parameter measurements as all fall
within the maxima/minima range calculated from the standard deviations for each set of data points.

Table 31. Average corrosion parameter measurements for all aluminium alloy aircraft wr ecks
measured in Saipan, CNMI from 20-24 February 2012.

Wreck Average Average Average Average Average
Corrosion pH Corrosion pH Water
Potential vs (all points) Potential vs (major Depth
NHE (V) NHE (V) group) (m)
(all points) (major group)
Avenger (AVR) -0.440+0.021 | 8.06+0.11 | -0.438+0.001 | 8.08+0.08 | 2.2+0.9
Aichi E13A (JAKE) -0.443+0.011 | 7.99+0.09 | -0.446+0.003 | 8.01+0.07 | 6.1+0.3
Mariner (MNR) -0.446 £0.037 | 8.10+0.26 | -0.458+0.008 | 7.97+0.10 | 6.4+0.6
Kawanishi H8K (EMILY) -0.467 £0.009 | 8.02+0.17 | -0474+0.001 | 7.95+0.17 | 8.0+0.6
Coronado (CRDO) -0.465+0.014 | 796 +0.07 | -0.459+0.008 | 7.95+0.07 | 7404

However, since all aluminium alloys are corroding in a common oxidising marine environment in
Tanapag Lagoon, the different values of the corrosion potentials may provide a guide to the underlying
differences in alloy composition of the aircraft. Since the corrosion potentials of aluminium alloys
containing higher concentrations of less reactive metals, such as copper, become more positive (more
anodic) it is possible to determine differences in the metal compositions of the major structural
components of the aircraft. Hence, if the average corrosion potentials of the largest group of
measurement points with similar E,, values on each of the wrecks are compared (Table 31 - column
4) some differences between the aircraft metal compositions become more apparent. Unfortunately,
again the average pH values for the same group of points are within statistical error and thus, cannot
be used in the interpretation. So based on this average E.,, data, the metal composition of the
aluminium alloys for each aircraft, in order of decreasing concentrations of incorporated copper (or
other less reactive metals) is Avenger > Jake > Mariner ~ Coronado > Emily. That is the Avenger may
have the highest concentration of copper in this group of aluminium alloys measured whilst the Emily
will have the lowest based on this data set. This may have consequences for the corrosion rates of
these aircraft as higher concentrations of copper will increase the rate of pitting and intergranular
corrosion if the aircraft are subjected to similar environmental conditions and other complicating
factors, such as increases in corrosion through stress and metal fatigue, are absent. Since this is not
the case with these aircraft (i.e. the Avenger lies in a very aggressive, shallower marine environment
and the Coronado is extensively damaged with separate sections strewn over a very large area) this
highlights the problem with interpreting corrosion data based on only one set of corrosion parameter
measurements.

In conclusion, it is obvious that there are problems with determining differences in corrosion behaviour
of wrecks based only on one set of corrosion parameter measurements. A holistic approach must be
taken using all the data obtained including the environmental and historical information in order to
understand the corrosion processes occurring on a wreck site. Hence, continued observation of the
sites and further corrosion measurements in the future may assist in corroborating or refuting the
aforementioned inferences.
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6 RECOMMENDATIONS

The submerged shipwrecks and aircraft wrecks located in Saipan are a significant part of World War I
history and are one of the main tourist attractions in Saipan. It is therefore important that appropriate
management plans are implemented to ensure the future preservation of these sites. The scope of the
work includes ongoing monitoring of the status of the natural and cultural attributes of the wrecks and
the integrity of these underwater archaeological sites. Specific guidelines detailing the range of
corrosion aspects to be documented on a regular basis will empower Saipan HPO field staff to
implement regular and effective monitoring surveys integral for their future preservation. The
guidelines will provide consistent and comparative data, which will assist in the implementation of any
future conservation management strategies.

Regular site inspections are an integral part of the overall management strategy for a submerged site.
The primary focus of an on-site corrosion survey is to collect as much pertinent information as possible
to assist in ascertaining the extent of deterioration and structural integrity of a site. Further inspections
are then required at regular intervals and especially after any severe storm or cyclonic activity so any
changes in the integrity of the site are noted by direct comparison with earlier surveys. The more
surveys carried out the better as it will provide more information regarding the rate of deterioration and
the inherent stability of a site, which will assist in recognising which sites are a priority for future
implementation of appropriate in situ conservation management strategies.

The first step in implementing any corrosion survey is to gather the information outlined in the On-Site
Corrosion Survey Data Sheet (Appendix B ). Much of this information is self explanatory but some
basic explanations and examples of some of the criteria included in this form are described below.

Weather _and Sea Conditions; Swell and Tidal Information; Current + The amount of oxygen
impingement to the surface of a metal will directly affect the corrosion rate. Without direct access to
probes to measure the dissolved oxygen concentration in the water column it is imperative that the
amount of water movement on a site is documented. For example, any increase in water movement
(increased swell, tidal movement, current, etc) will increase the amount of oxygen available to a metal
surface and in turn, increase the corrosion rate.

Water Temperature +The effects of water temperature on corrosion rates is complicated by its effect
on biological growth, however in the absence of biological considerations the rate of corrosion would
be expected to double with every 10T rise in water temperature. On the other hand, increases in
water temperature will increase the growth rate of encrusting organisms and the depth of the
concretion layer on the metal surface, which may reduce the corrosion rate. In addition, the
concentration of dissolved oxygen decreases with increasing temperature, therefore it is important to
measure the water temperature on-site and when possible, the annual ranges in an area should also
be noted.

Water Depth to Wreck (minimum, maximum) =+ The depth range of the submerged site from the
shallowest to the deepest section, include the depths of any large structural features (e.g. the
shallowest section of the Freighter is the top of the bow at 2m, the major structure at 5-7m and the
seabed is 11m). The depth of a site may have an influence on the corrosion rate because in general,
as water depth increases the amount of water movement decreases, decreasing the amount of oxygen
availability to a metal surface and hence, the corrosion rate. In addition, changes in the maximum and
minimum water depth are a simple way to monitor the overall collapse of the vessel on the seabed.

Visibility + This should be an approximation. Visibility on submerged sites is quite variable and
influenced by many factors, some of which can affect the deterioration rate of sites. For example,
increased water movement can lift sediment into the water column, which can then essentially
sandblast the metal surface and rapidly erode any protective corrosion/concretion layers, thereby
increasing the corrosion rate. Alternatively, sites where the visibility is more often than not, poor may
discourage diving activity and therefore decrease damage by limiting human disturbance.
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Distance from Land/Reef *The distance and direction of a submerged site from land, reef or man-
made construction can have an influence on the amount of water movement a site experiences and
hence, the corrosion rate. For example, a site located in the lee of an island may be protected from
seasonal increases in water movement (e.g. during monsoons, typhoons, etc) effectively lowering the
average corrosion rate. Alternatively a site located adjacent to a reef may experience increased water
movement and hence, an increased corrosion rate.

Freshwater Influence +In general, metal corrosion rates decrease with decreasing salinity, hence
metals in freshwater are generally better preserved than those located in marine environments.
Therefore if there is a large increase in the volume of freshwater from rain water run off, rivers, etc on
a site, the salinity will decrease thus reducing the corrosion rate.

Site Dimensions (area) *This is essentially a measure of the scatter of debris on a submerged site
which may have an influence on localised turbulence and increase the surface area exposed to
dissolved oxygen and hence, change the average corrosion rates of the different sections scattered
over a site.

Site Orientation *+The orientation of a submerged site can affect the corrosion rate by changing the

amount of water movement around a site. For example, a wreck that has a list to port may show signs

of increased corrosion on the more exposed starboard side compared to the more protected port side

of the vessel (e.g. Jake aircraft). Another point that has to be considered, especially on wrecks that are
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causing increased corrosion rates in the long term.

Composition of Dominant Wreck Material + It is important to identify the dominant material/s a
submerged site primarily consists of as it will have a significant effect on the type and amount of
biological growth on the metal surface, the primary corrosion mechanisms and hence, the corrosion
rates. For example, iron promotes biological growth and is characterised by relatively thick concretion
layers and significant amounts of secondary marine growth, such as corals, etc. This semi-permeable
protective layer essentially changes the nature of the local micro-environment from that of normal
seawater and effectively slows down the rate of corrosion. On the other hand, aluminium is biologically
inert and generally characterised by little marine growth, often only being covered by a thin gelatinous
layer of corrosion products and marine algae.

Another factor to consider is galvanic corrosion. When two dissimilar metals are in direct electrical
contact with each other the more active metal (e.g. aluminium) will corrode faster than normal and the
other more noble metal (e.g. iron) will be protected. For example, aluminium in direct physical contact
with iron will corrode at a faster rate than just aluminium on its own and therefore the structural
integrity of the aluminium of the galvanic couple will deteriorate at a faster rate.

Dominant Encrusting Organisms on Surface (type, abundance, photograph) =+ This need only be a
very general survey, photographically documenting the main encrusting organisms present on the
dominant material types (e.g. iron, aluminium, etc) comprising the submerged site. If the site is large or
scattered over a large area then fully document a few areas (e.g. bow, midships and stern) that can be
monitored at regular intervals in the future. The type and abundance of colonising organisms can have
a significant effect on the rate of corrosion of metals and the degradation rate of organic materials. For
example, a relatively thick concretion layer may decrease the corrosion rate of iron by effectively
separating the metal surface from the seawater and protecting the underlying metal from physical
damage but conversely, areas that are covered in large, very prominent encrusting organisms may
increase localised water turbulence and this in turn, may cause an increase in the corrosion rate. In
addition, documenting any areas where changes have occurred (i.e. through storm damage or human
interference) can assist in monitoring the rate of recolonisation. If the damage is extensive then fully
document a few areas that can be monitored at regular intervals in the future.

Evidence of Active Corrosion *Evidence of active corrosion on iron is characterised by the typical
red/brown coloured corrosion products (rust). It is more difficult to identify active corrosion on
aluminium due to the protective oxide layer that forms on the metal surface and often the first sign of
active corrosion is total perforation of thinner structural plates, however sometimes it can be
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characterised by localised areas of white/grey pustules. In addition, copper-aluminium alloys, such as
Duralum suffer from extensive corrosion in seawater. In this case, active corrosion is characterised by
a combination of the white/grey aluminium oxide pustules and the typical blue/green copper corrosion
products. If the active corrosion is relatively uniform over a site then fully document a few areas (e.g.
bow, midships and stern) that can be monitored at regular intervals in the future. It is imperative that
these areas of active corrosion are accurately documented in the initial survey (water depth, general
description of position and photographic documentation) so the information gathered on any
subsequent surveys can be directly compared to this baseline survey so any changes in the number
and/or extent of the active areas can be noted. Obviously, a submerged site exhibiting increased
active corrosion indicates that there is an increase in the corrosion rate.

Evidence of Damage +Damage caused to submerged sites by human interference and/or periods of
excessive water movement (storms, typhoons, etc) is easily identified by large areas of exposed metal
generally devoid of secondary marine growth. Often the metal will show signs of active corrosion. It is
imperative that these damaged areas are accurately documented in the initial survey (water depth,
general description of position and photographic documentation) so the information gathered on any
subsequent surveys can be directly compared to this baseline survey so any changes in the corrosion
activity, extent of colonisation, etc can be noted in the future. A submerged site with large expanses of
damage will exhibit increased localised corrosion rates.

Evidence of Structural Collapse It is imperative that a submerged site is accurately documented over
its entire length during the initial survey, concentrating on areas that would be more prone to structural
collapse. In this way, any changes in the structural integrity of a site can be accurately monitored.

Evidence of Human Disturbance zIt is imperative that a submerged site is accurately photographically
documented over its entire length and breadth during the initial survey so any evidence of human
disturbance (e.g. broken corals caused by diver damage, damage due to inappropriate anchoring
procedures, removal of artefacts, etc) can be monitored in the future. If feasible, photographically
document any conglomeration of artefacts during the initial survey so any changes in the condition of
the artefacts or more importantly, removal of the artefacts from the site can be monitored during
subsequent surveys.

In addition, some general points to consider when performing on-site corrosion surveys are outlined
below.

1. It may be advisable to conduct the first dive on any submerged site as a reconnaissance
survey on order to plan what information and documentation is actually required for the
initial survey and how the survey will be carried out.

2. It is imperative that an initial survey is carried out on every submerged site so the
information gathered during subsequent surveys can be directly compared to this baseline
survey. This is necessary in order to ascertain if any changes have occurred to the site
with respect to its corrosion state (increases in the extent and number of areas exhibiting
active corrosion; changes in structural integrity; changes in the extent of damage due to
human disturbance, such as anchor damage, salvage, pollution, etc) in the future. The
baseline survey must be as comprehensive as possible then it be used as the basis for
subsequent surveys where any changes that occur are documented rather than
duplicating the initial survey.

3. One of the most important aspects of the corrosion survey is the photographic
documentation of any changes that occur on a site. This will then allow meaningful
comparisons to be made in the future to ascertain if any significant changes have occurred
to the corrosion rate and structural integrity of a particular site.

Without access to the underwater corrosion equipment, the most important aspect of the regular site
inspections is the photographic documentation of any changes that occur on a site. This will then allow
meaningful comparisons to be made in the future to ascertain if any significant changes to a particular
site have occurred. In addition, it is recommended that another full corrosion and environmental survey
using the underwater corrosion survey equipment is performed in another few years. In this way, from
comparisons of the regular site inspection results and the additional corrosion parameter data for each
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wreck site, it will be possible to ascertain if there is indeed any effect from diving tourism on the sites
and if it is at all comparable to the detrimental effects afforded by natural occurrences, such as
seasonal storm and cyclonic activity. Finally, using a combination of information gathered from these
surveys it will be possible to prioritise these submerged sites with respect to their overall in situ
management requirements and the most appropriate management plans determined and applied to
each site.
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APPENDIX A

ON-SITE CONSERVATION SURVEY DATA SHEET

Date of Survey

Time of Survey

Aim of Survey

Personnel

Site (hame, date and type)

Location

Distance from Land/Reef

Site Classification

Site Dimensions (length, width, area)

Site Orientation

Seabed Topography

Marine Macrofauna and Flora (type and abundance) (photograph)

Wreck Specific Types of Marine Life (photograph)

Composition of Dominant Wreck Material (  in situ observation, cargo influence)
Exposed Artefacts (type, material, apparent condition, degree of completeness, distribution)
Degree of Site Exposure (area, height above seabed)

Evidence of Seasonal Exposure

Evidence or Potential for Storm, Cyclone Influence

Evidence of Human Disturbance (salvage, pollution, modern contamination, water activities)

Weather Conditions

Sea Conditions

Swell

Current (rate, direction, speed)
Tidal Information

Freshwater/Saltwater Influence (rivers, springs, sea water)

Water Temperature (surface, at depth)
Salinity/Conductivity Water (surface, at depth)
Dissolved Oxygen Content Water (surface, at depth)
pH Water (surface, at depth)

Redox Potential Water (surface, at depth)

Water Depth (minimum, maximum)

Visibility (material type in suspension)
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General Sediment Composition ( in situ observation)
Mobility of Sediment Surface (rippling, direction and frequency)
Sediment Slope

Probe Depth to Wreck Material (extent of burial)

Depth to Stable Seabed (evident by black/anaerobic layer)
Sediment Gradation (changes in colour)

Sediment Photography (surface, gradation, at depth)

Sediment Sampling (sample all significant layers)

Sediment Analysis (particle size distribution, inorganic elements, organic content, nutrients,
micro-organisms)

pH Sediment (measure all significant layers)

Redox Potential Sediment (measure all significant layers)

Timber Infestation by Marine Borers (active, depth to non activity)
Probe Depths of Timbers (exposed, buried)
pH Profiles of Timbers (exposed, buried)

Timber Samples (wood identification, maximum water content, FT-IR, BC-NMR, py-gc-ms)

Corrosion Potential Metals (concretion/metal interface)
Surface pH Metals (concretion/metal interface)

Depth of Concretion and Graphitisation

Depth of Concretion

Depth of Graphitisation

Sample Concretion (optional)

Sample Metals (optional)
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APPENDIX B

ON-SITE CORROSION SURVEY DATA SHEET

Date of Survey:

Time of Survey:

Personnel:

Site (name, date and type):

Location & GPS Co-ordinates:

Weather and Sea Conditions:

Swell and Tidal Information:

Current (rate, direction, speed):

Water Temperature:

Water Depth to Wreck (minimum, maximum):

Visibility (metres):

Distance and Direction from Land/Reef:

Freshwater Influence (e.qg. rivers, springs, rain water run off):

Site Dimensions (length, width, area):

Site Orientation (e.g. upright, list to port or starboard, upside down):

Composition of Dominant Wreck Material ~ (e.g. iron, aluminium):

Dominant Encrusting Organisms on Surface (type, abundance & photograph):

Evidence of Active Corrosion  (depth, position & photograph): Y/N

Evidence of Dynamite and/or Storm Damage  (depth, position & photograph): Y/N

Evidence of Structural Collapse  (depth, position & photograph): Y/N

Evidence of Human Disturbance (e.g. salvage, pollution) (depth, position &

photograph): Y/N
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