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DEDICATION

Photo: Patrick Baker.

This publication was designed and typeset by Jeremy Green, a colleague whose contribution to Australasian iron,
steel and steamship archaeology is known only to a few.

Jeremy was instrumental in the formation of the Maritime Archaeological Association of Western Australia
(MAAWA) with its core of avocational practitioners; he convened the First Southern Hemisphere Conference on
Maritime Archaeology which inspired many individuals and institutions throughout Australasia; and was a founder
member of AIMA, the national body under whose umbrella we all work— all of which are strong influences in the field
of maritime archaeology. Jeremy Green’s leadership of the National Centre of Excellence for Maritime Archaeology
and Conservation Science, and his unstinting and ongoing labours (along with Myra Stanbury) as Chief Editor of
the AIMA Bulletin and the AIMA Special Publication series were also critical to the development of Australasian iron,
steel and steamship archaeology. In all, he has edited and published 49 volumes of the AIMA Bulletin and 18 Special
Publications containing many articles on the history and archaeology of iron, steel and steam vessels. This represents
a commitment of many thousands of hours to our discipline, much of it in his own time, out of his study at home.

Jeremy Green also brought computers (now a basic tool) to the Western Australian Museum’s Department of
Maritime Archaeology years before they became standard elsewhere. He also produced the Museum'’s first websites,
again well ahead of the field. His championing and development of electronic shipwreck data management systems,
was another essential step forward, with iron, steel and steam wrecks a very large percentage of entries in that resource.

This image of Jeremy on the communications tower on Beacon Island, Houtman Abrolhos, taken while he was
working on the VOC ship Batavia site, perhaps best encapsulates Jeremy Green’s vision and style, his mixing of the
old and the new in his life’s work.

Michael McCarthy
June 2009
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INTRODUCTION

The second Australian seminar on iron, steel and steamship archaeology

(Fremantle, Melbourne and Sydney 2006)

M. McCarthy: Chief Editor and Seminar Convenor

Cassandra Philippou: Convenor Melbourne
Kieran Hosty: Convenor Sydney
Vicki Richards: Convenor conservation forum

Introduction

In 1985 the Australian Institute for Maritime Archaeology
held its First On Site Practical and Theoretical Seminar on
Iron and Steamship Archaeology at Port Gregory Western
Australiawhere theiron-hulled SS Xanthosank. This event
coincided with the removal of the engine from the wreck.
The Australasian Institute for Maritime Archaeology’s
June 2006 Iron, Steel and Steamship Archaeology Seminarwas
conceived when the reassembly of the engine from the
Xantho (1848-1872) in the exhibition gallery proved such
an archaeological, conservation and visual success: it was
stable and could be turned over by hand!

With so many expressions of interest and support
from individuals and institutions across Australia it was
decided to travel the 2006 seminar to the east and south
coasts where different facets of the study of iron, steel and
steamship wrecks were being studied and where many
avocational practitioners and researchers who could not
travel to Fremantle were based. In Melbourne and Sydney
the overseas guests and some of the Australian delegates
repeated the papers presented at Fremantle. They, in
turn, were not only able to hear of developments in iron,
steel and steamship archaeologyin the eastand the south,
but also to attend a number of ceremonies celebrating
progress in those two places over these last two decades.

AtFremantle, proceedings were opened with a night-
time public lecture and Xantho gallery tour, attended by
well over one hundred people. It was followed over the
next two days by the seminarwhich commenced with Kalle
Kasi’s stunning pictorial showing the people involved
with Xantho from the mid-1800s to the present day.
Papers on maritime archaeology, conservation science,
search and survey and new perspectives in Australia and
overseas followed. With a large international gathering
of conservators practicing in the study of iron steel and
steamships also present at Fremantle a post conference
specialist conservator’s forum was convened. Chaired by
Vicki Richards, Conservation Scientist, with the Western
Australian Museum, this commenced the day after the
close of the Fremantle phase of the travelling seminar.
Department of Maritime Archaeology Secretary Susan
Cox has transcribed these proceedings in full, with a
précis of the items discussed appearing as an appendix
to these papers.

While the specialist conservation seminar was
underway in Fremantle the international delegates and
some practitioners from the west converged on Heritage
Victoria’s Maritime Heritage Unit and Melbourne for
the Victorian leg of the Iron Steel and Steam Progressive
Seminar. There, more than 50 professional maritime
archaeologists, conservators, divers and volunteers joined
to discuss developments and research over the past two
decades. International guests and other delegates then
took a field trip to Black Rock to get a closer view of the
Monitor Cerberus and then proceeded to Sandringham
Yacht Club to see the remains of the J7 submarine. As
they did in Fremantle, numerous AIMA/NAS Part 1
graduates also attended the seminar, adding a conference
component to their Part 2 qualifications.

The last stage of the progressive seminar series was
held at the Australian National Maritime Museum which
hosted the Sydney section of the seminar series. There an
audience of more than 120 steam and steel enthusiasts,
recreational and technical divers and naval history buffs
were in attendance in the museum theatre. On the
following day they convened in the lecture theatre on the
1938 Sydney ferry SS South Steyne, now a museum ship.

In all, a total of 33 individual papers were presented in
Fremantle, Melbourne and Sydney, with some repeated
at each venue. These, with a few exceptions (for which
abstracts are provided), join the conservation excerpts
to form the basis of this celebratory volume.

While in Melbourne, informal concern was expressed
at a number of developments in the field and these
translated into a formal meeting of convenors, AIMA
officials and overseas delegates. There a number of
recommendations were made and there these were
formally received by Ross Anderson the President of the
Australasian Institute for Maritime Archaeology.

Thanks and appreciation go to all involved and who
assisted in thiswonderful event; to the Western Australian
Museum, its Departments of Maritime Archaeology and
Materials Conservation; to the Maritime Heritage Unit,
Heritage Victoria; the Australian National Maritime
Museum; AIMA; to Vicki Richards and to Susan Cox.
Special thanks go to Jeremy Green for his usual largesse
and expertise in setting and presenting these papers as
an AIMA special publication. Special thanks also to Myra
Stanbury as final copy editor.



RECOMMENDATIONS

Recommendations from the 2006 Iron, Steel and
Steamship Seminar:
In Melbourne,agathering of the convenors of the seminar
and a number of overseas delegates was held. While
supporting the manyarchaeological, conservation, search
and interpretation programs presented during the course
of the Iron, Steel and Steamship Seminar, the organising
group concluded that the following recommendations
need to be promulgated as matters of urgency:

A) Recommend to Scottish authorities and maritime
interest groups that rather than ‘deconstruction’ a
preferred archaeological alternative to preserving the
currently intact hull of the City of Adelaide composite-
built clipper is to ‘hold’ it as long as possible, even to
the point of sinking it in an anaerobic environment
e.g. below the water table in mud or similar sediments.

B) Recommend that Australia’s Federal Government
join with the Victorian State Government to ensure
joint funding is provided to immediately implement
the proposed stabilisation plan for National Heritage
Listed site HMVS Cerberus before the wreck suffers
further catastrophic collapse.

C) Recommend to Welsh and UK heritage authorities
and maritime interest groups that urgent efforts are
made towards seeking a viable and lasting solution
to the protection and stabilisation of the historic
submarine Resurgam.

D) Recommend that the conservation of archaeological
and historic metal is given greater weight in academic
courses and that opportunities for recent graduates
are provided to recruit conservators to the field of
historic metals conservation.

E) Recommended that shipwreck corrosion specialists
collectivelyattend to the perception thatthereisalack
of consensusamongst themin reading corrosion data.

M. McCarthy
Meeting Secretary
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List of Presentations in Thematic Sequence
(* Abstract only)

REGIONAL STUDIES

1)  Why we are here: The SS Xantho project.

2) Twentyyearsofiron, steel and steamship archaeology
in Victoria.

3) Iron,steel and steamship archaeology in New South
Wales.

SEARCH, SURVEY AND RECORDING METHOD

4)  The Sydney project team and SS Cumberland, Liberty
Ship William Dawes and the Bega.*

5)  Birchgrove Park, Catterthun and deepwater shipwreck
documentation.*

6) A method of determining the percentage of
deterioration in iron and steel shipwrecks.*

7)  SS Queensland. A wreck to whet your appetite.

8) Hightechsearchingatthe Rottnestship’s graveyard.

9) The on-going search for SS Koombana.

10) HMAS Sydney II. The impending search.

11) Twentyyears recordingiron, steel and steam wrecks
in WA.

SITE FORMATION STUDIES
12) Salvage and Port Darwin, lessons from the wreck of
SS Brisbane: David Steinberg

EXPERIMENTAL ARCHAEOLOGY, EXHIBITION
AND MUSEUM SHIPS

13) TIron, steel and steam developments in the UK.*

14) Experimental archaeology: recreating the Xantho
hull.

15) An archaeologist’s work is never done: exhibition
as dialogue.*

16) Xantho people pictorial . *

ARTEFACTS AND ARTEFACT MANAGEMENT
17) Fromseabed to exhibition floor: The Xanthoobjects.
18) Piping on the Xantho: a coppersmith’s perspective.

WRECK ACCESS AND SITE MANAGEMENT

19) SS Yongala, access and management.

20) Thirty years of cultural resource preservation in the
US.

21) City of Launceston trial public access program 2006.

MATERIAL SCIENCE & CONSERVATION (See also
museum ships)

New perspectives regarding the stabilization of
marine & terrestrial archaeological iron.
Conserving the components—the Xantho engine
after disassembly.

22)

23)

24) The Analysis and treatment of Xantho organic
materials.

The Treatment of copper alloys recovered from the
Xantho.

Dis-assembly & re-assembly of the Xantho engine.
If at first you don’t succeed: the conservation of
Holland 1.

Review of the world’s large-scale iron ship projects,
1980-2006.

Where to now? New conservation options for the
treatment of historic iron shipwrecks. Experiences
from the SS Xantho project and their application to
the H. L. Hunley and USS Monitor projects.

25)

26)
27)

28)

29)

NAVAL WRECKS (See also Conservation, submarine
and search sections)

30) The USS Monitor recovery expeditions 1998-2002.

31) Ourheritage toarise from the waters? HMVS Cerberus.

SUBMARINES (See also conservation, naval and other
sections)

The Lonsdale: A Victorian torpedo boat.

The AEI Project—Australia’s first submarine.

AE2 The silent Anzac: recording Australia’s lost
Gallipoli submarine.

The ‘]’ Boat study.

The latest find! With Delgado, with Murphy et al. on
SubMarine Explorer in Panama.

39)
33)
34)

35)
36)

COLONIAL TRADE

37) Themaritime archaeology of the colonial passenger
steamships: Clonmel, Conside, Monumental City, City of
Launceston, Auckland.

38) Stowage on the iron barque Sepia.

APPENDIX

Abridged transcription: Conservator’s conference.






PAPER 1

Iron, steel and steamship archaeology in Western Australia: SS Xantho after

twenty years and other developments
M. McCarthy

Figure 1.

Abstract

The successful reassembly of the SS Xantho engine on
the exhibition floor at the Western Australian Museum’s
Shipwreck Galleries resulted in anumber of celebrations.
These included the June 2006 iron, steel and steamship
archaeology progressive seminar which travelled from
Fremantle to Melbourne and Sydney, and the opening of
the Western Australian Museum’s Steamships to Suffragettes
exhibit. Shipwreck conservators also joined to examine
developments in the field and to discuss the problems
they had in dealing with the engine. This paper provides
a background to the 2006 celebrations and outlines the
breadth of the SS Xanthostudies since the first Australian
on-site practical and theoretical seminar on iron and
steamship archaeology in 1985. It also examines other
developments in iron, steel and steamship archaeology
in Western Australia since that time.

Introduction

In November 1872 the SS Xantho abruptly slid beneath
the waves—settling onto the historical scrap-heap and
sending its controversial owner Charles Broadhurstinto
financial and social ruin. Both Xantho and Broadhurst
then came to be dismissed as unworthy, ignominious

Geoff Kimpton recording the SS Xantho engine (M. McCarthy).

failures and were soon forgotten. In the quarter of
a century that has elapsed since the project began,
the ship, its engine, the man and his extraordinary
family came to be reassessed in detail, with surprising
results. This occurred primarily because the material
remains found at the wreck were at odds with both the
engineering expectations and the known historical
records (McCarthy, 1986a).

Thelocationandidentification of the site by the Maritime
Archaeological Association of Western Australia (MAAWA)
using Graeme Henderson’s research, its inspection by
Scott Sledge in 1979 and subsequent looting, led to the
author leading a 1983 survey and test excavation. This
included a pre-disturbance biological and electrochemical
assessment of the wreck conducted by diving conservators
Neil North and Ian MacLeod, assisted by visiting biologist
C.J. Beegle. This regime of tests was commissioned on the
author’s understanding that iron and steamship wrecks
were, in effect, a new class of archaeological site and that
they needed to be examined, assessed and managed
without any preconceptions. At Xantho the importance of
diving conservators was firmly established and after much
deliberation and partlyasaresultof their findings,adecision
was made to recover the engine (McCarthy, 1986b).
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Some of the deconcretion team. Here, Australia (I.
MacLeod, R. Garciaand M. McCarthy), France (Paul
Mardikian), Canada (Alexandra Elliot) and Brunei
(Kolam Gaspar) are represented (Jon Carpenter).

Figure 2.

From the outset it was decided that, in attempting the
recovery of an engine from a highly saline environment,
we were planning something that had not been done
before. As a result, we would document and promulgate
both our successes and our mistakes such that others
following might benefit (See also conservation seminar
notes). It was also decided to invite others to participate
in this learning process (Harvey, this volume). This led
to the convening of a theoretical and practical seminar
in iron and steamship archaeology held at the SS Xantho
expedition and fieldlaboratories at Port Gregory, Western
Australia (McCarthy, 1986¢). With delegatesin attendance
from all over Australia, practical and theoretical sessions
were held and the stern was excavated. Then the ship’s
engine was raised (thanks mainly to Geoff Kimpton’s
underwater cutting and rigging skills). Considerable
sponsorship and in-kind supportwere keyfactors in these
successes, for the budget provided for the expedition, the
lift, the transport south, the conservation tank and the
seminar was AUS $7,200. It was not exceeded and the
successes were such that, utilising funds subsequently
provided by the Western Australian Museum, 46 papers
emanating from that seminar were eventually published
(McCarthy, 1988).

Since that time there have been over two decades
and thousands upon thousands of hours of activity in
the archives, in the laboratory and in the treatment
tanks (Carpenter; Garcia; Godfrey; MacLeod; Mardikian;
Prall; Richards, this volume). Between 1985 and 1995
archaeologists, conservators and scientists from across
the globe assisted in the treatment and deconcretion of
the engine.

In the deconcretion—effectively an excavation in its
own right—and in the fieldwork at the wreck, Xantho
unequivocally proved the validity of iron, steel and
steamship studies. On a technical and historical level the
Xantho engine was shown to be the only known example

Figure 3.

Richard Garcia applies protective coatings to the
engine in the Xantho/Broadhurst gallery (Jon
Carpenter).

of the first mass-produced, high-revolution, high-pressure
marine engines.Despite their unique status, few primary
documents remain extant. The remains recovered from
the seabed are still the major source of information on the
type. The projectalso helped cross one of the last bridges
between maritime archaeology and the mainstream
when it addressed anthropological questions about the
behaviour of the vessel’s owners and operators (Veth &
McCarthy, 1999; McCarthy, 2000). Well over a hundred
refereed articles; a book; two theses—one a Masters in
history, the other a Doctorate in maritime archaeology—a
film, facilitated by Jeremy Green and jointly produced
by Ray Sutcliffe formerly of the BBC and Ed Punchard’s
Prospero Productions; many news and television items, and
websites; conference proceedings; and, five separate
museum exhibitions have been the resulted from the
project (McCarthy, 1990; 1996).

Conserved (under Neil North and then Ian
MacLeod’s guidance); disassembled (thanks largely to
Dick Garcia’s skill and commitment); re-conserved and
then reassembled—in a process taking thousands of
staff days and seemingly-endless effort—the engine can
now be turned over by hand. This was the first successful
conservation and reassembly (to near working order) of
any engine from a saline environment (Garcia, Macleod,
Richards & Burrow; Godfrey & Richards, this volume).

The Crimean war type ex-RN gunboat engine now lies
intact in the public gallery where it was rebuilt alongside
a working model of the engine. A product of model
engineer, the late Bob Burgess’ skill and generosity, it was
built to steam engineer and steam historian, the late Noel
Millar’s engineering drawings of the deconcreted original
(Burgess & McCarthy, 1994). This was the first model
engine to be produced from maritime archaeological
sources and it was developed for the same reasons that
archaeological modelsare produced for wooden shipsi.e.
to ascertain how they performed in their contemporary
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Figure 4 a & b. Engineer Noel Millar and model-maker Bob Burgess at work (M. McCarthy).

environment. The bill from the maker for his thousands
of hours of labour—a copy is retained to this day— $49!

The Museum also received an impression of the stern
produced by Maritime Archaeological Association of
Western Australia President Joel Gilman (this volume).
This was followed by a computer schematic of the engine
in operation by maritime history curator Michael Gregg
(this volume). These, along with the entire gallery
infrastructure, equipment, facilities and expertise were
all sourced gratis.

Having been originally builtin the 1860s, complete
with large wooden support columns topped with rolling
gantries, the Xantho gallery—quite co-incidently—is
an architectural mirror of John Penn’s Greenwich
workshop. In viewing a large photograph of the Penn
works as it appears in contemporary depictions on
the eve of his receiving the order to build the original
gunboat engines, visitors to the gallery marvel at the
similarities. They can also see and even touch—though
we quietly, but not ostentatiously, discourage the
practice—parts of what is consciously presented as
a ‘living’ exhibit, the property of the people. Tools,
hoists and cranes, grubby ‘lab’ coats and the other
paraphernalia of aworkshop, lie scattered throughout,
consciously adding to the sense of ‘being there’ with
the specialists. Archaeology and conservation staff

often appear in the gallery, working and talking about
the Xantho, its people, the engine, the conservation,
disassembly and reassembly. Visitor Service Officers
regularly give tours in what is now judged one of the
Museum’s best offerings, a counterpoint to the fabulous
Batavia exhibit. As indicated, the Xantho exhibition is
inits bthiteration, with two of the earlier presentations
having been designed by undergraduate students
as part of their exhibition and design studies under
TAFE lecturer Darrell Hick (C. Green, 2004). A former
member of the Museum’s exhibition and design team,
Hick traces his lineage back to the former owners of
the PS Xantho in Britain.

Unexpected elements emerged as the ship’s owner
Charles Broadhurst, his financial structures and
entrepreneurial ‘style’ were of necessity examined in the
light of the archaeological and technological anomalies
evident at the wreck of his ship and in the excavation of
its engine in the laboratory. Once considered odd and
ill-conceived, a ‘maritime lemon’, our attitudes towards
the SS Xantho changed over the course of the two decades
in which the project was in full swing. Broadhurst’s
purchasing this little ship, a hybrid ‘refugee from the
scrapheap’ (McCarthy, 1986b) eventually came to be
seen as an inspired and creative reaction to the problems
he encountered in operating a steamship on the remote
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Figure 5. The Broadhurst family and their ‘Malay’ servant
soon after Xantho arrived in Australian waters
(Reproduced courtesy Broadhurst Family).

north-west Australian coast (McCarthy, 2000). In studying
Broadhurst, his support structures and his motivations,
we were also led to his wife, Eliza Broadhurst, who helped
keep the family secure despite his continual financial
failures. This research revealed her remarkable talent
in many fields (e.g. education, drama, music, languages,
mentoring) and her gravitation to the growing women’s
movement in the mid, tolate 19th century. This appears
evident in her scrapbook, a copy of which appears on the
exhibition floor for visitors to browse through. Attention
also turned to their children. Their eldest son Florance
Constantine Broadhurst eventually became a fabulously
wealthy guano merchant, the catalyst for the first granting
of monopoliesin the Western Australian mining industries.
His sister Catherine Elime Broadhurst was to become a
suffragette, who chained herself to the London railings
and was force-fed after being imprisoned for her stance
on votes for women (McCarthy, 2000).

As a result of these rich avenues of study, graduate
students in archaeology, history, conservation, museology,
anthropology, artand architecture, Indigenousstudiesand
women’s studies joined us in the laboratories and in the
galleries over the years. The most recent were Elizabeth
Parrott (2001) and Amanda-Jane Arnold (Visitor Services
Officer) (2003) who, with assistance from Susan Cox our
Departmental Secretary, produced reportsin social history
thatconcentrated on the Broadhurstwomen. Theiranalyses
now feature in the Museum'’s Steamships to Suffragettes
exhibition alongside the engine and othermore traditional
shipwreck, engineering and maritime history fare. These
and the original concept plan for the exhibit also appear
on the Museum website <http: //www.museum.wa.gov.
au/collections/maritime /march/shipwrecks/Xantho/
Xantho.html>.

Another of the unexpected results, the study of
Indigenous maritime depictions, became doubly of
importance because the Broadhurst family appear not
to have produced or kept any illustrations of one of
their greatest failures, the ill-fated Xantho. Nor did other
Europeans, presumablyfor the same reasons. In contrast,

one group of Indigenous people, deeplyaffected in many
ways by the little steamer, produced a number of rock
engravings of it with smoke belching from its funnel.

Another depiction—appearing on the title page—
appears to have been produced by one of the 200 ‘Malay’
divers Broadhurst brought to Australia on Xantho. Many
were abandoned at Geraldton and at Shark Bay in
controversial circumstances and many stayed on in the
Shark Bay pearling industry, intermarrying and forming
the basis of the diverse population of Denham in Shark
Bay. Around 1917, some 45 years after the loss of Xantho,
one of these men, a former Shark Bay pearler named
Sammy Malay (also known as Sammy Hassan) joined an
Aboriginal group at a soak near Walga Rock inland from
the mouth of the Murchison River. Soon after he arrived
there a ship painting appeared in a nearby cave. This is
one of Australia’s best-known maritime depictions, and
itis believed, with very good reason now (see the inside
cover), that it is SS Xantho and not a Dutch East India
ship as once thought (McCarthy, 2000). The existence
of these images then led to graduate student Nicolas
Bigourdan joining the project leader in the completion
of an analysis of all the Indigenous watercraft depictions
on the west coast.

Ostensibly far removed from the study of submerged
industrial and historical archaeology, these are now
some of the many threads woven into the rich Xantho/
Broadhurst tapestry. Finally, as a result of the Museum’s
work, Charles Broadhurst has become recognised as ‘the’
original West Australian entrepreneur—an innovative
and very controversial forerunner to Claude de Bernales
in the goldfields, and their modern counterparts Robert
Holmes a Court, Kerry Packer, Laurie Connell and Alan
Bond. Again, agraduate student, (Museum Visitor Services
Officer Daniel Gerson) was invited to join the Xantho
team to progress these studies.

A pioneer pastoralist; steamship owner; an innovative
pearler; the first to import ‘Malays’ to the industry; the
first to utilise the ‘hard hat’ in the pearling industry; the
first to introduce steam power to the industry; the most
prominent pearler at Shark Bay in its formative years;
fish canner; guano merchant; and, disgraced MLC,
Broadhurst—despite the controversy in which he was
forever embroiled—was recently recognised as one of
Western Australia’s 100 mostinfluential people ofall time.

Itis not appropriate to re-visit these many studies in
any detail; to list the vast Xanthorelated publications
list (from many authors); or to describe further the
successes had in conserving the Xantho engine. Much
of this appears in these papers. Itis useful, however, on
the occasion of the 2006 celebrations to re-visit the first
Xanthocelebrations ofa century and a half earlier. Here
are some selections from the Xanthopoem and some of
the 17-verse song, penned on the occasion of its arrival
asa paddle steamer at Anstruther, Scotland, in 1848, to
a dinner, a ball and other celebratory activities. They
were re-discovered in the local archives only a few years
ago by Paula Martin, aresident of the area and Editor of
the International Journal of Nautical Archaeology in which
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Figure 6.

news of Xantho has regularly appeared. Unashamed
doggerelitis, and as Paula Martin aptly noted ‘perhaps
itis no bad thing that I don’t have the other 14 verses’.
Nonetheless, of their very nature, the poem, the news
article and song encapsulate the feelings about Xantho
in 1848 and again over one hundred and fifty years later
in 2006. The extracts are from The Pittenweem Register a
journal bringing news of home to Scots across the globe.

POEM ON THE NEW STEAMER.
Verse 4
And there now lies into Leith Docks
A steamer very swift;
She is well made, and strongly built,
Which is a splendid gift.

Verse 6
Her value is three thousand pounds,
All ready for the sea;
O, then, I beg you’ll buy a share,
And make your money free.

SONG ON THE NEW STEAMER Xantho

The song on the new steamer Xanthois all the rage in the
East of Fife at present. It is composed by an East of Fife
Poet, who is thoroughly acquainted with the history of his
native place; and the song, which extends to 17 verses,
gives a historical introduction to the coming of the Xantho,
which cannot fail to be very acceptable to all who belong to
this district. It finds its way through the world in the same
manner as the register; hundreds of it have alreadyreached
their destination in various parts of Scotland where East of
Fife people reside; and numerous letters with the Xantho
Steamer Song in them are at this moment on their way to
America, the East and West Indies, Australia, etc., and all
who get it will be proud of the care and attention which
their friends at home have bestowed on them... To those
who have not as yet seen the song of Xantho, we take the
liberty of laying the following three [we will present only
two] verses before them, which is a fair specimen of the
rest of the song: -

Hurrah! here she comes at twa in the morn,

Image of SS XanthoatInthanoona, Western Australia. Produced with permission of the Ngarluma Community (Alistair
Paterson).

Her great gun she fir'd, an’ sound o’ her horn
Did wake Anster fo’k, tho’ loud they did snore,
Some started frae cozie beds—ran to the Shore
Blaw the trumpet o’er Fife, baith far and near;
The Xantho's arriv’d at Anster west pier;
Tell 2’ the merchants she’s ready to ply, -
Instead of sailing she almost will fly.
(Pitenweem Register, 1848)

Other Developments in Western Australia since 1985
Since AIMA’s first practical and theoretical seminar on
Iron and Steamship Archaeology at the Xanthosite, there
have been a number of significant developments in iron,
steel and steamship archaeology in Western Australia.
Many of these are covered in papers presented to the
2006 seminar e.g. the search for HMAS Sydney and the
HSK Kormoran, (Finding SydneyFoundation, thisvolume);
the excavation of the iron barque Sepia (Souter, this
volume); the search for the SS Koombana (Thom, this
volume); the location and identification of the wrecks in
the Rottnest Island Graveyard (Green, this volume) and,
the contribution of the MAAWA to the recording of large
shipwrecks (Cockram, this volume).

Not mentioned in those papers is the Museum’s
role since the early 1980s in leading the drive to locate
HMAS Sydney II (1941) and to tell the story of its loss to
the satisfaction of the nation and the bereaved relatives.
The Museum’s role was acknowledged by Commissioner
Terrence Cole when he opened the Inquiry into its
loss just prior to these papers going to press. The 1991
Finding HMAS Sydney Seminar is but one manifestation
of that earlier work (McCarthy & Kirsner, 1991). Another
importantdevelopmentin this field was the inspection of
the submarine IJN /124 off Darwin out of RV Flamingo Bay
and the drive to establish the submarine wreck as a bona
fide archaeological site (McCarthy, 1990; 1991; 1998a).

In this period, the Department of Maritime
Archaeology also assisted South Coast Divers, the SAS,
salvage operator John Clarke and Busselton interests
with the sinking of redundant steel vessels as dive sites
e.g. the Whaler Cheynes 3, barges and a former warship
HMAS Swan. This function was discontinued once local
dive shops and tourist organizations realised the benefits
and forged ahead with their own programs, rendering
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the Museum’s efforts unnecessary (McCarthy & Garratt,
1998b: 129). For a while the chief editor also sat on the
Commonwealth’s scuttlings committee advising on ship
dumping across the nation, taking a facilitatory stance
and encouraging the practice as a service to divers where
environmentally sustainable. Though the Museum is no
longer involved, a link with deliberately scuttled hulks is
still keptvia conservation scientists lan MacLeod and Vicki
Richards, conservators Jon Carpenter and Dick Garcia
who monitor each and who utilise them as comparative
studies (Macl.eod, et al., 2004).

Iron, steel and steamship wrecks also feature on
the Museum’s wreck trails. These were produced with
government, business and private assistance, including
that received from former post-graduate diploma
graduate and filmmaker Ed Punchard’s Prospero
Productions. They also feature in the associated literature
produced with assistance from maritime archaeologist
Dena Garratt and high school students from across
the state. To date there have been 17 wreck access
pamphlets produced, including one catering for people
with disabilities. Six wreck maps were also produced
(McCarthy & Garratt, 1998b). Further, the iron barque
Omeo, once a steamship, then an abandoned hulk, is
set to become the State’s premier wreck access facility
alongside the RottnestIsland wrecks. Ian Warne from the
MAAWA has produced a booklet on its history together
with details of its being abandoned and of its collapse
on the doorstep of a new residential marine complex at
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The midships section of the SS Colac ( M.McCarthy) .

Port Coogee, south of Fremantle. Rockingham Senior
High Schoolstudents, led by outdoor education specialist
Graham Lauritsen are producing maps and pamphlets
featuring it and other wrecks of the region. Utilising
these materials, the ship’s anchors which were raised
from thessite, underwater markersand otherinterpretive
materials, the Museum has plans to present Omeo for
snorkellers of all ages, including those with disabilities,
as an historic nature reserve and recreational asset. The
taking of fish and other marine life will be prohibited
for conservation purposes and in order to enhance the
visitor experience.

Anumber ofindividual site inspections of importance
to our field were also produced in this period, including
the inspection of the SS Pericles oft Cape Leeuwin, the
composite barque Phaeton in the Cocos Islands and a
number of WWII sites off Christmas Island.

Iron ships also feature in the Australian Contact
Shipwrecks Program a program completed by Lesley
Silvester while she was on internship with the chief editor
(McCarthy & Silvester, 2000). The SS Sunbeam (1892), for
example, is now part of the Gamberre people’s legend
after it was sunk by the snake spirit called in response to
grievances with the crew. It was the second steamship to
be involved in the north-west pearling industry, albeit
a full two decades after Xantho. Details are available on
the Museum’s website. The Museum’s ‘Strangers on the
Shore’ database and website were developed by Lesley
Silvester, her husband Michael Murray and staff member



BobRichards. On completion, the program was expanded
to include all known instances of contact in the eastern
states <http: //www.museum.wa.gov.au/collections/
databases/maritime/Strangers/strange.asp>.

Being also well-known folk musicians and composers,
Silvester and Murray presented a musical play on the
‘Strangers on the Shore’ theme and they produced a CD
featuring their songs’.

Staff have also travelled interstate and overseas since
1985, notably to Victoria, South Australia, Rabaul, Truk
(Chuuk) lagoon, Turkey and Panama to assist with iron,
steel and steamship wrecks and management programs
there. Much of this appears mentioned in acompendium
of projects, programs and publications produced by the
Department (Green, Gainsford & Stanbury, 2004).

Closing this section is the iron SS Colac (1910) thatwas
inspected just south of the Derby Wharfin 1995. Itis one
of the most intact of all our sites and ironically, because
it lies in State Waters, it cannot be protected until the
1973 Maritime Archaeology Act with its 1900 cut-off date is
upgraded to mirror Commonwealth legislation. This will
be avital step forward in our field as the majority of large
wrecks now approaching 75 years old are of steel. All the
more remarkable is the state of this particular wreck in
such an extreme tidal flow, it being regularly completely
covered by the tides, only to be then be exposed for hours
asthe tiderecedes (McCarthy, 1996). The contrastbetween
its remains and those of the former Liberty ship Alkimos
(1963), where today only the engine and boiler remain
visible above the surface, are stark indeed.
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PAPER 2

Xantho as catalyst to the past 20 years in iron, steel and steamship archaeology in

Victoria
Peter Harvey

Figure 1. Xantho boat people, with the Victorian contingent (Patrick Baker).

Abstract

This paper examines the seminal role the 1985 SS Xantho
iron and steamship seminar had on maritime archaeology
as practised in Victoria. It outlines the developments in
the field in Victoria, these past two decades, including
the many projects, their philosophical underpinnings,
education and outreach programs, and the fundamental
role of ‘avocational’ practitioners.

Introduction

In 1985 a group of skilled volunteer divers and a few
recently qualified maritime archaeologists travelled
from Victoria to Port Gregory in Western Australia to
assistin a field expedition to excavate the iron steamship
Xantho (1872) and participate in the first AIMA on-site
practical and theoretical seminar on Australian iron
and steamship archaeology. The Xantho field trip and
the associated seminar set a number of standards and
introduced techniques for the investigation of iron and
steamshipwrecks which have found their way into the
regular practices now employed routinelyin Victoria and
around Australia. In what follows, I will make observations
on how the Xantho expedition has affected subsequent
development of Maritime Archaeological programs and
lists some developments in the study and management
of steamship wrecks in Victoria since 1985.

12

The lasting results of the Xantho Seminar

The 1985 seminar sessions were conducted in the evenings
in the dusty grounds of the Port Gregory Caravan Park.
Theyintroduced archaeologists and interested amateurs
from around Australia to sets of principles and techniques
that have formed a basis for the management and
investigation of iron and steamshipwreck sites ever since.
Indeed the management of the field project and the trip
itself set a standard by which many of us still judge the
success of our own field trips. While a casual observer
might have seen the conduct of a seminar in remote
Western Australia (close to the site of a wreck in need
of excavation) as a ploy to attract cheap labour for the
excavation work, time has shown that it was a worthwhile
idea, well executed with far reaching results. M. McCarthy
deservesrecognition for his perseverance with agoodidea
in the face of limited funding and resources.

Coming out of the first seminar were some novel
ideas. One was the ‘Isometric Projection’ as a tool in
iron and steamship archaeology, where large vessels, with
considerable relief are common, requiring images that
allow the reader and the diver a better understanding of
thesite. In essence the toolis based on the understanding
that the site plan for a three-dimensional wreck is best
displayed in three dimensions. John Riley’s isometric
drawings of the wrecks he had earlier recorded in New
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Figure 2.

SS Xantho isometric projection (J. Riley).

South Wales were presented at the Xantho seminar, and
this gave us a model we quickly adopted in Victoria for
all types of wrecks. At the seminar Riley also produced
his Xantho drawing and this was immediately utilised for
diver briefing and illustrative purposes.

Subsequentlyin Victoriaand across Australiaisometric
interpretations of wreck sites have provided an extremely
valuable tool to aid the understanding of the archaeology
of wrecks. They are also a great way of interpreting sites
to the public.

The second important new idea, also evident in the
illustration above, was based on Riley’s observations on
the behaviour of iron and steamship wrecks on sandy
bottoms. Now called ‘The Water Line Theory’ of iron ship
disintegration, his observations on this subject and also
on how boilers and other ship parts behave in the sea,
have informed the archaeological study of wrecks notjust
here in Australia but around the world.

Although performed earlier, notably at the 1983
pre-disturbance study at the Xantho site, featuring
corrosion scientists Ian MacLeod and Neil North and
biologist CJ Beagle, the idea that measuring the rate
and nature of corrosion could assist in the management
and understanding of wreck sites, was blasted into the
consciousness of seminar participants (and afterwards
into that of maritime archaeologists generally). This was
effected through MacLeod’s streams of amorous oxygen
molecules, nasty chlorides and numerous other colourful
anthropomorphisms.

Perhaps the mostimportantidea that came out of that
field trip was the notion that the knowledge required to
understand, manage and interpretshipwrecks doesnotrest
solely with the purpose-trained government (or museum-
based) maritime archaeologist. Awide range of skills and
knowledge essential to the investigation, managementand
interpretation of maritime archaeological sites was evident
in the early 1980s, and is growing, within the community.
The papers from that first seminar (published in 1988)
show us this, for sitting comfortably alongside papers
presented by professional maritime archaeologists were
papersandreports prepared and presented by enthusiastic
and dedicated, but unpaid, members of the public. Call
them ‘amateurs’ if you must, but their work is far from
being amateurish.

Alongwith severalwreck survey reportsfrom NSWand
Victoria were papers on such topics as the recognition
of early steam engines from their underwater remains,
observations on the disintegration of iron ships (Riley,
1988) and ‘How the steam engine works’ (Hewitt, 1988).
The late Terry Arnott’s paper on the steamer City of
Launceston (1865) dealt not only with the usual history
of the ship and its subsequent wreck, but also more
importantly, documents the years of effort that wentinto
the establishment of world class shipwreck legislation
here in Victoria.

Twenty years later in 2006: what progress have we

made in Victoria?

To obtain some idea of our progress we need a sense
of where we were back then in 1985. To that end Mark
Staniforth’s paper ‘The Victorian iron and steamship
resource’ appearing in the proceedings of the 1985
seminar provides a good starting point to work from
(Staniforth, 1988). The paper puts the number of
steamship wrecks known (at the time) to have occurred
in Victoria at 114 and observes that 38 of them had
been located by recreational divers. Six had been
inspected by maritime archaeologists and of those,
three had been protected by legislation. They were the
City of Launceston, Clonmel (1841) and the Monumental
City (1853).

Staniforth’s paper went on to present a set of
priorities for the investigation of the wrecks based on,
among other things, the projected ‘intactness’ of the
archaeological deposit they contained, the perceived
threat of looting by recreational divers and the age
of the shipwreck. Old, intact sites in locations easily
discovered and accessed by recreational divers were
seen to be at greater risk and therefore deserving of
high priority for study. An interesting observation is
thatsitesin deep water, such as the Kanowna (1929) and
Queensland (1876), while potentially highly significant,
were placed well down the list of priorities because
of their inaccessibility at the time. Staniforth’s paper
also flagged a move away from individual site-specific
studies to the study of shipwrecks in thematic groups.
Further, in his closing paragraphs he emphasised the
importance of the use of education and legislation

13
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Corrosion scientists at work on SS Xantho in 1985
(M. McCarthy).

Figure 3.

as tools to improve the preservation of maritime
archaeological sites.

Numbers of protected wrecks
Based on an overview of our data over these last two
decadesitis evident that the number of steamers we have
listed has surprisingly dropped by ten. This is probably as
aresult of historical research revealing that ships we had
previouslybelieved wrecked, had in factbeen re-floated or
wrecked outside Victoria. Happily the number of wrecks
actually located and inspected has grown substantially.
The introduction of the ‘75-year rolling date’ in both the
State and the Commonwealth legislation now means that
all butafew of the State’s steamship wrecks are protected.
As one example, ten of the unlocated wrecks referred
to by Staniforth have now been located and inspected.
Among those are the early steamer Thistle (1859) at
Port Albert and the wreck of the Kanowna found by the
Southern Ocean Exploration group in about 80 metres
of water off Wilsons Promontory. Clearly the rise in
popularity of technical diving will have an impact on the
future management of Victoria’s deep wrecks. We have
also provided legislative protection to the Coramba (1934)
shipwreck based onits significance to the living relatives of
those who perished on the wreck. The minesweeper HMAS
Goorangai (1940) has been protected for similar social
reasons. Despite its lack of archaeologically significant
remains, the wreck is a focus for an annual memorial
service for those who lost their lives in the wreck.

Education

Since 1985 Victoria has had an ongoing program of
public outreach. Initiallyaimed atrecreational diving and
other community-based groups the focus was later shifted
to concentrate on upper primary and lower secondary
school children. The effect of the education has been
an increasing awareness amongst recreational divers and
the community generally, of the value of, and need to
protect maritime heritage. More recently our education
efforts have concentrated on delivering as many AIMA/
NAS training courses as possible. Some of those who
have completed AIMA/NAS training now contribute by
providing specialist lectures for the program.

Figure 4. Side scan sonar image of the City of Launceston
(Reproduced courtesy Heritage Victoria).
Enforcement

Heritage Victoria has maintained and developed an
active enforcement program for both the State and
Commonwealth shipwreck legislation. This is now
overseen by afull-time enforcementexpert. The Victorian
community in recent years has contributed by being the
enforcement ‘eyes and ears’ for historic shipwrecks.

Thematic Studies

As Mark Staniforth predicted, research along thematic
lines has become established and is increasing. Heritage
Victoria recently began a thematic study of Maritime
Infrastructure around the Victorian coast, for example.
A thematic history of the site types has been completed
and a program of site listing and documentation has
begun. Another example can be drawn from the wreck
of HMVS Cerberus scuttled at Black Rock in 1926 (Tulley,
this volume). The Cerberus, along with a fleet of six
J-Class submarines and three torpedo boats (which are
wrecked in our waters) formed the backbone of Victoria’s
colonial navy up until Federation (McCarthy; Cahill, this
volume). While the Cerberus itself can be considered to
be highly significant, examining it as part of a theme of
the defence of Port Phillip Bay brings into play the other
Victorian naval vessels and allows links to be drawn to the
defensive structuresin and around Port Phillip Head. For
example the forts on Point Nepean and Point Lonsdale,
the South Channel Fort, Popes Eye annulus and Caisson
‘M’ to name a few.

National Heritage List nomination for Cerberus

In December 2005 HMVS Cerberus was included on the
National Heritage List, the first shipwreck to have been
added. The addition of the Cerberus to the list is due in
large part to the efforts of the community group Friends
of Cerberusin preparing the nomination and fostering, in
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conjunction with Heritage Victoria, the production of the
Conservation Management Plan for the site.

City of Launceston and general corrosion studies
The discovery of the City of Launceston, played a pivotal
partin the introduction of legislation to protect historic
shipwrecksin Victoria. Because of the intactness of the hull
and the archaeological deposit it holds, it has long been
considered the ‘jewelin the crown’ of the State’s maritime
heritage and is now locked away within a Protected Zone.
During the late 1990s the Victorian Heritage Council
allocated the unprecedented amountof $180 000 to astudy
designed to gather more information on the nature and
potential of the archaeological deposit and to determine
the feasibility of safely opening up the site to access by the
public. Investigations were completed in 2002 and Ross
Anderson is currently working toward the publication of
the results of the work in an AIMA Special Publication.
During the lastfew months we have taken our first tentative
steps towards opening the site to the diving public by
conducting a trial access program, the design of which
has been developed in consultation with recreational
divers. Volunteers from the MAAV have provided logistical
supportand acted as on-site interpreters for the duration
of the 3-month program (Philippou, this volume). Also
worthy of mention is a project recently begun by the
MAAV in cooperation with Heritage Victoria and Dr Ian
MacLeod of the Western Australian Museum in which
the corrosion environments at several sites around Port
Phillip Bay will be recorded with a view to generating a
corrosion map of the Bay. The project has the potential
to provide a tool for predicting corrosion rates in the
variety of environments which exist in the Bay.

Conclusion

There are many otherwreck discoveries, research projects,
legislative changes and the like which in the last 20 years
have contributed to the understanding and protection
of Victoria’s maritime heritage. While it is not possible
to discuss them all, one more factor is arguably the most
important, forming a thread thatruns right back through
the last 20 years of maritime archaeology in Victoria to a
point of origin at the Xantho expedition. That factor of
course is acceptance and involvement of the community
in maritime archaeology at whatever level is achievable.
Every one of the achievements I have listed has depended
at some level on involvement of unpaid community
members.

Over the years there has been an unwritten
policy in Victoria of fostering community endeavour,
acknowledging community contributions and providing
opportunities for training and involvement of community
members (for example through the AIMA/NAS Courses).
In return for this relatively small contribution Victoria’s
heritage has benefited hugely. Many thousands of hours
have been contributed free of charge by dedicated, expert
and enthusiastic members of the Victorian community.
This contribution has underpinned all that has been

achieved in Victorian maritime heritage in the last 20
years.

And to bring me back to our starting point, it is my
view that importance placed on the participation of
volunteers in Victorian maritime archaeology programs
stems largely from the experience of the 1985 Xantho
fieldwork and seminars—after all, all three managers of
the Victorian maritime program in the last 20 years were
participants. The challenge for us in the future will be to
continue to engage and develop the involvement of the
community in as many and varied ways possible so that
eventually, knowledge of the value of and need to protect
our cultural heritage will be widespread.
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Iron, steel and steam shipwrecks, divers and the NSW Experience

Kieran Hosty

Figure 1.

Standard dress diving team from the Chilean
naval vessel General Baquedano in Sydney, 1931.
Photographer unknown (Australian National
Maritime Museum Collection).

Up until the early 1950s interaction with iron, steel
and steam shipwreck sites off the New South Wales
coast was restricted to the very small number of people
who had visited those sites using the cumbersome and
highly specialised ‘standard dress’ diving equipment
for the purposes of commercial salvage. However, the
1943 French invention of the self-contained underwater
breathing apparatus which came to be known as SCUBA or
‘Aqualung’ would, in the postwar period, make shipwreck
diving more accessible than it ever had been before.

In Australia patented, French made, SCUBA
equipmentwas expensive and very hard to come by, and a
number of Sydneyrecreational skindivers and spearfishers
began to manufacture their own SCUBA equipmentusing
industrial oxygen cylinders and commercially available
components. By the end of 1952 eight or nine of these
‘St Leonard’s Diving Lungs’, named after the Sydney
suburb where they were manufactured, were being lent
out to various experienced skindivers who eventually
formed into two SCUBA diving clubs, the Underwater
Explorers Club (established in April 1953 and reported
to be Australia’s first diving club ) and the Underwater
Research Group (Byron, n.d.: 201-3).

In 1953 Victorian Ted Eldred invented the world’s
first single-hose regulator. It was cheaper to manufacture
and easier to use than the French twin-hose regulator,
and made SCUBA equipment more accessible to the
Australian public. In 1954 Eldred’s equipment, sold under
the name Porpoise, was being sold in specialist sport shops
in both Melbourne and Sydney. Within a few years tens
and later hundreds, of SCUBA sets were being sold as dive

Sydney diver Bob Lynch wearing a Wally Gibbon’s
made twin hose regulator at Clovelly Baths, New
South Wales, 1955 (Wally Gibbons/Bob Lynch,
Australian National Maritime Museum Collection).

Figure 2.

shops opened, clubs and training organisations formed.
Books and magazines, such as Australian Skin Diving
and Spearfishing Monthly, were published to cater for the
growing number of recreational skin and scuba divers.

As the sport developed New South Wales divers
developed a fascination with the wooden, iron, steel and
steam shipwrecks that dotted the coast. Dive clubs such
as the Underwater Explorer’s Club and the Underwater
Research Group actively began researching and surveying
foriconic shipwrecks such as the Dunbar (1857), Catherine
Adamson (1857), Lord Ashley (1877) and the SS Currajong
(1910).

Early visitors to these sites—the Dunbarwas located in
June 1955 by members of the Underwater Explorers Club
and Underwater Skindiversand Fisherman’s Association—
pleaded for the sites to be respected and if material was
recovered for that material to be handed over to one of
the State Museums (Australian Skin Diving and Spearfishing
Monthly, June 1955 ).

Despite these appeals it was soon being reported in
the various diving magazines that a growing number
of recreational divers, mistakenly believing that taking
artefacts from the sea would preserve them for posterity,
had begun to remove significant quantities of material
from the newlyfound wrecks (Cropp, 1969: 69-78; Jeffreys
1999: 106-107).

This initial SCUBA divers’ onslaught on the shallower
water sites was well before the introduction of historic
shipwrecklegislation. The main piece of legislation which
restricted the divers’ actions was the Commonwealth of
Australia’s Navigation Act (1912) which required all finders
of shipwreck material to report the material to the Receiver
of Wreck at the then Department of Transport. The Act
authorised the Receiver to hold the material for a year
and a day, and if not claimed, sell it and pay the proceeds
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wd -
Well-known Sydney diver Kathy Trout with salvaged
coins from the wreck of the Dunbar, Photographer
unknown, Fathom-Skindiving in Australia, 1971
(Australian National Maritime Museum Collection).

Figure 3.

into consolidated revenue after deducting expenses and
providing a payment to the finder. In reality, however, the
Receiver tended to record the finding of the material but
let it remain with the diver(s) that found it.

With the increasing availability of SCUBA equipment
in Australia, the arrival of the big brands such as US
Divers, Spirotechnique and Scubapro, the growth in dive
shops and scuba schools, and the rise of large dive
training institutions in Australia over the next twenty
years, diving on shipwrecks became even more popular
and the shipwreck resource along the Australian coast
suffered as a consequence. Sydney, for example, had a
number of specialised dive shops in 1971 including Pro
Dive Services of Maroubra, Ron Harding’s Sport Centre,
St. George Underwater Centre, Ascuba Dive at Bondi
Junction, Hydronaut, Clovelly Dive Shop and Mick Smith’s
sport shop (Byron, n.d.: 13-40).

Shipwrecks were airlifted and dredged, and blasted
by explosives to crack open concretions or break free
the site’s anchors and cannons in order to ‘rescue’ them.

A well-known Sydney diver John Gillies, known as
‘The Little King’ in diving circles, admitted to using large
quantities of explosives on shipwrecks in an article in the
Good Weekend 15—-16 January 1994.

...in those days, nobody gave a though about preserving
things, I suppose it was a bit silly...I'm still ashamed of
some things I've done with [explosives] on wrecks, but not
as ashamed as a lot of others should be.

As another fellow wreck diver, Alan McLennan, putitin the
same article ‘you’d visita dive instructor’shome and there’d
be major artefacts like ship’s cannons on display...it was like

the attitude to drink driving: one minute everyone did it,
the next it was a serious no-no.

Another well-known Sydney diver Ben Cropp also
reported using explosives on shipwrecks off the New
South Wales coast in his biography Blood on the Water,
Coleman, 2006: 118-119).

Our technique was effective, but uncomplicated. We would
buy gelignite and head out to a wreck in my tinnie. I'd dive
down and place the charges, swim back to the boatand...set
them off. I'd bring up the pieces of metal and at the end of
the day we would take a trailer load to the wreckers...Over
the years [the coins] had fused together in a conglomerate
of rock and [we] had to use gelignite to separate them. It
was well worth it. I could sell one gold sovereign for the
equivalent of one week’s wages...

In hindsight the actions of these early divers appear at
best to be short sighted and at worst acts of irresponsible
underwater vandalism. But we have to consider these
actions in the light of the fact that what they were doing
wasnotonlyacceptable atthe time butwas condoned and
in some cases encouraged by the Authorities. From the
1950s to the mid 1970s there were no restrictions, other
than the Navigation Act (and the nascent Museums Act
in Western Australia), on such underwater salvage. The
shipwrecks of Australia, including those in and around
Sydney Harbour, were sources of adventure and even
income for some recreational divers.

Many of these early divers declared their collections of
recovered artefacts to the Commonwealth Government’s
Receiver of Wreck, as they were legally obliged to do.
Many also believed that they were doing the right thing
as neither the state nor national governments appeared
to be interested in the protection, preservation and
interpretation of underwater cultural heritage—as it
would later become to be known.

This attitude is well summed up in an article that
appeared in the Australian diving and spear fishing
magazine Fathom. The article mentioned the need to
report all material found on shipwrecks to the Receiver
of Wreck, and criticised the government for not doing
enough to protect and control salvage activities on such
important sites.

It’s a pity the NSW Government hasn’t offered excavation
grants to uncover more of the wrecks [Dunbar]. If they
had realised the potential value of this wreck possessed as
a maritime museum, something could have been done to
preserve an exciting link with the past. Asitis, amateurs have
taken all thatis valuable and interesting... (Lines, 1971:17).

Although some divers considered shipwrecks and
anything found on them to be their own personal property,
from the mid 1960s onwards there was a growing number
of diverswho tookamore conservation-minded approach.

In some states, such as Western Australia, it was these
divers—people such as Jim Henderson, Hugh Edwards,
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Phillip Playford, John Cowen and Graeme Henderson,
who pressured the state government to enact legislation,
as early as 1964 in Western Australia’s case, to protect
shipwrecks lying off the coast. In the New South Wales
case—divers such as Wally Gibbons, Del Fielding, Ian
Frost, Mel Saunders and Allan Powers attempted to protect
sites such as SS Birchgrove Park (1956) from looting by
keeping the location secret from other divers (Byron,
n.d.: 112-113).

As concerns grew about the ongoing destruction
of New South Wales wreck sites, some were inspired
by similar diver associations in Western Australia (the
Maritime Archaeological Association of Western Australia
was established in October, 1974) and South Australia
(the Society for Underwater Historical Research was
established in August, 1974). As a result the Maritime
Archaeology Association of New South Wales (MAANSW)
was formed by historians (the inaugural president was
Dr John Bach) and recreational divers—including Jon
Jacobs, John Riley, Mike Lorimer, Phil Bowman and David
Trent—in May 1978 following a weekend of lectures in
Sydney. These were conducted by staff of the Western
Australian Maritime Museum.

Upon formation, the Association prepared a
submission to the State Premier to have the Historic
Shipwrecks Act enacted in New South Wales. It was
proclaimed in 1979—but the development of a maritime
archaeology program and the employment of a State
Maritime Archaeologist had to wait until 1991 to come to
fruition (Australian Sports Publication, 1977; Henderson,
1986: 160-163).

In the absence of governmentinitiative the Association
began to record shipwrecks off the coast of New South
Wales in an effort to increase public and government
awareness of the need to protect shipwrecks from
underwater souvenir hunters.

One of the very first shipwrecks investigated by the
MAANSW was the PS Ballina (1879) followed quickly by
inspections on the Dunbar and deeper water iron, steel
and steam shipwrecks such as the Royal Shepherd (1890)
and Cawarra (1866).

The 299-ton wooden, paddle steamer Ballina had
been lost at the mouth of the Hastings River at Port
Macquarie in 1879.In June 1978 changing water currents
and dredging activities exposed about two thirds of the
wreck. It was then found by divers employed by the New
South Wales Department of Public Works who reported
that sections of the hull, paddle wheels and engines still
survived. The recently formed Maritime Archaeological
Association of NSW immediately started a campaign to
get the Commonwealth Historic Shipwrecks Act (1976)
declared in NSW. Using the discovery of PS Ballina and
the reports of extensive looting on the site, on 12 April
1979 the Act was declared in New South Wales and the
wreck declared historic. As the newly exposed site was seen
as being under threat the Association was given approval
by the Commonwealth Minister to carry out a survey of
the wreck (Bowman,1988: 13-37).
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Otherwrecksurveysfollowed including the assessment
ofthe SS Royal Shepherdwhich was lostfollowing a collision
with the collier Hesketh (1889) just south of South Head
at the entrance to Sydney Harbour. It was during the
survey work on this site that well-known Sydney technical
diver, gifted amateur marine archaeologist and iron and
steel shipwreck specialist John Riley started to formulate
his Isometric Recording Method of High Profile Sites and his
Waterline Theory of Iron Ship Disintegration (Lorimer, 1988:
Riley, 1988).

The ‘Waterline Theory’, one of the first analytical
theories on deep-water shipwreck archaeology, proposed
that iron and steel shipwrecks break up in a regular
pattern depending upon depth of water and the nature
of the seafloor, with the keel sitting upright, the bow and
stern mainly intact along with the boiler and engine and
the sides and deck of the vessel collapsed with the sides
crumbling to near sand level. The lower hull under the
sand tends to remain reasonably stable with a gradual
degradation of the iron fabric and sinks into the sand
to about the level to which it would float on the surface
of the water.

According to Henderson (1986: 161) shortlyafter these
surveyswere completed the Association began to fragment
and several smaller regional groups developed including
the Underwater Archaeological Research Group, the
Hastings Valley Maritime Archaeological Association
(1980) and the Maritime Archaeological Society of New
South Wales (1983).

In 1983, the Underwater Archaeological Research
Group, assisted by the Museum of Applied Arts and
Science and directed by archaeologist Michael Lorimer,
commenced an excavation of the stern section of the
199 ton iron screw steamer John Penn, wrecked south of
Bateman’s Bay in 1879, uncovering the engine room for
detailed recording.

The Maritime Archaeological Society of New
South Wales, led by Phil Bowman and Mike Richards,
continued the work on PS Ballina (although the work
was restricted by the NSW Division of Inspection Services
and the Professional Divers Association who wanted only
professional or commercial divers to work underwater).
Along with John Riley they also conducted a number
of new site surveys on the iron paddle steamer Mimosa
which was wrecked off Newcastle in 1863 and the paddle
steamer Commodore,wreckedin 1931 (Bowman, 1988:136;
Henderson, 1986: 162).

Although all four maritime archaeological societies
and associations in New South Wales are now defunct
they were the first to specialise in the archaeological
examination of iron and steel shipwrecks. They were also
the first to examine the contributing factors associated
with the preservation and conservation of deepwater
wrecks and their efforts eventually led to the declaration
of the Historic Shipwrecks Act in New South Wales and
the protection of a number of significant iron and steel
shipwrecks (Souter, 2006: 174; Riley, 1988c: 139).

Members of the various New South Wales Associations,
such as John Riley and later Dr Mark Spencer, have gone
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on to be recognised as leaders in the field of technical,
deepwater diving, carrying out marine archaeological
research projects in Victoria, the SS City of Launceston,
(1865); Western Australia, the SS Xantho (1872); Tasmania,
the SS Tasman (1883); New South Wales, the SS Myola
(1919), SS Catterthun (1895), et al.); and in Turkey, the
WWI submarine AE2 (Nash, 2007: 180).

The commencement in 1988 of a successful and
progressive maritime archaeology program in New South
Wales (based out of originally the Department of Planning
and later the New South Wales Heritage Office) plus the
impact of New South Wales Occupational Health and
Safety requirements regarding occupational diving, saw
the role of the amateur maritime archaeologist enter a
period of hiatus despite the efforts of the NSW Heritage
Office in encouraging public access to shipwreck sites
through activities such as the 1994 Wreck Survey Program
(Byron, n.d.: 259).

However in the mid 1990s this hiatus ended with the
introduction of both open circuit mixed gas diving systems
(helium, oxygen, nitrogen combinations commonly
referred to as Trimix) and closed circuit rebreather units
(CCRs) diving equipment into the recreational diving
market. Allied was the teaching of technical diving at
a number of Sydney dive stores (the first rebreather
course in Australia was taught in Sydney in1995) and the
formation of several deep water technical diving groups
in New South Wales and later Queensland, Victoria and
Western Australia.

According to Smith (2006: 15) local deepwater
shipwreck sites such as the PS Koputai (1920) in 76 metres
ofwater off Sydney Heads quickly became a popular Trimix
training and certification wreck and New South Wales in
2006 had the largest concentration of trained technical
and deepwater trimix divers—comprising about 25% of
all Australian Trimix divers and almost 50% of all CCR’s.

Just as in 1953-54 with the introduction of the ‘St
Leonard’s Lung’ and Eldred’s ‘Porpoise’ SCUBA diving
equipment the introduction of technical diving and
mixed gas diving into the recreational diving market has
created a new era of wreck exploration along the New
South Wales coast. Deep water wrecks i.e. those deeper
than 50 metres (technical divers have now accessed sites
deeper than 120 metres off the New South Wales and
Queensland coasts) and traditionally considered beyond
the safe limits of scuba diving on air, were now within
the range of the mixed gas technical diver, potentially
opening up a whole new era of exploration, discovery
and possible exploitation and illegal salvage.

However, unlike the 1950s,60sand 70s, the development
of technical diving has occurred almost 20 years after the
introduction of the Commonwealth Historic Shipwrecks
Act. Marine archaeological programs and underwater
cultural heritage units have now been established in all
states of Australia, successful archaeological surveys and
excavations have been conducted, popular museum
exhibitions and displays have been developed and toured
and extensive education programs have been run at
dive shops, dive clubs, schools and universities. The

Australasian Institute for Maritime Archaeology was also
established, amnesties have been conducted to legalise
private collections and prosecutions for illegal removal
of material from wrecks have occurred. And although
the illegal removal of material from shipwreck sites still
occurs, itisnolonger partof the recreational scuba diving
culture with removal of such material commonly frowned
upon by the diving and general public alike.

This new age of wreck diving has seen the creation
of a number of pro-shipwreck conservation and pro-
heritage technical diving groups, who are actively
researching, locating, surveying, photographing and
assessing shipwrecks in Queensland, Victoria, Tasmania,
Western Australia and New South Wales. They then pass
on their information to the relevant State Authorities
who are restricted by Occupational Health and Safety
considerations and adequate training and equipment
from diving to those depths. Sometimes, as in the case
of John Riley and Mark Spencer’s survey work on the SS
Tasman in 1999, the work may be subsidised by the state
management agency but usually the work is gratis (Nash,
2007: 17-79).

In New South Wales the most well known technical
diving group is called the Sydney Project which was
established in May 2002 by a small group of highly
trained and motivated technical divers, including Dr
Mark Spencer, Dave Apperley, Richard Taylor and Samir
Alhafith, with the common goals of exploring, discovering,
documenting, and preserving shipwrecksin aresponsible
manner. They also have the aim of educating both divers
and the wider community about the history, significance
and potential of underwater cultural heritage.

Over the next year, the Sydney Project established its
aims, direction and policy for its future diving activities.
Training and certification levels were established, safety
procedures, risk management assessments and public
liability issues were resolved and an intensive period
of training was instigated with the group carrying out
multiple dives on the PS Koputia in 76 metres of water
before commencing their first 120m dive on a site known
as ‘The Peak’, a sea mount eight kilometres offshore
from Botany Bay.

After several setbacks the Sydney Project, in full
cooperation with the Heritage Office (now the Heritage
Office, Department of Planning) commenced a series
of deepwater shipwreck inspections off the coast of New
South Wales.

These site surveys included the PS Koputaiin 2003; SS
Cumberland (1917) in December 2003; the Liberty Ship
SS William Dawes (1942) in October 2004; The SS Bega
(1908) in October 2004; the Iron Knight (1943) in June
2006; a general wreck mapping project in August 2008
and, the Robert. |. Walker (1944) also in August 2008.

According to Smith (2006: 20) the first opportunity
for the Heritage Office to work in partnership with the
team of divers from the Sydney Project was the Project’s
assessment of an unidentified 144-m long target located
in between 92 and 97 metres of water off Greencape,
near Eden, on the far south coast of New South Wales.
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Figure 4.

Waiting for the ‘go’ to dive—Mark Spencer ready
to jump into the water on the SS Cumberland, 2004
(Mark Spencer, the Sydney Project).

Historical information suggested the site could be that
of SS Cumberland which struck a German mine off the
Victorian coast in 1917 before being beached at Gabo
Island for repairs. The vessel was being towed back to
Eden when it struck heavy seas and was lost.

As the vessel lay well beyond recreational and
commercial air diving the Heritage Office could not
directly contribute to the identification of the vessel.
However, by providing locational information to the
Sydney Project, the site was successfully dived in November
2003. Using both open circuit and CCR’s the bow and
midship section of the wrecksite was documented and
the site positively identified by the finding of copper
ingots and some of the letters from the name Cumberland
on the bow of the ship (Samir Alhafith, <http: //www.
sydneyproject.com>.

Following on from the success of the SS Cumberland
expedition the Heritage Office and the Sydney Project
again teamed up in September 2004 in a project to assess
and hopefully identify two unidentified fishing ‘hook
ups’ off Tathra. The sites were dived in October 2004
and were both positively identified as being the remains
of the SS Bega in 76 metres of water and the World War
Two Liberty Ship William Dawes in 135 metres.

The 567-ton, iron screw steamer Bega was wrecked on
the 5 April 1908 on a voyage from Tathra to Sydney when
it capsized off Tanja Beach between Tathra and Bermagui
with the loss of one life.

The 7176-ton steel screw steamer, William Dawes was
on wartime convoy duty on the New South Wales coast
when itwas torpedoed by Japanese I Class submarine /-11
on 22 July 1942 near Tathra Head. At the time, the dive
to more than 130 metres was the deepest technical dive
off the coast of New South Wales.

Although the SS Begawas already protected under the
Historic Shipwrecks Act 1976 the Heritage Office thought
it prudent, given that the site had now been found, was
obviouslywithin the capability of advanced technical divers
and had the possibility of containing precious metals,
that additional protection be given to the SS Bega site in
the form of a Protected Zone around the wreck. As the
William Dawes was not 75 years old the Heritage Office
requested the Commonwealth that that wreck also be
declared a Historic Wreck under the act.

The declaration of these two wrecks, in particular the
provision of a Protected Zone around the Bega, created a
greatdeal of discussion between the Commonwealth, the
Heritage Office and WorkCover NSW, regarding public
liability issues. Smith in his paper Deep Wreck Technical
Diving: The New Management Frontier (2006: 1-10) provides
adetailed analysis of these discussions and the innovative
response to the liability issues.

Since 2004 the Sydney Project has provided the
backbone to a number of deepwater archaeological
expeditions providing an essential service to
governmentagencies thatare restricted by occupational
health and safety legislation, budgetary constraints,
training and equipment. These other projectsinclude
the survey, identification and assessment of the SS Wear
(1943) in 120 metres of water 15 kilometres offshore
from Narooma, New South Wales in December 2005;
the survey and assessment of a large iron steamer,
possibly the SS Iron Knight, in 12-30 metres of water
off Bermagui in June 2006 (Sydney Morning Herald,
June 3, 2006); and, an ongoing assessment of the
SS Keilawarra (1886) in 74 metres of water near the
Solitary Islands. Individually, members such as Mark
Spencer, Richard Taylor and Paul Garske have also
been directly involved in the archaeological survey
and assessment of other deepwater shipwreck sites
including the AE2 in Turkey.

Conclusion

Maritime archaeology and underwater cultural heritage
management has entered a new period of iron, steel
and steam deep water wreck exploration and discovery.
Fostered correctly the skills and abilities of recreational
technical divers can provide management agencies
with concise, detailed and accurate information on
deepwater shipwreck sites in much the same way that
the divers of the maritime archaeological associations
did in the past and in some states, notably, Western
Australia, Victoria and South Australia, continue to do.
The opportunityis there, butlike all opportunities there
has to be willingness on all sides for the partnership
to succeed.
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PAPERS 4, 5 & 6

The Sydney Project Team and SS
Cumberland, Liberty Ship William Dawes

and the Bega
Samir Alhafith

Abstract

the SydneyProject Team aims to extend the boundaries of
diving exploration in Sydney and surrounding areas. The
members educate and encourage divers to develop skills
and abilityin aframework of environmental preservation
and work alongside governmental and scientific bodies.
The presentation provided an overview of the Sydney
Project Team’s extensive work in site recording and
documenting the underwater SS Cumberland, William
Dawes and the Bega.

Editor’s note:

Tragicallyas these paperswere going to press the co-editors
learned of the tragic death of Sven Paepke, one of the
Sydney Project Team divers, on awreck believed to be that
of the Iron Knight (1943) lying in more than 120 meters
of water off the coast of Bermagui, New South Wales.

Birchgrove Park, Catterthun and

deepwater shipwreck documentation
Mark Spencer

Abstract

The last real shipwreck to occur in the Sydney area was
the SS Birchgrove Park on 2 August 1956. The ship was lost
off the far northern beaches in a terrible storm while on
a regular trip from Newcastle to Sydney. Mark Spencer
has carried out an extensive and beautiful photographic
survey of the Birchgrove Parkalong with the pre-Federation
steamer Catterthun which foundered near Seal Rocks off
Fosterin 1895 as partof an ongoinginterestinto deepwater
shipwreck documentation.

A method of determining the
percentage of deterioration in iron and

steel shipwrecks
John Riley

Abstract

In pioneering diving inspections off the Australian coast
during the 1970s the author showed that the majority
of iron vessels that settled upright on their keels in soft
sand or sediment would in most cases bury up to their
waterline in the sedimentbefore undergoing a progressive
disintegration of their hulls. This work and research
is now described as the ‘waterline theory’ of iron ship
disintegration. In this presentation the author further
developed the ‘waterline theory’ to provide a method of
determining the rate of disintegration of iron and steel
shipwrecks by using archival drawings and photographs
and comparing them with shipwreck survey information.
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PAPER 7

The Fremantle Deepwater Graveyard
Jeremy Green

Abstract

The Deepwater Graveyard has been the subject of an
intensive survey by a wide variety of organizations. The
project started with a study, by the Museum, of the vessels
and material that was known from historical sources to
have been dumped in the Graveyard. From time to time
peoplewho fished in the Graveyard reported sonar targets.
In 2001, as part of a documentary project in conjunction
with the Museum, Prospero Productions, a local Western
Australian film company, contracted UTS Geophysics,
a Western Australian survey company to carry out an
airborne magnetometer survey of the Graveyard to see
if wreck sites could be detected. The survey revealed a
number of large magnetic anomalies and side scan sonar
provided some further information. Then a group of
technical divers was recruited to examine the targets.
Gradually the siteswere photographed and some sites were
identified. A local company, Sub Aqua Eco Adventures
were contacted and the director, Mike Caplehorn, who
owned a two-person submersible also became involved.
Using high definition video camera more information
was obtained. Additionally, Caplehorn financed afurther
aerial survey that located two more sites. Others involved
include Recfishwest in conjunction with the Department
of Fisheries, who in their fish aggregation studies have
located afurther threessites. GeoScience Australia, as part
of their Southern Surveyor study of the Perth Canyon,
located one new site. Currently the Hydrographic Office
of the RAN and Fugro Surveys are conducting multi beam
sonar surveys of the general area.

Introduction

The Deepwater Graveyard was established by the Port
of Fremantle at the beginning of the 20th century as
a dumping ground for vessels that were of no further
commercial use. The Graveyard was located off the
western end of Rottnest Island in waters between 80 m
and 120 m depth (Figure 1). Over the years, lighters,
hulks, barges and other vessels were dumped in the
Graveyard. At the end of the Second World War, military
equipment, particularlyitems belonging to the Lend-Lease
programme were dumped in the Graveyard. Equipment
included a Dutch submarine (KX7), Wellman-type midget
submarines, Catalina flying boats, vehicles and large
quantities of ammunition. From the 1950s, working vessels
thatwere nolonger economic torepair were also dumped
in the Graveyard. This paper reviews the exploration
of the Deepwater Graveyard and examines the various
techniques that have been used to locate these sites.

Ship graveyards
Richards (2005) reviewed the processes and mechanisms
relating to the abandonment of vessels in Australia. He

Aspa Xo. T—Fon FREMANTLE.

Within a cireular nrea 7 miles in dismeter with centre in Iatituds 52° ¢' B,
longitude 115* 20° E, with Notinest Island Lighthouse bearing 68° distant
11 miles.

Figure 1. The Rottnest Island Graveyard (Plunkett, 2003).

noted that abandoned vessels were first studied from an
archaeological perspective by M. McCarthy, who looked
at the shallow water abandoned vessels belonging to the
early stage of European settlement in Western Australia.
Because of a lack of a good safe-water anchorage in
Fremantle, a number of ships were wrecked along the
metropolitan coastline in the early phase of settlement.
During this phase, vessels were unloaded at anchor and
cargo lightered to the shore. A jetty, the South Jetty, was
built to facilitate lightering and was later extended to
allowlimited berthingfacilities for ships to unload directly
onto the wharf. In the late 19th century a new jetty—the
Long Jetty—about 1 km long was constructed. However,
this was never an ideal solution, as it was exposed to both
the south-westerly and north-westerly storms, making
it an uncomfortable and at times a dangerous place to
berth. Captains complained of the poor conditions at
Fremantle and during the period from settlement to the
construction of the Fremantle Inner Harbour, a number
of losses occurred. At the beginning of the 19th century
the bar across the Swan River was removed and a safe
harbour inside the mouth of the river was established.
This considerably improved the facilities at the port of
Fremantle, and the development of the railway in the late
19th century changed the method of transportation of
goods from the port to the city of Perth—some 20 km
up river—and onward to the hinterland.

With these extensive portrelated activities there was
a need for lighters, tugs, cranes, dredges and with the
advent of steam: coal hulks. All these vessels, when they
came to the end of their active life, had to be disposed
of. In the very early period of settlement vessels were
abandoned in a seemingly haphazard way on the beaches
south of Fremantle e.g. Jervoise Bay and in Careening
Bay, Garden Island. In the Beaches, Fishing Grounds and Sea
Routes Protection Act 1932 areas where it was permitted to
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dump were described. For Perth, Area 7: Within a circular
area 7 miles in diameter with centre in latitude 32 deg 4
min S, longitude 115 deg 20 min E, with Rottnest Island
Lighthouse bearing 68 deg distant 11 mileswas designated.

In the early 1980s, McCarthystarted to develop a list of
sites thatwere places people who were line-fishingin deep
water off Rottnest thoughtwere wrecksites. These reports
were sites in the Graveyard area where fish aggregated
and there were indications of shipwrecks or substantial
reefs. In addition information was collected from records
relating to the scuttling events, including the late Richard
McKenna’s comprehensive research notes on coal hulks
used at Fremantle and later abandoned in the Graveyard.
Subsequent to discussions between the Department and
Prospero Productions, Dena Garratt (1999) complied alist
of vessels known to have been dumped in the Graveyard.

The start of the survey

In December 2000, the Department of Maritime
Archaeology and Prospero Films started a joint venture
where Prospero would fund Departmental projects in
return for making a documentary film of the work. The
series was to be called the Shipwreck Detectives. One of
the projects discussed was the Deepwater Graveyard and
the suggestion was that through remote sensing some of
the sites known to have been scuttled in the Graveyard
might be located and subsequently filmed.

Early experiments with side scan sonar were not
particularly encouraging, partially because at the
operational depth of between 80m and 100m, the
reflected surface noise tended to mask the bottom
information particularly wind driven waves. The images
also showed a considerable amount of bottom detail,
with reefs and outcrops, that may or may not have been
wrecks.

At this point a local aerial geophysical company UTS
Geophysics were contracted by Prospero to carry out
a magnetometer survey of the Graveyard area and the
site where the HMAS Derwent was recently scuttled. This
survey was flown on 5 February 2001. The survey (UTS
2001) was extremely interesting, with ten clearly defined
magnetic targets in the Graveyard and one clear target
in the Derwent area. The results of the UTS survey of the
Derwentand Deep Water Graveyard sites showanoticeable
gradient across both search areas due to the natural
change the Earth’s magnetic field intensity. In addition,
a series of regular magnetic field intensity fluctuations
can be observed and these are attributed to the effect
of the swell. ‘Swell noise’ is caused by the movement of
a conductor body (the ocean salt water) through the
Earth’s magnetic field which produces eddy currents
(Faraday’s law). The magnetic component of the eddy
currents thus increases or decreases the magnetic field
intensity. It is not clear if this effect can be compensated
for, if it could, then there would be a considerable gain
in detection range.

In this case of the Derwentsite the aerial magnetometer
recorded a 14.787 nT anomaly over the site. The aircraft
flew at 25 m over water depth of 200 m. The Derwent was
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Multibeam image of HMAS Derwent (Hydrographic
Department, RAN).

Figure 2.

a Type 12 frigate of 2100 tonnes, 112.8 m long by 12.5 m
breadth. It was built in Williamstown, Victoria in the late
1950s and did not have the aluminium superstructure that
the later Type 12 vessels built in the early 1970s such as
HMAS Swan and HMAS Torrens. As a result the tonnage
represents a totally iron hull, there being ONLY about
1% aluminium, whereas the later Type 12 had about 20%
aluminium superstructure.
Using the Hall equation (Hall, 1966):

AM = £104 La
B D’
Where
AM = Size of the anomaly in nanoTesla
W = Mass in tonnes
D = Distance between recording point and centre of mass of
the object in metres

A
L_l = Length to breadth ratio of the object
or HMAS Derwent

B
W = 2100 tonnes
D=225m

A

|

AM = 16.6 nT calculated
So this largely confirms the application of the Hall

) =112.8/12.5=9.02

equation and in particular the application of the
ratio.

Diving operations

Following the identification of the magnetometer targets,
a team of technical divers (Peter Balalas, Craig Challen,
Luke Nelson, Craig James) started diving operations on
the targets using mixed gas diving equipment. The first
dive confirmed a wreck site which was located within
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Figure 3.  Aerial magnetometer targets in the Graveyard (UTS Geophysics).
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Figure 4. The Kos VIl in the Graveyard (P. Balalas).

minutes of the start of the dive. As the diving progressed,
still and video camera images were obtained on most of
the sites. These operations confirmed all ten sites were
iron wrecks, four of which have been identified.

Drop video camera work

Recfishwest in conjunction with the Department of
Fisheries have been investigating the Fish Aggregation
Devices that have been deployed around the Graveyard
area. In their studies of the fish habitat using a drop video
camera they have located three new sites outside the
magnetic survey area. These include Sites 11, 12 and 13.

Further magnetic work

Later, in August 2005, a local businessman, Mike
Caplehorn, who owns a two-person submersible joined
in the operations, and a high-definition video camerawas
mounted on the outside of the vessel to record the sites.
In addition, Caplehorn commissioned UTS Geophysics to
conduct a second magnetometer survey which included
the old survey area and a further area to the north and
east (UTS, 2005). It was hoped that the repeat of the
first survey would produce a better result and hopefully
resolve smaller targets. Unfortunately, the survey data
were of poor quality relative to the first survey. This may
have been due to bad weather conditions creating a large
amount of noise. Only two new sites were indicated, and
interestingly, the very small target (No. 10) located in the
first survey could not be seen. These were a small site,
No. 15 and a very large magnetic anomaly, larger than
anything encountered previously at the north end of the
site. This target, No. 16, was intriguing due to its size and
that it was at the very edge of the survey area.

Multi-beam sonar

In 2005 Geoscience Australia conducted a Survey of the
Perth Canyon using the oceanographic research vessel
Southern Surveyor. Part of the survey area included part
of the Deepwater Graveyard. Geoscience identified three
wrecksites from the multi-beam survey, the wreck of HMAS
Derwent in 200 m of water; Site 12, previously discovered
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by Recfishwest; and Site 14 a new site in about 80 m of
water. Sites were captured on multi-beam and side scan
sonar. In March to May 2006, naval hydrographic survey
vessel HMAS Melvillesurveyed the general graveyard area
between the 100m and 200 m depth contour with multi
beam and side-scan sonar. Results of this survey have yet
to be published. In addition Fugro surveyed a large area
around Rottnest in March 2006 with multi- beam and
side-scan sonar as part of the Marine Futures Project.

Conclusions

Thelevel of activityin and around the Rottnest Deepwater
Graveyard has resulted in the discovery of 16 wreck sites.
It is likely when the new information from the Marine
Futures Project and the HMAS Melville Hydrographic
Department becomes available, new sites will identified.
Currently five sites have been identified: HMAS Derwent;
Cape Otway; Kos VII; Norwhale and the Junee. A study of
the unidentified sites is underway to attempt to identify
which ships they are. The Deepwater Graveyard promises
to be an area of growing interest in the future as new
sites are identified.
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SS Queensland, a wreck to whet your appetite

Peter Taylor

Figure 1.

Abstract

The April 2005 location of the 7000-ton Kanownalost off
Wilsons Promontory in 1929 led to a concentration on
what was considered the next equally-important target,
the 2200-ton, SS Queensland. Built in 1875 as an ornately
fitted out luxury vessel SS Queensland was described in
the Melbourne Age, as being a ‘magnificent steamer’.
In the following year, while travelling from Melbourne
towards Sydney to take on coal, SS Queensland was sunk
in a collision with another ship 15 miles east of the tip of
Wilsons Promontory. This paper will examine both the
research conducted in order to understand and locate
the wreck and the search methods used in locating one
of Victoria’s best iron shipwrecks.

Background

DATABASE SUMMARY OF HISTORICAL DETAILS

SHIPNAME : QUEENSLAND

WHENBILT : 1875

DATELOST : 02AUG1876

HOWLOST : Collision—struck by SSBARRABOOL—
was badly holed and sank by the stem in
35-45 minutes.

LOCATION: 15-16 miles NE off Wilsons Promontory

SS Barrabool after striking the SS Queensland. Illustrated Sydney News (Author’s collection).

TECHNICAL DETAILS

RIG : Steamer screw

TONNAGE: 2263 tons gross

TONNAGE: 1897 tons under deck
1437 tons net

LENGTH : 325.30 feet

BREADTH: 36.70 feet

DEPTH : 25.00 feet

CONSTRUC : Iron steam

HULL: 6 bulkheads, cemented (1875), 2 decks,
75 1b. boiler, built under special survey

MASTS : 3

ENGINES: 2 cylinder inverted compound engines.
46 & 80 x 48.309 HP.

REGISTRATION

DETAILS

OFFNO : 3605

PORTREG : London, UK

REGNO : Unknown

FURTHER HISTORICAL

DETAILS AND INFO

WHEREBLT : Newcastle, England, UK

BUILDER: Palmers Co. Ltd
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OWNER : Eastern and Australian Line , Australian

Mail Steam Co. Ltd

MASTER : Capt. Robert Craig

CREW : Unknown

PASSENG : 9 (6 cabin, 3 steerage)

DEATHS : 1 life lost

VOYAGE : Melbourne to Sydney to China
CARGO : Ballast (to collect coal in NSW)
NOTES: SS Queenslandwas less than one year old

and had just made its second voyage to
Australia. A fast, well-appointed vessel
with beautiful lines, SS Queensland was
on the way to Foo Chow (Fuzhou)
to pick up its second cargo of tea
for the season. The vessel had been
intended as the Torres Strait islands
mail steamer but the tea shortage
had resulted in its voyage to China.
Capacity—44 first class passengers, 66
second and 600-700 ‘coolies’, as Chinese
indentured labourers were then known.
SS Queensland discharged its passengers
and cargo in Melbourne intending to
take on coal at Sydney. When the 924-
ton SS Barrabool struck it amidships,
SS Queensland sank in 45 minutes with
several crew members injured and one
life lost. T. Ainsworth, second mate
of the SS Barrabool was found guilty
of negligence and his certificate was
cancelled (Jordan, 1995).

The dive team: Southern Ocean Exploration (SOE)
Southern Ocean Exploration exists as a group of
friends who are like-minded in their attitudes towards
the preservation of Victoria’s, and Australia’s maritime
history. They are members of the Maritime Archaeology
Association of Victoria (MAAV), and have completed
AIMA/NAS training while also volunteering their time to
assist the Maritime Heritage Unit of Victoria on various
projects such as the City of Launceston, PS Clonmel, the
‘Wrecks on the Reef’ fieldwork along with other excavation
and mapping projects over the last 20 years. The SOE
group differs only from the MAAV in the pursuit of deep-
water wrecks and advanced Tri-mix and decompression
diving. There is no structure to the group; however they
all have their own specialties, whether that is with diving,
filming, computers, research or logistics.

The SS Queensland Project

This project began with the dream of finding new and un-
dived shipwrecks off the coast of Victoria, with those still
missing off Wilsons Promontory a priority. A number of
other diving groups that have poor attitudes towards new
sites were operating and interested in the same sites, and
had in the past stripped major maritime archaeological
finds off the Victorian coast. After the finding of the
2454-ton SS Gulf of Carpentaria, wrecked in 1885, near
Skull Rock off the Promontory, for example, it was quickly
stripped of items considered to be of value. Portholes and
crockery were removed without any attempt at recording
their context and although still a spectacular dive, it now

Figure 2. Author about to dive SS Queensland (Mark Ryan).

seems comparatively barren. As a result, it was realised
that in responsible wreck hunting, secrecy is a priority,
no mention was made to anyone besides those within
our small group.

New deep-water diving techniques are bringing
previously impossible diving depths to within the
capability of the diver with advanced training in deep-
water techniques. Tri-mix diving using open circuit, and
re-breathers using helium as part of the deep-diving gas
make diving to over 100 metres possible. Deep dives are
regularly taking place off the NSW coast and dives to
over 90 metres have taken place in the middle of one
of Victoria’s most notable stretches of water, ‘The Rip’
(Ahafith; Harvey; Green; Hosty; Spencer, this volume).

Research Phases

In planning for the SS Queenslandsearch,itwas realised
that a research methodology for the project had to be
constructed and followed through, forithas been found
through practical experience over the years that deep
water shipwrecks are first found in the archives. Later
they are located in the water. The number one priority
in finding any wreck therefore was to do thorough
research, not just secondary research, but primary
research. The most obvious place to start after studying
Ron Parsons’ and Jack Loney’s wreck publications
(secondary sources) was to head to the State Library
of Victoria, an excellent source of primary source
information. It houses contemporary newspapers,
sailing directories, ship registers and Government
Gazettes with Notice to Mariners included. Any one of
these sources can lead to importantinformation, which
can then lead to on-water searches and the possible
locating of new sites.
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Mark Ryan and Peter Taylor near the steam engine
(Mick Whitmore).

Figure 3.

The State Library resource was thoroughly examined
over the winter of 2003, with every Saturday afternoon
spent going through the Government Gazettes,
newspapers, sailing directories and obscure publications.
A publication entitled ‘Victorian Shipwreck Notice to
Mariners 1841-2003’, was the result of this work (Taylor,
2005). It is a compilation containing details of many
wrecks, casualties and incidents, including many from
otherstates. Excerpts also appear regularlyin the Maritime
Archaeology Association of Victoria newsletter.

A great deal of information was gained, but the SS
Queensland still proved to be elusive. Though there were
newspaper articles describing the Queensland as being
struck by SS Barrabool 15 miles north east of Wilsons
Promontory on August 2 1876, this was not sufficient to
allow the group to head 30 kilometres off the coast and
begin a deep-water search.

New research options were needed. The Public Records
Office of Victoriaresource had been used anumber of times
and in there can be found excellentinformation from the
Ports and Harbours and Melbourne Harbour Trust records.
The Ports and Harbours department had control of the
waters south of Melbourne including the coast of Victoria.
Unfortunately there was nothing on the SS Queensland,
the records being somewhat incomplete, with the early
files being lost or destroyed.

The next option was to search through the records
held in the National Australian Archives, no small task at
the time for these were a new resource to the shipwreck
researcher. There is a tremendous and in some cases,
untapped, resource in the Archives with many files being
viewed by the researcher for the first time. Beginning in
early 2004 a concerted effort began as files were booked
out to be available on the one day a fortnight that was
to be spentin the reading rooms. Soon the staff became
acquainted with the research methodology the team used
and would sometimes suggest files to read. Hundreds of
files were read some leading to sites in other states. In
these instances information on interstate wrecks were
forwarded to the relevant body in those states.

Eventually one obscure WWII RAN file recording the
location of a possible wreck was found. This position was
subsequently plotted onto a chartand everything pointed
toitbeing the SS Queensland. Greg Hodge of SOE, refined

the plot and as this corresponded with his research, the
team were fairly certain that SOE now had a position for
the SS Queensland. However, there were manyunanswered
questions such as: How accurate was the WWII plotting
of the site, given that the navigator would be using points
ofland to take bearings from, and that the ship would be
drifting with the wind and current. Being so far offshore,
how close would the ‘X’ be to the actual position, and if the
navigator had plotted this onto the ship’s chart through
sextant angles; and then gained a latitude and longitude
from the chart, what was their projection?

The wreck is found after 20 minutes searching

Though there were alot of ‘if’s’, the time had come to get
out of the archives and the primary research phase, and
getonto the water in the remote-sensing phase. Here the
prime search tools that SOE used included, magnetometer,
laptop computer with marine chart software connected
to a separate GPS-DGPS receiver and depth sounder
together with a back-up unit. Five people were involved;
with two dive kits in a 6.5 metre boat—a tight fit. The
run to the site took approximately 1% hours and the
magnetometer was set up and search lanes drawn on to
the computer screen as a guide between which the boat
had to stay. Using now standard calculations, a graph had
been previously constructed to ascertain the required lane
widths, using the known tonnage of the wreck and the
expected depth of water to calculate the expected size of
the magnetic signal (Green, this volume).

The normal procedure is to have one person driving,
one navigating, one looking at the depth sounderand one
studying the magnetometerreadout. Accurate navigation
was essential to avoid gaps in the search lanes through
which the target could be missed requiring the navigator
to watch the computer screen, giving directions for the
helmsman to follow. Due to Greg Hodge’s accurate
plotting and chart-work and all others on board executing
their allotted tasks to good effect, the wreck was found
within 20 minutes of beginning. Amazing! The wreck
was then dived and tentatively identified as being the SS
Queenslandwhen alarge steam engine was located. Those
onboard on that day were: Greg Hodge, John Osmond,
Mark Ryan, Peter Taylor and Mick Whitmore. This
archaeological treasure, unmolested by those without an
interestin maintaining Victoria’s maritime archaeological
history intact had been found 30 kilometres off Victoria’s
Wilsons Promontory by SOE in 2005. Of all the wrecks in
Victoria thatcan be dived using air, this site isundoubtedly
the pinnacle.

Due to other project commitments, however, I had
to wait nearly one year before I would have my chance
to dive the site. After a number of unsuccessful attempts
and cancellations, I finally had chance to dive the wreck.
The two-boat team for the dive described below consisted
of Tarkis Scordas, Richard Irndorfer, Mick Whitmore,
Mark Ryan, myself, with Jonathon Tandyand John Munro
as boat skippers and support crew. With SS Queensland,
lying upright in a depth of 60 metres, it was not a dive
to be taken lightly for it is only the suitably experienced
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Figure 4. John Riley’s sketch of site (after viewing video).

diver who can achieve the competencies needed. In
these instances, the dive profiles and other logistical
requirements (e.g. organising divers, equipment, gas,
boat drivers and most important of all, the weather), are
a major task, the sort of thing Mark Ryan does so well.
Careful planning beforehand and in the water, good
control of breathing; buoyancy and strict adherence
to the dive profile within a team situation are required
to safely complete this dive. Relatively good weather
and benign tidal conditions were also essential. From a
boating perspective alone, the site liesin ‘noman’sland’.
Requiring (in my case alone) a pre-dawn beginning, a
2.5-hour drive to Gippsland and then to get to the site
approximately 30 kilometres off the coast is a logistical
exercise of extreme proportions. As slack-water on the
allotted day was expected at approximately 12.30pm,
the team arrived on the coast at Port Welshpool around
7.00am to a reasonably flat sea, and after motoring out
arrived on site over two hours beforehand to prepare and
also to be ready should slack-water be early.

The wreck and the dive described

The site was located with the sounder and after a suitable
position was found to drop the shot line, 70 metres of
rope went over the side and the indicator buoys (as
described below) on the surface showed that the tide was
slowing and the site could be dived soon. When another
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buoy appeared on the surface, it was time to gear up
and get into the water. (The procedure used is to have 5
small buoys and one large buoy; each small buoy equals
approximately one knot of current. When 5 buoys are
under, that equals a 5 knots of current, and no diving,
1 buoy equals 1 knot). Before we dived, dive plans were
re-run, gear checked, emergency procedures discussed
and agreed upon. We all had more than enough ‘gas’ to
safely complete the dive,and also had ‘deco gas’ consisting
of Nitrox 60. In order to convey the atmosphere and for
the sake of those who have not experienced this form of
diving, the following are my personal reactions.

John drove us up next to the buoy and we fell into the water,
it was a relief to get free of the weight of the tanks. There
was nothing below us now but the abyss (damn butterfly’s
still there though); the water felt cool and fresh on my face
after sitting around in the boat with dive gear on. The shot
line fell away in a series of broad arches into the depths. We
approached theline, the deep-blue water beneath beckoned;
the three of us disappeared in a cloud of silver bubbles
silhouetted against the azure sea. Mark was below me, Mick
behind, my heart was pounding so loudly I was sure that
the Mark and Mick could hear it. This site is in the category
of extreme diving; being so far off shore and in 60 metres
of water; this is a dive not too be taken lightly. I have been
diving for over 32-years; shipwrecks have been a priority for



28 of those. I have been fortunate enough through the years
in finding new wrecks and scuttled vessels in the process;
but for all of those experiences; I think that this is the most
excited that I have ever been. We descend the shot-line,
the light is fading as we sink further, minute after minute
we follow that line down. As those minutes tick by we find
ourselves in the zone of the abyss, we can’t see the surface
and we can’t see the bottom, we could be at 15 metres or
45, there is no way too tell except for the dive computer
reeling off the metres. Nearing the bottom; the light fades
until everything assumes those blue/brown tones that
occur at this depth. In the distance a dark shadow appears,
I pump more air into my BC and dry-suit to counteract the
growing pressure at a depth of 60 metres. There below me
are the frames of the SS Queensland, this is the skeleton
of a once proud ship, this is what I have come to see; the
remains of this mail-steamer; a previous elite class of ship
from a bygone era. She lies in a state of collapse, the metal
of her hull forming various contorted shapes; which when;
combined with a bit of imagination; forms a ship. I think of
John Riley’s waterline and breaking up theories; trying to
picture the de-construction process, mind you, this is a bit
hard on airin 60 metres of water. We land just forward of the
engine, Mark and Mick; as if they don’t have enough too do
commence filming using their specialist video equipment
and we make our way towards the bow; they are trying to
film as much as possible. Mark and Mick, who have dived
here previously, are still finding items that they had not
noted before. As part of the archaeology of this project they
are constructing a mud map of the forward section of the
ship, on each dive more items are added. Peering into the
distance, taking in this amazing scene, I'm just thinking to
myself, thisis the mostspectacular dive thatI have ever done.
A whole ship lies below me, nothing has been removed, the
deconstruction process of thiswreck can be studied in detail,
everything associated with the wreck is still there, this is how
shipwrecks should appear. We swim past various sections of
the wreck, pipes protrude at all angles; there are sections
of wreck standing tall while others have been reduced in
size; there are swim throughs and deep holes beckoning
the inquisitive diver. I realise, that at this depth it is safer
just to observe them from a distance and we continue on
towards the bow. The bow section of the steamer has broken
off and fallen on its starboard side, the ring that once held
the bow-sprit is empty. Looking at the size of this metal
ring; the bowsprit must have had a diameter of at least 60
centimetres, the timber from this; however has completely
disappeared; eaten by the voracious teredo worm. A steam
driven capstan lies nearby; covered in marine growth, it is
still recognisable, a huge pile of anchor chainssits proud, the
Trotman style anchors; to which the chain would have been
shackled when approaching port can be observed under
the foc’sle deck. No time to ponder these as we slowly swim
along the port side and make our way down the starboard.
We continue swimming until we arrive in the bridge area,
this can be discerned as the remains of the ship’s wheel, the
one that the helmsman had used too try and avoid the SS
Barrabool as she approached the SS Queensland before the
fateful collision is still there. I was quite captivated by the

wheel, pointing this out to Mick and Mark it was, however,
old news; they had other priorities. Mark insisted that I
swim further towards the stern where we observed more of
the bridge area.

The bridge is in a complete state of collapse. Originally
high up on the steamer, more than 10 metres above the
keel it was now only 3 metres high. We then progressed to
the massive early steam engine rising 2 to 3 metres above
our heads. The engine was inspected; large schools of
various types of fish swam around us, hardly concerned by
our appearance in their environment. At 16 minutes into
the dive, John Munro, 60 metres above our heads would be
waiting; Mark, faithfully following the dive-plan began to
get ready, it was time to pop the surface marker buoy and
begin the decompression process. For a 16-minute bottom
time, a minimum decompression penalty of 43 minutes was
required. To initiate this, the first stop began in 36 metres
of water and lasted one minute. We progressed through a
number of stops, decreasing in depth and varying in length
until we reached 15 metres. A switch to nitrox 60 to expedite
the scrubbing of the accumulated nitrogen from our systems
was made. This mixture tasted so sweet after breathing air at
60 metres; my head cleared from the effect of the narcosis
obtained on the deep dive, I could now begin too relax.
After a total dive time of 62 minutes it was time to surface
and board the boat. The three of us had smiles from ear to
ear, this had been a most exciting and spectacular dive and
one not to be forgotten.

Conclusion

There is still much more to be done at SS Queensland, the
site plan needs to be completed, and to that end James
Parkinson, a trained archaeologist, professional diverand
first rate artist has been out and dived the site. James has
produced some wonderfulillustrations of othersites such
as the City of Launceston and itis planned to get him out to
SS Queenslandafewmore times to enable him to complete
the site sketch. John Osmond, in his first experience as
a model maker has produced an excellent cardboard
model of the site. Mick has filmed the wreck from stem
to stern, but trying to get out to the site has been a major
exercise with a number of proposed trips cancelled due
to unsuitable weather. SOE work closely with Heritage
Victoria and copies of the underwater footage taken are
passed on to the Maritime Heritage Unit. At the Melbourne
leg of the Iron and Steam Shipwreck seminar, the finders
ofthe SS Queenslandreceived a Victorian Heritage Council
award and a grant of $2500 for their efforts in finding and
reporting the locations of the SS Queensland and the SS
Kanowna. The grant and private funding were combined
and a small; low cost side scan sonar has been purchased
to pursue other deep-water projects.
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HMAS Sydney and HSK Kormoran: solving Australia’s most enduring maritime

tragedy

T. Graham, R. King and R. Trotter (Finding Sydney Foundation)

Abstract

The total loss of HMAS Sydney II and her crew of 645 is
Australia’s greatest maritime tragedy in war or peacetime
and came inlate 1941. No trace of the vessel orits crew has
ever been found. HMAS Sydney Search Pty Ltd, (HMA3S)
has been established as a not for profit company, and
as Trustee for the Finding Sydney Foundation (FSF).
Its objectives are to find the wrecks of HMAS Sydney II
(and the German raider HSK Kormoran) and to finally
commemorate their missing crewmembers. These
activities represent ‘unfinished business’ and are of
particular significance to Australia. The search for HMAS
Sydney, in the context of this group involved an enormous
amount of archival research work, undertaken mainly
by Dr Kim Kirsner and John Dunn, of the University of
Western Australia, and David Mearns and Peter Hore
of Bluewater Recoveries, UK. These two independent
groups have reached quite a deal of agreement on the
searcharea, agreementwhich hasbeen of great comfortto
HMAS3S. The final search area will be determined during
2006. The search area was large, in very deep water and
promises to be one of the most challenging undertaken
anywhere in the world. The intent is to use state of the art
deep-water side-scan equipment to locate the wreckage
field and then an ROV for wreck identification. HMAS
Sydney Search has currently raised about $2milion dollars
out of a budget of approximately $4.6-$4.9m and aims to
be in the water in late 2006 or 2007, in the more benign
summer weather months. We need to raise more funds
and this activity continues. This presentation outlined the
Company, the Project, the research work, the challenges
and funding requirements. (Note: The wreck was found
in March 2008. See Editor’s note below.)

Background

In 1941 HMAS Sydney, a 6,830 ton Modified Leander class
cruiser, was the pride of the RAN fleet with an illustrious
battle record following earlier successful engagements
in the Mediterranean war theatre. Subsequently it was
carrying out ship escort duties between Australia and
Southeast Asia.

On 19 November 1941, Sydney was en route to
Fremantle after handing over escort of the troop
ship Zealandia in the Sunda Straits. In open ocean
off Carnarvon in Western Australia, Sydney apparently
spotted an unidentified merchant vessel and closed
requestingidentification. The HSK Kormoran, a disguised
German raider, opened fire and a battle ensued from
which neither vessel survived. Records of the action
have however been provided by the surviving crew of the
Kormoran. The total loss of Sydney and her crew of 645
as a result of the action is Australia’s greatest maritime
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Figure 1. Sea Power Centre).

tragedy in either war or peacetime. Due to the location
and circumstances of the battle, unsuccessful searches
for the vessel and its crew were only belatedly mounted
following the discovery of survivors from the Kormoran
both at sea and on land some five days following the
action. The government of the day and the RAN were
slow to issue any public statements due to the general
disbelief that the Sydney could have been lost in such
an action. Since that time, controversy has raged over
the circumstances and the location of the action. Over
the years, the apparent inequities of firepower of the
two vessels and statements from onshore observers have
thrown doubt on the accounts provided by the German
survivors. As a result of uncertainties over the action
location and conjecture on the encounter, no meaningful
search was subsequently undertaken. More recently,
detailed research hasreinforced previous evidence from
Kormoran survivors that points to the action location
within the northern search block in deep water some
120 nm off the Western Australian coast at Shark Bay.

The planned search

Whilst the technology exists to find and examine the
Sydney, the search for the wreck represents a significant
maritime challenge as the search area is considered very
large by any previous standard and will be conducted in
waters up to 4,500m deep. The search will be performed
in two phases: 1), a systematic scan of the seabed over the
search area using low-frequency side-scanning sonar, and
2), photographic-video confirmation of the wrecks using
eitherremotely operated or manned submersible vehicles.
Each phaserequires differentequipment. The specialised
equipment and vessels are not generally available in
the region and cost-effective operations are reliant on
opportunities of equipment availability that may arise
from time to time, however. Emphasis is initially being
placed on raising at least sufficient funds to conclude the
phase I—sonar search activities. Successful conclusion of



PAPER 9. GRAHAM ET AL.: HMAS SYDNEY & HKS KORMORAN

KORMORAN
« Bearch Box

SYDNEY
Search
Box

LERR

Figure 2. The HMAS Sydney search box (Finding Sydney
Foundation).

the sonar work will undoubtedly facilitate any additional
funding and operations for phase 2. Costs for the phase
1 work are estimated between $3.5 to 4.5 million, whilst
separate phase 2 workis estimated in the range $1.5 t0 2.5
million. The combination of the two phases is expected
to lead to some reduction with an overall cost within the
range $4.5 to 5.5 million. Opportunities are currently
apparent that may reduce these costs further.

Commemoration

In collaboration with the Commonwealth authorities and
West Australian Museum, commemoration of the missing
crewmembers will entail the establishment of actual
memorials at the wreck sites and the creation of virtual
memorials on the internet. In the event of surplus funds
remaining at the end of the search, research programmes
relating to maritime safety will be established and funded
accordingly.

HMAS Sydney Search Pty Ltd

HMASS as trustee for FSF, is a not-for-profit organisation
and is a deductible gift recipient. The objectives of FSF
are to find the wreck of HMAS Sydney and to finally
commemorate its missing crew. These activitiesrepresent
‘unfinished business’ and are of special significance to
Australia, particularly in 2006, the 65th anniversary of
the loss.

Organisation & Governance

HMASS is a proprietary company established in Perth
in 2001 and regulated under the Corporations Act 2001.
HMAZ3S its directors, associates and consultants have
been involved in commemoration and search activities
associated finding Sydney—‘Unfinished Business’ seeking
your support since 1999. They possess proven expertise
in all of the technical, managerial and commercial
domains needed to manage the planned search and
commemoration activities. Finding Sydney Foundation
has three patrons: —Professor Geoffrey Blainey, AC;—The
Honourable Mr Tim Fischer, AC;—Rear Admiral David
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Figure 3. HSK Kormoran(Finding Sydney Foundation).

Holthouse, AO (RAN, ret’d). Acclaimed international
wreck investigator and explorer, David Mearns, whose
deep-sea technology company, Bluewater Recoveries, has
found 45 shipwrecks including the German battleship
Bismarck and HMS Hood, has agreed to join HMA3S in
its endeavours as both a strategic alliance partner and
consultant.

Fund-raising to date

Total funds raised to date are in excess of $2.18million (in
2006). The Prime Minister, together with the Premiers of
Western Australiaand New South Wales, have respectively
committed $1.85 million, $0.5 million and $0.25 million
to the Foundation as a demonstration of their supportfor
HMASS plans to mountasuccessful search. More than 120
concerned individuals and numerous corporate entities
have contributed over $85,000. Additional financial
donations are currently being sought from other state
governments. Both national and international enterprises
are being targeted for donations to support the HMA3S
objectives and to defraysearch costs. There is considerable

momentum in fundraising giving rise to optimism for a
late 2006 search.

The importance and benefits of finding Sydney

The search for Sydney is unique. There is no other
circumstance in modern times where a warship lost in
battle has disappeared almost without trace and without
any survivors or bodies! That this is also an Australian
story means that the search is being embraced with a
breadth and depth of Australian community support
and empathy with no parallel in recent times. As patron
Tim Fischer said at the launch of HMA3S in August 2004,
‘this opportunity is unique as it involves being part of a
venture thatwill bring closure to Australia’s greatest naval
loss, one that has mystified the nation for 64 years. The
whereabouts of Sydney and all those young Australians is
unfinished business for Australia that must be closed off
in the lifetimes of the surviving families.’

Asuccessful search will provide closure for the families
and descendants of those lostin the engagement and will
reinforce and catalyse the growing awareness amongst
young Australians of honouring those killed in serving
the nation. It will also facilitate education for future
generations through displays at the Western Australian
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Figure 4.

The crew of HMAS Sydney (Sea Power Centre).

and other Australian museums. The search, if successful
will also make a major contribution to Australia’s history
and it will provide tangible benefits to corporate and
individual donors.

Search planning & opportunities

It is apparent that there are significant opportunities
regarding the availability of suitable search vessels in
Australian waters towards the end of 2006 to early 2007
to complete the search either on a phased or combined
basis. Should a search not be mounted in this timeframe,
the major objective to bring closure to close relatives
of the Sydney’s company will be significantly eroded.
The momentum of fund-raising has increased over
the last months with large donations from some state
governments. Realisation of the vessel opportunities is
dependent on early commitment to this equipment and
vessels. Sufficientfunding needs to be in place by October
2006 to make the necessary commitments.

Editor’s note:

The Departmentof Maritime Archaeology has been closely
involved with the HMAS Sydney saga since the advent of
the 1976 Historic Shipwrecks Act 1976. Abackground to the
FSF search proposal appears at <http: //www.museum.
wa.gov.au/ collections/maritime/march/publications>,
on the Department’s website. Developments up to 2003,
appear at<http: //www.museum.wa.gov.au/collections/
maritime/march/shipwrecks/sydney/Sydney.html>. This
includes a reading list and some of the reasons why there
was so much controversy surrounding the loss. Plans for
the search, as described by Ted Graham above matured
such that David Mearns took a team, including RAN
representative Lieutenant John Perryman RANR, the
Chief Naval Historical Officerinto the field in March 2008.
There Art Wright of Williamson and Associates of Seattle
and his group deployed their SM-30 and AMS-60SI high
frequency deep water side scan sonar equipment out of
the DOF Subsea SV Geosounder, locating HSK Kormoranon
12 March 2008 and HMAS Sydney on 16 March. Permits
to conduct a non-disturbance ROV examination of the
sites were subsequently issued by the Commonwealth
with the Chief Editor on board as official observer. On 3
April the first images of HMAS Sydney, which lay 2468 m
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down, were beamed back to the ship via cameras mounted
on the Sub-Atlantic Commanche ROV system. A full
reconnaissance of the wreck was then performed. On 6
Aprilimages from HSK Kormoranwere also obtained from
asimilar depth. Reports were lodged and the wrecks were
declared historic and protective zones declared. The FSF
website which took 13 million hits during the search and
survey also provided as close to ‘live feed’ of proceedings
as possible. The ABC documentary film was aired soon
after the team returned to port and it can be obtained in
mostoutlets. Images and as-itthappened blogs can also be
viewed on <http: //www.findingsydney.com/>.

A Commission of Inquiry into the loss of HMAS
Sydney was subsequently called. Expert evaluation of the
two wrecks will be channelled through the Commission
which was meeting as these papers were being finalized.
All its deliberations are in the public domain via the
Commission website. <http: //www.defence.gov.au/
sydneyii/gallery.htm>. AMuseum reportwill be prepared
after the Commission publishes its findings.
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Twenty years recording iron, steel and steam wrecks in Western Australia

Colin Cockram

Abstract

The Maritime Archaeological Association of Western
Australia (MAAWA), formed in 1974, has helped fill an
acknowledged gap in the WA Museum’s Department
of Maritime Archaeology’s skills base by recording and
presenting iron, steel and steamship sites in plan view,
by freehand sketches, ‘mud maps’, and in isometric
form. Some of these records appear in archaeological
reports, in publications, in exhibition and on underwater
plinths. This presentation will document that work, will
present a portion of the results and also a brief history
of the vessels involved and the work that the MAAWA
has completed these last two decades. Images by Colin
Cockram. Explanatory text by M. McCarthy.

Introduction

Formanyyears MAAWA, which was formedin 1974, helped
fill an acknowledged gap in the Department of Maritime
Archaeology’s skills base by recording and presenting
iron, steel and steamship sites in plan view, in freehand
sketches, through simple ‘mud maps’, and in the more
complex, yet very effective ‘isometric’ form. The last of
these has proved a very important tool for diver briefing,
in conceptualising a large site and in presenting them
to the public.

Some of the MAAWA records appearin archaeological
reports, in publications, in exhibitions and a number
appear on underwater plinths at wreck trails. What
follows are images of some of the shipwreck depictions
that Colin Cockram a leading figure in the MAAWA
has completed these last two decades. These clearly
show both the value of the projection as a tool in iron,
steel and steamship archaeology and the importance of
‘avocational’ practitioners in the field, who often bring
to bear skills and experiences not always possessed by
the professionals. A brief précis of each site is presented
along with Colin Cockram’s images.

Ulidia

The 2378-ton, 91m-long iron-hulled, full-rigged ship
Ulidiawas engaged on the Cape Horn trade route visiting
ports in Europe, Australia and South America. After
discharging cargo, in May 1893 it took on 1000 tons of
sand ballastin Careening Bay south of Fremantle and was
cleared for Sydney. On starboard tack in relatively mild
conditions and with all sails set Ulidia set sail, but struck a
reef near the Stragglers Rocks. The hull was pierced and
an attempt was made to refloat the vessel by removing
the sand ballast. This made the vessel lighter and more
unstable, causing further damage. Soon declared a total
wreck, it was sold to the Fremantle Stevedoring Company
who began to cutitup for scrap. The wreckage lies on an
east-west axis with the stem on the reefrising nearly to the
surface and the stem on a sand bottom in approximately
6 metres of water.

Figure 1. The bow and stern of Ulidia (Colin Cockram).
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Figure 2.  The Uribeswreck (Colin Cockram, with additions by
the Post Graduate Diplomain Maritime Archaeology
students).

MYV Uribes

The 118-ton, 37m long, iron-hulled, clinker-built, three-
masted barque Uribeswas builtin 1868 in Scotland and was
registered in Liverpool to the de Uribe family of Spain.
Though one of the most modern wrecks on the Rottnest
Island wreck trail, Uribesis actually one of the earliest built,
its longevity being attributed to the high quality Lowmoor
iron used in its construction. After various changes in
ownership the vessel was registered in Port Adelaide in
1883 where it operated as a lighter with a short mast. In
1934 it was cut down to it’s ‘tween’ decks and rebuilt as a
three-masted schooner with asix cylinder auxiliary engine.
Later it was sold to the Cossack Lightering and Trade
company and was re-registered in Western Australia, later
operating solely as a motor vessel. In the winter of 1942,
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carrying munitions, stores and motor vehicles the ship’s
motors failed (apparently through a lack of fuel). Uribes
subsequently drifted onto the reefs at the Natural Jetty,
where it sank and quickly filled with sand to deck level.
The vehicles, stores and munitions were all eventually
salvaged. Uribes lies on sand bottom hard up against the
reefin 2 to 3 metres of water and the gunwales of the port
side break the surface at low water spring tide. Though a
small deck winch and the windlass are visible at all times,
there is seasonal scouring of the normally-buried engine.
Other machinery and the remains of a wooden wreck
are lying amidships. Colin Cockram’s original drawing of
the wreck was used as a template for the students of the
Post Graduate Diploma Course in Maritime Archaeology
(PGDMA). They conducted a survey of the site as part of
their field school and added further detail.

Figure 3. A working sketch of the Georgette wreck (Colin
Cockram).
SS Georgette

The nearly-new, 211-ton, 46-m long, iron-hulled, screw
steamer Georgettearrived at Fremantle in September 1873,
to operate a coastal trading and passenger service. It then
became internationally known due to its abortive attempt
in April 1876, to apprehend the now famous American
whaling barque Catalpa which rescued a group of Fenian
political prisoners from Fremantle. In November of the
same year Georgetteleft Fremantle for Adelaide via coastal
ports carrying fifty passengers and a cargo of timber. An
uncontrollable leak developed soon after rounding Cape
Naturaliste and the ship was abandoned eventually drifting
into the surf at Calgardup Bay. There, settler’s daughter
Grace Bussell and Sam Isaacs, an Aboriginal stockman,
rescued the survivors who were landing in rough seas
from the Georgette’s boats. She became known as Western
Australia’s ‘Grace Darling’ and both received bravery
commendations. The hull was sold for £4 and though
there was some salvage, the engine and many other items
remained untouched until the 1960s and the advent
of SCUBA diving. Then it was dismantled for brass and
souvenirs. The wreck lies in 5 metres of water, about 90
metres off Calgardup Beach. This preliminary working
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sketch provides an indication of the layout of the site. It
is included as an example of the processes involved in

producing a final.
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Figure 4. SS Macedon (Colin Cockram).

SS Macedon

The 532-ton barque-rigged, iron-hulled SS Macedon was
builtin Liverpoolin 1870. Itentered the Victorian coastal
trade and was purchased ten years on by James Lilly
and Company, a Western Australian firm. When lost in
March 1883, the vessel was engaged in the transport of
the Kimberley Survey Party, their horses and equipment
togetherwith ageneral cargo and mails. After stopping off
toland officialsand suppliesat RottnestIsland, the steamer
struck Transit Reef. It was finally refloated, only to strike
a pinnacle of rock, which pierced the plates. SS Macedon
then settled to the bottom and soon began to break up. It
was declared a total wreck and, though one diver lost his
‘hard hat’ and other equipment, it was heavily salvaged.
The helmet was recovered in recent years. The site lies
in depths ranging from 3 to 6 metres in an area that is
prone to strong surging swell. In those circumstances the
fact that the hull is intact to the main deck line amidships
is surprising, though an inspection of the site in 1992
revealed that the site had deteriorated since previous
assessments in 1987. The isometric projection is a very
a useful tool in chronicling that deterioration process.

Figure 5.

The D9wreck (Colin Cockram).



The Dredge D9 (ex Parmelia)

Parmelia was built as a bucket dredge during the 1930s.
When sold to Dredging Industries of Australia, was
renamed D9 and converted to a suction dredge for the
excavation of the channels off Kwinana. Sunk in 1962
under strange circumstances, it was moved out of the
channel to its present location, becoming a very popular
attraction to divers and fishers. This image is regularly
used for sports diver briefings and familiarization.

The barge Shark
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Figure 6. The barge Shark (Colin Cockram).

A barge about which little is known, other than it has a
steam-powered winch and crane on the deck, blew ashore
on the north-eastern shores of Rottnest Island. Itis a very
popular snorkel dive and is part of the Rottnest Island
Wreck Trail. Thisimage isused in the wreck trail literature.
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The Searches for SS Koombana
Kerry Thom

Abstract
In 1912 the SS Koombana was lost with all hands in a
cyclone and is yet to be found. This paper documents the
searches for one of the enduring maritime mysteries of
Australia’s north-west. Lost amongst submerged iron ore
bodies somewhere between Port Hedland and Broome,
this wreck also presents a considerable remote-sensing
challenge.

Written and presented by M. McCarthy utilising notes
and images supplied by Annie Boyd and Kerry Thom.

SS Koombana described

The 340-ft (103 m) long, 4399-ton SS Koombana which
was once described in the local press as ‘the finest and
most up-to-date steamer ...one of the most popular and
best equipped passenger steamers on the Australian
coast’, was builtin 1908. Lost with all hands on 20 March
1912 carrying 188 passengers, 1 500 sheep and 219 cattle,
Koombanawas on a voyage from Port Hedland to Broome
when it ran into a cyclone and disappeared. Though
wreckage was found by a number of searching vessels
including the tug SS Una, the wreck remains unfound.
Similar in size to the SS Yongala (1911), which was also
lost with all hands in a cyclone (Viduka, this volume),
Koombanaremains one of the mostsoughtafter wrecks on
the Western Australian coast partly because itwas carrying
a substantial portion of the European population of the
north when it went down.

After arriving in Port Hedland in the mid 1960s, Kerry
Thom researched the wreck and in and in the early 1970s
joined Ted Graham (HMAS Sydney, this volume) to form
the Koombana Search Group.

In 1973, a commercial airline pilot George Meadows
advised thatwhile in the area on aregular passenger flight
he had flown over the wreck of a steamship, probably
Koombana. Though the exactlocation of the sighting has
remained elusive, the reportserved to add impetus to the
search. In 1979 with the assistance of Port Hedland boat
owners Mr Thom undertook a three-day 24 hour marine
search in an area surrounding a contemporary report of
debris by the tug Unasome 80 miles NE of Hedland. This
was effected using precision radio positioning systems—
verysophisticated equipmentfor the day. During the early
1980s, also under Thom’s leadership the Port Hedland
Historical Societywas formed and a small museum opened.

Interest in Koombana also developed in the Perth
Metropolitan areaand ajoint presentation to the Maritime
Archaeological Association of WA (MAAWA) by maritime
researcher Malcolm Barker and Scott Sledge, then
Inspector of Wrecks with the WA Museum, was attended
by a keen audience. Itincluded ships’ masters and others
with professional expertise.

In 1984 there was a quantum leap in the Koombana
research process when Malcolm Barker found a report
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Figure 1.  SS Koombana (WA Museum collection

).

in the WA State Archives from Captain Rantzau of the
tugboat Unato the Fremantle Harbourmaster. It gave the
exact coordinates at which wreckage had appeared to be
rising to the surface. Armed with this newinformation, the
Perth and Port Hedland enthusiasts soughthelp from the
RAAF and the RAN in order to survey the new ‘hotspot’.
Following a formal request from Barker, in January 1985
an Orion aircraft from RAAF Edinburgh detected a
significant magnetic anomaly about three nautical miles
from Captain Rantzau’s co-ordinates.

Excitement gave way to caution and the decision was
taken to re-survey the area before making any public
announcement. This proved to be a wise move, for as
it turned out four months later, a 24-hour sonar search
conducted by the RAN oceanographic research vessel
HMAS Cook found nothing in an area noted for its iron
ore deposits. Nonetheless, the area in which the wreck
was thought to lie was gazetted as the presumed location
for Koombanafor the purposes of its protection under the
Commonwealth Historic Shipwrecks Act.

In 1987 the Port Hedland group geared up to launch
amuch larger search. With the best technology available,
and with both corporate and community support, the
Koombana Search Projecttook to seaforfour days of searching
across several areas. Again, nothing was found. Later they
engaged with the US Oceanographic Office and were
provided with the services ofaP3 Orion thatwas equipped
with aerial magnetic mapping technology. These aircraft
carried out three missions and found a number of highly
magnetic undersea iron ore bodies. Unfortunately these
effectively masked any iron shipwrecks that may lie in
the large area searched. These ore bodies are of such
magnitude that when the survey vessel HMS Penguin re-
examined 19th-century survey reports from HMS Meda,
it experienced compass variation of up to 55° and dip to
33° (Lecky, 1920: 30).

In 1988 another aerial magnetometer search was
conducted by a US Orion aircraft with sophisticated



equipment. Two days of flying time were donated by the
US Navy, but once again, no indication of Koombana was
found.

In 1989 a site discovered by David Tomlinson owner/
operator of RV Flamingo Bayand believed to be Koombana
was the primary focus of an inspection team including
remote sensing specialists and staff of the WA Museum led
by M. McCarthy. During the course of an inspection tour,
commencing in Darwin and finishing at Port Hedland,
the site was inspected proving to be an abandoned oil rig
festooned with fishing nets and buoys. Positive outcomes
of thisinspection tour were the relocation and inspection
of IJN 1 124 (1922-1942,) a WWII Japanese mine-laying
submarine, and an inspection and identification of the
iron barque Ann Millicent (1890) on Ashmore Reef.
Finally, dives with Indonesian trochus shellers who were
collecting and navigating in accordance with ancient
tradition were recorded and a report and film of these
activities finalised. Of direct relevance to the search for
shipwrecks was the realisation that ‘dry plugged and
abandoned’ oil wells, though theoretically cut off below
the seabed, can still prove a hazard to fishing and can
also produce a magnetic and echo sounding signature
of considerable size (McCarthy, 1991).

Despite the disappointment, manyremained interested
in the Koombana wreck due to its almost legendary status
in Western Australian maritime history. In 2003 Annie
Boyd, a prominent member of the MAAWA, IT specialist
and well-known wreck researcher and diver became
actively interested in Koombana, both as a social history
project and as a personal search challenge. Over the last
three years, she has gathered new and old information,
modelled cyclonesand magnetic anomalies, and retrieved
useful data from the old, dusty magnetic tape archived
after the early airborne searches. Boyd has advised that
the results are promising and that there are large patches
of ocean in the area in which Koombana is thought to lie
which remain completely unsurveyed. Further, modern
magnetometer operators are able to look for anomalies
such as wrecks within a strong magnetic field, such as
that produced by large iron ore bodies. Recently, as part
of the Batavia Lecture Series, Ms Boyd gave a number of
very-well received presentations at the Maritime Museum
outlining herresults. Mike Caplehorne who assisted in the
examination of the wrecks in the Rottnest Island Deep
Water Graveyard (Green, this volume) has provided his
vessel and equipment for the search, with a view to the
examination of the areas targeted. A report will follow.
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Industrial salvage and Port Darwin: lessons from the wreck of the SS Brisbane

David Steinberg

Abstract

In October 1881 the SS Brisbane, a large, modern and
well-equipped, ocean-going steamship struck a reef
approximately 25 nautical miles from Port Darwin (now
Darwin) and became permanently stranded. What
followed over the next three months was an organised
salvage program in which the ship was stripped of cargo,
equipment and fittings, and then sold to locals through a
series of auctions. In this paper the steamshipis considered
less as a vehicle for transport and trade and more from
the perspective of being a collection of useful and useless
components of interest to local salvors. The selective
salvage of the Brisbane shipwreck challenges popularly
held assumptions that salvage and reuse of material
goods byisolated colonial communities was extensive and
indiscriminate out of sheer necessity. Seemingly valuable
things were left behind and the reasons behind this are
explored in this paper.

Introduction

In October 1881 the SS Brisbane, a large modern ocean-
going steamship, owned and operated by the Eastern and
Australian Steamship Company (E&A), struck a shallow
reef only a few hours steaming distance from Port Darwin
(nowDarwin). Permanently stranded, its working life was
over, yet its subsequent value as a wreck was considerable
to this small isolated port. Visiting the homestead of a
maize plantation some months after the ship’s stranding,
a newspaper reporter from Adelaide made the following
brief but significant remarks:

The inside is gorgeous with imitation rainbows; and there
are most curious devices in furniture and fittings, some of
the latter from the wreck of the Brisbane—a wreck which
was quite a godsend to the folk thereabout. You meet with
‘Brisbane’ relics everywhere (Sowden 1882: 91).

The history of this shipwreck and the social history of
Port Darwin are intrinsically linked through the salvage
and reuse of materials from the wreck. Described as a
‘godsend’ for the local community the wreck provided
whatmusthave been agreatlyneededinjection of material
goods. Port Darwin at that time was a small isolated
community thatwas economicallystruggling. The Brisbane
was powered by sophisticated technology and built with
luxury accommodation. As a result this match between a
community in need and a shipwreck serving as a source
for material goods makes this an important eventin local
social and industrial history, and a useful case study in
the diffusion and reuse of material culture. Elsewhere a
theoretical framework for considering maritime material
culture salvage and reuse is provided (Steinberg, 2005).

A broader study has explored the salvage history of
the Brisbane, including its political dimensions (Steinberg
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Figure 1.

Artist’simpression of the Brisbaneatsea (Queensland
Maritime Museum Association).

2005). This paper specifically discusses technical and
industrial salvage from the wreck and demonstrates that
in contrast to other items, large industrial machines
were not salvaged and transplanted into other ships or
adapted for other maritime or terrestrial industries as
may have been expected. The explanation for this is the
particular industrial setting of Port Darwin at this time.
The implication is that there are problems with broad
scale historical generalisations aboutadaptationinisolated
pioneer settings.

An isolated port

It is beyond the scope of this paper to provide a
complete and detailed history of Port Darwin as it was
in 1881; however, a basic picture of its size and industry
is pertinent. If a local steamship building industry had
existed, for example, there may have been an immediate
market for a variety of quality second hand machines and
equipment. If there was a large industrial base, of even
terrestrial industries, then local iron foundries would
have utilized scrap, and technologies could have been
adapted to suit other uses. Alternatively, if Port Darwin
was geographicallyisolated and without a manufacturing
industry, the demand for some types of things may have
been high, but in contrast the ability to absorb heavy
machinery into existing activities may have been poor.

In 1881, when the Brisbane stranded, the non-
Aboriginal population of the Northern Territory was only
4,768 (Jones, 1997: 112). The European population was
660 and the Chinese numbered 4,108 (Jones, 1997:112).
In comparison, the settler population of South Australia
was 275,344 (Vamplew, 1984). Population is a simple but
usefulindicator of the size oflocal commerce and industry.
Port Darwin was clearly a small settlement.

The economy of the Northern Territory at this time
was weak (Powell, 1982: 105-108). An account of a South
Australian parliamentary visitin 1882 confirmed that the
colony had lost a lot of money on the Northern Territory
(Sowden, 1882: 126). In 1895 a Northern Territory
Commission was formed to identify the reasons why the
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Figure 2.  Location of the Brisbane shipwreck(D. Steinberg).
province had failed economically, and in the end it was
the Territory’s continuing failure to grow economically
that resulted in South Australia relinquishing control in
1911 (NTL: SAPP/19/1895; Powell, 1982: 142).

The size of this settlement and its poor economic
condition had a direct relationship with its maritime
traffic, activity and industry. In short, it was a time of
very limited local activity, punctuated by the occasional
and briefvisit of an ocean-going steamship. There were
no large-scale Northern Territory marine industries.
The fishing industry was small, predominately to serve
local consumption, although there was some small-
scale exportation of dried fish (NTA: GRR/2nd 1886).
Pearling had notyetdeveloped in Port Darwin (Powell,
1982: 117). Consequently there was no shipbuilding
and ship repair businesses, spin-off industries that
would followif the population was larger and maritime
traffic greater.

Considering the transition from steamer to repository
Detailed specifications of all of the fittings and furnishings,
safety equipment and essential systems, as provided by
various historical records, give an intricate picture of the
Brisbane (Steinberg,2005). Contributing are Lloyd’s survey
reports which adds to the inventory and report on the
condition of machinery close to the date of the stranding
event. Considering the wreck in the context of being a
source of valuable materials, these records describe what
was available. As the Brisbane lay relatively upright on a
shallow reef what remained was accessible. The salvors,
being professional lighter-men, had both the necessary
equipment and skills to lighter (i.e. to transport in small
vessels) material from the ship (Steinberg, 2005).

Once one has determined what was available and
accessible for salvage, the selection process and the reuse
of materials can be considered. With the case of the
Brisbane one can turn to both the historical record and
also inspect the wreck itself as evidence.

Salvage of the Brisbane
Salvage began before the Brisbane was declared a wreck
with the focus on undamaged cargo that could be shipped
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auction(NTTG 19/11/1881).
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on to original destinations, and then extending to some
damaged goods (SRSA: GRG, 51/17, 5299, 1881). The
Brisbane remained under the control of the E&A until
its Master, Captain Craig, declared the ship a wreck on 23
October 1881. Authority was then transferred to Captain
Marsh, the Harbour-master, in his role as the Receiver
of Wreck. Subsequently, auctions of the technical and
industrial goods of relevance to this paper were held on
23 and 24 November 1881. The advertisement for the
23rd is reproduced above.

The quotation below explains that the largest
purchasers at the auction were Dunscombe and Lamont,
partners in the local lightering company and the team
hired to conduct the salvage of the ship.

Captain Lamont and Dunscombe...were the purchasers
[of the wreck] and were the largest buyers at the sale of
the salvage fittings. They no doubt will remember the
stranding of the Brisbane for many a year. The compass
were true enough; the red and green lights perfect. Blocks
and tackling, of no use to anyone else, fell of course, into
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their hands at a desperate sacrifice...The sails, new and
old, brought £20. The smaller items realised good prices,
as there’s always a lot of folk who like to buy second hand
goods for cash (NTTG 26,/11,/1881).

The article makes an important distinction between
the sale of the technical items such as blocks and tackle
and sails as opposed to the ‘smaller items’, advertised
such as cutlery, glassware etc. There were many buyers
for these smaller items, many of which were suited for
the domestic sphere. In contrast Dunscome and Lamont
recovered the maritime technical items, things described
as no use to anyone else. A similar sale on the wharves
of Melbourne and Sydney would have interested many,
butin contrast there were only a few able to make use of
technical equipment in Port Darwin.

The second auction, as advertised above, introduces
the question of scrap copper and the ship’s boats.

The copper may have originated from either the
condenser of the propulsion engine or the condenser of
the drinking water apparatus, or both (Steinberg 2005).
Certainly there was no smelter for this metal in Port
Darwin. What this sale represented was a risk venture
whereby the buyer would ship the material south to sell
at a profit.

The ship’s boats are an exception to the question of
whether there wasawide demand for technical equipment,
as boats were self-contained, stand-alone items perfectfor
a small operator seeking to ply local waters. The Brisbane
had six boats, one of these being a steam launch. These
were popular at the auction and we can identify one
buyer and refer to general descriptions of the others
(Steinberg 2005).

Were wood and iron salvaged?

There is a newspaper article describing how Brisbane
wreckage reached the coast as flotsam, and was collected
and used in furnishings; however, there is no reference
to the deliberate salvage of timbers or iron from the site
(NTTG 11/12/1903). This reflects the needs of those at
Port Darwin. The value, if any they would have placed on
these materials would have then persuaded the salvors
that a financial return was probable.

Timberis one example worth considering. In July 1881
the local government employed a number of Chinese
timber cutters to prepare timber from the Cyprus Pine
forest of Indian Island, for the purpose of government
building works such as the construction of the Gaol
(NTTG30/07/1881). Therefore at the time of the Brisbane
wreck the government may not have had need for more
timber, unless they saw the sudden availability of timber
as an opportunity to engage in unplanned works. On the
other hand, perhaps the most telling sign of a local need
for building materials is from the Government Resident
whonoted thatin 1882 nearlyall of the wooden structures
in Port Darwin were destroyed by white ant infestation
(NTA: GRR/4th quarter/1882). Thiswould certainly have
created awidespread and immediate need. Furthermore,
photographs of Port Darwin in this period show that most

buildings in Port Darwin were built of rough-cut timber,
indicating that the use of odd cuts from the Brisbanewould
not have looked particularly out of place.

In terms of another useful item, the iron, while
particular fittings and fixtures may have been salvaged
because theysuited specificjobs, the true value of the iron
would have been as scrap, but at this time there were no
foundries in Port Darwin. This rendered an otherwise
attractive commodity worthless in this context.

What was left behind: evidence from the wreck site
Though remains of the Brisbane are now scattered across
600 metres of reef, when operational it was just under 86
metres in length. Although now a scattered wreck with no
hullintegrity, machinery thatwas notsalvaged or removed
by natural forces remains evident. The larger machinery
remains on site for it was not seen to be worthy of salvage.
This includes the windlass, two winches, a large mound
of chain, numerous anchors of varied size, numerous
small and large boilers, at least four water tanks, the cast
iron propeller and a significant portion of a brass-tubed
condenser. The site plans above, focusing on identifying
major mechanical features, show the forward and aft
sections of the site. With the limitations imposed by scale,
two additional water tanks that are present on the site are
not shown in these plans.

Local industry determining local salvage

The fact that useful items which may have sold as quality
second hand goods and scrap in larger ports were not
removed from the wreck speaks volumes about how
limitations in local industry affected patterns in material
culture reuse.

Much of the machinery on the Brisbane was too large
and unsuitable for the small local fleet that was based at
PortDarwin. Itcomprised afewsmall steam driven lighters
and launches and some small sailing craft that could not
have have utilised large bower anchors, explaining why
they remain on the site. Similarly no boat could have
utilised anchor chainwith a thicknessof1&11/16inches,
(42mm) explaining why alarge mound of chain remains
on the wreck (NMM: RS: 3906: 1874). The presence of
a condenser on the wreck demonstrates that either the
engine condenser or the drinking water condenser was
not salvaged in its entirety. In fact the lack of reference
to the salvage of either in local accounts strongly suggests
that neither were salvaged from the site.

The limitations of the local fleet are also part of the
explanation why the windlass and winches were not
salvaged. These were too large and heavy to be mounted
on deck and used to lift anchors or cargo on small boats.
It would also be too simplistic to assume that donkey
boilers that were salvaged could have been used as
boilers for the engines on these boats. Mitchell quotes
Captain Herreshoff who explains that while boilers for
launches may appear similar to donkey boilers, they
were necessarily much lighter (Mitchell 1994: 25).
Quoting Robert Thurston, Mitchell also notes that steam
launches had to be light and, as a result needed to be
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economic with fuel (Mitchell, 1994: 24). A donkey boiler
of the wrong size may unnecessarily increase deadweight
reducing carrying capacity and efficiency. There may
also have been a mismatch in working pressures and
fuel consumption, depleting onboard reserves far too
quickly. It may have been possible to reuse these boilers, in
terms of the technological challenge, but whether it was
sensible from an operational and economical standpoint
is another question.

There was also no wharf at Port Darwin at this time,
and so the Brisbane’s boilers, winches and windlass were
notable to be utilized on cargo derricks (cranes) operated
from a wharf structure. Cargo and passengers had to be
lightered from vessels moored in the harbour.

While the decision notto salvage and reuse these items
in local terrestrial industries expands this study beyond
a focus purely on maritime Port Darwin, there was no
terrestrial industryin which machinerysuch as the winches
orwindlass could be of use. The onlyland-based industries
that used machinery were the Deliseaville experimental
sugar plantation and the nearby mines. The plantation
had a purpose-built crushing machine and the mining
industry was dependant on purpose-built equipment
which were imported from the south or acquired second-
hand from failed local companies (NTTG 01/04/1882;
Jones, 1997: 5, 11, 21, 27, 30).

Models for reuse and adaptation
Fundamentally this paperis about significance, about those
objects that were considered valuable and were retrieved
by salvors as part of their organised salvage program,
and those which were were left at the wreck site. Some
archaeologists who have worked extensively in Australian
industrial archaeology have suggested interpretative
themes and models for technological adaptation and
industrial reuse in isolated locations (Birmingham, Jack
& Jeans, 1983: 11-12; Pearson, 1984;29;1992;1996; Todd,
1995). Birmingham, Jack and Jeans refer to dominant
themes such asisolation and ingenuity, whilst M. Pearson,
in his 1992 paper on ship tanks, refers to a general practice
of technological adaptation in isolated materials-poor
locations. Although it seems a logical premise to assume
that people with limited access to material goods salvaged
and reused what was available, the failure to salvage and
adapthardware from the Brisbaneshows we cannotassume
this was always the case.

Highlighting the danger in over generalization is M.
Pearson’s study of the adaptation of ship tanks in rural
settings. He writes:

The prevalence of the ship tank in rural Australia reflects
the extensive recycling of manufactured items for alternative
purposes, atraitnecessary for survival, oratleast comfortable
living, in asociety thatisisolated from the source of purpose-
built manufactured products (Pearson, 1992: 24).

Pearson’s individual examples of the modification of
water tanks in various places are fascinating examples of
individual object reuse, and there are certainly examples

of ship tanks being reused on miningsitesin the Northern
Territory (Mitchell, 1995: 167). One use was to hold a
supply of water for the boiler associated with the mining
battery. However, whether these single examples reflect
a broader culture, in which the opportunity to reuse
materialsand machinerywas consistently taken, requires a
more thorough study of material culture reuse as practised
by specific groups of people. The Brisbaneis an example
of'a collection of objects, a wide selection of goods, being
available in one place at one time. When we see reuse
played out at this level we do not see a simple scenario,
buta complex and partly contradictory one. Items suited
for the domestic sphere were in high demand, small
navigation equipment was of value and thereby selected
and reused but by far fewer people, and larger machines
were discarded altogether.

W. Pearson (1996) provides a model for the transfer
and adaptation of industrial machinery from Britain to
Australia in the 19th century. He considers, amongst
other variables, socio-cultural factors, local knowledge,
local supporting industries and technologies and local
economic factors.

Conclusion

The case of the Brisbane and Port Darwin speaks of an
incident when a large and diverse amount of material
goodswere removed and distributed across a community.
Napkins, sheets and musical instruments became the
personal possessions of local residents (Steinberg, 2005).
Some of the ship’s smaller technical items were purchased
by one or two locals engaged in maritime activity. In
contrast large machines, which conceivably would have
been transferable to other vessels or perhaps adapted for
terrestrial industry, were left behind. The explanation for
thisliesin the specific makeup of the Northern Territory’s
maritime and terrestrial industry at the time. This paper
demonstrates that conditions particular to a place and
time can influence whether salvage and reuse occurred.
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Iron, steel and steam developments in the United Kingdom
Ray Sutcliffe.

Figure 1.

Abstract
Ray Sutcliffe, former BBC documentary maker (including
the Batavia film), joined with Prospero Productions to
produce the Xantho film, and as one of the group that
saved Great Britain and returned it to its home, became a
leadingforce in British iron, steel and steamship heritage.
In this section he presented in slide form an overview of
iron, steeland steam developmentsin the United Kingdom
based upon his long-term involvement in the field.
Other than decrying the losses both in-water and within
heritage boat holdings and exhibits, Sutcliffe also dealt
with the threats to the submarine Resurgam, the subject
of an open letter of concern published recently in the
International Journal of Nautical Archaeology (Delgado,
McCarthy & Neyland, 2006). This was sent partly as a
result of the understandings gleaned from an earlier
lecture by him. He also presented on developments in
the SS Great Britain exhibit where an exciting new mode
gives the impression of the vessel being afloat in its dry
dock while allowing people to walk on the bottom of
the dock and see the hull from below. He also spoke on
a new method of corrosion prevention that has been
effected in concert with the innovative exhibit. Sutcliffe
also presented on similarly inspired plans for the exhibit
of the composite (iron frame and wooden hull) clipper
Cultty Sark. As at Great Britain, severe corrosion was a major
concern. The ‘deconstruction’ of the paddle tug Reliant,
a once well-preserved museum ship, since reduced to a
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The iron framed Carrick ex City of Adelaide (R. Sutcliffe).

few ‘key’ elements of its machinery, was also considered.
He concluded with an examination of the Carrick (ex
City of Adelaide), an intact composite hull under severe
threat from authorities who also appear prepared to
‘deconstruct’ it in order to allow a nearby development
to proceed.

Postscript

In May 2007 a fire on Cuity Sark, when part way through
the conservation program, was not as damaging as first
thought with most of the internals removed for the
refurbishment and treatment program.
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Experimental Archaeology: Re-creating the stern of the SS Xantho

Joel Gilman

Abstract

This paper describes the process of building a 1/6-size
‘impression’ (anillustrative, rather than exactmodel) for
display in the Western Australian Museum—Shipwreck
Galleries by re-creating alines drawing of the hypothetical
stern-end of the SS Xantho hull. The outcome is a useful
visualization of the ship’s machinery and an interesting
museum display. The construction process confronted
a number of detailed design and shipbuilding issues,
raising questions that would not have been asked but
for building the impression. In this regard it was an
ideal subject for experimental archaeology. The museum
display documents the design and construction process,
explaining to museum visitors the issues confronting the
projectand how theywere resolved. In this way, the visitor
is able to share in the archaeological and interpretive
work underpinning the exhibit.

Introduction

The screwsteamer SS Xanthosank off the coast of Western
Australia in 1872. Since its location and identification
in 1979, this wreck has continued to provide a wealth
of information about 19th-century iron shipbuilding,
and it has been a focus for the coastal trade in Western
Australia, and the social life and times of her owner,
Charles Broadhurstand his family. Other than Broadhurst
himself these are notably his wife, Eliza Broadhurst, an
entrepreneur son Florance and a daughter Katherine, a
suffragette (McCarthy, this volume).

This paper describes the process of creating the
stern-end of the hull and building a 1/6-size impression
(a type of model) for display in the Shipwrecks Gallery
of the Western Australian Maritime Museum. This was
to be presented to the public along with the engine and
other elements of the aptly titled ‘Steamships to Suffragettes’
exhibit.

Other than a series of Indigenous depictions and the
famous ‘Walga Rock’ painting, no original plans, drawings
or photographs of the ship have been located, and as a
result, this projectrequired research into collateral sources
and general shipbuilding practices of the period, drawing
plausible inferences, and plenty of sheer guesswork.

The outcome is acknowledged as a very useful
visualization of the ship’s machinery and an interesting
museum display. The construction process confronted a
number of detailed design and shipbuildingissues, raising
questions that would not have been asked but for the
project of building the impression. In this regard it was
an ideal subject for experimental archaeology.

The steamer Xantho

The history of the Xanthoand the archaeological research
conducted on itis described by McCarthy (2000). A brief
summary is provided here.

The Xantho was originally built in 1848 by the Denny
Brothers of Dumbarton, Scotland, as a side-paddle
steamer. By 1871, the ageing ship was in the hands of
Robert Stewart, a Glasgow scrap metal merchant. Stewart
rebuilt Xantho as as an auxiliary screw steamer (i.e. a
sailing ship with a steam engine to supplement the sails)
replacing the original engine and adding the necessary
drive shaft, screw, stern-tube, clutch and other machinery,
as well as moving the rudder and altering the stern to
accommodate the screw. The new engine was Royal Navy
surplus, originally built ¢. 1860 for the RN ‘Britomart’ or
other class of gunboat. The unusual engine configuration
featured an extremelylow profile, complying with the RN
requirement that the engine remain completely below
the waterline and thus out of the line of enemy fire. The
ship’s owner, Charles Broadhurst, an early pioneer and
apparentlysomewhatimpulsive entrepreneur in Western
Australia, brought the ship from Glasgow to Fremantle. It
was the first steamer employed in the Western Australia
coastal trade, between Fremantle, Batavia (Jakarta). It
also served Broadhurst’s pearl-shell enterprises on the
north west coast.

In the earlyhours of 16 November 1872, Xantholeft Port
Gregory, some 500 km (300 miles) north of Fremantle,
and headed south for Champion Bay (Geraldton), badly
overloaded with bags of lead ore. The ship began taking
water soon after leaving port, and headed back toward
Port Gregory. Inside the reef, the ship’s bow ground into
the sandy bottom, roughly 150 metres offshore. Unable
to refloat the ship, Broadhurst salvaged as much of the
cargo and rigging as possible. In the 130 years since then,
the ship has deteriorated to a state where all that remains
are the boiler, some machinery, frames, and the distinctive
screw aperture and rudder.

In 1979, Xantho was ‘discovered’ and identified and
by the MAAWA (although the presence of the wreckage
had long been known to local fishermen). A team from
the Western Australian Maritime Museum in Fremantle,
led by Dr Michael McCarthy, began studying the wreck
with an eye towards protecting it from souvenir hunters.
Historical research and the site inspection revealed the
engine as one of the few surviving specimens of its type;
a 60-hp non-condensing two-cylinder horizontal trunk
engine, one of 60 built by the engineering firm of John
Penn and Sons, Greenwich, under contract to the Royal
Navy in the years following the Crimean War. By way of
illustration, the replica engine installed in the restored
HMS Warrior,now on display at Portsmouth, UK, isamuch
larger version of this type of engine. The original Warrior
engine was also built by Penn around 1860.

The excavation
The rarity of the engine, its excellent condition after over
acenturyunderwater, and the increasing risk of vandalism
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Figure 1. M. McCarthy’s original display concept (Chris

Buhagiar).

led the Museum to undertake raising the engine, and
conserving it for display and further research. In 1985,
a team of underwater archaeologists raised the engine
and brought it to Fremantle, where it has since been
undergoing treatment.

The developing Xantho exhibition

McCarthy’s original display plan included raising and
conserving the entire stern section of the hull, from
the boiler face to the rudder, some 12 metres long
overall. This would offer museum visitors a stunning
display and illustrate the entire mechanical system of
this unusual early steamship. Figure 1 is a conceptual
drawing of the proposed display from the early 1980s.
Unfortunately, unforeseen difficulties in conserving the
engine, combined with the prohibitive cost and sheer
difficulty of raising and conserving so large a piece of
heavily-concreted iron eventually proved insurmountable
in the short to medium term, and this idea was put aside.

In the alternative, Dr McCarthy explored creating a
model orimpression of the stern section. Mr Bob Burgess,
a mechanical engineer and museum volunteer, built a
1/6-size wooden mock-up of the engine. Mr Burgess
later used this mock-up as a guide while constructing
a 1/6-size working scale model of the engine. This was
based entirely on underwater drawings, measurements
and notes on the engine made by museum diver Geoff
Kimptonand engineering quality drawings of the machine
produced by the team’s engineering and steam expert,
Noel Millar before his untimely death. Further research
into Penn’s engine design had provided some indication
of the internal arrangements. Though he was forced to
make an educated (and since then verified) guess about
the internal arrangements, his was to become the first
working engine model based entirely on the archeological
evidence.

The engine hassince been totally disassembled with all
its internals, including the crankshaft, cylinders, pistons
and various brass and copper pipes, and other fittings all
conserved, stabilized and on display. The entire engine
has since been reassembled in the Museum, though one
cylinder is left open for the benefit of visiting engineers
and interested others. It can be turned over by hand.
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It was as the engine was being reassembled that the
author entered the picture, as an honours student in
the Research Institute for Cultural Heritage at Curtin
University of Technology in Perth. Mine was to become
one of many post-graduate studies into the SS Xantho that
the Museum supervised. Under McCarthy’s guidance, a
plan was developed whereby a replica or ‘impression’
of the Xantho stern would be constructed at the same
scale as the wooden engine mock-up. Into this Burgess’
engine mock-up would be installed, along with such other
machinery and details, including part of the boiler and
drive shaft. Thus the Xantho 1/6-size Impression Project
was conceived as amuseum display, allowing visitors to see
how the Penn trunk engine fitted into the hull along with
the drive shaft, clutch and other associated machinery.

The balance of this paper details the process by which
the impression was designed, constructed, and installed
in the Xantho exhibition at the Museum’s Shipwrecks
Gallery in Fremantle.

Designing the hull impression

The first step in building the impression was to create a
lines drawing from which towork. The overriding problem
confronting the project was the almost complete lack of
detailed information about the ship’s design, either as
originally built by the Denny Brothers Shipyard, or as
modified by Robert Stewart, the Glasgow scrap metal
merchant.

Apart from the Indigenous (at Indernoona Station
inland of Cossack) and ‘Malay’ (in the Indigenous gallery
atWalga Rock) depictions of SS Xantho, thatare presently
on exhibition, no drawings or photographs of the ship are
known to exist, even after more than 20 years of research.
However, we do have the ship’s dimensions, both in the
construction contractaswell asin the registration papers.
The builder’s records also include some information
on construction details, such as the dimensions of the
keel, etc. For its part the archaeological record helps
fix the position of many, but not all of the fixtures, e.g.
hull, boiler, engine, frames, etc. This information was of
a limited nature however, for while the wreck site itself
provided additional information as to the ship’s original
design, the hull fabric is badly deteriorated. As a result,
ship’s lines to the keel could only be obtained after first
excavating the entire hull on one side, a project the
Museum decided against doing. Though recognized as
an essential process, concerns about excavating below
the hull and the destabilizing effect of any dig below the
fragile remains prevailed. Therefore, only such parts of
the hull and machinery which appear above the seabed
were accessible for measurement.

Helping to fill this void, the construction contract
makes reference to asimilar Dennyship, the Lock Lomond,
which was still on the ways at the time the Xantho contract
was entered into. We also have builder’s records on the
Loch Lomond, details of which appear in Lyon (1976) a
compilation of the Denny Company records. As with
Xantho, no drawings of photographs of Loch Lomond are
known to exist, though the Science Museum in Britain
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Figure 2.  Stern of the Loch Lomond model (Glasgow Museum

and Art Galleries).

has on display a wooden model of the Loch Lomond, and
several photographs of itare nowon file at the Department
of Maritime Archaeology of the WA Museum. Lastly, we
also have conjectural or ‘educated guess’ information
available by looking to other ships built at approximately
the same time, e.g. Brunel’s giant screw steamer Great
Britain, launched in 1843. It is on display in permanent
drydockatBristol, and it provided a number of clues as to
iron ship construction of that period viz. the arrangement
of the strakes on the clinker-built style iron hull that both
it and Xantho shared.

Lines drawing: the Rifle a contemporary hull

Since no original lines drawings of Xanthowere available,
the first step in the design process was to take a set of
lines from a similar hull. It seemed appropriate to pick
lines from a hull contemporary with Xantho, in that both
vessels might be expected to share similar lines, curves,
and proportions. It is acknowledged nonetheless that it
is conjectural whether contemporary ships share such
details and that the possibility has yet to be tested. A
useful opportunity arose when advice was received from
shipbuilder Bill Leonard (of Endeavourand Duyfkentame)
and Ray Sutcliffe (this volume) of an auxiliary steam
yacht called the Rifleat the Scottish Maritime Museum in
Irving south of Glasgow. Rifleis believed to have been built
between 1850 and 1860 (Gilman, 2001a: 1), i.e. within
roughly a decade of the Xanthos original construction in
1848. As Riflewas roughly the same dimensions as Xantho,
it seemed an appropriate starting point for developing a
lines drawing for the Xantho impression.

The procedure for taking lines of Rifleis as described
in Dillon, 1993. The end result was a plan view and side
view of the surviving portion of Rifle’s hull. As the breadth
amidships and the depth of Rifleare smaller than those of
Xantho, the measurements taken from Riflewere adjusted
to create a bigger hull cross section, consistent with the
registered dimensions of Xantho, while maintaining the
proportions of the curves taken from Rifle. The adjusted
measurements were then plotted on graph paper at 1/6
the actual dimensions. This scale was chosen to deliver
a full-size drawing of the impression. French curves were
used to draw the hull profile at each of the sections, also
known as a ‘plan view’ or end view. Regular intervals were
measured from the centerline outward, and the points
where these intervals intersect the profile lines describe

the buttock lines shown in the ‘lines view’ or side profile
view of the hull. The lines view is useful to make sure that
the planviewlines resultin a faired shape. In other words,
the buttock lines should describe a graceful curve in one
direction, with no kinks or ‘S’ curves. Such anomalies
would indicate an error in the plan view’s section lines.
A complete report of the lines-taking exercise appears
in Gilman (2001b).

The building process: the choice of wood or metal
Building in the gallery or in a workshop

The undisputed reference work for a project such as this
is ]. Richard Steffy’s masterpiece, Wooden Ship Building and
Interpretation of Shipwrecks (Stefty, 1994). Although Stefty’s
concern is more with reconstructing wooden ships of the
ancient and medieval periods, the concepts, approaches
and techniques were useful on the XanthoImpression. In
particular, unlike many of its peers, Xanthowas much like
an ancientship in that no specific design information was
available. The bestsources of information were the remains
of the ship itself, and whatever literature or records could
be found that provide clues as to shipbuilding techniques
of the period. A further difference is that Steffy was
concerned with wooden ships, and the reconstructions
he describes are invariably made of wood to imitate in
exquisite detail the joinery work. The Xanthowas an iron
ship, and although the impression was built of wood, a
considerable amount of time was spent evaluating various
commercially-available metals to use in constructing the
impression, before wood was chosen.

Metal would offer a number of advantages. One of
the goals of the Impression project was to do as much of
the work as possible in the Xantho exhibition itself, the
‘living museum’ concept. It was also realized that to the
public, the assembly process would look very much like
a real ship under construction: first the keel would be
laid down, then frames would be assembled from short
curved lengths of angle stock, joined with gussets to form
each frame, and the frames fastened to the keel. Finally,
strakes would be assembled and fastened to the frames.
Pop rivets could be used to join the metal pieces through
pre-drilled holes. Peened into shape, a soft aluminium
pop rivet head can be made to look very much like a
countersunk hot rivet.

It was soon realised, however, that drilling holes and
hammering the rivets to final shape would be noisy tasks
best performed outside the gallery, however. Shaping the
frame segments would also be an involved and (for the
audience) potentially dangerous task, requiring heatand
some sortof bending apparatus. However, most other tasks
would be relatively quietand produce little debris. Cutting
the strake material could be done with sheet-metal snips,
and pop-riveting is not objectionably loud. By contrast,
using power tools to cut wood is also extremely noisy
and produces a great deal of sawdust. Epoxy and other
adhesives produces more clean-up tasks, and hammering
nails of course would also produce noise. In the end,
wood was chosen. The deciding factor came down to
costs, both of materials and the appropriate tools. Wood
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Figure 3.

Side view of the Xanthoscrew aperture at the wreck
site (Joel Gilman).

is also easier to work with, absent specialized training in
metalworking. Unfortunately, this decision precluded
building the impression in the museum gallery due to
problems with noise and dust. As museum’s search for
more innovative and flexible exhibition approaches, the
possibility that exhibition spaces be adapted to allow for
‘messy’ projects by containing the noxious elements while
still allowing visitor access could be considered.

Building the impression: problems with the stern
aperture

The construction method is known as plank-on-mould,
commonly used for clinker-built wooden boats. The
techniqueiswidelyused. An excellentexampleis described
in detail in White (1987). First the hull profile lines were
traced onto onionskin paper, and using carbon paper
under the onionskin paper the traced lines were scribed
ontosheets of 122mm MDF board. The pieces of MDF were
assembled onto a frame of 19mm x 70mm pine to form a
construction mould for the hull. At this point, the lines
drawing and the mould were studied and checked against
other known information about the Xantho hull. It was
immediately obvious that the transom and deadwood were
completely wrong to accommodate the screw aperture
photographed at the wreck site. It was soon evident that
the problem is that Rifle was an auxiliary screw steamer.
The hull was built for sail, with a pronounced keel. Xantho
was originally built as an side-paddle steamer. The hull
would have had a keel, and presumably the cross section
lines would be similar. However, the originally Xantho
stern did not make provision for a screw, just the rudder.
Another Denny-built paddle steamer, the Loch Lomond,
is mentioned in the original builder’s contract as an
example of the style of ship the owner sought (McCarthy,
2000: 52). That ship had virtually no deadwood (the flat
triangular area between the keel, the sternpost and the
bottom of the hull where it narrows at the stern, at the

50

The completed mould, with the forward bulkhead,

transom, keel, and inwales attached, ready for
planking (Joel Gilman).

Figure 4.

stern-post), as can be seen in Figure 2, a photograph of
the stern-end of a model of Loch Lomond at the Glasgow
Museum and Art Galleries.

If indeed Xantho's original stern resembled Loch
Lomond’s, the next question concerns how the stern was
modified to accept a drive shaft and screw. Registration
documentssuggest that, atthe time the shipwasre-engined,
the hull was lengthened by some 15 feet (¢. 5m). Part of
this additional length might have resulted from moving
the sternpost aft a few feet to accommodate the screw
aperture. Comparing the stern view of the Loch Lomond
model in Figure 2 with the surviving iron framework of
the screwaperture photographed at the wrecksite, shown
in Figure 3, suggests that the screw aperture was simply
added into the counter. The pronounced arch of the top
of the aperture resembles the concave shape of the Loch
Lomond counter.

On the assumption that this is how the ship was
modified in 1870, the lines drawing was reworked to
reflect the shape of the Loch Lomondstern, with the screw
aperture frame designed to fit neatly in the area under
the counter and behind the original sternpost where the
original rudder was placed. Then from the revised lines
drawing, the section panels of the mould were re-cut and
reassembled onto the frame. Few details are provided
here other than to note that Tasmanian oak inwales were
also affixed to the mould at the sheer line. A single knee
of Tasmanian oak was also cut to support the curve of
the counter, and additional knees of pine were used to
define the corner where the counter meets the sides of
the hull. At this point, the mould was ready for planking,
as shown in Figure 4. Compare this with the Loch Lomond
transom and counter, shown in Figure 2.

PLANKING

Marine plywood of hoop pine, 1.5mm thick, was chosen
for the strakes. The plywood strakes were cut on a band
saw, as the scroll saw had a tendency to tear the outer
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veneer of the plywood. The first strake was applied just
under the turn of the bilge, instead of starting at the
keel as might be expected. This was chosen to illustrate a
technique used on Great Britain, on which the fifth strake
up from the keel was laid on first, then succeeding stakes
were lapped working up from this strake to the gunwale
and down to the keel (McCarthy, 2000: 9). Strakes were
fastened to the forward bulkhead, the transom, and to
each otheratthe overlap with Araldite two-partepoxy. This
compound isreadily available and when mixed maintains
a fairly thick consistency, easily applied. The ends of the
strakes were nailed to the bulkhead and transom, and
temporary nails were used to fasten strakes to the mould
sections to hold their shape while the epoxy cured. These
nails were moved once the planking was complete. After
the last strake was attached and the epoxy cured, obvious
gaps and other blemishes were filled with epoxy, and the
shell was then removed from the mould.

FrAMES

With the shell complete, the frameswere cutand installed,
but for a variety of reasons not to the Denny Brother’s
specification which calls for the frames to be spaced 21
inches (5633 mm) between centres. (McCarthy, 2001: 50).
In the impression, the frame spacing is roughly 6 inches
(152mm), which scales to 36 inches (915mm). Despite
this discrepancy they provide a good indication of the
original to the public. The moulds were traced to obtain
theinside contour of the hull at the mould positions. These
tracings were transferred to 12mm pine boards and cut
with a portable scroll saw. The contours for intermediate
frames, positioned midway between the mould positions,
were obtained using cardboard templates cut to shape by
trial and error. Frames were attached inside the hull with
epoxy, clamped and then nailed from the outside of the
planking. Occasionally, tapered notches were cut in the
outside edge of frames to bring the frame to within 3-4
mm of the planking. Any remaining gaps between the
frames and planking were filled with thickened epoxy. The
spacing of the impression’s frames is also not accurate.

BILGE LINER

A common practice in iron shipbuilding was to line the
bilge with Portland Cement (an ‘hydraulic cement’ that
could set even in very wet conditions), to add strength to
the joints between the keel, frames and garboard strakes,
as well as to provide a floor. On the model the bilge area
was first coated with a thin mixture of epoxy to seal the
wood and fill any gaps between the keel and garboard
strakes. The bilge was then filled with spray insulation
foam. When cured, the foam was trimmed to more or
less level, and then covered with a layer of Plaster of Paris
to create the flowed-on appearance of Portland Cement.

MACHINERY

The thrust block, clutch, and packing gland were
fashioned from pine. The stern tube was made from
a length of 25mm jarrah dowel, a hardwood native to
Australia. A hole was bored in the tuck, just below the

curved transom, to accept the stern bush. The forward
end of the tube was centre-bored to accept an 8mm
dowel, which was inserted into a hole in the stern-tube
bulkhead. The drive shaft was made of 19mm Tasmanian
oak. The packing gland, clutch, and thrust block were
all slid over the drive shaft and fastened into place. The
halves of the coupling flange were glued to the forward
end of the drives shaft and the aft end of the engine
crankshaft, respectively. For the engine support and the
thrust block support, 12mm x 12mm aluminium angle
stock which when coated fairly resembles the iron angle
stock used in the original Xantho.

BoILEr

The boiler face was cut from 19mm chipboard and a
12mm dowelling bit used to bore the fire tube holes. The
smoke box frame was fashioned from a length of 13mm
x 13mm brass angle, cut and bent as appropriate, with
the bentjoints soldered for added strength. The tool rest
is a length of steel rod, soldered to 3 long wood screw
stanchions extending about 20mm from the boiler face.
The furnace doors and other details were cutfrom scraps
of pine, and the door hinges were cut from dowels. All
surfaces were then covered with texturing sand.

SCREW APERTURE

The distinctly-shaped screw aperture was assembled from
length of 30mm x 30mm jarrah. The convex curve along
the outside of the sloping top member was cut to match
the curve of the transom, using the same template used
to cut the transom knee on the inside of the hull. A short
length of 19mm jarrah dowel was used for the external
drive shaft.

RUDDER

The rudder was cutfrom a 19mm plank of pine, with butt
plates and glue ‘rivets’ applied in the same fashion as on
the hull. The gudgeonswere fashioned from brass hinges,
bent to wrap around the stern post. The hinge pins were
driven out and in their places ‘L’- hooks were driven in.
The ‘L’-hooksin turn were threaded into the leading edge
of the rudder to form pintles. This arrangement, while
providing sufficient strength to withstand the inevitable
bumps and knocks the impression might be expected to
withstand while on display required a layer of thickened
epoxyand sand texturing to produce an air of authenticity,
reflecting a layer of ‘corrosion’.

FinaL ToucHES: BUTT PLATES, RIVETS ETC.

The Museum’s Xantho excavation retrieved a ‘butt plate’
(XAb17), which is a long, narrow strip of iron used to
rivet two larger sheets together (McCarthy, 2000: 9). On
the Great Britain, these plates appear on the inside of the
hull. However, on Xantho, the butt plate was recovered
from the outside of the hull. Whether or not this was an
anomaly, or if the entire hull at the stern after the 1871
reconstruction had external butt plates, is not known. In
any event, it was decided to add external butt plates for
the Impression. Each hull plank was scribed at roughly
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300mm intervals, which corresponds to about six feet,
the nominal length of plates on the Great Britain (Corlett,
1975: 30). The impression’s butt plates were cut from
a length of % mm x 21 mm wide adhesive-backed pine
veneer. Using a conventional household laundry iron,
the plates were held in place until the glue melted, then
allowed to cool. Another detail on the exterior are rivet
heads. These are formed by placing drops of ordinary
water-based glue, about 6mm diameter, at intervals of
about 10-12mm along the outer lapped edge of each
strake and in a double row on each butt plate. The 6mm
diameter corresponds to a full size rivet head of about
1'4”. The spacing is not to scale but placing them closer
together would have made them less visible. To complete
the project, planking was added over the lazarette (the
space above the counter, below the deck) to drawattention
away from the crude bracing employed to support the
curved transom. None of this bracing even attempted to
replicate original iron ship construction techniques; it
was designed simply out of expedience. For symmetry, a
few short bits of planking were also attached next to the
boiler face. When dry, each plank was clamped in a vice
and an abrasive wheel in an electric drill was used to cut
random scallops along the edges of the planks. Planks were
then attached to the hull. As the hull tapers at the stern,
it created an opportunity to show how planking would
be ‘joggled’ instead of tapered. The final touch was to
coat the entire hull, inside and out, and the machinery,
with glue and sand, and then painted a dull gray. This
gives the appearance of iron that has begun to corrode
and accumulate concretion after being under water. It
was also an excellent way to obscure blemishes and mask
the lack of detail in the project.

Installation at the Museum

The impression was installed in the Shipwrecks Gallery
of the W.A. Maritime Museum in January, 2003. Bob
Burgess’ engine mock-up was painted bright red, for
contrast and then it was attached to a small panel of 3mm
hardboard, which, in turn, was drilled and bolted to the
engine bearers using 4mm hex-head bolts and nuts. The
crank-shaft coupling flange was bolted to the flange on
the drive shaft using 6mm hex-head bolts and nuts. The
6mm bolts scale up fairly accurately to the bolts still visible
on the crank shaft on display. A propeller, fashioned by
GeoffKimpton from acommon electrical fan, towhich was
added car body filler moulded to shape, was then fitted.

Costs
All of the materials used cost about AU$520.00, broken
down as follows:

Mould materials AU$55
Consumables AU$40
Materials used in actual impression AU$425

The time involved, if priced atanyrealistic hourlyrate,
costs far more than the materials. The project required
some 400 hours labour. Assuming a rate of AU$20.00/
hour, the total cost of the project would be on the order
of AU$8,600.00, or a little over US$5000 at an exchange
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The completed installation, with Patrick Baker’s
photo of thewreckin the background (M.McCarthy).

Figure 5.

rate of US$0.60 to AU$1.00 if properly funded. To an
extent thisreflects the ‘everything done onaashoestring’
nature of the entire Xanthoproject, with the original 1985
excavation, iron ship seminar, engine lift and transport
completed at a cost of AUS $7200, with Burgess model
costing the Museum $49 for parts and the entire exhibition
presented with borrowed, or purloined equipment and
volunteer or student labour and expertise (McCarthy,
this volume).

Lessons learned from the impression

The design of the impression was a complex and evolving
process,and the resulting model hasacknowledged errors.
While mostwere known from the start, as expected, some of
theanomalies became apparentonlyasaresultof building
the impression. The drive shaft in the impression runs
parallel to the keel for example. Long after the shell of the
hull was complete, and the stern tube was fixed in place,
detailed study of the Museum’s site drawings revealed
that the drive shaft actually has a slight downward slope



aft, atabout a 1/20 incline. At this point in the project it
was too late to change this, without causing considerable
delay, so the non-sloping shaft was left in place. A related
problem is the height of the screw relative to the sheer
line. For the screw to be entirely submerged, the sheer
line would have to be quite low to the surface of the
water. Looking at the impression, itwould notappear that
the ship would have had sufficient freeboard to remain
seaworthy. The problem is that, either the screw itself is
too large in diameter, the drive shaft comes out of the
tuck too high, the depth of the impression is too small, or
some combination of the above. The impression assumed
that the original screw diameter was 6 feet (1.83 metre),
based on field notes from an October, 2001 site visit. The
depth was taken from the construction contract, which
specified the depth of the hold as 8.4 feet (2.5 metres).
The perforation in the tuck was selected to fit the screw
as low as possible in the water. This problem might have
been corrected in the design stages with more attention
to the drive-shaft slope question, more detailed study of
the screw diameter and the aperture generally on the
site visit. Also required was more research into how the
depth of hold figure was calculated, and how that figure
corresponds to depth overall. However, in spite of the
apparent problem in the size and/or placement of the
screw, the screw aperture does seem to bear out the
possibility that the Xantho was modified by adding the
aperture under the counter, and moving the rudder from
the tuckfurther aftand mountingiton the newstern-post.
Thisaccounts for perhaps 1/3 of the ‘lengthening’ which
appears to have occurred between the 1848 registration
and the 1871 registration.

Model-making as Experimental Archaeology

From experience elsewhere with wooden hull replicas
and impressions and in this, the Xantho stern case, it is
evident thatarchaeologists and their teams can learn alot
by personally undertaking this sort of hands-on exercise.
Invaluable benefit arises from having to mentally stand
in the shoes of the original ship’s designers, shipwrights,
owners, crew and others involved with the ship’s design,
construction and operation. Itis a bitlike trying to figure
out how the massive blocks of Stonehenge were hauled
from the quarry and erected, the difference being that
good records exist of how ships were built, for the most
part, but they often lack details as to particular ships and
how they were modified. Further, theories are needed
to explain discrepancies between written records and
archaeological evidence. Xanthois an excellent case-study
in ship modification, with plenty of discrepancies between
the archaeological record and the written record on 19th-
century ship design. Building the impression forces the
archaeologist and their specialists and volunteers to look
for more detail in both the written and archaeological
record, raising practical questions that might otherwise
be taken for granted. For example, the pintles and
gudgeons on Xantho’s rudder. This is an uncomplicated
mechanism, but the particulars of Xantho's rudder
attachment as modified are covered in a thick layer of

corrosion. Lacking detailed information, the impression
‘fudged’ on this question, using ‘gobs’ of epoxy and
sand to represent concretion that effectively obscures
the rudder attachment. Having to confront such myriad
details is an excellent way to test the completeness of the
archaeological field-work. This provides the archaeologist
with an opportunity to test theories and hypotheses as to
how the original was built.

Conclusion

Building something like the Xantho stern impression
was entertaining, and extremely satisfying. There is
something to be said for putting aside the field reports,
the tape measures and underwater cameras, and instead
attempting to make sense of archaeological data in a
tangible, 3-dimensional, process-oriented way. While it
is of archaeological and technical value, certainly the
public also love it.
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An archaeologist’s work is never done: exhibition as dialogue

M. Gregg

The XANTHO Trunk E

Steam valve chest

Figure 1. Above: the problem. A conventional horizontal
engine with cross-head. Below: the solution (M.

Gregg).

This presentation examined the experiences and
outcomes of the SS Xantho exhibition as a ‘work in
progress’, with particular reference to the involvement
of the public and museum community in experimental
archaeology. Itlooked atsome of the public products that
have evolved, including effective but simple animations
developed ‘in-house’, and went on to discuss some of
the new research directions which have originated from
the public interaction with the exhibition. Of particular
interestis the potential for reconstructive hydro-dynamic
modelling of the hull form and rig from the archaeological
record in order to interpret the historical enigma that is
posed by the presence of SS Xanthoon the coast of Western
Australia, questions that the historical record, despite the
relatively recent date, could not answer.

The SS Xantho engine animations

The following schematic of the SS Xantho horizontal
trunk engine illustrates the problems with the length of
conventional horizontal engines and John Penn’s solution
to the problem making them far more compact and
allowing them to be fitted well back in the stern thereby
providing great savings in space. As shown here, one
solution with Horizontal Engines was to remove the cross
head and attach the connecting rod to the piston direct.
Working from the deconcreted engine in the exhibition
gallery, the SS Xantho’s practising steam engineer the late

Figure 2.  Part of the SS Xantho engine working schematic

appearing on the exhibition floor (M. Gregg).

Noel Millar produced a series of high quality engineering
drawings. The production of a working model was one
of the aims of this exercise. This was completed by steam
engine model maker the late Bob Burgess. In order to
help understand the workings of the engine a working
schematic was produced and it plays continuously
alongside the model in the exhibition gallery.

The Xantho trunk engine

The Xantho's trunk engine was designed by John Penn
to an order from the British Admiralty for engines for
gunboats for the Crimean War. The Admiralty needed
special engines thatwere entirely below the waterline. Any
enemy shot entering the hull would pass above the vital
machinery. Normal vertical engines were too tall, so Penn
laid the cylinders flat. That made the engine too wide to
fit in a gunboat. He replaced the Crosshead and Slide
Bars with a Horizontal Trunk allowing the Connecting
Rod to pivotinside the Cylinder. The resultwas a compact,
powerful butrelatively inefficient and specialized engine
that met the Admiralty’s needs.

Operation

Figure 3.  Appearing below: elements of the SS Xanthoengine

working schematic (M.Gregg).

[ )
Acrankarrangement called the Forward Eccentric moves
a small sliding valve

backwards and forwards uncovering steam ports

PELAN

connected to each end of the cylinder and a central
exhaust port.
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1. Steam flows through passage ‘A’ into one end of the
cylinder and pushes the Piston to the right. Passage
‘B’ is connected to the exhaust portso that used steam
from the previous stroke can escape.

2. Bythe end of the stroke the valve hasuncovered steam
port ‘B’ and the steam it has just used escapes via ‘A’
to the exhaust port. The Piston is now pushed back
to the left.

Reversing

Reverse Eccentricissetopposite to the Forward Eccentric.
When it is lifted into place with the Expansion Link, the
timing of the sliding steam valve is reversed 180 degrees.
The engine will now run backwards.

Theworking schematic can be viewed in action on the
website below. http://www.museum.wa.gov.au/collections/
maritime/march/shipwrecks/Xantho/Xantho Restoration.
html
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Xantho people pictorial
Kalle Kasi

Archaeology is about people from the past and the
Xantho project—though the ship and its engine have
been the focus of the fieldwork and conservation these
last twenty years— is no exception. In this work Kalle
Kasi, diving conservator, member of the WA Museum’s
Department of Materials Conservation, silently presented
the Broadhursts, John Penn, the modern archaeologists,
the conservators, the suffragettes, the model-makers, the
engineers and the volunteers in a celebratory pictorial
that was projected behind the speakers as the seminar
was opened .

John Gorham Vicki Richards and Dick Garcia
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Tim Smith and Ted Graham Kalle Kasi

Peter Harvey Kieran Hosty
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From seabed to exhibition floor: Tracking the Xantho objects, 1983—-2006

R. Prall

Abstract

This paper will examine the role of the Collections
Manager in the on-going Xantho (1872) project. It will
illustrate that the successes of the program have shown
that there should be no such thing as a passive collections
manager based within the confines of the museum
building awaiting objects from the field. Every maritime
archaeologistshould nowbe an active collections manager
and vice versa, whether it involves working on the seabed
or the exhibition floor. It is argued that the two are no
longer separate disciplines and that both need to adapt
and encompass each other’s skills and experience in
order to fulfil the potential results that projects such as
the Xantho can achieve. This paper will illustrate the role
that tracking the Xantho objects played in ensuring that
the maritime archaeologist was an active and effective
collections manager.

Excavation and artefact recording background

In 1983 M. McCarthy the then Inspector of Wrecks with
the Department of Maritime Archaeology at the Western
Australian Maritime Museum was requested to examine
the Xantho site following reports of looting. This was
apparently occurring after the wreck was located and
examinedin 1979 when atotal number of six artefacts were
raised. A test excavation was to be carried outand allloose
artefacts to be removed and returned to the Museum for
conservation and safekeeping. It was envisaged as being
a simple mission. Twenty-three years later and with over
1,809 artefacts registered onto the Museum database that
supposedly straightforward task is still going on!

In a 1983 submission outlining the work intended,
the problem of effectively recording an iron steamship
site with substantial relief, such as boilers and engines,
was identified as an important consideration. As a result
the recording methods and excavation philosophies
were re-examined. Being the first iron hull and the first
steamship to be examined in detail by the Museum, the
intention was to make no assumptions about the site or
howitshould be treated. As such, itwas decided thata full
pre-disturbance survey should be carried out prior to the
main recording and excavation program. This took about
three days during which itbecame apparent thatnot only
was the engine significantasan ‘engineering artefactin its
own right’, but also that all of its fittings, copper piping,
brass taps, cocks, valves and tallow pots were intact. This
was totally unexpected for every other steamer in shallow
water close to a centre of population had long since been
stripped of all its parts by salvors and recreational divers.
During the 1983 pre-disturbance surveya total of 35 items
(XA 7-XA 41) were located and raised to add to the six
artefacts raised on the 1979 inspection. As a result of the
pre-disturbance survey and the renewed interest of local
diversalerted by the Museum’s activities, McCarthyadvised
that with the safety of the engine a prime concern, he

58

would favour the option of ‘raising it as an endangered
artefact of considerable significance’(1983). As a result
of the 1983 excavation it was also decided that the engine
would be subject to detailed recording and measurement
in situi.e. before it was raised.

Subsequent excavations of the Xantho site by the
Museum occurred in 1985, 1988, 1992 and 1994. The
major excavation period was in 1985 and it was then
that the engine was removed and excavation of the stern
completed. A total number of 550 artefacts, including the
engine XA 57, were recovered in thisseason. Table 1 shows
the total number of artefacts registered in each year from
1979-1996. Following the recovery of the engine, it was
deconcreted and then slowly disassembled and fittings
were removed from the parent engine and individually
recorded. The large numbers of artefacts, 241, registered
in 1993, were not excavated from the wreck site but from
the engine during the de-concretion years.

Table 1. No.ofartefactsregistered eachyearfrom 1979-1996

EXCAVATION YEAR NO. ARTEFACTS
REGISTERED
1979 6
1983 94
1985 550
1986 16
1987 115
1988 8
1989 14
1990 1
1991 15
1992 99
1993 241 (Excavated from the
engine)
1994 0
1995 1
1996 1
TOTAL NO ARTEFACTS: 1,809

Artefact recording methods during the excavation

The recording of fixtures and fittings underwater was
problematic, particularly for the engine, boiler and
stern, because of their size. Nonetheless a combination
of manual recording and photographic methods was
applied. Asite plan was produced and objects and features
fixed in a vertical plane using standard XYZ coordinates
referenced vertically to a horizontal frame located above
the divers. Trilateration and offsets with two and three
tape systems were used for horizontal fixing. Video and
stereo photography were also used. Standard sketching
techniques based on the use of retractable builder’s tapes
were used for drawing and measurementfor specific parts
ofthe engine. A plan of the wreck was also produced along
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Figure 1.

Diving pairswith the artefactrecovery crate (Patrick
Baker).

with a photomosaic of the stern section. As the Xantho
excavation was also the occasion of the first AIMA Theoretical
and Practical Seminar on Iron and Steamship Archaeologymany
visiting archaeologists were there. Given the presence of
this broad pool of expertise, it was decided to divide the
wreck laterally into 2 metre lanes along the survey lines
delineating the site and that the divers would work in pairs
to record and raise the artefacts within their designated
lane. Water dredges were used as an excavating tool and
the diving pairs placed each excavated object into an
artefact recovery box which would then be raised to the
surface (Figure 1). Inside the weighted crates were tapes,
artefactbags (linen and clear plastic), weighted boxesand
glass jars for small fragile items and a series of plastic tags
that were used to identify the objects and their location
on the site. These remained with the objects until they
were processed in the field laboratory.

Underwater recording sheets

To ensure that no information was lost, an underwater
recording sheet was designed specifically for the Xantho
project. Thiswould ensure immediate recording of data in
situ. Figure 2 shows a typical underwater recording sheet
that the diving pairs would complete in situ—recording
the artefact location with a distance from a minimum of
two key points and a height or depth from one key point.
The X, Y and Z coordinates would be recorded on the
sheet. The example below shows segments in plan from
the portstern forward, drawn with points for trilateration,
height and artefacts location.

Underwater communication system

To ensure effective communication between the diving
pairs whilst recording the artefacts in sitw and raising
them, underwater communication sheets were used. The
type of communication between the archaeologists varied
from simple communication as to thelength of time spent
underwater to the more technical discussions on how to
excavate and raise particular artefacts, and on to more
philosophical debates as to the purpose of the project
with lots of humour thrown in to relieve the discomfort

Figure 2a. SS Xantho excavation underwater recording sheet
1/85.

Figure 2b. SS XanthoExcavation Underwater Recording Sheet
2/8b5.

and often very poor on-site conditions. Occasionally the
language left a bit to be desired!

Once the artefacts, with tags, were raised and taken
back to the site office, the archaeologists and on-site
conservators would then carry out further recording
and on-site conservation of the materials raised. After
the artefacts were recorded and numbered in the field
book, their underwater location was then plotted onto a
1: 10 site plan of the Xantho.
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Sally May and Shirley Strachan plotting artefacts
onto the 1:10 Xantho site plan (Jon Carpenter).

Figure 3.

The manual book recording system
Apart from the underwater sheets and artefact tags,
throughout the duration of the Xantho project, four
individual books were used to record and document the
material raised:
Day Book (used on site)
Artefact Book (used in the field and in the laboratory)
Deconcretion Book (used in the treatment tank)
Assembly/Reconstruction book (used in the laboratory
and exhibition floor)
The DayBookrecorded the logistics and organization
of the expedition, together with daily events, while
the Artefact Book contained amanual recording system
for each artefact found and its individual allocated
field registration number. This information was then
later transferred onto the Department of Maritime
Archaeology’s artefact database with arevised artefact
number cross-referenced to the field artefact book.
iii) After the engine was delivered to the Museum, a
Deconcretion Bookwas created in order to record the
deconcretion process that took place from 1985-1998.
The deconcretion process was by far the ‘scruffiest’
series of events, and was very dirty, being reflected in the
accumulated grime clearly identifying it out of the four
record books. The processinvolved draining the treatment
tank of its solutions and the slow chipping away of the
concretion lining the engine (XA57). Then finer tools
were applied to the freeing of individual fittings and parts
from the parent engine. Other than small brass objects
which were numbered and sent directly to the laboratory,
artefacts recovered in this phase were placed alongside
the engine in the deconcretion tanks, which were then
refilled with fluid at the end of each deconcretion session.
At alater date the fluid would be drained away and then
work on the engine could take place again. Volunteers
(some on ‘work for the dole’ scheme) and staff members
worked on this section of the project for over thirteen
years. Standard photographic and video records were
made throughout. While objects recovered from the
engine were assigned a new number in the artefact book,
the Deconcretion Book (effectively another Day Book)
recorded which part of the engine the archaeologists and

1)
ii)
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Figure 4.

Figure 5.

Carpenter).

conservatorswere deconcreting (excavatingin effect) and
how many hours were spent in the tank. Some examples
of the personal nature appear below:

...deconcreting the piece from the port side of the Xantho
Engine XA385. Gentle chipping & hammering. The artefact
is a hand pump connected by steam pipe to the engine
(Deconcretion Book 1/4/1992).

buggering it up anymore. With water blasting from the hose
Iwasable to penetrate into the valve chest cavity. With gentle
tapping we also removed 40 cm of sludge from inside the
aft end of the steam pipe. Oh was I so exalted!!! Oh yes I
was (Deconcretion Book October 1987)

The record of the disassembly also included sketches
and diagrams. After the engine was totally disassembled
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Artefact assembly using Artefact Book (Jon
Carpenter).

Figure 6.

and the individual parts re-treated. Artefact numbers
could not be marked directly on the iron object as they
were immersed in 2% caustic to free the chlorides, and
thiswould have dissolved the numbers. Stainless steel tags
were used asaresultand this generally proved satisfactory,
though a few artefact registration numbers did come off
during the treatment process despite being of stainless
steel and attached with stainless wire. Some were also
rendered illegible during treatment due to abrasion of
the tag. After treatment was complete the remaining
stainless steel tags were replaced with plastic tags, tied
with fishing line.

Conclusion

In April 1999 the team began rebuilding the engine in
the exhibition gallery allowing the public to view the
process over the following years. During this phase iv)
an engine Reassembly/Reconstruction Book was opened,
again effectively a Day Book similar to those used on site
and in the deconcretion tank, but this time in a reverse
of the earlier processes.

At this stage, as objects were sourced from storage
and/or the treatment tubs, it was found that many of the
plastic tags used to replace the stainless variety fell off
duringstorage, transportand handling. Asaresult, where
numberswere irretrievable the curators and conservators
had to put them back together again by using video and
still photographs and the recording books mentioned
earlier (the Day, Artefactand Deconcretion Books). Also,
where they would find two or more identical parts from
opposing parts of the engine, (because the two sides
were identical), it became clearly apparent where each
fitted, if one of the tags was still in place. This process was
also aided by the ‘builder’s marks’ on the engine parts
identifying each part as from the fore or aft cylinder. Itis
evident nonetheless, that without the aid of access to the
comprehensive artefact records the curators would have
experienced far more difficulty in trying to reconstruct
the engine. Constantreference was made to the earlydata
recordingsin the manual artefactregister, deconstruction

book and even to the underwater images and the first
artefact recordings in the form of the underwater sheets.

Once on the exhibition floor, further recording and
research work was, and still is, conducted in the public
gallery, including the completion of the engineering
drawings and recording of various oil cups, nuts, bolts etc.
This process continues to be reflected in the reassembly
daybook, the artefact record and in the video and still
record.

Finally, as each part is returned to the parent engine
the artefact tags are removed and the number fixed
inconspicuously on the object using white marker and
nail polish, a time-honoured method. Eventually onlyone
tag will remain fixed prominently to the engine XA57.

Throughout this complex and time-consuming
(1983-2005) process, there have been manystaff changes,
with conservators, archaeologists, volunteers and support
staff coming and going to such an extent that only the
projecthead (McCarthysince 1983) and one conservator
(Carpenter since 1985) remain active from the original
team. While the conservators have had their specialities,
the archaeological curatorsinvolved in the Xanthoproject
had to become multi disciplinary in their approach and
adopt the role of archaeologist, registrar and collections
manager—and have the memory of an elephant!

The Xanthoprojecthas provided an excellentexample
of the time individual archaeological projects can take.
The fact that it began in 1979 and is to some extent still
on-going, has highlighted a need for standardisation
in the record keeping. With various members of staff
working on the multi-disciplinary project the problem
has arisen for the need of a standardised system for the
recording of individual artefacts. For future projects
it is recommended that guidelines for the registration
of artefacts should be prepared. The importance of
consistency and standardisation in artefact descriptions
cannot be underrated. This is an area that should be
applied across the board with astandardisation occurring
throughout the whole of the maritime archaeological
artefact databases. Interactions with Museums Australia,
other maritime institutions and their artefact collections
would be beneficial in examining their Registration
Guidelines.

Recomendations
The Xantho project in some ways can be seen as a
pioneering project in terms of the curators making no
assumptions about the site or how it should be managed
on its first discovery. The curator applied practices and
developed procedures which best suited the needs of the
newrange of artefacts originating from an iron steamship,
which in 1985 and for many years after was considered
a new class of archaeological site. Today it is not rare,
though it needs to be noted that engine recoveries have
beenveryfew. As aresult the team developed appropriate
management practices based on the archaeological and
museological needs of that type of project.

Xantho was perhaps fortunate in having the same
project leader throughout and as this is also a relatively
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rare eventitisrecommended thatall future archaeological
projects of this nature develop individual management
practices. This should take the form of Guidelines which
would provide the project team members with an aid
for the identification and assessment of artefacts from
wrecks. The Guidelines would also provide an outline for
the broad approach of anyone involved in the project,
giving an insight to a newly appointed team member on
how to manage it. It would establish a programme, the
research process and the core day-to-day practical issues
facing the project. In addition, Guidelines can facilitate
decision making relevant to the allocation of the scarce
resources available for the management of individual
projects.

Itisfurtherrecommended thatan electronic data base
system be used for future projects. With the progress of
electronic and technical systems there is now no need
for an endless manual paper system. The Field Book
can now be in electronic form and artefact registration
entered directly into an electronic database as used by
museum generally.

Editor’s note
While directentriesinto the electronic database will prove
a great efficiency, one could argue that there remains
a need for manual day books containing sketches and
observations. These could be scanned and maintained
electronically.
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SS Xantho copper piping: a coppersmith’s perspective

John Gorham

Abstract

Coppersmithing is a complex and ancient art, with few
references available to those such as historians and
maritime archaeologists interested in early marine steam
engines. Apprenticed as a coppersmith at the Midland
Junction Railway Workshops in Perth at 14 years of age,
with a career in metalwork spanning over 40 years, then
inretirementavolunteer guide at the Western Australian
Maritime Museum, the author naturally gravitated towards
the SS Xantho engine. Recently invited to join the team
and to examine and report on the copper and copper
alloy piping now being re-attached to the machine, this
paper will examine the results to date. Early works on
copper-smithing method will be presented and examined
as an aid to others working in the field of steamship
archaeology. For the anthropologist and social historian,
the author will also present a few insights into work
practices and his life as an apprentice at the Workshops,
one of the early engineering icons in Western Australia.
This world contrasts markedly with the work practices in
the modern day.

Introduction

In the mid 1950s the writer served an apprenticeship
as a coppersmith on the railways during the last days of
steam locomotion in Western Australia and then served
with the Fremantle Port shipping maintenance group as
amarine coppersmith for a further two years. As this craft
was disappearing with the emergence of diesel power, my
interest moved to welding and cutting of metals where
I spent the rest of my working life demonstrating and
advising toindustrial and hobbymetal-workers. Seventeen
years later, and coincidently a volunteer guide at the
museum, I was politely pressed by the project leader into
comparing mid-1850 to mid-1950 copper-smithing using
Xantho piping as the medium.

Looking closelyat the Xanthopipingitbecame evident
that all pipes on the engine had been rolled by hand
along the longitudinal axis and then brazed. They were
then bent into shape prior to the brazing-on of fittings
such as couplings and flanges to complete the pipes
readyforassembly onto the various engine components.
This hand-making of piping was new to me, even as
a coppersmith from the 1950s, for all my experience
was with solid hard drawn pipe manufactured through
a pipe mill, raising the question how was this older
piping made? Further, how had the earlier coppersmiths
managed prior to oxy/acetylene becoming commonly
available in the early 1900s? In my time this was used
daily by coppersmiths as an easily portable heat source
from low and soft to high and fierce—a remarkable tool
in the hands of tradesmen and craftsmen. Further the
question arises, what joint brazing alloys were used in
the infancy of the steam era compared to proven alloys
of 100 years later?

Literature search and sampling method

Initially research entailed reconnecting with some of the
older tradesmen from my earlier days and also contact
via the Internet. While somewhat surprisingly nothing of
greatimportappeared on the web. Adding further to the
need for a study of this nature, one of my old contacts
from the railways, Max Palmer, referred me to a book he
had read many years earlier called Art of Coppersmithing
by John Fuller Snr. It was first printed in New York in
1894 by David Williams. This book, in effect a primary
source, presented me with many of the answers to what
I was seeking and gave a complete picture of the early
days of steam coppersmithing and the methods and
materials used to make the pipes on our 150-year old
Xantho marine steam engine. Another book I sourced
was Marine Coppersmithing by Frank J. Carr reprinted by
Lindsay publications, first published 1944. Exactly half a
century on, it also provided useful information leading
into the modern era.

After discussions with Dr M. McCarthy Curator
responsible for the SS Xanthoprogram and Richard Garcia,
manager of Technological Materials whose expertise
resulted in the engine being successfully disassembled
and then re-assembled, a decision was made to remove a
small section of pipe from XA 328 which had previously
been cut in removing the engine from the hull. This
sample, taken from the vicinity of the earlier cut was sent
for metallurgical analysis of the copper piping and the
brazing material alloys. On completion we planned to
compare the older materials with the new.

Pipe making in the early days of steam

When soft, copper is easy to work and does not spring
back. As a result, it has been worked from antiquity and
pipes were completely hand-made until ¢. 1887 when
copper piping was drawn or extruded in a mill. When the
‘steam age’ appeared copper pipes were needed in greater
numbers so a new specialised branch of coppersmithing
evolved, that of servicing the growing demand for piping
in the marine, railway and stationary steam engine
manufacturing industries. This led to the last phase in
what is arguably one of the oldest metal trades known to
man, that of the steam-based coppersmith. As the demand
grew for copper piping a new specialtyworkshop also came
into being, catering solely for hand making of pipes of
various sizes and of increasing pressure requirements as
steam engines became bigger and more efficient.

The only way to make pipes in the period before
extrusion became the norm was to roll a pipe from
sheet copper to the selected diameter, prepare the joint
then braze the longitudinal seam with a suitable alloy
depending on the service required. The pipe was then
bent by hand and if the pipe was longer than the longest
sheet of copper available to the works then a join would
be required to make the pipe long enough.
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Pipemaking (after Fuller, 1894).
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Copper Zinc Aluminum | Lead Iron Antimony | Nickel Tin Silver Arsnic
WELD 57.5 28.9 1.4 1.2 0.24 0.02 0.03 <0.04 0.04 0.30
PIPE 88.4 0.002 0.044 0.20 0.02 0.01 0.01 <0.02 0.07 0.47
Figure 2  Analysis of the Xantho pipe section and brazing alloy (spelter) sample XA 328. All results as % w/w (Geotechnical

Services).

Where necessary the copper sheet would be hand cut
with allowance for a scarfed joint. Here the edges were
filed and ‘trued’ then hand hammered on opposing sides
to a wedge profile on a ‘mandrel’ or iron bar. The strip
was then formed into a circular shape by dressing with a
mallet over a ‘former’ or by pressing a long iron bar into
a V-shaped strong timber trough. When the scarfed joint
had been brought together and hammered true it was
cleaned up with a light filing then ‘twitched’ with a light
wire to hold the joint together every 6 or 8 inches or so
(150mm to 200mm). If the copper became too hard to
work easily it was annealed again to soften it. Annealing is
aprocessof heating toadull red then quenching in water.
This also cleans the copper ready for further working.

During this process a gauge would have been used to
ensure that the pipe was of the correct outside diameter
and alsoround, otherwise the various end fittings, perhaps
outsourced from another supply company, would not
fit the pipes after manufacture. This gauge would be a
flat plate with the correct sized hole through which the
formed pipe would pass before and after brazing and
finishing ready for fitting out.

Forge brazing

We used the term ‘spelter’ in the 1950s, and this was the
same term used in the 1850s, and most likely in earliest
coppersmithing times. An alloy of copperand zinc, usually
50/50 or 60/40 or something in between, depending on
the application and service conditions of the finished
article, spelter is a strong, medium temperature brazing
alloy used to join copper and other higher melting point
metals together.

Spelter was made in two forms, one appeared
granulated into various grades for different thickness
joints, the other appeared as a cast stick half round of
various diameters for use with oxy/acetylene. Six orseven
mm was common to suit the material sizes, length was
proportional and ranged from 300mm to 450mm (12-18
inchesforwe worked ininchesin those days). Granulated
spelter was mixed with Borax (a fluxing agent) and water,
and then was spread through the joint. Sometimes a
fireclay paste was rubbed along under the joint to protect
against the spelter running out of the joint during the
brazing operation, (remember the only sighting of the
brazing we had was from the open ends of the pipe for
the joint was in the hot forge).

The pipe forgeswere slightlylonger than conventional
forge and much narrower. They also had support rollers
leading into and away from the forge centre. This was to
support the pipe level through the process and to stop

any bending as the pipe came off the forge hot. Brazing
also annealed the pipe again and it assisted in any final
rounding up prior to bending and finishing. During
brazing the joint is on the bottom and in the fire.

Once in position on the forge, when the joint heated
up and the spelterstarted to melt, capillaryaction drew the
spelter through the joint. The pipe itself was slowly drawn
through the forge and the wire twitches were removed
until the brazing was completed. If more spelter or borax
was needed this was introduced via a long thin V-shaped
sheet metal device called a ‘flute’, passed down the open
pipe end then turned over when in position, dropping
the spelter and flux, either or both, onto the joint. This
could be rubbed in using an iron poker, from one end.

In the early days of steam and copper piping low
pressure steam or water was the norm and bolted brass
or bronze flanges were used for most connections.
These too were brazed on the coke forge to complete
the pipework—though later as materials and working
pressures changed so did the joint configurations.

When the brazing was finished and the pipe cooled,
the pipe would be inspected, cleaned up then lightly
hammered to round up using the gauge. Then it was
sent off to be bentinto shape by the various steam engine
makers. This pipe making may have been one of the very
early service industries.

Fosset making

While most of the Xantho pipes are of one piece, some
have more than one length, in particular the condenser
coils. The joint in this instance is called a ‘Fosset’ and it
was 1.5 times the outside diameter (OD) of the pipe in
length and almost always hand-made and brazed to the
next pipe prior to bending ready for the terminal fittings.

This type ofjointis primarily tolengthen a pipe without
using a screw or flange coupling. As indicated earlier,
the fosset is always 1.5 times the length of the outside
diameter of the pipe to be extended.

Firstly the pipe isannealed to the length chalk-marked
onto the pipe. Then a suitable solid steel or iron round
bar that is just smaller in diameter than the ID of the
pipeisselected around 12-18inches (350mm to 450mm)
long and a small radius is ground on the end. This end is
also marked the 1.5 times the OD pipe size on this end.

The assistant or ‘coppersmith’s mate’ then takes the
pipe to the anvil where the smith places the forming bar
inside the pipe up to the chalk mark. The pipe is very
slightly raised at the back and slowly rotated while the
smith hammers the forming bar in a downward manner
making sure that the chalk mark is always in the same
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relative position to the pipe end. After afew pipe rotations
the expanded pipe fosset takes shape until a sample pipe
of the wanted diameter slips snugly into the fosset. If a
little loose this can be dressed up on the swaging block
which is designed for this type of operation.

Brazing the Fosset

Prior to the advent of oxy/acetylene the joint was brazed
on a furnace. However this was a problem when the joint
was standing in a vertical fashion so when brazing these
a ‘fire pot’ was used. This was a portable small forge that
could be clamped around the joint which was standing
vertically so that when the spelter was melted it ran down
through the joint in one operation. A similar brazing
method was used as described previously. For larger pipes
this fire pot was jointed in two halves to attach around
the pipe then the joint brazed. In this process care had to
be maintained to avoid the molten spelter from flowing
through the joint and finishing up below the joint either
causing a leak in the joint or reducing the flow of water
or steam through the pipe.

In my own era ratios of copper and zinc were to 50,/50
and 60/40, yet in this instance (XA 328) we have an
alloy that is similar in the Cu but varies greatly with the
Zn content. On reflection it is evident that either some
de-zincification has occurred during immersion or the
spelter-makers were not too careful with their weighing of
alloys. Further, when making up the mix trace elements
could have been left in the measuring equipment. This
or a combination of all the above indicates that more
research is required. While the arsenic in these traces was
expected, (the olderrailway coppersmithsreferred to this
as ‘Arsenic Copper’ or ‘Spanish Copper’), I know from
experience that arsenic was added to reduce oxidation
in the smoke boxes of the very early steam engines. As
for the other alloy traces further study is clearly required.

Conclusion

For the world’s oldest metal trade, coppersmithing, one
seemingly last roll of the dice was for the harnessing of
steam for the Industrial Revolution thus bringing all the
accumulated knowledge of coppersmiths from eight
thousand years ago into the 20th century. From this
writer’s perspective not much appears to have changed
in the steam-coppersmith’s methods and procedures
from the 1850s up to the 1950s, however. Apart from the
hand-made copper pipe being replaced with the extruded
variety, all of the other working practices were still being
used a century on, even in my time, pipe bending, fosset
making, bronze and brass fittings, braze attachments,
making Y-piece joints. In general terms and with few
exceptions only oxy/acetylene welding and the brazing
torch were entirely modern developments in this time
period. Sadly, coppersmithing is not being taught in
industry any more. Hopefully this wonderful metal will
find a new niche in the future to bridge history with the
present as I am sure it will.
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IDM, DAPS, pickups and risers: Yongala moorings site management in 2006

Andrew Viduka

Abstract

In June 1981 SS Yongalawas gazetted as a historic shipwreck
under Section 5 of the Commonwealth Historic Shipwrecks
Act 1976. In 1992 a draft site management plan was
produced; however, itwas notuntil 2001 that the draft was
reconsidered and a new management and conservation
plan was produced for the site which is located off Cape
Bowling Green near Townsville. The site experiences
a significant visitation rate and following on from a
recommendation within the 2001 management plan,
moorings infrastructure were placed around the wreck
with funding from the National Moorings Program in
2002. The moorings comprise 5-vessel mooring points,
two diver access points and one mooring point with
an associated isolated danger mark buoy. This paper
presents the background to the current site management
practices and looks at the possible future for the wreck
and the moorings management. This case study is also
presented for those with similar responsibilities of high
visitation site management or with a general interest in
site management.

Introduction

In June 1981 SS Yongalawas gazetted as a historic shipwreck
under Section 5 of the Commonwealth Historic Shipwrecks
Act 1976. For ten years the submerged cultural resource
management strategy was based on a combination
of rescue archaeology and periodic monitoring as
opportunity or need required (Coleman, 1981). In
1992, a draft management plan confirmed this approach
for Yongala as the standard operating procedure and it
further suggested that moorings established around the
site would protect the wreck from the visible anchor
damage it was experiencing (Gesner, 1992). In 2001,
the Museum of Tropical Queensland, now home for the
Queensland Museum’s (QM) Maritime Heritage Section
(MHS) and Pandora collection and display, produced a
new managementand conservation plan for the site. This
also rearticulated the recommendation for moorings
around the site, but went further and an application to
the National Moorings Program (NMP) for capital works
funding was made (Moran, 2001). This grant application
was successful and in 2002, moorings infrastructure was
placed around the wreck site. Today Yongalais one of the
most dived historic shipwrecks in Australia. This paper
presents the background to the current site management
practices, to the roll-out process of the new management
strategy based on financially sustainable operations and it
looksat the possible future for the wreck and the moorings.
The applicability of this management approach for other
high visitation sites is also briefly outlined.

Background
SS Yongala (1911) was a luxury steel-hulled passenger
steamer (Figure 1) which sank, apparently as a result of

Figure 1.  SS Yongala (Courtesy of A.D. Edwards Collection in
the State Library of South Australia).

a cyclone, approximately 12 nautical miles from Cape
Bowling Green and 45 nautical miles south of Townsville,
in what is now a part of the Great Barrier Reef Marine
Park (latitude 19° 18' 16" South, longitude 147° 37' 19"
East) (Figure 2). The wreck site is in open water, intact
and projecting approximately 15 metres off the seabed
at 27-30 metres depth, listing to starboard on an angle
of 60-70°. The seafloor surrounding the wreck is sandy
and strong currents scour the area, exposing or covering
parts of the hull and starboard side decking.

Thewrecksite is fully exposed to all weather conditions.
The summer period is also the cyclone season with a peak
around January to March. In winter, south easterlies up
to gale force can occur causing large swells to develop.

Thewreckishost toan amazing diversity of marine life
and hasbeen listed as a gravesite and asignificant historic,
archaeological, social, scientificand interpretive site. The
degree of significance as determined by the Guidelines for
the Management of Australia’s Historic Shipwrecksis assessed
as being both ‘Rare and Representative’ (Henderson,
1994).

The Queensland Museum’s (QM) Director is the
State’s delegated authority for the Commonwealth Historic
Shipwrecks Act 1976 (Act) and the Maritime Heritage
Section (MHS) staff carry out projectapproved activities to
effectthat Act. As partof the function of state practitioner,
Museum of Tropical Queensland (MTQ) manages those
shipwrecks in Queensland waters declared as historic
shipwrecks by the Commonwealth. The SS Yongala was
declared an Historic Shipwreck under the Actin 1981and
was gazetted under Section 7 of the Act in 1983 creating
an exclusion zone around the wreck site.

Yongalais one of Australia’s most popular wreck diving
experiences and in the last three years, an average of
7774 divers per annum have been to the site (GBRMPA
2005). Associated with Yongala’shigh level of dive tourism
was damage to the wreck’s fabric, coral and concretions,
primarily from charter boats’ anchors. Due to the site’s
significance, a strategy to stop anchor damage on the
wreck by installing moorings at the site was proposed and
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Figure 2.  Location of the wreck SS Yongala, North Queensland.
initiated in MTQ’s 2001 Management and Conservation
Plan (Moran 2001). While initially the application to the
National Mooring Program (NMP) was made on behalf
of the Society for Protection of Reef and Yongala (SPRAY)
(founded in 2000 for this express purpose from charter
operatorswith permits to access the site) and supported by
QM and Queensland Parks and Wildlife Service (QPWS),
theissue of moorings ownership wasimmediatelyraised by
the NMP granting authoritywho stipulated as a condition
of funding, that QM will own the moorings not SPRAY.
At the request of the MHS and then Director of MTQ,
the Director of QM agreed to this on the proviso that the
operation of the moorings would not incur operational
expenses for QM/MTQ. In May 2001 NMP funding was
granted for the moorings and $138,000 was offered to
QM/MTQ. The NMP funding covered capital costs only
with no ongoing operational funding component. Two
complete sets of mooring equipment were produced
from this funding.

In 2002 MTQ installed the first set which comprised
five vessel mooring points incorporating risers (vertical
lines attached to a fixed anchoring point on the seafloor)
and pickups (lines attached to the risers that sit on top of
the water and are able to be picked up by dive boats to
moor their vessel), two diver access points (DAPS) and
one mooring point with an associated isolated danger
mark buoy (IDM) around the Yongalawreck site (Figures
3 & 4).Subsequent to the installation of the moorings the
MHS ventured into an enormous management learning
curve thatwould affect MTQ/QM organisation, operators,
other government agencies and the staff of the MHS
significantly in the subsequent years.
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Learning through experience

In 2002, contract management, mooring installation and
daily management of moorings were activities outside
MTQ personnel’s experiences and did not align with
MTQ/QM’s core organisational activities. Internally
within the Museum and particularlyin its business/finance
personnel, there was caution in regard to the moorings
and a great need existed for effective communication
between MTQ and QM Corporate to work through
teething difficulties. For the sake of those with similar
responsibilities of high visitation site management orwith
ageneralinterestin site management, Iwill outline below
a number of challenges that arose during 2002-2005 in
the management of the Yongala moorings.

Organisational operating structure and cost projections
Asmentioned earlier, SPRAY was created from the charter
boat operators who had permits to access the site. From
the documentation it appears that the initial operational
concept was that SPRAY would own and operate the
moorings. Monies to maintain the moorings would be
raised by SPRAY through itsmembershipfees and mooring
pick-up charges.

The original nine operators who comprised SPRAY
were geographicallyspread from Cairns to Airlie Beach in
the Whitsundays, a distance of 650 km. SPRAY members
varied in their use of the site with some running day
charters to those who only went occasionally. During
2002-2005 the numbers of operators changed from
nine to six. This is indicative of the volatile nature of
the dive tourism market place during that time and the
financial pressures on operators to remain viable. With
the initial composition and geographic distribution of
SPRAY members, the stage was set for some very active
and inactive members.

Since the NMP required that the moorings were to be
owned by QM notSPRAY, the initially proposed operational
and funding system was immediately cuambersome and
inappropriate. A draft Memorandum of Understanding
(MOU) between operators and MTQ was developed. The
MOU was never signed due to disagreement on detail,
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Figure 4.

Arow of divers descending down a DAP to the wreck.
A common sight on the Yongala from 2002-2005
where an average of over 7000 divers per annum
accessed the wreck (A. Viduka).

but a verbal agreement was reached in which operators
agreed to remit up to $10,000 per annum to MTQ for the
purposes of moorings monitoring, maintenance, repair
and replacement as required. This amount was based
on an MTQ) internal assessment of the costs likely to be
incurred and included in its rationalization a belief that
the complete set of spares would mean the operation
would not incur large costs in the short term as well as a
realisation that the amount was the maximum the dive
industry would willingly pay at that time. In hindsight
this amount can be said to be significantly insufficient.
Funding issues were further complicated by the fact that
SPRAY did not remit the amount annually to MTQ as
a lump sump for disbursement and that there was no
specified timeline for this arrangement, although it was
also understood that it would operate for the proposed
3-year period specified in the unsigned MOU (August
02 to August 05). The initial $10,000 per annum was not
reviewed during the period and was in 2005, still fixed
at the 2002 level.

MTQ’s reliance for operational funding on a verbal
agreementwith SPRAY, gave SPRAY and particularlysome
individual operators within SPRAY, significant control of
the entire process and distanced MTQ who owned the
infrastructure, from controlling the operational funding
base and the expenditure of those funds as deemed
required. During the first three years of operation,
outgoings from MTQ were found to be significantly
more than the injected funds and the unbudgeted cost
was unsustainable. Shortfalls, or portions thereof, were
periodically covered by approved top-ups from the
Historic Shipwreck Program to the detriment of planned
public programs and research activities. By 2005 two
important internal organisational changes happened
that supported a change of culture in approach to the
moorings management: MTQ had anew business-focused
Director and a more centrally organised QM Corporate
model was evolving.

Challenges

One example of the challenges experienced between
2002-2005 that would need be avoided in the future
revolves around contract management. As was discovered
later, the original engineering drawings for the Yongala
moorings had numerous elements which conflicted with
the compliance certificates for each drawing. By not
identifying thisissue prior to sign off or shortly thereafter,
this contradictory documentation when supplied to new
contractors caused confusion in preparing replacement
moorings and an element of subjectivity in interpreting
what was most suitable. This interpretation factor was
further exacerbated by the initial design and supply
company making some components rather than using
off the shelf standard sizes. Once the original company
wasnotengaged toreplace those moorings, newsuppliers
could not be pursued for non-standard work because the
service supplier could rightly point to contradictionin the
supplied documentation. To make the 2005 replacement
(changeout) of all the risers/pickups, associated buoys
and IDM possible, a number of variations were sought
from the original engineering company who approved
MTQ’s proposed changes to the documentation. To
finally resolve this issue an internal proposal was put
forward in late 2005 to commission new drawings that
would include future desirable elements such as a new
IDM moorings system and a moorings system for vessels
greater than 30 metres.

Another challenge stemmed from goodwill on all
sides. In an effort to achieve the compliance monitoring,
maintenance and changeout of the moorings on an
unrealistic budget, the compliance work became more ad
hocthan programmed. Withanumber of different people
doing what they could to keep the costs down and a lack
of consensus in what was an appropriate approach to
the assembly and fastening of the mooring lines, tension
between parties mounted. When things did not go as well
as expected, goodwill evaporated. Without goodwill or a
contractual framework in which to guide parties’ actions
and responses, effective working relations were limited.

Other challenges experienced were a higher than
anticipated rate of replacement of the moorings
infrastructure, nullifying the advantage of initially
owning a complete spare set. With all the changeout,
maintenance and monitoring issues the museum’s
exposure for insurance claims was significant, and this
point was further highlighted when the IDM twice broke
away from its mooring and floated northwards through
the regularly used shipping channel which surrounds the
Yongalawrecksite (Figure 5). On both of these occasions,
issues regarding a proper maintenance schedule and
standardised maintenance methodology were raised
and contested by all parties without effective resolution
or change.

By early 2005, all the difficulties/issues/challenges
culminated in a breakdown of effective communication
and trust. The most significant factor that exacerbated
all these issues was the insufficient operational funding
initially agreed between MHS and SPRAY. By the middle
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Figure 5.

Shipping traffic past Yongala wreck site (Australian
Maritime Safety Authority 2005).

of 2005 the moorings issue had reached its all time low.
Ultimately, the Director of MTQ) in conjunction with the
MHS deemed a new approach was needed to rectify the
situation and a project officer was appointed internally.

A new approach—communication, listening and facts
To place the moorings on a sustainable funding basis
a number of internal, Commonwealth, State, operator
and stakeholder hurdles had to be addressed. As a first
priority, there was a need to identify what the problems
were and also to identify what each and every other
associated individual, agency or operator thought the
problems were.

To carry out this process, a regular weekly meeting
with the most appropriate government organisation the
Great Barrier Reef Marine Park Authority (GBRMPA)
was set up. Regular communications on this matter were
also established with the Department of Environment
and Heritage—Commonwealth Historic Shipwrecks and
QPWS. This was followed by asite visit to the work premises
of every permitted operator so that an understanding of
theirbusinessand business concerns could be ascertained.
During the meetings with operators the authorarticulated
a consistent message, which was:

MTQ cannot afford the current unbudgeted operational
costs associated with maintaining its asset infrastructure
on the Yongala site. The effective management of the asset
requires annual commercial diving support as well as
sufficient capital and operational funding. The Museum has
nodesire to see the infrastructure closed down and so wishes
to develop a concept for sustainable moorings maintenance
that will be approved by the current operators and fulfill
Commonwealth and State legislation requirements. Itis the
Museum’s desire as owner of the moorings to see this new
management structure in place by 1 October 2005.

Following from the face-to-face meetings, a regular
cycle of emails to all parties was sent out updating people
on the process and what stage it was at. Eventually a list
of issues was distilled and the elements required to move

forward were ascertained. Key components to achieve
resolution of issues were discussed and pre-approved
by the Commonwealth historic shipwrecks unit and
GBRMPA before being outlined to charter operators as
agenda items in a meeting of all parties on 15 November
2005. In that meeting commercial tender quotes for the
changeout and monitoring of the moorings in 2005 and
2006-2009 were supplied as a basis on which to calculate
the actual minimum operational costs of the moorings.

Addressing internal issues

The three years of challenges had cemented the feeling
in QM that the moorings were not an asset and therefore
needed to be divested. The majority of permitted operators
wanted the moorings and were willing to support a
proposal with the caveat that the financial arrangement
would continue to be as advantageous to them as is
possible. Internally the issue had to be broadened so
that the overall ‘value’ of the moorings beyond the
primary MHS objective of protecting the shipwreck site
was included. Hence issues associated with the political,
social, environmental and cultural values of the moorings
asset needed to be outlined. The fact that the moorings
improved tourism infrastructure and increased diversafety
on an advanced and extremely popular dive site in the
Great Barrier Reef Marine Park did not hurt. In the end,
keeping the moorings came back on the agenda and is
now one of three long-term options.

The great leap forward

Atthe November 2005 meeting of all parties, a consensus
was reached on whether the moorings were going to stay
on site and at what level of function they were going to
be maintained at and how this was going to be funded.
These critical decisions were made with the operators
as was the final decision to implement a ‘user pays’
system and what cost per diver that would initially be
set at. The system was called the ‘Yongala moorings fee’
and was designed to have a minimal negative impact on
operators, their cash flow and accounting procedures. A
quarterly in arrears payment based on operator supplied
diver numberswas agreed to. Diver numbers were already
collected by operators for taxation purposes in relation
to the GBRMPA environmentmanagement charge which
would also supply a cross reference for the museum’s
accountancy purposes.

With a consensus gained,anumber of suggested actions
were put forward to the QM Board and approved. On
the basis as outlined above and with a signed commercial
agreementbetween QM and each operator, QM was willing
to commit $203,000 of funds to enable MTQ to select
a preferred offerer/offerers for the 2005 and 2006-9
Yongala moorings service tenders. All monies raised by
Yongala moorings fees are remitted to QM, the funds
are used exclusively in the contracted maintenance and
development of the moorings and annual reports against
expenditure are sentoutto all parties. Six monthlyreviews
ofthe fundingand expenditure levels are conducted to see
whether the user pays fee amount needs to be adjusted to
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achieve cost neutrality. With this framework as a starting
point, the most fundamental concerns of all participants
had been addressed, the moorings were staying and they
were being commercially maintained within asustainable
management framework.

2006

The new user pays system started on 1 January 2006. The
2005 service contractwas conducted with anear complete
changeout of the entire moorings infrastructure using
the original engineered drawings with 2005 approved
variations. Weather meant that one new DAP was not
installed at that time. In June/July 2006 the compliance
mid-term inspection was programmed which concluded
that contract. The same commercial dive company won
the tender for maintaining the services of the moorings
between 2006-2009. In post-tender negotiations the
commercial dive company also accepted contract
variations whereby MTQ could supply them with new
engineered drawings for the moorings and with a different
changeout compliance cycle that would extend the
operating life of the moorings by six months for each
installation period.

In May 2006 the new mooring engineered drawings
were finished and approved. These drawings now enable
the service supplier to order and assemble off-the-shelf
equipment purchases of Australian approved American
Society for Testing Materials (ASTM) rated items. This
also allows MTQ staff to undertake a simple compliance
check before the moorings are installed on site. With
these new drawings the new changeout cycle has now
been programmed into the 2006-2009 contract and a
three step progression to a full eighteen-month timeline
between each changeout cycle is now embedded. The
increasesin efficiencies thatwill resultfrom implementing
these drawings are yet to be realised. Conservative cost
projections suggest that by 2010-2012 the moorings
infrastructure will meetits own costs in real time and have
a sufficient reserve to meet unforeseen budgetary items
up to a full replacement of all infrastructure.

The first quarterly return for the Yongala moorings
fee became due on 30 April 2006. January to March is
traditionally the slowest operating period for charter boats
in North Queensland. For the six remaining permitted
operators their returns indicate that approximately one
quarter of the overall number of divers needed to meet
annual costs accessed the site. This was in spite of cyclonic
activity and strong winds for much of the time.

New ‘Yongala Information for Divers’ brochures have
been generated and given to operators to be distributed.
This brochure supplies diving guidelines and regulations
as well as general information on the site. It also explains
the introduction and use of moorings fee monies.

Today, the moorings have been maintained by a
commercial service supply company for six months. The
dive charter operators are happy with the moorings and
with the prospect of extending changeout cycles that will
bring down operational expenses. Operators have also
been positive regarding an MTQ proposed development

of the moorings infrastructure. The proposal is to move
the IDM away from the wreck site which should reduce
damage to the IDM and pick-up lines by charter boats,
further lowering operational expenses and also allowing
for the full use of existing mooring points by operators.
Representatives of government agencies are satisfied that
the operators are happyand nonewissuesare being raised.
As site managers, the MHS are also happy. The moorings
around the Yongala wreck site work to protect the wreck
and no anchor damage has been reported or seen by
MTQ staff since their installation in 2002 (Viduka 2006).

Where to now?
Due to the significantnumber and importance of changes
that have occurred since the 2001 Management Plan
was produced, the next step is to revisit this document
and produce a new Management Plan with a five-year
operational timeline. It is proposed that a new strategic
vision will be embedded in this plan with a focus on
preemptive planning for the eventual collapse of the
site from both an archaeological and diving industry
perspective.
This plan will involve:
¢ Continuing research about the vessel, its contents,
associated secondary deposits and biodiversity;
¢ An assessment of the potential information loss
associated with the collapse of the Yongala and what
can be done to minimise this effect;

¢ Anassessmentof the potential information that could
be gained by studying the collapse of the Yongala

* An assessment of the in situ conservation possibilities
and potential financial implications to extend the
lifetime of the wreck site as a structurally intact objec;t

* A process for the continuing evaluation of the no
penetration diving policy.

Since communication is critical to the management
of Yongalasite and moorings, MTQ will continue to invest
resources in on site and display interpretive material,
pamphlets and web-based information, while continuing
its practice of regular face-to-face engagement with all
interested parties.

Lessons that MTQ learnt
The Yongala moorings process offers other museums or
heritage agencies the opportunity to learn from MTQ’s
experiences. It is highly likely that dive tourism will
continue toincrease and create more demand for greater
site access to protected wrecks in Australian waters—this
means steel-hulled wrecks. Agencies managing these
sites could be faced with a similar conundrum to MTQ/
QM. Should an institution choose to install and control
moorings around a site itself , the following points and
suggestions may circumvent or minimise some potentially
challenging experiences:
¢ Have organisational support for the proposal because
issues will arise that will call on that support.
* Recognise that installing and maintaining moorings
around wreck sites is a significant undertaking and
more likely than not will be outside the scope of your
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organisation’s core competencies. This means thatyou
as individuals in that organisation will be going into
new territory without valuable corporate knowledge
and appropriate skills. Be open to the idea thatcurrent
staff may notbe the best people to manage this project
and consider alternative staffing arrangements for the
projects duration.

MTQ would recommend that one explore and adopt
a user pays model suitable for your moorings and
business environment before committing publicly to
installing them.

Be open and transparent in all dealings. Get out
of the office and talk to people in their workplace
environments. Try to understand their business needs
as this may help you avoid issues that become public
footballs. Communicate and listen.

Do not buy into arguments that deviate from the
critical path of the project. Accept the fact that you
will be walking a fine line between undertaking
appropriate and considered submerged cultural
resource management and supporting dive tourism.

Implications for high visitation sites

With the increasing popularity of SCUBA and technical
diving, dive tourism will continue to grow in Australia.
Currently in Queensland, 1.8 million people per annum
undertake diving or snorkelling activities in the Great
Barrier Reef Marine Park (Keech, 2006). With visitation
numbers increasing, the need for new management
models for sites will also increase.

Shipwreck dive sites around Australialikely to become
more popular include; sites already known and readily
accessed, known historic shipwrecks close to large
population centres but previously thought to be too deep
for SCUBA and warships scuttled as artificial reefs/dive
sites near population centres. To develop a long term
sustainable management option for asite, itis important
to tailor the business model to suit the time and situation.
However, from MTQ’s experience it is important to base
the approach onacombination of user pays, commercially
maintained moorings within a contractual framework.
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Thirty years of cultural resource preservation by NOAA’s National Marine

Sanctuary Program
John D. Broadwater

Abstract

With the designation in 1975 of the sunken ironclad
warship USS Monitor as America’s first National Marine
Sanctuary, the National Oceanic and Atmospheric
Administration (NOAA) began developing a long-
term program for the protection and management of
underwater cultural heritage. The National Marine
Sanctuary Program now consists of thirteen sanctuariesand
one coral reefreserve. Although only two of the sanctuaries
specifically focus on underwater cultural heritage, most
of them have developed management plans that include
shipwrecks and other submerged archaeological sites. In
2001 the Maritime Heritage Program was launched as a
means for more effectively addressing the wide range
of cultural and archaeological issues that fall within the
mandates and goals of the National Marine Sanctuary
Program. The Maritime Heritage Program has grown
rapidly and is forming partnerships with federal, state
and private organizations in order to fulfill its goals of
survey and inventory, research, education, outreach and
protection.

With the designation in 1975 of the sunken ironclad
warship USS Monitor as the first National Marine
Sanctuaryin the United States, the National Oceanic and
Atmospheric Administration (NOAA) began developing
along-term program for the protection and management
of underwater cultural heritage. NOAA’s National Marine
Sanctuary Program (NMSP) now consists of thirteen
marine sanctuaries and one marine national monument.
The Monitor Sanctuary was followed by a string of new
sanctuaries designated almost exclusively to protect and
manage natural resources such as coral reefs, fish habitats
and whale migration areas. It was twenty-five years before
a second site was designated for the management of
shipwrecks, the Thunder Bay National Marine Sanctuary
in Lake Huron, off the Michigan coast.

Today, only those two sanctuaries, Monitorand Thunder
Bay, specifically focus on underwater cultural heritage;
however, the Sanctuary Program has become more active
in pursuing NOAA’s mandate to protect cultural resources
with the same level of effort it expends on its natural
resources. Sanctuary Program leadership has developed
a more comprehensive appreciation of the significance
of maritime heritage resources and the fact that those
resources are non-renewable, making their protection
even more a priority. Over the years, as the Sanctuary
Program grew in size and scope, most of the sanctuaries
revised their management plans to include shipwrecks
and other submerged archaeological sites within their
long lists of management priorities and action items.

Beginning in the early 1990s the Monitor National
Marine Sanctuary began to draw more attention and
concern. Observations and data from the site led NOAA

to conclude that the famous ironclad warship’s hull
was beginning to deteriorate rapidly and that some
type of intervention might be necessary. A long-range
comprehensive preservation plan was submitted to the
US Congress in 1998, calling for a complex plan for hull
stabilization coupled with the recovery and preservation
of some of Monitor's most significant features. During
1998-2002, NOAA, the US Navy, The Mariners’ Museum,
and other partners, recovered nearly 200 tons of hull
components and artefacts from the Monitor, including
its propeller, engine and, particularly, its iconic rotating
gun turret.

In 2001, partly as a result of international publicity
concerning the Monitor recovery expeditions, NOAA’s
National Marine Sanctuary Program launched the
Maritime Heritage Program. This program was developed
asameansformore effectivelyaddressing the wide range of
culturaland archaeologicalissues that fallwithin Sanctuary
mandates and goals. The Maritime Heritage Program
(MHP) has grown rapidly and is forming partnerships
with federal, state and private organizations in order to
fulfil its goals of survey, inventory, protection, research,
education, and outreach. Currently, the MHP staft consists
of'a program manager and a maritime archaeologist, but
actual program resources are much more significant.

The MHP office is located on the campus of The
Mariners’ Museum in Newport News, Virginia, where staff
provides coordination and technical assistance to NOAA
Headquarters in Silver Spring, Maryland, the Sanctuary
System fieldsites,and other NOAA operating units as well.
The strength of this small program lies in the distribution
of maritime archaeologists at NOAA Headquarters, at
many of the marine sanctuaries, and in other NOAA line
offices. These archaeologists are assigned to particular
NOAA units, but are loosely coordinated through the
MHP, thus bringing diverse and significant resources to
bear on maritime preservation and research issues.

The MHP also works very closely with the Sanctuary
Program’s educators in order to ensure that NOAA’s
national messages, such as resource stewardship and
ocean literacy, include references to heritage (cultural)
resources. All of NOAA’s sanctuaries employ one or more
educators, who have developed a broad spectrum of
education and outreach programs designed to reach as
many facets of U.S. and international society as possible.
These include cooperative programs with public schools,
educational publications, brochures, posters, and Web
sites, along with special events such as live broadcasts
from ocean research expeditions and live chats with
senior scientists. Some of those special events have
involved shipwrecks or other heritage resources, and
most of our research is reported on the MHP Web site
(see References, below).
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Figure 1. Map showing the locations of all thirteen marine sanctuaries and one marine national monument comprising NOAA’s
National Marine Sanctuary System (Image Courtesy NOAA, Office of National Marine Sanctuaries).

NOAA’s Maritime Heritage Program is partnering with
the Nautical Archaeology Society and U.S. National Park
Service to develop and conduct training programs that
will encourage recreational divers to assist state and local
government with the many tasks of locating, assessing,
and protecting submerged archaeological sites.

As NOAA’s internal resources and external
partnerships growstronger, its Maritime Heritage Program
will become even more effective in protecting the United
States of America’s underwater cultural heritage.
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City of Launceston trial public access program 2006

Cassandra Philippou

Abstract

The City of Launceston is one of Victoria’s most significant
historic shipwrecks, and one of the most accessible
wrecks of a steamship in Australian waters. The site’s
archaeological deposit has exceptionally high integrity,
containing superb evidence of intercolonial trade in 19th
century Australia. The entire ship’s hull remains intact to
deck level with silt mounded up to the original waterline.
The site is not only extremely important but also fragile
and as such has been closely protected for research and
scientific purposes. There are no other known sites of this
period or type in Australia comparable with the City of
Launceston. The site has been a gazetted protected zone
almostsince its discoveryin 1980, controlling recreational
diver access to the site.

Since March 2006 Heritage Victoria has carried out
a pioneering short-term Trial Public Access Program
(The Trial) to enable qualified and experienced SCUBA
divers to visit the site of the SS City of Launceston in
Port Phillip Bay. The purpose of the trial was to allow
divers to experience this unique archaeological site and
to monitor the impacts of recreational diving on the
conservation management of the site. Limited access
was allowed by permit only during the trial period and
conditions for access were strict.

The program has been extremely beneficial from
an educational perspective and has enabled maritime
archaeologists at Heritage Victoria to re-establish links
with the diving community. As a result feedback from
the program has been overwhelmingly positive. The
trial was a bold initiative that was not wholly endorsed
by some members of the archaeological community and
consequently there have been some shortcomings. This
paper will outline and review the program to date, and
presentconcepts forimprovement to the program should
access be continued in future.

Introduction
The City of Launcestonin Port Phillip Bayis one of Victoria’s
most significant historic shipwrecks, and potentially one
of the most accessible steamship wrecks in Australian
waters. There are no known sites of this period or type
in Australia comparable with the City of Launceston. The
entire ship’s hullis intact to deck level with silt mounded
up to the original waterline and as a result the site has
exceptionally high integrity, presenting extraordinary
evidence of intercolonial trade in 19th century Australia.
The site is historically and archaeologically significant
and also very fragile, as such it has been closely protected
for research and scientific purposes. As a result almost
since its discovery in 1980 it has had a gazetted protected
zone, controlling recreational diver access to the site.
The updated Conservation Management Plan for
the site noted that a public access program would
need to be developed as a ‘niche marketing approach’,

Figure 1.

Diver above the bow (Jason Santospirito).

and suggested the use of Nautical Archaeology
Society (NAS) trained volunteers to assist visitors to
gain a ‘unique maritime heritage visitor experience’
(Strachan, 1999: 13).

Initiation and development of the Trial Access
Program

During the late 1980s and early 1990s the Historic
Shipwrecks Advisory Committee (HSAC) and Heritage
Victoria’s Maritime Heritage Unit (MHU) were subject
to increasing pressure from scuba divers and the diving
industry to allow access to the historic shipwreck City
of Launceston. This led to a program of works on the
site, commencing with a preliminary conservation
managementplan prepared for the MHU by Dena Garrett
(Garrett, 1991). Work on the site consisted of monitoring,
remote sensing and corrosion studies for several years,
until the Heritage Council of Victoria awarded a grant to
the MHU to undertake more extensive research on the
site in 1996 (see details this volume).

The funded field program continued for ten seasons,
with the research-based fieldwork complete in April 2002.
In early 2003 the HSAC returned to the idea of allowing
some form of access to the site for recreational divers. At
this time a feasibility study was initiated on behalf of the
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HSAC to assess the economicviability of an access program
and investigate some of the basic issues around access.

Heritage Victoria and the HSAC ran a forum on
protected zone access for divers, with more than 30
representatives from a range of dive clubs, charter
operators, industry groups and maritime archaeology
volunteers. Attendees were given the opportunity to have
inputinto the forum, with questions about access, risk,
and costs raised. Results of the forum were disseminated
to participants and their groups,and HSACused them to
develop recommendationsregarding access to protected
zones for the Heritage Council of Victoria. The results
were also used to create the permit conditions (see
appendices).

The feasibility forum noted that access may result in
damage to the site and theft of artefacts, and that the
release of the precise location could increase illegal
visitation. The forum did not want damage to occur to
the site, and were opposed to uncontrolled access. As
a result they requested a simple permitting system be
established enabling access for commercial and private
operators under the supervision of Australasian Institute
for Maritime Archaeology/Nautical Archaeology Society
(AIMA/NAS) trained guides. They also asked that the
program be reviewed and the site be monitored duringand
following access. Most importantly, the forum identified
the great benefits of access, in particular the opportunity
to engage with the diving community through education
and interpretation, and also the goodwill generated by
Heritage Victoria through allowing access to new and
interesting maritime heritage sites.

In early 2005 the MHU wrote a discussion paper for
the HSAC which looked at the range of issues for the
site and outlined recommendations for possible future
access (Heritage Victoria, 2005). The MHU and HSAC’s
main concerns were regarding site security, permit
administration, restriction onvisitor numbers, site guides,
risk, liability and diver behaviour. The paper proposed a
number of access options, including the establishment
of a permanent mooring system to facilitate safe access
to the protected zone. The permit costs associated with
permanent moorings would have been high to assist in
cost recovery, which may have resulted in fewer divers
accessing the site than projected. The HSAC and MHU
decided that permanent moorings were too costly,
especiallyin the event that the program was discontinued
before funds could be re-couped through the permitting
system (Viduka, this volume).

In September 2005 an alternative access arrangement
was put to the HSAC. The MHU proposed to undertake
a short-term public access trial on a ‘live-boat’ basis,
prohibiting any anchoring within the protected zone.
This would reduce costs substantially as expensive site
infrastructure would be unnecessary in the short term.
The proposal also allowed the HSAC and the MHU to
discontinue the program at short notice if access proved
significantly detrimental to the site’s conservation, with
minimal financial impact.
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The HSAC approved the new access proposal, and
the MHU began working on the permit conditions
and applications for access. Members of the Maritime
Archaeology Association of Victoria (MAAV) and the
HSAC all had input into the development of the permit
conditions, and MAAV members agreed to assist with site
interpretation for divers.

In February 2006 Heritage Victoria publiclyannounced
the trial access program through the HSAC, MAAYV, and
the story was broadcast by ABC news in Melbourne.
Information sessionsfor MAAVvolunteers and prospective
applicants were conducted during February and divers
were presented with an outline of the conditionsforaccess.

To limitnumbers on the site Heritage Victoriadecided
to open the site for only four weeks over March and April,
withaccess on three days per week, totalling 11 access days
and 22 permit periods. Access was limited to two groups
per day, with 12 divers plus a site interpreter per group.
This would allow a maximum of 264 divers on the site.

The MHU dived the site numerous times in the weeks
leading up to the Trial to prepare the site for access, and
as such were very familiar with environmental conditions
during the season. It has been documented throughout
the research program that the biology of the site alters
throughout the year, with different biota inhabiting the
site according to a variety of environmental factors. At
the time of the Trial the site was relatively free of weed,
visibility was at least five metres, and features on the site
were clear and easily identified. In addition, the site
appeared to have a light dusting of fine silt all over.

The MHU replaced the original yellow survey tags
around the perimeter of the hull with new tags to assist
with navigation and interpretation. Video footage was
filmed using a High Definition (HD) digital camera,
kindlysupplied and operated by an AIMA/NAS graduate.
Dr Ian MacLeod from the Western Australian Maritime
Museum undertook corrosion potential and pH surveys
of the site immediately prior to the commencementof the
Trial. Heritage Victoria aimed to visit the site frequently
throughout the program to review site conditions, diver
impact and undertake compliance duties.

With many divers interested in the program, Heritage
Victoria was aware that there would be more interest than
the available places. To enable fair allocation of access
periods, a ‘lottery’ was conducted, and formal ‘Expressions
of Interest’ were requested from dive clubs, groups and
charter operators to access the site. All applicants were
aware of the permit conditions and the possibility that
they may not be successful in the lottery. Even if a group
was successfulin the lottery, thisinitself did notguarantee
access as the ensuing permit applications also needed to
be approved by Heritage Victoria.

All groups who entered the lottery were notified of the
results, and allocated a date for access. Upon reviewing
the applications, Heritage Victoria felt that some groups
and individuals abused this process, submitting multiple
applicationsunder differentgroup names, enabling asingle
person as a dive leader to potentially dive the site more
than once. This would have reduced the total number
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Figure 2.  Diversand a charter vessel on site during the public
access program (Heritage Victoria).

of individuals allowed to access the site. Some charter
operatorsalsosubmitted applications on behalf ofanumber
of affiliated shops, without the express permission of those
shop owners or managers. Heritage Victoria contacted all
of the shops to verify that they were interested in applying
for permits before including them in the lottery.

Two types of permit applications were created, one
for the group, club or charter leading the dive, and
another for individual divers. Groups were required to
submit the individual diver’s applications along with the
group’s application, with the result being sometimes up
to 13 permits to process for a single access period. This
resulted in a high administrative burden on Heritage
Victoria but meant each diver had to acknowledge they
understood they were legally bound by the strict permit
conditions prior to access being granted. It also enabled
Heritage Victoria to trackwhowas diving the site, therefore
assisting with compliance should the need arise.

Permits were issued electronically via email and the
groups were provided with laminated site plans, which
identified the survey tags and significant features on the
site, for distribution to divers to enhance their visit.

Risk management and mitigation

To fulfil the government’s risk mitigation and risk
management policies, Heritage Victoria was required
to provide as much information as possible on the site
conditions to the charter operators, groups and individual
divers. Information included a description of the site
conditions, noting the exposed location, depth, distance to
nearest landfall and visibility underwater. The dangers of
the site were also outlined, such as the presence of marine
creatures and sharp objects; the possibility of siltation
reducing visibility; the fragility of the site, particularly the
danger of hull remains breaking away; the possibility of
sudden adverse weather conditions; and the likelihood
and strength of current on the site. To reduce some of
these risks, a simple site plan was provided to divers to
assist on-site navigation.

Permit applicants were required to have $10 million
public liability insurance, which could be through club
or business insurance or by having a dive master or dive
instructor in charge of activities on the site. Each diver
was required to declare that they had undertaken a
minimum of 20 hours of diving in at least 20m depth.
This level of diving experience was deemed necessary to
help ensure diver buoyancy control, so that damage to
the wreck would be minimised, and a resulting reduction
in risk of siltation due to poor buoyancy.

The Trial program and impacts

On 23 March 2006 the Trial was officially launched, and
two groups of divers, (one charter operator and one
dive club) accessed the protected zone under a permit
process for the first time since the 1982 declaration. The
MHU arrived on site during the first dive and undertook
an inspection. Several permit conditions appeared to
have been breached during the first dive. The impacts
included a small hole dug in the deck on the port side
of the funnel, a piece of concretion knocked off of the
ice chest near the galley, and an old survey tag moved
from the sea-bed several metres off the starboard side of
the wreck up onto the deck. While minor, the damage
and impactwas obvious, and it was immediately apparent
that the divers were not taking sufficient care and did not
understand what was meant by no interference with the
site, as written in the permit conditions for site access.

Heritage Victoria’s enforcement officer boarded the
dive vessel and in conjunction with an MHU staff member,
spoke with the divers and operator. It was pointed out to
the group that the breaches of permit conditions could
end the entire program after just a single dive, and
would prevent many other divers from ever accessing
the site. While the carelessness and impact was extremely
disappointing, Heritage Victoria opted to continue with
the program and undertake routine monitoring to note
further impacts. The permit conditions were re-iterated
on the letter sent with the permits, reinforcing what was
meant by ‘no interference’. It appeared that divers still
thoughtalittle hand fanning and removing and replacing
artefacts were harmless, despite the emphasis placed on
these activities during the information sessions.

Other minor impacts were noted during the trial,
such as bottles and ceramics being moved from beneath
the stern, wiped clean of silt and placed side by side for
photographs, and several fragments of ceramic on the
portside moved forward and aft some 15 metres during
the program. In addition, the fine dusting of silt was slowly
kicked off the deck, however this was notviewed as amajor
impact and was predicted to occur prior to the Trial.

Given its exposed location, wind speeds usually
need to be less than 15 knots with swell below 1.5
metres, particularly for small boats to access the site.
Unseasonably poor weather during April saw the initial
four-week program extended through to late June.
During this four-month period, 15 groups accessed the
site, with 146 individual divers. Five groups were blown
out by inclement weather conditions, four of which are
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Figure 3.

A survey tag(Agnes Milowka).

presently awaiting better conditions over summer 2007
to reschedule. One group could not locate the site but
chose not to reschedule; an interstate group is awaiting
a favourable timeslot; a local group gave up trying to get
good weather, and withdrew from the program; and one
group cancelled due to other boating commitments. Four
groups that were successful in the lottery failed to submit
their applications

Heritage Victoria is currently assessing the short and
long-term impact on site by the Trial program. Several
visits to the site since June 2006 have indicated that the
site has coped well with the diver impact, and at present
it does not appear that illegal visitation is occurring.
The Trial is considered to be complete, and Heritage
Victoria will work with the remaining four groups who
are awaiting access to the site. Heritage Victoria and the
HSACwill review the program during 2007, and continue
monitoring the site to determine whetherillegal visitation
is occurring. Corrosion measurements will be taken to
compare with pre-Trial conditions, however, given that
the access program was spread over a longer period than
predicted and diver numbers were reduced, a significant
change in corrosion rate is not expected.

Future access possibilities

If Heritage Victoria and the HSAC decide to open the site
again based upon the success of the Trial, the MHU will
need toreview and refine the access program to minimise
administration and enable easier access. The majorissues
and related recommendations are outlined below.
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IssuEs

1) PERMIT PROCESS

Despite attempts to make the permitapplication process as
simple as possible, the administration was time-consuming.
Applicants often had to be contacted where information
on their application was insufficient. In order to retain
control over the process Heritage Victoria opted to be
heavily involved in the processing of applications and
correspondence with the groups and divers. Consequently
the administrative burden was considerable.

Under the permit conditions, charter operators and
groups were supposed to submit lists of the divers who
accessed the protected zone to Heritage Victoria within
3 days of the use of the permit. In practice none of the
groups fulfilled this requirement. As feedback was often
received from the organiser or site interpreter the MHU
elected not to follow this up.

2) SITE INTERPRETERS

Feedback from the divers and groups indicated that
the presence of site interpreters was valued and very
useful to the diver’s enjoyment and understanding of
the site. Heritage Victoria acknowledges the outstanding
contribution that the MAAV volunteers made to the
program. They did an excellent job coordinating their
attendance with the groups and Heritage Victoriaisaware
that this volunteer role took time out of the members’
daily lives. The volunteers took leave from work or
spent days away from their other commitments, as well
as supplying their own gear and air if they were diving.
As a ‘once-off” for the trial, this volunteer role was seen
as a contribution that the MAAV could make to helping
protect and manage Victoria’s maritime heritage. As an
on-going activityitis unsustainable, and Heritage Victoria
cannot expect volunteers to continually set aside time to
assist with the program.

3) SITE MONITORING AND CONSERVATION

Heritage Victoria must continue to monitor the site to
identify major impacts on the structural integrity of the
hull, particularly around the counter stern where the hull
plates above the propeller aperture may collapse and spill
the contents onto the seabed. Falling hull plates near the
bow and stern may pose considerable entrapment risk to
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divers,and during the Trial program divers were requested
to avoid the area beneath the stern for their own safety.

Since the late 1990s research into corrosion on the
site has indicated that the site is not capable of sustaining
heavy tourist visitation. The shipwreck continues to
actively corrode, with little sound metal remaining in
the hull plates. Some areas retain no sound metal at all
(MacLeod, 1999). In 1999 Dr Ian MacLeod predicted
that structural members and hull plates would corrode
to the point of being incapable of retaining the integrity
of the hull within five years. It was expected that the areas
affected would be aft of the bow, in the midships and
near the stern. Inspections on the site have shown that
this is occurring.

Recommendations

1) PERMIT PROCESS

Ifaccessis offered in the future the permit processrequires
refinement. The final processing and approval of access
permits must rest with Heritage Victoria; however, the
charter operators/clubs or dive organisers could take
the responsibility for compiling all of the individual
applications and submitting them togetherwith the group
application and fees. Some groups did this for the Trial
and it helped streamline the process.

Dive charters and groups need to adhere strictly to
the permit conditions, including the post-dive reporting
that was not followed during the trial. Heritage Victoria
should work with the charter operators and dive groups
to set up a simple permit and reporting system.

2) SITE INTERPRETERS

The MHU should use the AIMA/NAS maritime
archaeology training program to train staff and divers
from shops and dive clubs to undertake the role of site
interpreters for their own groups. Heritage Victoria could
tailor a shorter, one-day course to deal specifically with
the City of Launceston protected zone access. Groups would
stillrequire asite interpreter and Heritage Victoriashould
develop a reporting mechanism for site interpreters to
provide feedback from the dive.

3) SITE MONITORING AND CONSERVATION

Heritage Victoria should continue to monitor the City
of Launceston throughout 2007/2008. The monitoring
should assess two primary factors: illegal visitation and
ongoing environmental impacts. As the location of the
site has now been released to boat operators during the
Trial, Heritage Victorianeeds to determine whether divers
are illegally visiting the protected zone.

Itisapparent thatrecreational fishers currently access
the protected zone illegally; recent anchors have been
found on the seabed near the site, fishing lines have been
found entangled with the hull remains, and Heritage
Victoria staff have approached people fishing in the
protected zone on numerous occasions.

Visitation by fishers needs to be addressed through
an education program aimed at the recreational fishing
industry through bodies such as VR Fish (Victoria’s peak

recreational fishing body). Reducing and eliminating
illegal visitation will help to conserve the site, in particular
protecting it from anchor damage, and will reduce the
entanglement risk to divers from lost fishing lines and
hooks. Heritage Victoriashould work with Victoria Police
(Water Police) to ensure that the site is monitored for
visitation more frequently than is possible by Heritage
Victoria staff.

Heritage Victoria should continue monitoring the
corrosion on the site in conjunction with the MAAV
and Western Australian Maritime Museum. The MAAV
are conducting a project with the MHU and WAMM on
corrosion in Port Phillip and the City of Launceston is one
of the sites in this project.

SUMMARY

Drawing upon the research that has been undertaken on
the City of Launceston over the past ten years, itis apparent
that the site cannot sustain uncontrolled access and high
visitation. The results of corrosion potential surveys
and periodic wreck inspections provide evidence of the
continuing deterioration and fragility of the site.

Itis clear that some damage was sustained by the site
during the Trial Access Program. Of primary concern was
the interference with artefacts, disturbance of protective
siltlayers and research infrastructure. Given the number
of people who accessed the site during the program, this
damage is considered to be negligible. Once the damage
was noted and relayed to divers and groups it appeared
that this form of interference ceased.

If the recommendations above are implemented
and the ensuing site monitoring shows that the site has
not suffered excessively from the access program and is
relativelystable, the diving community should be consulted
about on-going access to the site.

Heritage Victoria needs to assess the administrative
costs involved with developing a longer-term access
program for the City of Launceston protected zone. In
consultation with the diving community, a permit process
may be developed to spread this burden, perhaps with a
group nominated to undertake the primary processing.
Heritage Victoria and the Victorian diving community
should look at the Society for Protection of Reef and
Yongala (SPRAY) modelin Queensland and assess whether
a similar group could be established in Victoria (Viduka,
this volume). The Scuba Diver’s Federation of Victoria
(SDFV) and/or the Dive Industry Victoria Association
(DIVA) may be able to create a subcommittee to manage
the program. Heritage Victoria should consult with these
two organisations to assess the options forsuch a program.

The Trial Access Programis considered agreatsuccess,
in particular for its role in re-establishing links between
Heritage Victoria and Victoria’s diving community. The
divers demonstrated that they were capable of treating
the site with care and respect, and they also showed a
sense of stewardship and ownership over this unique
heritage site. While there were some delays, frustrations,
and administrative issues, the Maritime Heritage Unit
found the process very rewarding and appreciated the
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positive feedback that was received during the program
(see below).

If divers and the diving industry can sustain the costs
involved in sending groups to the site, the HSAC and
Heritage Victoria should consider continuing an access
program to the City of Launceston on a periodic basis.
This could mean divers can access the site through a
permit process for one month every couple of years, until
monitoring indicates that visitation is no longer possible,
or other management considerations rule out access.

Diver feedback

Several dive clubs and charter groups provided feedback
to Heritage Victoria about the program, and there were
several postings about the City of Launceston to the Dive
Oz Discussion Forum <http: //www.diveoz.com.au/
discussion_forums/default.asp>. Feedbackindicated that
divers very much enjoyed the opportunity to access such
a significant, intact shipwreck, and that the time spent
organising access was worth the effort. The use of site
interpreters to brief divers on the history, features and
condition of the wreck was valued, as was the provision
of site plans. Divers expressed their gratitude to Heritage
Victoria for conducting the Trial and also persevering
with getting divers access despite the adverse weather
conditions.
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treated the site with the respect it deserves as significant
part of Victoria’s maritime heritage.

Appendix 1: Permit Conditions (Charter/Boat
operator)

The City of Launceston is a Historic Shipwreck protected
under the Victorian Heritage Act 1995. Access to the
protected zone is by permit from Heritage Victoria only.
Any interference whatsoever with the archaeological site
or any other objects located within the protected zone is
strictly forbidden and heavy penalties apply—‘look but
don’t touch’.

The permit must be carried aboard the dive vessel at
all times when within the Protected Zone.

The permit holder must be in possession of their
individual Access Permit whilst aboard [the vessel]. An
Inspector may request the permit holder to produce
their permit and personal identification for inspection

The permitisvalid onlyforallocated (am/pm) session
on the specified date.

The permitholder mustbe presentduring anyactivities
authorised by the permit.

The charter/boat operator must provide a list of the
names and addresses of divers who were present in the
protected zone to Heritage Victoria within 3 working days
of the execution of the access permit.

Divers mustbe in possession of their individual Access
Permits whilst aboard the dive vessel. An Inspector may
request the diver to produce their Access Permit for
inspection.

The Access Permit allows for a maximum of 12 divers
toundertake recreational diving operationsin accordance
with Regulation ba of the Heritage Act (Historic Shipwreck
General Regulations) 1995 in the City of LauncestonProtected
Zone.

Assite interpreter must be present for each scheduled
dive within the Protected Zone for interpretation and
education purposes related to the City of Launceston. Site
Interpretersneed to be allocated 15 minutes to give divers
an introduction to the site’s history prior to the dive.

The dive vessel will not anchor in the Protected Zone
or on the wreck site.

Once the dive vessel has located the site, a shot line
should be deployed in a controlled manner by lowering
it to the seabed or onto the wreck.

Personal and/or portable GPS Units must not be
taken into the Protected Zone. Divers, passengers and
crew aboard the dive ship are prohibited from possessing
any form of personal portable GPS Unit within 2km of
the Protected Zone.

Permit holders must not disclose the GPS position
provided for the shipwreck to any other party. The GPS
position must be stored in a secure location and must be



erased from any electronic storage systems and destroyed
upon cessation of the Trial Access Program.

Appendix 2: Permit Conditions (Individuals)

The City of Launceston is a Historic Shipwreck protected
under the Victorian Heritage Act 1995. Access to the
protected zone is by permit from Heritage Victoria only.
Any interference whatsoever with the archaeological site
or any other objects located within the protected zone is
strictly forbidden and heavy penalties apply—‘look but
don’t touch’.

The permit holder must be in possession of their
individual Access Permit whilst aboard [the vessel]. An
Inspector may request the permit holder to produce
their permit and personal identification for inspection.

The permit allows access the permit holder to
undertake recreational diving operations in accordance
with Regulation 5a of the Heritage Act (General
Regulations) 1995 from the [the vessel] in the City of
Launceston protected zone.

The permit holder will not touch, interfere with,
damage, disturb or remove the shipwreck, any relicsand/
or part/s of the shipwreck, or other objectslocated within
the protected zone.

Asite interpreter, endorsed by Heritage Victoria, must
be present for each scheduled dive within the protected
zone for interpretation and education purposes related
to the City of Launceston.

The ship will not anchor in the protected zone or on
the wreck site. Once the dive ship has located the site, a
shot line should be deployed in a controlled manner by
lowering it to the seabed or onto the shipwreck.

Boat operators in possession of a valid permit may
use a Global Position System Unit (GPS) in order to
navigate to the wreck site. Personal and/or portable GPS
Units must not be taken into the protected zone. Divers,
passengers and crew aboard the dive ship are prohibited
from possessing any form of personal portable GPS Unit
within 2km of the protected zone.

The permit holder must not disclose the position
of the SS City of Launceston to any other party. The GPS
coordinates must be stored in a secure location and
must be erased from any electronic storage systems and
destroyed upon cessation of the Trial Access Program.
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Searching for a diamond in the rust: a review of large-scale archaeological iron

conservation projects, 1980-2006
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Abstract

Nearly 140 years after its historic naval engagement with
the Union sloop-of-war USS Housatonic, the American Civil
War submarine H.L. Hunleywas successfully recovered in
its entirety from the Atlantic Ocean in August 2000. This
historic vessel was immediately brought to the Warren
Lasch Conservation Laboratory in Charleston, South
Carolina to be excavated and conserved in a controlled
environment. One of the most significant challenges
facing the conservation team responsible for H.L. Hunley’s
stabilization will be the effective removal of chloride from
the submarine’s heavily corroded iron hull. Because H.L.
Hunley’s size and complexity make ita particularly unique
case within the discipline of archaeological conservation,
Hunley Project scientists compiled and reviewed the
relatively small number of pre-existing conservation
projects of comparable scale to help them identify major
technicalissues that could arise during ongoing treatment
of the submarine. This article will examine technical
and ethical issues that have arisen from past efforts to
conserve large-scaleiron archaeological objects recovered
from marine environments, and address the practical
implications these precursors have had on H.L. Hunley’s
Conservation Plan.

Introduction

The last 25 years have witnessed a significant increase
in the recovery of very large iron artifacts and structural
elements from shipwrecks in both freshwater and
marine environments. In some cases this has included
the recovery of entire iron vessels. The 1979 recovery
of the engine from the steamer Indiana was a premier
feat of shipwreck salvage and paved the way for future
projects of similar scope. The 5-ton engine from Indiana
(1848-1858) was successfully raised from Lake Superior
in 1979. Associated artifacts, such as the vessel’s boiler,
propeller, steam chest and steering quadrant were also
recovered. All materials were treated by Smithsonian
Institution conservator Martin Burke, and are currently
being curated at the Museum of American History in
Washington, D.C.In 1988, numerous items were salvaged
from the steamboat Arabia (1853-1856), including large
iron artifacts associated with its engine. Arabia was lost in
the Missouri River in 1856 with a 222-ton cargo. In 1988,
the remains of the ship were located buried beneath 45
feet of mud in the former river channel (since 1856, it
had migrated 1.5 miles to its current position). Because
the water table only extended 16 feet below the ground
surface, the wreck was preserved in thick, anaerobic mud.
Water was diverted awayand pumped from the excavation
site, and a large-scale effort to salvage material from the
wreck began in earnest. Large iron objects, including a
25,000-pound boiler, paddlewheel structures, and part of
the engine were recovered. These artifacts and others are
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currently displayed at The Arabia Steamboat Museum in
Kansas City, Missouri. Conservation concerns regarding
both of these projects were largely minimal due to the
innocuous nature of the fresh water environments from
which they had been removed.

However, the 1980s also saw the initiation of several
large-scale projects in which sizable iron artifacts were
recovered from salt-water environments. These included
the 1982 recovery of the first British Navy submarine,
Holland I (1901-1912), and the successful retrieval
of the 5-ton trunk engine from the steamship Xantho
(1848-1872) in 1985. In 1992, a rare cross engine from
the steamer Columbus (1828-1850) was raised from
the Chesapeake Bay. The German submarine U-534
(1942-1944) was salvaged from the Baltic the following
year. In 1997, salvors retrieved a large hull section from
the luxury liner RMS Titanic (1912). Since 2000, two
significant American Civil War shipwrecks, H.L. Hunley
and USS Monitor (1862—-1862), have been the focus of
large-scale recovery efforts. As the following descriptions
of these precedent-setting conservation projects reveal,
the conservation and stabilization of very large iron
artifacts recovered from marine environments is very
often problematic and requires considerable, prolonged
effort and diligence on the part of those responsible for
treating them.

HM Holland 1 (1901-1912), United Kingdom

The case of HM Holland 1 (HM Torpedo Boat No. 1) is
of particular interest to the conservation community.
Holland Iwasa105-ton submarine constructed from mild
steel. It sank off Plymouth, England in 1913 while being
transported to a scrap yard and remained submerged in
seawater for 69 years. Following its recovery, the vessel
was cleaned with high-pressure water, coated with a ton
in weight of a rust converter called Fertan®, and painted
as a final treatment step. In the year following its removal
from the seabed, the submarine already showed signs of
active corrosion. However, A Metallurgical and Corrosion
Scale Analysis of H M. Submarine NO.I (Holland I), written
by Daniel Kirkwood in 1983, concluded:

...withregard to the preservation of the hull, RGIT’s (Robert
Gordon’s Institute of Technology) reportindicates that the
corrosion products have been converted into an extremely
dense matrix, which when over coated with a suitable paint
system, should provide manyyears protection against further
corrosion..

Kirkwood made this statement even though very high
chloride levels ranging from 7% to 15% were detected
in various samples via scanning electron microscopy with
energy dispersive x-ray spectroscopy (SEM-EDS). Within
adecade of Holland I’s initial treatment, active corrosion
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had begun to take a toll on its hull, interior machinery
and equipment. A multi-disciplinary team measured the
submarine’s chloride level utilizing wet chemistry analysis
(Barker, et al., 1995). Their findings revealed chloride
amounts within the hull as high as 2.21%. By contrast,
exterior samples provided results (0.015%, or 150 ppm)
thatfell beneath the method’s limits of detection. During
the 10-year period between Holland I's recovery and the
chloride level assessment, destructive processes induced
by active corrosion contributed to the loss of significant
archaeological and historical information, especially on
the engine’s castiron elements (Barker, et al., 1995: 288).

In 1994, Holland 1 was immersed in consecutive
baths of sodium carbonate to reduce the chloride level
in its remaining metal. It remained in this condition
for four years (1994-1998). The decision favouring
passive chloride removal over electrolytic reduction was
apparently precipitated by problems experienced by
conservators in Australia with the engine of SS Xantho
(described below). According to one publication,
‘Research material available at the time suggested that
risks were involved in the use of electric current in this
type of endeavor, so a “passive” treatment was decided
upon’ (Pilgrim Trust Conservation Awards, 2002:4).

Another source involved Holland I's treatment stated
the following:

In the past, chloride extraction had been used on the steam
... engine from the SS Xantho. Here the conservators had
used an electric current to ‘drive’ the electrolytic migration
of the chloride ions from the metal surface to an anode.
Butin doing so they had damaged the engine. Bearing this
in mind, the Museum opted instead for a less risky ‘passive’
treatment (Mealings, 2003).

Localized electrolysis was eventually used, but only at
the conclusion of the passive treatment as an attempt to
determine whetherremaining chloride levelshad reached
an acceptable level. According to Mealings (2003),
‘Analysis of the solution at the end of this time showed
no increase whatsoever in chloride ion levels’. Scanning
electron miscroscopy (SEM) examinations of both the
hull and cast iron components of the engine were also
conducted. These tests revealed ‘minimal graphitized
and chloride tracking into the engine standard and no
traces of chloride...in the hull sample’ (Mealings, 2003).

Conservation and restoration of Holland 1 was
completed in 2001, almost twenty years after its recovery.
The submarine is now housed in a dry-air exhibition
gallery. A powerful dehumidification system is designed
to keep the submarine’s interior and surrounding
atmosphere below 30% relative humidity (RH). Holland
Iwas placed in this controlled environment to minimize
the onset of potential corrosion.

SS Xantho engine (1872), Australia

The 1985 recovery of the steam engine from SS
Xantho by the Western Australian Maritime Museum
is a well-documented case in archaeological recovery,

documentation and conservation (McCarthy, 2000).
The effort to investigate Xantho was carefully planned
and comprised an experienced team of maritime
archaeologists and conservators who worked together
closelyfrom the project’sinception. Followingitsrecovery,
the 7.5-ton engine was placed in an outside treatment
tank for controlled excavation and conservation. Various
techniques were applied to the engine to remove
approximately 2.5 tons of concretion. Manual ‘percussive’
methodsandinnovative flame deconcretion were the most
effective and ‘acceptable’ techniques. However, Project
leader Michael McCarthy expressed serious concerns
about the conservation process and noted that: ‘It was
also accepted that deconcretion of any complex object
[would] inevitably cause damage’ (McCarthy, 2000:157).

Almost seven years were required to complete
deconcretion of the engine’s exterior. Water sprinklers
were used in conjunction with caustic soda to wet the
engine and reduce its reactivity with the surrounding
atmosphere. In some instances, this stabilization method
was used overnight and for periods lasting several days. At
the conclusion of each deconcreting session, the tank was
filled with a 2% sodium hydroxide solution. The engine
was then placed under electrolysis to initiate chloride
extraction. Whenever the storage/treatment solution
needed to be changed, the tank was drained and more
concretion was removed from the engine. The tank was
then filled with fresh solution and electrolytic treatment
resumed.

Unexpected problems were periodically encountered
during conservation of Xantho’s engine. For example,
minor cast iron features (such as the sharp corners on
some of the engine’sangled components) exfoliated from
the engine block during an electrolytic reduction regimen
in August 1988. This phenomenon was analyzed by a
number of conservation experts and explained as follows:

In essence it appears that the ‘exfoliation’ had two
interrelated causes. The first was the inability to maintain
a uniform field of current throughout an angular object
without the surface symmetry of the iron cannons usually
treated. In this case the sharp rightangle edges on the pumps
and other fittings presented a relatively new problem to the
conservators. In these instances, the graphitized layer at the
cornersofan objectbecome veryvulnerable. The other cause
was inadvertentapplication of more current than necessary.
The subsequent excessive evolution of gas caused the fragile
metal to spall off, especially at the corners where it was most
at risk from external forces (McCarthy, 2000: 163).

In April 1995, Xantho's engine was allowed to air
dry so that it could be disassembled into its constituent
parts. It had undergone eight years of electrolysis in
sodium hydroxide, was almost devoid of concretion, and
exhibited no detectable chloridesinitsstorage/treatment
electrolyte solution. Once disassembled and removed
from the main engine block, the engine parts were once
again placed in electrolysis because high chloride levels
still existed within their internal surfaces and in areas
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where the various components mated to one another.
According to McCarthy (2000:181). “The quantity of salts
leaving the newly exposed surfaces led Ian MacLeod to
observe, “at this stage after nine years of the project it
felt as if we were just beginning again”. Because of these
unforeseen issues, the Xantho team made the decision to
disassemble and retreat the entire engine with electrolysis
for at least three more years’.

After an extended testing regime, disassembly
of the engine resumed. Project conservators used a
flame deconcretion method that had been successfully
employed by conservator Richard Garcia on other heavily
corroded archaeological objects (Garcia, this volume).
Early successes with this technique were marred in
February 1997, when ‘extensive exfoliation of many of
the cast iron parts of the engine [occurred] over the
course of one weekend’ (McCarthy, 2000: 181). The
source of the problem was soon discovered:

Jan MacLeod’s analyses indicated that an undetected
electrical separation was present between the corroded
surface zones and the residual metal under the graphitized
layers. This had developed during the deconcreting sessions
in the 18 months to 3 years after the engine was recovered...

Furthermore:

MacLeod believed that measuring the corrosion potentials on
the external graphitized layers of the deconcreted surfaces,
rather than internally on the core metal itself (especially
when they were not in direct electrical contact), was the
major cause of the problem. This gave false indication of
the underlying situation and resulted in the evolution of
excessive amounts of hydrogen gas at the interface of the
residual metal (McCarthy, 2000: 182-183).

Because exfoliation occurred on surfaces thatwere not
subjected to flame deconcretion, the Xanthoconservation
team concluded that this method was not the cause of
the problem. Richard Garcia, the conservator responsible
for disassembling Xantho’s engine, noted:

Without this dismantling the untreated inner components
would have continued to corrode with obvious long-
term consequences for the artifact. We now plan to test
the technique [flame deconcreting] on iron artifacts
immediately after their recovery rather than, as happened
with this case, after years of electrolytic treatment. It is
anticipated that disassembling an object and treating the
components individually will lead to substantial saving in
time, chemicals and labor costs (Garcia, 2004).

Disassembly of an artifact can potentially damage it;
consequently, the initial approach of Xanthoconservators
was to treat the engine as one entity:

It is now considered that the engine may have been better
managed if it had been disassembled immediately after the
external surfaces were deconcreted. While the crankshaftand
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cylinders were all recently moved into the exhibition gallery,
reassembly will require several years (McCarthy, in prep).

No one could have anticipated that so much time
would be required to attain long-term stabilization of this
archaeologically significant steamship engine.

Crosshead engine, SS Columbus (1828-1850), United
States

The Crosshead engine of the steamer Columbus is
believed to be one of the earliest surviving marine
engines discovered in United States waters. The cylinder,
crankshaft bedplate, condenser, valve, chests, starboard
paddle-wheel shaft and other engine components were
recovered in 1992 from the wreck’s location near Smith
Point in the Chesapeake Bay. The salinity of the water in
which Columbus is located lies in the mesosaline 1 range,
with recorded values between 5 and 18 ppt or parts per
thousand (See note 2). This salinity level is significantly
less than those recorded for Xantho (37.53 ppt) and
H.L. Hunley (34.5 to 35.8 ppt). The main source of
information regarding this difficult conservation project
is an internal report that summarizes various Columbus-
related conservation tasks performed by International
Artifact Conservation and Research Laboratory, Inc.
(IACRL) of Belle Chasse, Louisiana between 1992 and
1998 (Bump, 1998). The Columbus engine is comprised
of numerous components manufactured from a variety
of materials. The primary material component is cast
iron; however, wrought iron and brass elements are also
present. Figures EC-1 and C-1 that can be seen in Bump’s
reporton p. 31 and 63 showthe engine’sheavily concreted
castiron cylinder and engine condenser on the recovery
barge in Baltimore, Maryland (Bump, 1998). According
to the report:

Due to the size and condition of the steam engine
components and the amount of money available, it was
suggested that bisecting of the major components be
considered. This would reduce the size of the treatment
tanks required to treat the artifacts, reduce cost, with the
added bonus that the display could better illustrate how the
engine functioned and how the internal component were
made (Bump, 1998: 13).

Thereportisunclearas to how the various components
ofthe engine were ‘bisected.” The one notable exceptionis
referenced on p.13 and states, ‘After the encrustation was
removed, chalk marks were made where the cuts were to
be made.’ Itis worth noting that Bump, et al. preferred to
maintain the integrity of the engine’s components rather
than cutting or attempting to separate them. For example,
p. 27 of the report notes, ‘The heads were not removed
from the cylinders, as it was believed the cylinders would
break if they were removed.” The author also makes this
important statement on p. 15: ‘Corrosion contaminants
may be sealed in these joints even after treatmentand may
cause the crank casting to break at some future date...
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Figure 1.

Active disintegration ofavalve chest from the steamer

Columbus several years after electrolytic reduction
treatment (Maryland Archaeological Conservation
Laboratory/JPPM).

Proper environmental control may prevent corrosion
products from forming in these joints.’
According to the executive summary of the report:

The conservation procedures used in this project were the
standard treatment techniques that have been used to treat
similar artifacts recovered from marine environment. The
techniques were modified as necessary in order to treat the
very large artifacts associated with this project. Electrolytic
stabilization was the main technique employed to treat
the metallic components of the engine and the associated
artifacts (Bump, 1998: 5).

Critical to an understanding of the myriad challenges
represented by any conservation effort dealing with marine
castiron is the statement from the Columbusconservation
report that ‘Many areas [of the engine] were as soft and
fragile as a “charcoal briquette™. Columbus conservators
also observed that the encrustation surrounding the
artifacts was ‘harder and stronger than the fabric that
made up the artifacts.” In addition to the devastating
corrosion present on and within the cast iron, the fire
that sank Columbus also had a detrimental effect on the
metal: “When non-ductile castiron is cooled rapidly from
high temperature it causes numerous cracks in the metal’
(Bump, 1998: 13).

Due to the complexity of the engine assembly, Columbus
conservators paid special attention to the manner in
which its electrolytic reduction system was assembled
and maintained:

Platinum clad and silicon iron anodes were placed
throughout the tank so thatequal current distribution could
be obtained. Current was maintained at approximately
.05amps/cm? of artifact area. Special anodes were placed
near seams and other problematic areas that were deemed
difficulttostabilize. The tanks were charged with 4% solutions
of sodium carbonate (Bump, 1998: 27).

Unfortunately, the difficulties encountered during
attempts to separate the engine’svariousfragile corroded
components precluded their thorough stabilization.
The Columbus report’s author(s) also acknowledged that
the stabilization techniques applied to the engine had
limitations as well:

During treatment, areas of the cast iron steam chests
crumbled and disintegrated, even though very low initial
current densities were utilized in treatment...Corrosion
products between the seat assembly and the cylinder could
not be properly treated...at some future date, the valve seat
assembly may need to be removed and the adjacent mating
surfaces cleaned. This can only be done if the valve cylinder
is bisected or taken apart in some other way to expose the
valve seat assembly (Bump, 1998: 42).

On page 88, the report also notes the problems that
faced conservators as theyattempted to treat the steamer’s
massive paddle-wheel: ‘During treatment it was noted
that a number of sites on the drive hubs as well as shaft
and crank had cracked and expanded causing material
to spall from the surface of these parts.’

The report does not indicate how the conservators
charged with treating Columbus’ engine determined the
conclusion of its conservation treatment. However, the
reportdoes briefly describe howiron elements were rinsed
and protected following conservation:

After treatment, an additional twelve months of electrolyte
removal bynumerous fresh water and deionized water washes
was performed on the iron components. Electrolytic current
waskepton during the wash cycles to prevent corrosion. Fresh
water washing was followed by a period of air-drying. The
cast iron portions of the steam chest were coated with five
coats of 2% tannic acid solution (2% tannic acid dissolved
in isopropyl alcohol) (Bump, 1998).

Despite shortcomings that occurred during the
conservation of Columbus’ engine, post-conservation
curation efforts have metwith far greater success. Michael
McCarthy observed the Columbus engine during a 1999
visit toits currentrepository, the Maryland Archaeological
Conservation (MAC) Laboratory, and noted: ‘Though
some parts were in need of urgent remedial attention...
this engine lies in the best possible climatically controlled
conditions at an extremely well-equipped...laboratory’.
(McCarthy, 2000: 189).

More recently, however, MAC Laboratory Chief
Conservator Betty Seifert noted alarming changes in the
overall condition of Columbus’ various engine components:

When the valve chests firstarrived they were whole, however,
it was not long before we noticed cracks opening and active
disintegration into powder, which was shocking (Figure 1).
Then they started to collapse. We found that the whole liner
was disintegrating. Other objectslike the paddle wheel began
to spall large and small ‘chips’ or ‘flakes’. The large piston
as we examined it showed large cracks. During storage all
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parts of the engine have begun to display some instability
(Seifert, 2004).

Recently, the MAC Laboratory provided four
samples from the Columbus engine to the Warren
Lasch Conservation Center for analysis and chloride
determination. Each sample exhibited chloride amounts
ranging from 0.01% to 1.85% (or 100 to 18,500 ppm,
respectively). It is noteworthy that, despite the fact that
one Columbus engine sample (Sample #1) exhibited
a chloride reading of only 0.01 % (or less), the MAC
Laboratory labeled it ‘unstable’. Based solely on this
sample, itappears that chloride values aslowas 0.01 % (or
less) can jeopardize the long-term survival of a cast iron
artifact, even if the object is stored under ‘acceptable’ or
‘standard’ environmental conditions for humidity control.

The ‘Big Piece’ from RMS Titanic, United States
Alarge section of steel hull was recovered from the wreck
site of the ocean liner RMS Titanic during a 1998 salvage
expedition. The section, known colloquially as the ‘Big
Piece,” weighs approximately 17 tons and measures
approximately 12 feet tall by 25 feet wide (approximately
4 metres by 7 metres). However, it represents only a small
fraction of Titanic’s 883-foot (269-metre) hull. The ‘Big
Piece’ originated from the starboard side of the vessel’s
C Deck, between cabins C-79 and C-81. It contains four
brass portholes and is comprised of between one and three
riveted steel iron plates, each approximately one-inch
thick. Remnants of paint are still evident on its interior
and exterior surfaces.

Information summarized in this section was obtained
via the internet or informal discussions with various
scientists involved in the conservation of the ‘Big Piece.’
The latter includes conservator Joe Sembrat and Dr
Tim Foecke, who analyzed the hull section’s metallic
components. The ‘Big Piece’ was pressure-washed at 3,000
psig to remove most of the rusticles that adhered to its
surface; it was then soaked in 4-5% sodium carbonate
solution for 18 months. Sacrificial anodes attached to the
section during the soaking process.

Figure 2 shows a method of desalinization by
sodium carbonate spraying used on the ‘Big Piece’ for
approximately 3 to 4 months before being abandoned.
Chloride concentrations within the metal were obtained
with a conductivity meter and Quantab® titrators
throughoutthe soaking process. At the conclusion of the
soaking process, the hull section was surface treated with
water jets operating at 3,000 psig. The water pressure,
used in conjunction with rotating nozzles, removed
most concretion adhering to the metal. The surface was
then mechanically cleaned with scalpels and picks and
later water jetted a second time at 3,000 psig. Finally,
the ‘Big Piece’ was heated with torches and tannic acid
applied to its interior and exterior surfaces to assist the
conversion of unstable corrosion products. Once this
processwas complete, the entire hull section was covered
with a protective barrier coating of microcrystalline wax.
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Figure 2.

Sodium carbonate solution being sprayed on the ‘Big

Piece’ shortlyafteritsrecovery. Note the presence of
sacrificialanodes on the metal (Photograph courtesy
Tim Foecke, National Institute of Standards and
Technology).

It appears that the method by which the ‘Big Piece’
was treated has notdetrimentally affected its glass viewings
ports. Further, paint remnants are still visible and appear
stable. The ‘Big Piece’ has been transported, displayed
and stored for more than fouryears in fluctuating relative
humidity and temperatures. Despite these frequent
and drastic changes to its immediate environment, it
has remained largely stable over time, the only notable
exception being limited formation of salts around its rivet
heads. Recent conversations between Hunley Project
conservators and RMS Titanic, Inc. staff and Joe Sembrat
from Conservation Solutions, Inc. suggest that the ‘Big
Piece’ willundergo additional conservation treatmentand
surface protection in the near future (Sembrat, 2004).

What can be learned from these projects?

Areview of the aforementioned conservation precedents
clearly illustrates the challenges faced by those tasked
with treatinglarge, complexiron artifacts recovered from
marine environments. This is specifically true when the
artifactsare composed totally or partly of cast-iron. Perhaps
most importantly, these projects have demonstrated that
the majority of problems encountered during stabilization
efforts involve two main factors: size and complexity of
recovered item(s).

1. Numerous difficulties encountered while handling
and inspecting artifacts in a treatment tank can
make conservation tasks painstaking and, sometimes,
dangerous. Additionally, lengthy exposure of
artifacts to the atmosphere during archaeology and
conservation-related tasks increases the possibility
that adverse corrosion products may develop on the
artifacts and cause subsequent irreparable damage.
The accuracy of chloride extraction monitoring
appears to decrease proportionately to increases
in the amount of solution used. For example, the
dilution factor created by the use of 800,000 litres
(~ 211,337 gallons) of solution to conserve Holland
1 not only increased the difficulty of the chloride
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extraction monitoring process, but also made
chloride assessment readings subject to appreciable
error. Similarly, measurement of Holland I’s chloride
extraction via its soaking solution produced results
thatwere notrepresentative of the submarine’s actual
chloride content.

3. Micro-sampling of metal constituents represents a
unique approach to evaluate whether an artifact’s
chloride level has fallen below a given technique’s
limits of detection (e.g. wet chemical analysis, SEM-
EDS, wavelength-dispersive spectroscopy (WDS)).
However, in most cases, chloride levels may vary
considerably from one area to another. Since current
analyses of remaining chloride levels offer only
average values, determination of a ‘safe’ chloride
levels relies heavily on probability. Moreover, there
does not seem to be any experimental data that
have identified a ‘safe’ chloride amount for artifacts
exposed to fluctuating museum conditions.

4. The exact role played by the corrosion inhibitors,
consolidants, and protective coatings applied to the
metal afterstabilization should be furtherinvestigated.
Their efficacy along with their relative reversibility in
case of a re-treatment should be evaluated.

5. Usingpastconservation projectsasagauge, preserving
the integrity and long-term stability of complex
structures (assembled engine parts, other mated
surfaces or connections between different engines
parts, valve chest assemblies, cylinders, boilers,
etc.) has proven extremely challenging in almost
every cited instance, especially as regards corroded
cast iron. No single treatment has been proven an
effective means for treating all forms of corroded
iron. Further, widely documented examples exist in
which attempts to properly preserve and stabilize
corroded iron have failed.

6. Disassembly of an iron hull or artifact held together
with thousands of rivets, highly graphitized cast iron
elements, and fused components raises ethical and
technical issues. The drawbacks associated with the
disassembly of such complex items are complex and
subject to considerable discussion; however, when
examined from the perspective of conservation
and archaeology, disassembly is probably the
most acceptable option (particularly in instances
where lengthy treatment times or other recurring
conservation concerns might be encountered). The
XanthoProject perhaps bestrepresents an example of
this form of conservation treatment. Both individuals
who directed the disassembly of Xantho's engine
have stated that it was a well-informed decision that
was ultimately validated (Garcia, 2003; McCarthy,
in prep.).

7. The decision to refrain from disassembling Holland
I's hull or the ‘Big Piece’ from RMS Titanic appears
to have been based on a technical risk assessment,
as well as practical and/or financial considerations.
In the case of the Holland I, potential risks associated
with this conservation strategy were offset by the

developmentofaspecially built, humidity-controlled
display gallery. Ultimately, this method may provide
the most effective alternative for stabilizing complex
artifacts withoutdisassembling them, butonlyifitcan
be scientifically proven that residual chloride levels
within the metal fall within acceptable levels for a
specific storage/display environment.

8. Implementation of electrolytic techniques in
chemicals (such as electrolytic reduction) on a large
scale has not yet been comprehensively investigated
and assessed. More work and research is needed
to determine how this can be achieved safely and
efficiently specifically with regards to large and
complex cast-iron artifacts.

Conclusions

Results gathered from previous conservation efforts are
extremely important to today’s conservators of maritime
material. Perhaps most significantly, they highlight the
daunting and extremely problematic tasks necessary to
stabilize large ferrous artifacts recovered from the ocean.
The example of Xantho’s engine, recovered from a salty
and turbulent environment, or the brackish waters that
once encapsulated Columbus, contrast with the former
freshwater environs of Indiana’s engine. In the case of the
latter wreck, none of its iron components were stabilized
after being recovered; however, the engine is now in
storage at the National Museum of American History in
an apparentstable condition. With the notable exception
of Indiana, these examples emphasize the deleterious
effects that chloride ions have on iron artifacts. They also
demonstrate the tremendous conservation responsibilities
that accompany the recovery of underwater cultural
heritage. As a final point, it is critical to indicate that
conservationisan ever-evolving discipline. The stumbling
blocks of past conservation efforts need to serve as a map
for new research programs that will hopefully lead to
better stabilization strategies.
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Notes

1. Mesosaline water is defined as that with salinity levels
between 5.1 and 18.0 ppt.

2. Data derived from Chesapeake Bay Mainstream/
Smith Point (CB5.3)
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The Xantho engine—conserving the iron components

Jon Carpenter

Figure 1.

The engine set-up for electrolytic reduction (Jon
Carpenter).

Abstract

After electrolytic reduction of the Xantho engine
in its assembled state and following separation/
disassembly of the major components, the crankshaft,
webs, pumps, valve chests, cylinders, piston assemblies
and engine bed, all required further treatment.
The principal concern was the removal of chlorides
trapped in previously mated surfaces. All copper alloy
components and gasket material were removed prior
to this stage of treatment and only cast and wrought
iron remained. This paper will explain the treatment
processes carried out, the concerns and the final
outcomes.

Introduction

After its recovery from the wreck of the SS Xantho, in
1985, the vessel’s steam engine was de-concreted and
electrolytic reduction treatment started. Following its
later disassembly the internal surfaces and the formerly
mated areas of the various engine components were
conserved in the same manner as the engine when it
was whole. On completion of the conservation processes
the components were brought together and the engine
reassembled in its exhibition gallery at the Shipwrecks
Gallery of the Western Australian Maritime Museum. The
condition of the engine is such that after reassembly it
could be turned-over.

The conservation treatment processes applied to
the Xantho engine are those generally used for the
treatment of ferrous and non-ferrous metals. This
paper is concerned with the treatments specifically
applied to the individual iron components of the engine
following its disassembly. In connection with residual
chloridesremaining in the Xanthoengine post-treatment
referenceismade toresidual chloride levelsin a castiron
cannon recovered from the HMB Endeavour grounding
(Carpenter, 2006)

Treatment processes—electrolytic reduction

In the initial years following its arrival at the conservation
laboratory, the SS Xantho engine was de-concreted
and underwent electrolytic reduction treatment in its
assembled state. After 1993 the major parts of the engine
were separated and these further disassembled into smaller
components (Garcia, thisvolume). The crankshaft, webs,
pumps, valve chests, cylinders, piston assemblies and
engine-bed all required further treatment. The principal
concern was the need to remove any chlorides trapped
in the previously mated surfaces. Prior to continuation of
treatment all of the copper alloy components and gasket
material had been removed and only cast and wrought
iron structure remained.

Treatment processes—electrolytic reduction of the
engine components

Electrolytic reduction of the engine had resulted in some
localized cracking of the surface of the graphitized iron
components, evident on the outer edges and corners of
the various castings. As a consequence some ‘spalling’
(see below) had occurred. Despite this result, electrolytic
reduction was still considered the best and proven
conservation treatment process for chloride removal from
the now separated components of the engine.

ELECTROLYTIC REDUCTION OF THE WROUGHT IRON ENGINE-BED

The disassembled parts of the wrought iron frame of the
engine bed were individuallywired to two weld mesh frames
and suspended between three mild steel anodes in order
to treat them by electrolysis. A single transformer supplied
the current. Treatment of wrought iron usually proceeds
withoutproblemsand thiswas the case with the engine bed.

Spalling

Each pair of pistons and cylinders were set-up in single

treatment tanks with individual anodes and transformers.

The engine’s crankshaft was set-up for electrolysis in

a tank by itself. Continuing electrolytic reduction of

these components resulted in more extensive spalling

of graphitized surfaces particularly from the main body
of outer surfaces of the cylinders, the ends of the piston
trunks (that had protruded from the engine when its
was submerged on the Xantho wreck site) and the cast
iron components of the crankshaft. The comparatively
un-corroded internal surfaces of the cylinders, central
structure of the pistons and wroughtiron shaft of the crank
remained unaffected. Why this spalling occurred has not
been determined by our conservation scientists/chemists.

It may have been due to a number of factors such as:

1. The potential for the engine to dry outduring periods
of concretion removal and during separation of the
individual engine components.

2. Separation of the graphitized surface from the
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Richard Garcia, WA Museum’s Manager of
Technological Material with a cylinder, piston and
valve chest assembly( Jon Carpenter).

Figure 2.
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Figure 3:.

Engine-bed parts wired to weld mesh frames (Jon
Carpenter).

interface of the residual metal core due to corrosion

activity.

Theshock ofhammer/ chiselimpactduring concretion

removal.

Uneven electrical current distribution during

electrolysis due to the overall form and shape of the

engine and components.

The electrical current exceeded the recommended

input consequently hydrogen gas was evolved at an

excessive rate.
Despite the extent of spalling, the decision was made to
continue electrolysis of the affected components atalower
currentpotential, to minimize the prospectformore surface
detachment. A suggestion to maintain the higher current
and accept the likely outcome was not considered ethical;
also, the possibility of re-attaching the partially detached
and spalled surfaces was being considered.

Since the spalling damage to the pistons, cylindersand
crankcase had already occurred, continued electrolytic
reduction, with a reduced current input, was considered
the most viable means of removing the remaining salts.

Hydrogen reduction could not be contemplated
because the Department’sfurnaceis too small. Long-term
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Figure 4.  Original surface separation and spalling on the end

of the crankshaft (Jon Carpenter).

Figure 5.

Nuts and Bolts after hydrogen reduction,
desalination and corrosion inhibitor application
(Jon Carpenter).

soaking was considered as an option to remove salts from
the engine components butit would have meant that the
already 20-year conservation treatment would have been
extended for an indeterminate period of time. However
to avoid extensive spalling of the remaining larger
components, the webs, valve chests and piston flanges,
additional electrolytic reduction was not contemplated.
These components continued a slow rate of desalination
in 2% caustic soda solution until chemically reduced in
alkaline sulphite solution to improve chloride release.
It was also accepted that the final residual chloride level
would be higher than the normal maximum considered
permissible (100 ppm).

Other treatment processes

HYDROGEN REDUCTION

Smaller engine components including iron nuts and
bolts were treated in a hydrogen reduction furnace. The
limiting size of the treatment chamber restricted larger
components being considered for this process, otherwise
the engine could have been treated, perhaps more
appropriately/successfully by this method. Following
hydrogen reduction the smaller components were
desalinated in 2% caustic soda solution.



Figure 6.

Conservator Alex Kilpa with desalinated pistons
and cylinders (Jon Carpenter).

SODIUM SULPHITE REDUCTION

To facilitate removal of caustic residues from the larger
engine components, after electrolysis, they were soaked
in deionized water to which was added sodium sulphite
and a layer of paraffin oil (diluted with white spirit) to
exclude atmospheric oxygen. The reducing environment
prevented corrosion activity during the extraction of the
small amount of residual caustic soda and any remaining
chlorides.

Post reduction processes

CLEANING AND DEWATERING

Following removal from the sodium sulphite solution
the large components were washed down with deionized
water and dewatered with methylated spirits

DEALING WITH THE SPALLED SURFACES

Restoration of the spalled and partially detached surfaces
was contemplated but considered impracticable. Many
pieces had peeled back acquiring a rigid curvature that
no longer conformed to the shape of the original casting.

SURFACE PREPARATION

Following removal of the partially detached graphitized
material the powdery surfaces of the components were
carefully cleaned with 0000 grade steel wool.

CORROSION INHIBITOR APPLICATION

To evaluate the combined corrosion inhibiting
performance of a tannin-based inhibitor and a Vapour
Phase Inhibitor (VPI) coating, Tanco Rusticide was initially
applied tosome engine components,and when drysealed
with the more durable VPI coating, Senson Ferroguard.

Chlorides: what residual maximum?

Since some components of the Xantho engine did not
have additional electrolytic reduction, after the engine
was disassembled, they retained residual chloride levels
around 300-400 ppm. Chloride determinations were
made from drilled samples (5 mm diameter bit) taken
from the graphitized surfaces of the engine components.
Analysiswas performed by Geotech, Geotechnical Services
Pty Ltd, Welshpool Western Australia.

Figure 6.

The conserved engine partially reassembled (Jon
Carpenter).

An example: HMB Endeavour cannon

InJune 1770 Lt James Cook RN threwsix cannon overboard
from his vessel HMB Endeavourin order to free it from the
GreatBarrier Reef. The cannon were recovered in 1969 and
treated by electrolytic reduction. Samples recently drilled
from one of the castiron cannon revealed residual chloride
readings as high as 860 ppm in the metal and 1120 ppm in
the graphitized surface. Despite these readings being much
higher than the normally accepted level, (the accepted
maximum for residual chloride, posttreatment, in the
Department of Materials Conservation, WA Museum is 100
ppm) the cannon appears to have remained stable for more
than thirtyyears. In the light of this discovery, and providing
the environmental conditions for display are optimized, it
was considered that the 300—400 ppm chloride remaining
insome of the Xanthoengine componentsshould notpresent
a corrosion problem (Pearson, 1972; Carpenter, 2006).

Xantho engine reassembly

Following the application of corrosion inhibitors and
surface coatings the engine components became available
for reassembly of the engine itself.

The rebuilding of the Xantho Engine, in terms of
the conservation aspects remained the responsibility
of Richard Garcia, the WA Museum’s Manager of
Technological Materials (this volume). In respect of the
engineering and archaeological elements Garcia worked
in consort with the Project Leader, M. McCarthy.
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The analysis and conservation of organic materials from the $S Xantho
Ian Godfrey, Nikki King-Smith, Kateri Morin and Vicki Richards.

Abstract

Organic components associated with the Xantho engine
include a wooden step, wooden chocks, fabric and
rubber gaskets and assorted lubricants. Descriptions are
given of the analytical techniques used to characterise
the lubricants used in and on the engine and of the
conservation treatments and approaches used to stabilise
all organic components.

Introduction

When people think and speak of the Xantho, the most
immediate connection is usually with the wonderful
steam engine recovered from the wreck site. Much of
the conservation focus has also been on the treatment
of the engine itself. Often overlooked, and yet critical to
the effective operation of the engine however, were many
organic componentssuch as gaskets, gland packings, rope,
spacers, wedges, handles and lubricants (see Figure 1).
Comprised of materials as diverse as hemp, jute, rubber,
tallow, leather and wood, these components formed air-
tight seals between engine parts, supplied lubrication to
moving components and stabilised structures to minimise
vibration and unwanted movement.

This paper describes some of the analyses used
to characterise Xantho organics, their conservation
treatments and approaches to their stabilisation. The
philosophy underpinning conservation treatments was
the need to stabilise the materials while ensuring that
maximum information and the integrity of fragile objects
were retained.

Discussion
Theinitial tasks confronting conservatorsand conservation
scientistsworking with the Xanthoorganic materialswere to
characterise the material typesand to determine the extent
of their deterioration. These initial characterisations
were essential to allow informed decisions to be made
regarding stabilisation, treatment and storage options
aimed at their long-term preservation upon drying. For
many of the more porous materials close, and in many
cases intimate, contact with the iron engine meant that
iron corrosion products had permeated their structure,
discolouring and in some cases, destabilising them.
Analytical techniques used in these initial
characterisations included:
1. Microscopic examination—for wood and fibre
identification
Fourier transform infrared spectroscopy (FTIR)—
characterisation of material type and degradation
patterns
Scanning electron microscopy (SEM)—for the
identification of inorganic fillers used in lubricants
and of incorporated corrosion products
4. Nuclear magnetic resonance spectroscopy (NMR)—

2.

Figure 1.  Gland packing (Jon Carpenter).
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Figure 2.

Teak footreston the Xanthoengine (Jon Carpenter).

identification of organic solvent-soluble components
(lubricants)

Gas chromatography/mass spectrometry (gc/ms)—
lubricant identification

Maximum water content determinations—
determination of the extent of deterioration of
waterlogged wood.

Wooden components

The footrest (Figure 2) was examined and found to be teak
(Tectona grandis) . As there was little iron incorporation in
the footrest, it was simply treated with aqueous solutions
of polyethylene glycol (PEG) in a twinned process, using
PEG 400 and PEG 3350 to a final concentration of 70%
weight/volume PEG 3350.

In order to line up the various components, the ship’s
engineers had inserted wooden chocks or wedges at
strategic locations under the engine mountings (Figure
3). Two of the chocks were examined and found to be
beech. It is difficult to differentiate microscopically
between European and American beech. The European
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Figure 3. Iron-impregnated organic wedges or chocks and

far left one of iron (Jon Carpenter).

origin of the Xantho however, makes it more likely that
the chocks originate from this region (Fagus sylvatica,
European beech). Afterwrecking, during the manyyears of
immersion, these chocks absorbed considerable amounts
of'iron corrosion products from the adjacent, corroding
engine mounts. Asiron compounds are known to catalyse
the oxidation of cellulose and of the poly ethelene
glycol (PEG) used to consolidate waterlogged wood, it
was necessary to remove as much of the iron corrosion
products from these objects as possible. This was done
using a pre-treatment of sodium dithionite, followed by
further extraction of the iron corrosion products with
diammonium citrate in PEG solution. Iron extraction
and PEG impregnation were carried out concurrently
to minimise any potential shrinkage of the wood. While
this approach has not been verified experimentally, it was
thoughtprudentto have PEG presentin theiron chelating
solution so that the PEG molecules could move into any
voids created by the removal of iron corrosion products,
thereby minimising shrinkage stresses.

Nuclear Magnetic Resonance (NMR) analysis of
organic material extracted from the chock XA 431TB
found that this substance was likely to be composed
of either hydrolysed, unsaturated fatty substances,
unsaturated hydrocarbons or amixture of these materials.
The NMR spectra were broad, indicating the presence of
paramagnetic substances, most probably iron corrosion
products.

Gland packings:
One XA gland packing was analysed by Fourier Transform
Infrared (FTIR) spectroscopy and found to be a ‘highly
oxidised hydrocarbon’ (Figure 4), most likely to be
rubber-based.

Gland packings were generally air-dried without
further conservation treatment.

Gaskets
Gasketsvaried in condition, material type and with respect
to specific coatings or linings that had been applied to
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them. While many of the gaskets appeared to be made
of canvas, surface coatings included greasy, tallow-like
substances, rubber-based compounds and lead-based
lubricants. FTIR, scanning electron microscopy (SEM)
and x-ray diffraction (XRD) were used to identify
substrates and incorporated corrosion products. FTIR
analysis of piston flange, XA 344, indicated that it was an
oxidised rubber-based material (Figures 5).

The presence of original coatings was sometimes
obscured by corrosion products and salts which had been
deposited over the many years of immersion (Figure 6).
Some of the gaskets appeared to be actively degrading
and these were targeted for priority treatment.

The major components of the corrosion products
present in the gaskets were identified as:

maghemite (Fe,O,)

goethite (FeO(OH))

akaganeite (Fe**O(OH,Cl))

magnetite (Fe,O,)

siderite (FeCO,)

lead metal

massicot (PbO)

Large numbers of gaskets, particularly those in fragile,
delicate condition, were either isolated dry from the
engine or were air dried without treatment and stored
in low relative humidity conditions (30-40%). Most of
the gaskets treated in this way were canvas, comprising
cellulose fibres (hemp-jute), with visible iron staining
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Figure 6. Heavily iron-impregnated gasket (Jon Carpenter).

present. As iron catalyses cellulose degradation, storage
under lowrelative humidity conditions was chosen as away
of minimising deterioration without the need toundergo
intervention via the use of wet chemical treatments with
iron chelating agents. A consideration in adopting this
approach was the need to maintain the integrity of the
objects, to not jeopardise their shape and to eliminate
the possibility of contamination of remnant lubricants.
No visual deterioration was noted after years of such
storage. Furtherinvestigation isneeded however, to check
on the viability of this approach as a long-term means of
stabilising objects of this type.

Avariety of differentapproaches were used to remove
iron corrosion products from some of the more robust
gaskets. Methods chosen were largely dependent on who
was in charge of treatments at a particular time, with this
responsibility varying over the many years of the Xantho
conservation treatment program. Some of these included
treatmentwith sodium dithionite, followed by ammonium
citrate complexation at pH 7, ethylenediamine tetra-acetic
acid complexation and electrophoresis extraction.

In the latter treatment, the gasket (XA 388H) was
sewn into a supporting screen, immersed in tap water
and suspended between stainless steel electrodes with
an applied potential difference of 8 volts and a current
of approximately 1.1 amperes. The solution pH,
temperature and iron content were regularly monitored.
Electrophoresis treatments were also applied to gaskets
in the presence of ammonium citrate complexing agents,
the aim being to maximise iron removal. These treatments
were effective in removing large amounts of iron staining.

Fibre identifications:

Samples were taken and examined microscopically to
determine the nature of the fibrous material. Hemp and/
or jute were tentatively identified as the major fibrous
components present in the gaskets.

XA 69 = XA 69A (ring of rope) Gasket fibre, hemp-jute; 69E = fibre
gasket, hemp?

XA 306N/M (tag) = XA 306-11
XA 307E/F/G = 307-05
XA 308A/B = XA 308-04

Gasket, fabric, hemp-jute

Gasket, rubberised fabric—unstable

Canvas gasket, hemp-jute
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Figure 7.

Dry, untreated gaskets in storage supports (Jon
Carpenter).
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Figure 8.  Pyrolysis gas chromatographic trace of XA lubricant

XA 322 322D = gasket, rubberised fabric
XA 323 323D = gasket, rubberised fabric
XA 327 327-3 = gasket, canvas

XA 328 328-3 = gasket, canvas

XA 339] Gasket, canvas frags

XA 340 Gasket

XA 345 Gasket half, canvas

XA 427D Packing rope

Lubricant analysis ex nuts, bolts and gaskets

Organic solvents were used to extract lubricants from
Xantho nuts, bolts and gaskets. The lubricants were
suspected to be mixtures of fish oils and white lead
[2PbCO,.Pb(OH),] paste. FTIR analysis however
indicated that calcium carbonate was the major inorganic
component of the lubricant.

NMR analysisindicated that the material from the nuts
was almost entirely hydrocarbon-based, with very small
amounts of hydrolysed and unhydrolysed fatty material
with some unsaturation present.

NMR analysis of extracts obtained from the bolts and
gaskets revealed the presence of hydrolysed fatty acids
and a mixture containing hydrolysed fatty acids and a
hydrocarbon-based substance.

Gc/ms analysis of extracts from XA bolts and gaskets
were found to contain strong peaks indicative of methyl
palmitate (methyl hexadecanoate) and methyl stearate
(methyl octadecanoate).



Figure 9. Remnants of a hessian bag from the Xantho wreck
site (Jon Carpenter).

Miscellaneous organic materials

Inaddition to organic components directlyassociated with
the Xanthoengine, an assortment of other organic objects
was recovered during excavations at the site, including
hessian bags, bone, cork, a shoe fragment, matches and
box fragments, matting and rope.

Standard conservation treatments were applied to
these objects—wooden objects were treated with PEG 400
and PEG 3350, leather objects with low concentrations
of PEG 400 and rope/fibrous objects with solutions
containing both PEG 400 and ethulose 400.

Conclusion:

Dismantling of the Xantho steam engine to complete its
conservation revealed many organic components vital
to its operation. Analyses of these components provided
information about the nature of the lubricants used in
and on the engine and allowed informed decisions to be
made about conservation treatments.
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Conservation of copper alloys from SS Xantho

Vicki Richards and Lucy Burrow

Abstract

Whilst a large proportion of the Xantho engine was
cast iron, there were many copper alloy steam pipes,
cocks, valves, lubricators and other fittings associated
with this engine. A general description of the corrosion
phenomena that affected these copper alloys on-site, the
different methods used to conserve the artefacts and the
apparent success and/or failure of the treatments will
be discussed.

Introduction

This paperwill presentabrief overview of the conservation
treatments applied to the copperalloys thatwere recovered
from the Xanthoengine. Itincludes an examination of the
copper alloy steam pipes found collapsed on the top of
the engine and many other copperalloyfittings intimately
associated with the engine such asvalves, lubricating pots,
taps, bearings, eccentric straps, pump parts, etc.

The paper will firstly discuss the results of the initial
on site pre-disturbance biological and corrosion survey
as this information assists in assessing the extent of
corrosion of the copper alloys and hence, the treatment
procedures thatwould be mostappropriate for these types
of artefacts, approximate treatment times and potential
problems that may be encountered. The advantages
of cathodic protection as a form of in-situ preservation
method for maritime archaeological metal artefacts will
also be discussed. The main focus of the paper will be
the different treatment options that have been applied to
the copper alloys over the last 20 years, from electrolysis
of the engine in the purpose-built tank to removal of the
copper alloy parts, desalination and coatings. Finally, a
number of case studies on post conservation problems
that have arisen with some of the conserved copper alloys
and possible remediation treatments will be discussed.

Pre-disturbance survey

An on-site pre-disturbance biological and corrosion
survey was performed in 1983 by Drs Neil North and Ian
MacLeod, 111 years after the Xanthowas wrecked off the
coast of Port Gregory, Western Australia. Conducted at
the request of the archaeological director, the analysis
and interpretation of the pre-disturbance survey results
carried out in 1983 have been extensively discussed and
published in numerous papers (MacLeod, 1986; 1988;
1989a; 1989b; 1990; 1992a; 1992b; 1993; 1999; MacLeod
et al., 1986; McCarthy, 2000). A summary of the corrosion
potential measurements of the iron componentsare shown
diagrammatically on the isometric diagram produced in
1985 (Figure 1) (McCarthy, 1988a).

The corrosion survey results indicated that the engine
was electrically isolated from the hull remains, the boiler
and the stern section. The average pH and corrosion
potential (E_ ) of 17 of the 25 sites measured on the wreck

corr
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remainswere about5.00and-0.268 +0.004V, respectively.
Generally,amore positive corrosion potential, alower pH
and vigorous gas release on drilling of a concreted iron
fittingindicates thatit has suffered more corrosion. When
the iron concretions on the Xantho were drilled prior to
recording of the corrosion parameters small bubbles of
hydrogen and methane gas formed during the corrosion
process were only occasionally observed and the depth
to solid metal was relatively small. Hence, these results
indicated that the engine, boiler and other iron fittings
were actively corroding but in relatively good condition.

The more positive potentials of the hull remains,
windlassand deck winch measured at the bow of the wreck
site when compared to those measured towards the stern
indicated that the relative corrosion rate of fittings at the
bow was about ten times greater than the rate observed
at the stern. This was due to the strong current, which
ran predominantly from the bow to stern and resulted
in increased water movement and dissolved oxygen
impingement to the surfaces of the more unprotected
iron fittings in the bow area. This served to increase their
overall corrosion rates as compared to the hull remains
in the more protected stern area. In addition, the more
positive Econ_’s of the windlass and steam condenser box
and the significant increase in drill depth indicated that
they were extensively corroded with very little residual
metal remaining.

All the potentials measured on the copper alloy cocks
and valves attached to the engine were largely determined
by the iron corrosion potentials since the copper alloys
were electrically connected to the engine, which had
a much larger surface area. The measured potentials
indicated that these copper alloys components were
in excellent condition, exhibiting very little corrosion.
Copper alloys in direct electrical contact with actively
corroding iron will not corrode. This common corrosion
phenomenon is called galvanic protection where the
more active metal, in this case the iron of the engine
corrodes in preference to the copper alloys effectively
protecting them from corrosion even in very aggressive
marine environments, such as the Xantho site.

Inaddition, thisgalvanic protection causes precipitation
of inorganic calcium carbonate (CaCO,) on the copper
alloy surfaces, forming a thin (only a few mm thick),
but very dense concretion layer which acts as a barrier
to oxygen diffusion and effectively halts the corrosion
process. Once this protective layer of CaCO, covers the
biologically toxic copper (I) corrosion products, such as
cuprite (Cu,O) then the surface of the copper alloys can
be colonised by secondary marine organisms. An example
is the differential aeration corrosion of a copper steam
pipe which left the impression of the serpulid polychaete
worm casts etched into the metal surface (Figure 2a). In
addition, under the dense concretion layer any residual
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Figure 1.

dissolved oxygen presentis utilised. Since verylittle oxygen
from the aerobic sea water can penetrate this dense
covering the microenvironment under the concretion
becomes anaerobic and some of the cuprite is converted
to copper (I) sulphides (Figure 2b) through the action
of sulphate reducing bacteria that are ubiquitous under
anoxic conditions in the marine environment.

In theory the procedure for performing a biological
assessment and a corrosion survey of this nature is quite
simple; however, in practice it is quite a different matter.
To obtain reliable, representative and most importantly
reproducible data, it requires two experienced divers,
familiarwith the equipmentand each other, with extensive
experience in taking these types of measurements
together, underwater. Hence the accuracy of the results
obtained by untrained and inexperienced divers would
be dubious and care should be taken in implementing
any management programmes based on these data.

Cathodic protection

The engine was not able to be completely examined
during the archaeological assessment in 1983 because
of the engineering complexity and the thick layers of
concretion. Despite the engine being in relatively good
condition, the corrosion scientists believed the engine had
a relatively short projected life if left on the site without
some form of protection prior to recovery. Hence they
recommended the attachment of a sacrificial cathodic
protection system to the engine, which would lower the
corrosion rate and extend the in-situ life of the engine.
In addition, this system would initiate the removal
of detrimental chlorides, significantly accelerate the
precipitation of CaCO, to assist filling the drill holes and
reduce the toxicity of the copper alloys. Colonisation of
the engine would occur following the removal of these
marine organisms for archaeological recording purposes
and protect them from pilfering by sport divers.

It was decided to attach two anodes—one to the
propeller shaft and one to the crankshaft. The anodes
consisted of two x 2kg magnesium anodes welded to a
25kg aluminium anode. These were attached to bare
metal after the concretion was removed at the points of
attachment. With cathodic protection, a more negative
corrosion potential indicates a decrease in the corrosion
rate and for effective protection of iron in flowing sea-
water the corrosion potential should be around —0.540 to

S8, Xontho
John Rilay Apeil 1585

Corrosion potential measurements of the iron components on the Xantho wreck site (Plan: John Riley).

—0.610V. Measurement of the corrosion potential of the
engine and propeller shaftshortly after anode attachment
showed there was a reasonable decrease in voltage of
over 0.120V indicating that the iron was beginning to
be protected.

On the basis of the conservator’s reports, the engine’s
unique status and the perceived threats from sports divers
alerted by the Museum’s interestin the site, Dr McCarthy,
senior maritime archaeologist elected to recover the
engine. The team returned to the site in January 1984 to
examine the success of the cathodic protection system,
monitor the extent of biological growth on the engine
as compared to the unprotected boiler and to test the
best means of recovering it. However, on arrival it was
observed that the site was almost totally covered in sand,
only 40 cm of the boiler was exposed and the engine
was buried up to the trunks. After clearing the sand and
measuring the corrosion potentials of the engine and
propeller shaft it was obvious that the anodes had only
limited effect due to their being completely buried to a
depth of about 3m. Aluminium anodes are designed to
functionin open, flowing sea-water therefore, zincanodes
were utilised on the stern after recovery of the engine as
they operate effectively even when buried.

Analysis of the corrosion layers around a copper wire
(Figure 3a) recovered from the site showed that there
were a number of different alternating corrosion layers
(Figure 3b). The change in the corrosion mechanism as
the site was seasonally buried and then exposed produced
sixteen layers of alternating aerobic and anaerobic
copper corrosion products, which suggested that the
site had been subjected to at least this many exposure/
reburial cycles. Hence, this confirmed that the exposure
and burial of the site was seasonal and not a sporadic
phenomenon.

Recovery

Using a thermal lance, the engine was separated from
the bearers during the 1984 visit and secured on pre-
positioned timbers awaiting recovery the next year.
In May 1985, after the custom-built conservation tank
had been manufactured and was in position in the
Conservation courtyard at the Shipwreck Galleries, the
team returned again to recover the engine. The lifting
and recovery procedure was published by Kimpton
and McCarthy (1988) (Figures 4a and b). However,
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Figure 2.

Above: serpulid polychaete worm casts etched into
the metal surface of a copper steam pipe. Below: a
scanning electron micrograph (SEM) of copper (I)
sulphides presentunder the typical dense concretion
layers ( Jon Carpenter, lan MacLeod).

from a conservation point of view the most important
issue during the whole recovery process was not to
inadvertently remove any concretion from the engine as
this would lead to significant increases in the corrosion
rate during transportation.

Corrosion potentials measured on the engine after
disconnecting the anodes had increased by about 0.120V.
Thisindicated thatalthough the anodes were notworking
at full efficiency they had reduced the corrosion rate
whilst attached. Also the potential of the boiler remained
unchanged after removal of the engine indicating that
the recovery of the engine had not caused any immediate
changes in the local micro-environment on site.

The engine was packed, wrapped and effectivelysealed
to prevent the engine drying out during transportation
to the Shipwreck Galleries (Carpenter, 1987). There it
was placed in the custom-built tank which was filled with
tap water. A few days later the tank was drained and the
deconcretion phase began, involving conservation staff,
maritime archaeologists and a marine engineer (Figure
5a). Sprinklers and wet hessian were used in an attempt

Figure 3.

Above: the scanning electron micrograph of the
alternating corrosion productlayers. Below: copper
wire recovered from the Xanthosite (Jon Carpenter).

to keep the engine as wet as possible during these initial
deconcretion phases.

Electrolysis

After four months of soaking in the tank and several
deconcreting sessions the engine was set up for
conventional electrolysis treatment. However, it was
apparent that the removal of all the concretion and
subsequent disassembly of the engine for effective
desalination was going to take manyyears and would have
to be undertaken in stages. A series of eight mild steel
anodes were hung on insulated rubber from the sides
of the treatment tank and attached to the main copper
alloy exhaust pipe (Figure 5b).

The tank was filled with aqueous sodium hydroxide
solution (pH 12-13) and with a cathodic potential
of —0.900V, the chloride containing iron and copper
corrosion products were reduced. This chemical change
in the corrosion products liberated chlorides and the
resultant corrosion productswere more dense, their molar
volumes smaller and therefore the chloride diffusion
rate increased significantly in comparison to simple
desalination in caustic solutions. The applied voltage was
just sufficiently negative so that hydrogen gas was gently
evolving from the corrosion product/residual metal
interface. Vigorous evolution can extensively damage
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Figure 4.

Above: lifting of the engine. Below: the engine on
thebeach atPort Gregoryimmediatelyafter recovery
from the site (Patrick Baker).

artefacts by disbonding the corrosion product layers and
much of the archaeological information may be lost.

The copperalloys thatwere attached to the engine were
in excellentcondition and were in fact mostly desalinated
during the electrolysis treatment. However, there were
still crevicesin the metals ata microstructural level, which
could contain large concentrations of chlorides and/
or residual sodium hydroxide electrolyte. Hence, most
copper alloys that had been in the treatment tank were
covered with an adherent brown cuprite layer (Figure 6)
and still required further treatment in the conservation
laboratories.

Copper alloy treatments

The major aim of all treatments for maritime
archaeological metals is to reduce chloride levels in the
artefact where, with appropriate coatings and storage,
the object is stable for an indefinite period of time.
Bronze disease, a form of cyclic pitting corrosion in
copper alloys containing high levels of chlorides, can
cause the eventual total destruction of an artefact. The
choice of treatment for copper alloys will depend on
the extent of corrosion and chloride incorporation,
the metal composition and metallographic structure,
the types of corrosion products present and the desired
post conservation surface patina. Unfortunately, it is
difficult to keep both an original surface patina on copper
alloys recovered from the marine environment and

Figure 5.  Above: the engine partially deconcreted prior to

electrolysis treatment. Below: the concreted engine
(Jon Carpenter, Patrick Baker).

effectively desalinate the artefact to a level that prevents
future bronze disease unless they are stored at relative
humidities <30%. Hence, most of the treatments for the
copper alloysrecovered from the Xanthoengine removed
the original corrosion product layer and subsequently
changed the surface patina.

Chemical stripping

The first step in the treatment of most of the Xantho
copper alloys was the removal of the adherent surface
concretions and corrosion products, if the original
surface patina was notrequired. With the residual metal
surface exposed, desalination times were significantly
reduced. The most commonlyused stripping method for
the removal of concretion and copper corrosion products
from the artefacts was aqueous mixtures of citric acid
(5%w/v) and thiourea (1%w/v). Otherstripping agents
that were used with less frequency were 4%w/v alkaline
(sodium hydroxide) and 2% sodium potassium tartrate
or Rochelle salts, dilute sulphuric acid and dilute nitric
acid because these solutions attacked the residual metal
to a greater extent than citric acid. Ata pH of 3—4, citric
acid had little tendency to attack the copper in an alloy
but the addition of thiourea provided further protection
by inhibiting organic acid attack of the copper phases.
However, if the copper alloys were left for extended
periods of time, oxidation of the thiourea produced
a polymeric disulphide which adhered strongly to the

99



IRON, STEEL AND STEAM SHIPWRECK SEMINAR

Figure 6. Copperalloy components removed from the engine

after several years of electrolysis (Jon Carpenter).

surface of the artefact. This tarry substance had to be
removed prior to desalination or it interfered with
chloride release.

Most of the concretions were mechanically removed
from the copper alloy artefacts prior to immersion in
the citric acid solution (Figures 7a and b). However if
heavily concreted artefacts were placed in this stripping
solution then the acid became exhausted rapidly and
the solution required changing more frequently (pH >
4.5). It was important to ensure that the artefacts were
completely immersed in the solution to prevent ‘tide
marks’ (Figure 7c). The artefacts were checked regularly
and any loose surface material mechanically removed
by gentle scrubbing. For more fragile artefacts, gentle
scrubbing with nailbrushes, toothbrushes, soft scourers,
etc. easily removed this material but for larger, more
robust non-mineralised objects, brass wire brushes were
used albeit with great care so not to scratch the relatively
soft surface.

After citric acid stripping most of the copper alloys
had a bright metallic surface; however, some corrosion
products were not removed. The most common being
chalcocite (Cu,S), anglesite (PbSO,), which formed on
lead containing alloys and cassiterite (SnO,), formed
on bronzes, which constituted many of the copper
alloys recovered from the engine (Figure 8a). The
latter two corrosion products were simply removed by
gentle scrubbing (Figure 8b), however adherent layers
of chalcocite were usually prised off with a dental tool.

Figure 7.

Above: copper alloy valve before treatment. Mid:
during mechanical deconcretion. Below: chemical
stripping with citric acid/thiourea solution( Jon
Carpenter).

Another alternative was the combination of dilute nitric
acid and mechanical removal but care had to be taken
to ensure the residual metal alloy was not attacked by
the acid solution.
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Figure 8.

Above: copper alloy valve after chemical stripping
with citric acid/thiourea solution. Below: gentle
scrubbing to remove the corrosion product layers
(Jon Carpenter).

Desalination

After chemical stripping the copper alloys appeared
clean and solid; however, there were numerous crevices
and micro-cracks in the metallographic microstructure
containing chlorides and residual citric acid, which could
cause localised bronze disease to appear in these areas.
Hence, even after years of electrolysis the copper alloys
required further desalination to minimise potential post
conservation problems. Obviously, as with any desalination
procedure, the chloride release rate continued to be
monitored to ensure most of the chlorides have been
removed from the copper alloy artefact.

Different solutions were used to desalinate and/
or remove residual citric acid from the copper alloys.
One method was prolonged washing in deionised
water where hydrolysis of copper (I) chloride (CuCl)
and copper hydroxy chlorides (Cu,(OH),Cl) occurs.
While it liberates the chloride ions, often they have to
diffuse through the dense and adherent cuprite (Cu,O)
layer, which slows down the diffusion rate. Therefore,
desalination in deionised water was a very slow process
often taking in excess of two years even for small artefacts.
In addition, copper alloys containing lead, zinc or iron
as alloying elements can corrode at a significant rate in
deionised water, hence this method was used primarily
for unstripped objects where the surface patina had to
be retained (Figure 9a & b).

Figure 9a & b.  Desalination of an unstripped port hole
in deionised water: before treatment and after
treatment (Jon Carpenter).

Figure 10. Desalination of an unstripped copper alloy hand
rail in 2% sesquicarbonate (Jon Carpenter).
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Figure 11. Desalination of lubricator pipe guides in alkaline

dithionite: (right) after desalination and (left) after
restripping in inhibited citricacid (Jon Carpenter).
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Figure 12. Treated and coated copper alloy taps and valves
(Jon Carpenter).

A more commonly used method was prolonged
immersion in sodium sesquicarbonate (2-4%w/v)
solutions—an equal mixture of sodium carbonate
and sodium bicarbonate in deionised water. The more
alkaline pH of sesquicarbonate solutions (pH = 10)
compared to that of deionised water (pH ~ 7) increases
the rate of chloride removal by increasing the rate
of hydrolysis of the chloride containing compounds.
Desalination often takes about a year, dependent on
the size of the object and the amount of incorporated
chlorides. During the sesquicarbonate wash of

unstripped copper alloys, the patina often changed to
the typical dark brown colour of cuprite (Cu,O) (Figure
10). Thiswas usuallyacceptable as a final patina and was
not removed though with stripped copper alloys, the
very bright green or blue colour of copper carbonate
(CuCO;,) resulted. These types of patinas were often
unacceptable and were removed by a citric acid strip
or for more adherent patinas, alkaline Rochelle salt or
very dilute nitric acid solutions (0.01M).

The method that was most commonly used with the
Xantho copper alloys was desalination in 4% alkaline
(sodium hydroxide) /5% sodium dithionite solutions. This
treatmentregime reduced the copper corrosion products
to copper metal, dissolving the adherent cuprite layer and
the chlorides simply diffused away from the corroded
metal surface. As a result treatment times were usually
very fast, often requiring less than four weeks. However,
this treatment method left the surface covered with a
black deposit (Figure 11), which was a mixture of finely
divided copper and/or unreduced corrosion products.
This deposit was often removed by scrubbing the surface
with a soft bristle brush and a soft abrasive like ultra fine
pumice powder or by re-stripping in inhibited citric acid
(Figure 11).

Coatings and display

After desalination was complete, the artefacts were
removed and any traces of the treatment solution had to
be removed to minimise any post conservation problems.
With alkaline solutions, the artefacts needed to be
chemically neutralised with acid. If the final patina was
unacceptable the surface layer needed to be chemically
stripped. The most common acid used for these purposes
was inhibited citric acid. The acid was then removed by
washing liberally with deionised water and any loose
material mechanically removed with gentle scrubbing.
The artefacts were then dewatered with methylated
spirits or acetone to speed up the drying process. This is
especially important with extensively corroded copper
alloys, which tend to possess very pitted surfaces. Some
of the artefacts were then soaked in 3% benzotriazole
(BTA) in methylated spirits for a few weeks. The BTA
inhibits the corrosion of copper by forming inert, stable,
polymeric films on the surface of the copper and copper
corrosion productswhichisolates them from atmospheric
moisture and oxygen. Once the artefacts were dry they
were protected with a coating of an inhibited acrylic, such
as 1% BTA in 2% Paraloid B-72 or Incralac, a proprietary
product (Figure 12).

Treated maritime archaeological copper alloys should
always be stored and displayed indoors and wherever
possible, atarelative humidity < 30%. In addition, copper
alloys should be stored in sealed metal cupboards as
certain woods are very acidic and can cause corrosion
of the copper.

Post conservation problems
There have not been many post conservation problems
associated with the treated copperalloyartefactsrecovered
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Figure 13. Bronze eccentric straps from the Xanthoengine (a)
and the blue/green corrosion products (b) (Alex
Kilpa).

from the Xantho; however, afew engine components have
proved particularly problematic.

The bronze eccentric straps (Figure 13) showed
potential signs of bronze disease, with localised spots of
blue/green corrosion products forming on the surface.
The corrosion products were analysed and they were
identified as an organo-copper corrosion product and
not the typical copper chlorides associated with bronze
disease. These artefacts had been stored in an unsealed
wooden cabinet and therefore the copper corrosion
product was likely to be a copper formate or copper
acetate. The Incralac coating was dissolved in acetone,
the blue corrosion products mechanically removed, the
affected areas treated with 3% benzotriazole (BTA) in
methylated spirits and the coating reapplied. However,
whilst preparing the information for this paperitwas noted
thatthis particular artefacthad returned to treatmentfour
times. Therefore,itwas obvious that the storage conditions
were inappropriate and/or the artefact required further
treatment, possibly prolonged immersion in BTA or
further desalination.

Post conservation problems were encountered with
the bronze bearings, eccentric straps and other fittings
attached to the crankshaft (Figure 14). This part of
the engine was one of the last to be disassembled and
had been undergoing electrolysis in sodium hydroxide

Figure 14. Bronze bearing removed from the crank shaft (a)
and the white efflorescence on the surfaces after
drying (b) (Alex Kilpa)..

solution for an extended period of time. Therefore, it
could be assumed that most of the chlorides would have
beenremoved during this treatment period. Because they
were an integral part of the engine reconstruction and
had to be reassembled for display purposes, itwas decided
nonetheless to desalinate them further to ensure that
bronze disease would not occur whilst these components
were connected to the engine on display.

The bronze fittings were chemically stripped in
5% citric acid to remove the cuprite layer and then
desalinated in 4% sodium hydroxide/5% dithionite
solution for a few months. They were then stripped again
in 5% citric acid/1% thiourea solution and any surface
residues mechanically removed. The problem occurred
on drying when a white ‘fluffy’ compound effloresced
on the surface of the bronze artefacts. The pH of this
material was approximately 10-11 and was suspected to be
sodium bicarbonate, which originates from the reaction
of hydroxylions from excess sodium hydroxide (caustic)
and atmospheric CO,. The artefacts were replaced in
inhibited citric acid for a prolonged period (3 months)
but the problem reoccurred albeit more slowly. This
suggests that there is still sufficient caustic remaining in
the micro-cracks of the bronze metallographic structure
to cause problems, hence the next course of action may
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be a relatively rapid dilute nitric acid wash followed by
extended soaking in ethanolic BTA.

Conclusions

There are numerous treatments or combinations of
treatments suitable for copper alloys and the most
appropriate treatment regime will depend primarily on
the chemical and aesthetic considerationswhich are often
mutually exclusive. However, if there is any doubt that the
desalination of copper alloys is incomplete the treatment
time should be extended. Therefore it is imperative that
an accurate and sensitive method of chloride analysis is
utilised to follow the progress of chloride extraction in
the desalination solutions so that treatment times can
be minimised.

Analysis of the corrosion products on problematic
copper alloys is important in order to positively identify
bronze disease as they are often not copper chlorides but
other forms of copper corrosion products arising primarily
from inappropriate storage conditions or inadequate
washing or neutralisation of the desalination/stripping
solutions. It is also very important when artefacts are
returned for re-treatment that the nature of the display
or storage environment, such as material types used in
supports or packing but probably more importantly, the
temperature and relative humidity ranges, are known.
Only then can we begin to understand the possible reasons
for the recurring problem and apply the mostappropriate
remediation regime in order to rectify the problem.

Most importantly, it is imperative that conservators,
conservation scientists and maritime archaeologists
collectively and openly discuss the problems associated
with any conservation treatments, aswas the archaeological
director’s wish and as has occurred with the Xantho
objects. However, due to the fragility of human nature,
this does not often occur. Many people do not like to
admit mistakes or even discuss negatives and therefore,
important information is often locked away behind
storage cupboard doors. If the problems were discussed
and this information presented to a multi-disciplinary
forum at least professionals would be aware of the
problems associated with certain procedures and possibly
improve on treatments. Conservation and archaeological
professionals must rise above the guilt associated with
perceived failure and understand it is a positive step
towards continued improvement of our techniques and
treatments.
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Dismantling and reconstructing the SS Xantho engine

R. Garcia.

Abstract

In 1985 the SS Xantho engine was raised. By late 1991 all
ofits external surfaces had been totally deconcreted, with
desalination and treatment of the exposed surfaces all
wellin hand. With archaeologists and conservators in full
recognition that the engine would eventually disintegrate
from within, the author, based on his own experiences
elsewhere, suggested that the engine could be totally
disassembled for both archaeological and conservation
reasons. This paper examines the logic, the method and
the results of the disassembly and reassembly program.
It is allied to those of Carpenter and McCarthy, this
volume.

Introduction

In 1872 the SS Xantho sank off Port Gregory in Western
Australia. Apartfromaninspectionin 1979 soon afteritwas
found, and a non-disturbance analysis by archaeologists,
diving conservators and biologists a few years later, the
wreck lay undisturbed till 1984. Then, following the
decision that it should be raised, the engine was cut
free using thermal lance equipment. In 1985 the engine
was removed and transported to the Western Australian
Maritime Museum for conservation treatment. Nothing of
this magnitude had been attempted before in a salt-water
environment and it was not until tonnes of concretion
had been removed that Museum staff fully realised how
well preserved the two-cylinder steam engine reallywas. By
late 1991 the external surfaces had been freed of their c.
50mm layers of rock hard concretions using the traditional
‘percussive’ methods then in vogue throughout the world.
This process involved the use of hammers, chisels and
other tools designed to chip, or hammer off concretion.

Factors influencing the decision to dismantle the
Xantho engine

A number of factors that, by themselves appearing
insignificantorunrelated, together greatlyinfluenced my
recommendation to dismantle the Xantho engine after
the external deconcretion and conservation program
was completed.

The first occurred before I joined the Museum, while I
was an engineer in the Royal Corps of Electrical and Mechanical
Engineers where our role was to maintain equipment in
a serviceable and combat ready condition. Some of the
equipment for which we had responsibility included
artillery, armoured vehicles, small and side arms, and in
my case all aspects of general engineering. We also spent
considerable time in the bush with mobile workshops
that carried very limited spare parts and tools. Looking
back, some of the repairs/modifications that we carried
out were quite outrageous, but they worked. In respect
of the Xantho project, this taught me that I had to think

of every possible scenario to achieve my goal and to think
‘outside the square’.

The second occurred whilst I was employed by the
Museum itself when police arrived at the Museum with
two weapons to see if they could be conserved. One was a
Bren Gun (a type of machine gun) the other a .303 rifle.
Both of these weapons were on issue to Australian troops
during WWIIand these twoweapons had been found by the
police whilst they were walking the famous Kokoda Track
in New Guinea. The Kokoda campaign was probably one
ofthe hardest campaigns for Australian troops and for the
Japanese because of the sheer ruggedness of the terrain,
mountains, the jungle, the terrible heat and humidity
and plenty of mud. The Bren Gun, as a type, normally
comes with two barrels, for as one heats up and become
inaccurate, the second barrel is quickly exchanged.
However, this Bren was found with neither barrel in
place, suggesting that the gun crew were overwhelmed
by the enemy whilst changing the barrels. The rifle was
found close by and both were found projecting out of the
mud after a tropical downpour. They were delivered to
the Museum heavily concreted, still wet, with a mixture
of corrosion product and hardened mud throughout.

Because of my experience in handling and repairing
military equipment, combined with what I had learnt
in the course of my years at the Museum’s conservation
department, the weapons were given to me to conserve.
Although of a different mixture to the concretion I later
encountered on the Xantho, for me it was to be a very
important comparative study, for heat was used as part
of the treatment.

It needs to be pointed out at this juncture that heat
is a legitimate and recognised tool in engineering for
loosening ‘frozen’ nuts and screws in all engineering
circles. As aresult I had no hesitation in reaching for the
oxy-acetylene torch to try to disassemble the weapons—
for the flame can be controlled down to a pin point if
required.

Of fundamental importance to the Xantho case, as
soon as the flame came into contact with concretion
on the guns it flew off quite violently, or alternatively it
turned to a powder, which could easily be brushed off.
I also noticed small puffs of steam emanating from the
steel under the concretion, which had remained cool
throughout—another extremely important point as
will be seen. On reflection it became evident that the
heat from the flame travelled through the concretion,
came into contact with the cool steel beneath, creating
a steam pocket, which, as the gases expanded, forced
the concretion away from the metal. In contrast to what
was then standard practice throughout the world in
deconcreting objects like cannon, there was no need to
use percussion (hammering) on the Kokoda guns. Nor
was there anyassociated vibration of the sort that normally
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Figure 1. The heavily-concreted Xantho engine (Pat Baker).

would cause damage to sensitive or fragile sections. Equally
important, nor was there evident the usual problems in
the delineation of the metal surfaces, i.e. finding where
concretion ended and object started, another area later
causing problems with Xantho.

The Kokoda gun procedure was very quick and within
a few days both weapons had been totally dismantled,
cleaned (again using the flame) and re-assembled. It
was remarkable that after treatment the Bren gun could
be cocked and the trigger mechanism was completely
operable. Further, 70% of the serial number on the Bren
Gun was uncovered indicating that the metal surfaces
remained intact. As the serial numbers were often
recorded against the names of the soldiers that the guns
wereissued to, implications of this could be quite profound
as to identifying the soldier and letting next-of-kin know
what happened to their loved ones.

So these were the two factors in my experience that
eventuallyled to the successes at Xantho. One was to think
laterally. The other was a growing confidence in using a
tool the ‘flame deconcretion method’ that was shown to
work quickly and efficiently with no detrimental effects
when applied with care, knowledge of the materials
and patience. Nowadays it is just another part of the
conservator’s toolbox and in what follows I will explain
how this came about.

The disassembly of the Xantho engine

Initially I was not part of the Xantho deconcreting team
for there were plenty of volunteers, ‘work for the dole’
people, other conservators, archaeologists and also many
overseas conservators on internship with our department.
Some of the areas worked in were very cramped and
extremely dirty due to the corrosion products, and they
regularly emerged from the tank exhausted, their overalls
and boots in a filthy condition.

When I first became involved, the team after trying
manyalternatives and were using the ‘percussive method’,
as indicated above. In watching progress I always felt the
‘flame method’ as used on the Kokoda Track arms could
assist. When Isuggested to the projectleader DrM. (Mack)
McCarthy that we should try the method on the Xantho
engine, mysuggestions were notsympatheticallyreceived.

Figure 2.

Conservator Nancy Mills-Reid deconcreting (Brian
Richards).

On the humorous side, and reproduced here as
another example of the methods sometimes used to
deconcrete objects, I found out years later that despite
being committed to their involvement in all aspects of
his work, including underwater, McCarthy was wary of
conservators. This occurred after the first encounter
with one of my colleagues after bringing back his first
substantial iron/steel artefact (a large section of the
stern ‘turtleback’ with deadeyes and a ‘bumpkin’) from
the wreck site of the iron barque Ben Ledi (1879). In this
instance Dr McCarthy approached, Dr Neil North, then
head of the Conservation Department to seek advice on
howbest to remove the concretion. The head conservator,
an acknowledged expert in corrosion studies, dressed in
old laboratory coat, then walked up to the section and
before McCarthy could protest, gave the section a couple
of hard whacks with the sledge hammer he was holding
behind his back. With the object still vibrating, he then
proceeded walking off as the concretion fell off onto the
ground saying: ‘There you are it’s done!!” The notion of
the quiet conservator with the pure white lab-coat, gloves
and cotton buds then disappeared forever.

I continued to harass him for a trial of the flame
method however, and I think he finally agreed more
to shut me up than anything else. After first watching
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Figure 3. R. Garcia with the freed cylinder (Jon Carpenter).

a successful test of the process in removing concretion
from the surfaces of a trypot, from the wreck of the whaler
Lady Lyttleton (1867), he then consented to the use of oxy
acetylene heat to try and dislodge hard concretions that
had cemented in difficult places on the Xantho engine,
e.g inside the trunks and under the crank webs. The
results were such that in the day book he recorded it as
beinga ‘greatsuccess’. After further trials which were also
recorded in the ‘Engine Deconcretion Book’ (Prall, this
volume) as having ‘appeared successful’ this phase began
in earnest in March 1992 and resulted in the release of
75kg of otherwise immoveable concretion. The question
remained whether it would work on fragile surfaces and
so the process was trialled on a heavily-concreted and very
fragile iron pot from the Xantho engine room. This had
absolutely no residual metal left and in being considered
too delicate for the percussive method had been put to
one side. The day book entry by Dr McCarthy in this case
reads that ‘the methodisvery effective indeed’, indicating
that finally he was convinced about the value of the heat
treatment, even when used on fragile materials. Then after
watching me remove a number of brass nuts from pipes
and flanges using heat and a bit of force, including a few
taps on the spanners with a light hammer, he reluctantly
agreed tomy trying the same method on aniron nut. While
all the brass nuts on the engine were easily removed, in
respect of the ironwork, this breakthrough occurred in a
deconcreting sessionin October 1992 after he nominated
one particular nut on the crankshaft bearings thatI could
‘try’ to remove. After successfully loosening and then
removing it he nominated another and so on it went
until he was completely convinced and ready to allow
me to commence work on the total disassembly with he
and other archaeology and conservation staff providing
assistance. That was the beginning of what was in essence
not a difficult task, but an extremely awkward and very
time-consuming one.

The disassembly

While the brasswork was removed in an ad hoc fashion
depending mainly on access or other logistical issues,
the engine itself was disassembled in the reverse of its
assembly and it was not long before the main bearings

and big end caps were removed. After hours upon hours
of work using a variety of tools, some specially made, on
21 December 1993, the crankshaft turned for the first
time in over a century. Over the ensuing weeks, it was
released from the bearings and its three supporting webs
were swung free, leaving the cylinder blocks remaining.

Other than the flame deconcreting method and
the use of spanners, wrenches and lubricants on nuts,
hundreds more hours were spent again using specially-
made tools in clearing concretions lodged in minute
gaps. Most of the tools used were manufactured to suit
a certain requirement and these were made from old
files, knives, hacksaw blades etc. and they all proved very
effective. Loosening nuts and bolts was relatively easy in
comparison.

After removing and disassembling the pumps and the
Scotch Yolk driving them, it was then time to separate
the two cylinders from the engine bed (a relatively easy,
though still very time consuming task) and then to begin
separating them from each other. This was the heart of
Xantho.In order to do this, small jacks were manufactured
from nuts and bolts and when wound down were inserted
between the flange and the face of each cylinder casting.
The nuts in these tiny ‘jacks’ were then ‘undone’ and as
they slowly ran off the bolt began to push the flange away
from the cylinder. As each thread ran out, the mini-jacks
were replaced with longer ones and the process repeated
until the flange came free. Finally the cylinders, complete
with their piston, ring and connecting rod, were separated.

In turning then to the disassembly of each cylinder,
first the cover on one was removed, again using the heat
method to remove the nuts, ‘pullers’ and the jacks to free
it. The packings, which had kept the internal parts of each
cylinder both steam and watertight, were then carefully
removed. Theywere composed of various materials, rope
and a canvas with arubberised material incorporated and
while these in a very good condition, the rope was not.

Pullers were also specially manufactured to ease the
piston from the cylinder. Again these used the action of
threads being wound up or down to exert pressure in
separating surfaces and they are a common feature in
engineering. Though regularly available in automotive
and other outlets ours were specially made. Although
considerable pressure was applied to the first piston
using a large puller, exerting considerable force, it would
not move. As a result, very slight heating was applied
to the outside of the cylinder and it provided enough
expansion of the metal to allow the piston to jump forward
approximately 8-10 mm and then it was free.

From there each piston with its ring and adjusting
mechanism was dismantled. This was a relatively easy task,
for the interior had in the main remained watertight and
only surface corrosion was evident. The most difficult
process involved trying to free the connecting rods from
the gudgeons because of the complete degradation of
the connecting rod nuts. This degradation made their
removal extremely difficult without doing damage to the
thread on the connecting rod bolts.
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An important observation for the future occurred
when after considerable discussion, the second cylinder
complete with piston was immersed in a tank of dieseline,
arelatively common method in general engineering. This
was with a view to seeing whether it would seep into the
mating surfaces and thereby assistin freeing these surfaces.
Even though the cylinder had been immersed for only 12
to 14 hours due to a leak in the tank that resulted in the
loss of the fluid, the difference in the disassemblywas quite
amazing and the piston came free relatively easily. It did
appear then that the diesel has some benefits although
we know that it is a harmful substance to humans and
contact and inhaling the substance needs be avoided.

From this experience it was also evident that
experiments using penetrants or water dispersing agents
should be carried out, especiallyif further machines from
a marine environment are likely to be recovered in the
future. In order to test this idea, Dr McCarthy and I sent
out a request for objects immersed for years in a marine
environment to be made available so that we could carry
outfurther testing with diesel. The call proved unfruitful
however and no further testing has been carried out. Our
hope had been to get two identical objects with the same
immersion profile and to test one using diesel immersion
and the other standard methods and record the effect on
the disassembly process. This was considered an essential
test, for earlier, after total disassembly of the Xanthoengine
everything had gone back into the treatment tank, only
for the parts to suffer from severe exfoliation as a result
of what was essentially human error resulting in too
much current exfoliation of the cast iron surfaces. All
parts of the engine suffered. An assessment conducted by
McCarthy showed that it had most notably affected those
where the heat method had not been used! (MacLeod,
this volume). Eventually the team recovered from this
setbackand reassembly began in October 1998 and a slow
trickle of objects, beginning with the engine bed came
down to what has become known as the Xantho gallery.

Anew day book entitled Engine Reconstruction Book
replaced the old Engine Deconcreting Book and like its
predecessor it was in effect a day book, with commentary,
results, suggestions and sketches (Prall, this volume).
Though very popular with the public, the reconstruction
in the exhibition gallery was a slow process, determined
partly by the speed with which objects emerged from
the treatment tank and partly by the availability of staff.
While it was intended to fit only original parts in the
reconstruction, some compromises had to be made. The
original crankshaft bolt threads, for example, showed
enough degradation to consider them unsafe to hold the
crankshaft on reassembly for example. As a result new
bolts were manufactured. It was a simple process for any
well-equipped workshop, the thread being of BSW form
and the bolt held in position in the webs by a simple flat
key. A sign headed ‘New Nuts’ informed the public of
this development and the reasons for it.

It soon became apparent that if the engine had been
disassembled sooner accessibility would not have been a

Figure 4.

The engine reconstruction team. R.Garcia, A Kilpa,
M.McCarthy, J. Carpenter (Kalle Kasi).

problem and treatment times would have been greatly
reduced as would the amount and cost of chemicals.

It is also interesting to note that after conservation
and before reassembly, allmetal components were coated
with Ferroguard (a protective coating) but even after all
the treatments and being submerged on the wreck site
for 113 years the tolerances between the mating surfaces
were still so fine that the Ferroguard had to be removed
before those sections could be reassembled!

Finally in order to protect it and also to allow it to
be rotated by hand when the occasion demanded, the
crankshaft was lubricated with a molybedenum grease,
and the piston ring lubricated with graphite powder.
There was alsoagreatdeal ofinterestfrom engineersas to
how the trunks actually worked and how the glands were
made steam tight. Thus, while the engine is presented
with all its fittings, and one cylinder completely rebuilt,
the second piston has been exhibited in an ‘exploded
view’ to allow the inspection of the inner workings and
to allow engineers and the public some understanding of
how the piston worked and how its ring can be adjusted
to take up any wear within the cylinder.

Conclusion

This then is a very abridged story of Xantho, from an
engine designed for warfare, avoyage to become Western
Australia’s first coastal steamer, wrecked, rediscovered,
recovered, dismantled and finally reborn in the public
gallery. The technical information that its dismantling
has yielded is amazing, as is information relating to its
construction. Even though we have had set-backs and
its dismantling has caused many sleepless nights it has
brought and will continue to bring further knowledge
and pleasure for many years to come.

In conclusion it is evident and now widely accepted
that the ‘flame deconcreting method’ is another useful
tool that can be used in conservation treatments of metal
objects, there have been no reported ill effects using
this method and it is quick and vibration free. Patience
and determination also figure strongly when working on
objects of this size.
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Figure 5. Dick Garcia with the finished engine and open
cylinder (Jon Carpenter).

Editor’s Note

The method is also called the ‘Garcia Method’ partly
in recognition of its pioneer in iron and steam ship
archaeology, and also in recognition of the fact that there
isanotherelementinitall thatisnotreferred to above, the
need for great skill born of years of experience in dealing
with metals. This R. Garcia displayed in abundance.
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If at first you don’t succeed! The conservation of Holland I, 1982 to 2003

Bob Mealings

Abstract

Holland 1, the Royal Navy’s first submarine launched in
1901, paid offin 1913, accidently sank while on the way to
the breakers yard. This presentation will explain howand
why the submarine was salvaged in 1982 and why after 15
years, the Royal Navy Submarine Museum had to embark
on a complex six-year conservation programme in order
to save the vessel for a second time round. The paper
will also explore the dilemmas between conservation,
interpretation and access that had to be resolved in order
to build the unique environmentally controlled gallery
that now houses the submarine.

Introduction

The underlying theme of this paper is how knowledge
and skills have evolved within the Royal Navy Submarine
Museum and also in the wider field of maritime
conservation over the last twenty years. Beginning with
an absolute belief in the value of preserving Holland Iin
the early 1990s the Museum ventured into new areas,
seeking out expert help and then took on large technical
and financial challenges. The commitment and skill of
both Museum staff and many outside the institution was
rewarded in 2002 when the project won the Pilgrim Trust
Award for conservation, in competition with six other
short listed projects from the UK.

Holland I—background

Launched in 1901, HM Submarine No.1 known as Holland
I was Britain’s first submarine. In the 1890’s several
countries, notably France and the United States, were
developing submarines for military purposes. With a vast
and unrivalled surface fleet the British were sceptical about
the use and potential of submarines. However, there was
great public and political interest in submarine warfare
at this time. Eventually the government took action by
buying a submarine design from an American firm the
Electric Boat Company. It was originally started by John
Phillip Holland an Irish-American schoolmaster who
had been designing submarines since 1870. In 1890 a
Holland submarine was accepted by the US Navy. The
Royal Navy then bought the most improved of John
Holland’s designs.

The Holland I submarine has all the key elements
that were to become the basis of submarine design for
the next fifty years for it was not until the arrival of the
nuclear submarine that the next truly great step forward
in submarine design take place.

Holland I'is therefore an important part of maritime
and military history: it marked the start of the Royal
Navy Submarine Service which was to become the most
powerful arm of the Royal Navy after the advent of nuclear
propulsion and nuclear weapons. Holland I also played
vital role in the development of the Royal Navy’s early

Figure 1.

Holland 1 afloat (RN Submarine Museum).

submarine force, but by 1913 the boat was outdated and
redundant. It was sold for scrap and was being towed to
a breakers yard when it sank in 100 metres of water to
lie forgotten on the bottom of the English channel for
sixty-nine years.

The salvage
In 1980, the Royal Navy Submarine Museum inspired by
work at the Tudor warship the Mary Rose, began a search
for the wreck of Holland I. The wreck was located in
1981 and in the following year, using Royal Navy divers
and a conventional salvage ship, Holland I'was recovered
from the seabed. Following the salvage operation the
submarine was brought to the Museum site in Gosport.
Unfortunately the Museum at this time had no previous
experience of marine archaeology and conservation.
Several unfortunate decisions were made e.g. :
1. The hull of the submarine was cutinto three sections
2. Many components were discarded rather than
conserved.
3. Therewasno properrecording of the work beingdone
on the submarine or indeed the original recovery.

The restoration 1982-83.

The Museum proceeded with a traditional restoration
and did notat this time address the issue of conservation.
‘Restoration’ at this time meant trying to recreate the
condition of the submarine as she was in 1901 and the
objective was to make the submarine look as good as
new. This entailed disguising the fact that it had spent
sixty-nine years on the seabed and that it was a maritime
archaeological artefact. This effect could onlybe achieved
by covering up decades of decay on the hull, propulsion
system and other key components. As a result the hull
and all the internal machinery were painted. Much of
the original machinery was replicated, but with a very
small budget, replica engine parts were made from
wood. In some cases components from other submarines
of different eras were used to create the impression of
completeness. The conning towerladder froma 1920s ‘L
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Figure 2.

The submarine inside its GRP shell (RN Submarine
Museum).

class submarine was installed, for example, although its
design was obviously very different from those appearing
in surviving plans. Because the vessel had been painted
and then repainted to hide the advance of ‘rust’ this
made worse the problem of corrosion not only because
it trapped in chlorides, but also because it hid the full
extent of the damage being done.

The conservation process begins

In 1993, after eleven years of open-air display at the

Museum, it became apparent that chloride corrosion was

causing the rapid deterioration of Holland I'and much of

the castiron machineryinside the submarine was literally
crumbling away. As a result the Museum recognized that

a sophisticated conservation package was needed if the

vessel was to be preserved for the long term and it sought

the assistance of conservators and metallurgists. Core
samples were taken of the hull to determine the extent
of the damage and the corrosion products taken from
crevices and components inside the vessel were found to
have chloride levels typical of ferrous marine artifacts.

Thisinvestigative work was presented at the International

Conference on Metals Conservation 1995 and published

in the proceedings.

Various options for treatment were considered
including the early work on the SS Xantho engine. The
strategy eventually adopted for Holland I was to remove
the chlorides in order to reduce the sensitivity of the
submarine to airand water, then to house the submarine in
an enclosed environmentwhere the presence of moisture
could be strictly controlled.

The project would have two distinct phases:

1. 1993-2000 Remedial Phase—the construction of a
tank and the soaking of the submarine in a passive
electrolytic solution in order to facilitate removal of
chloride ions.

2. 2000-2001 Preventative Phase—the preparation of
the submarine for re-display using wax sealant and
paint coatings and simultaneously the construction
of a de-humidified gallery.

Figure 3.

Curator Bob Mealings inside Holland 1 (RN
Submarine Museum).

Chloride extraction
After canvassing the options the Submarine Museum
chose the ‘passive soak option’ because ‘driven’ electrolysis
seemed to have many uncertainties. Holland I is 56 feet
(¢.17m) long and weighs over 100 tonnes and because no
soaking process had ever been done on this scale to soak
thevesselitneeded to be putintoalarge tank, aswimming
pool or holes dugin the ground! However, the submarine
was fragile and difficult to move. As a result the Museum
came up with a unique solution, i.e. to design a tank to
go around the submarine in its existing display location.
The tank was constructed in 1994 using a GRP shell
bedded into a concrete base and braced internally
using stainless steel cables. The Museum’s methodology
recognised the importance of keeping the electrolyte
solution moving around the vessel atall times and this was
achieved through the design and installation ofa capillary
pipe distribution network that ensured that even right
inside the submarine’s engine block the soaking solution
was constantly on the move. The submarine then spent
five years soaking in 800,000 litres of sodium carbonate
solution. The chloride contentof the soaking solution was
measured every few months and the entire solution was
changed five times. During that time visitors to the Museum
could see the hull of the submarine through portholes
in the side of the tank. It was not a very exciting view!

2000—2001 preventative phase

In 1999 the Museum carried out extensive tests on the
metal of Holland I and finding that chloride levels were
generally below 40 ppm concluded it was now ready to
move on to the next stage of the project.

Clearly the soaking process alone was not going to
halt corrosion, this was recognised from the outset, but by
controlling the atmosphere around the vessel stabilisation
could be achieved.

It was not feasible to display the submarine in an
oxygen-free environment partly due to its size, but mainly
because visitor access to the boat had a high priority.
However, it was feasible to keep the vessel in a very dry
environment and maintain good access.

111



IRON, STEEL AND STEAM SHIPWRECK SEMINAR

Thus the new purpose-built gallery was designed to
maximise access to the submarine by visitors while at
the same time allowing the atmosphere to be strictly
controlled. However, the building of the gallery was not
straightforward. Holland Iremained fragile and could not
be moved away from the Museum site. So the new gallery
had to be built around the submarine.

First the tank had to be cut up around the vessel and
removed and the submarine had to be protected from
the demolition and construction process by a scaffolding
cage. In this state the Museum had about eight months
to prepare the submarine for re-display once the gallery
building was complete.

The Conservation Method

Working in close partnership with the engineering
conservator Ian Clark, the Museum devised a plan for the
re-display of Holland I based primarily on conservation
requirements.

We did use some partial restoration to achieve the
final result, for we wanted to show the submarine as it
really is, i.e. to conserve and display what was real and
had survived the past 100 years. However, we recognized
that by restoring some parts of the submarine we would
make it easier for visitors to understand the submarine
and what it would have been like for the crew.

The hull of Holland Ihas arough weathered appearance
andisnolongerinseaworthy condition. Therefore we did
not want to re-paint it since this implied restoration and
clearly the vessel was past being restored. Furthermore,
it was important that whatever coating was applied had
to be easily removed if further investigations into the
corrosion problem proved necessary in the future. The
resulting finish is one of the triumphs of the project. The
coating has also performed very well as a protective seal.
Using a wax type sealant on an industrial or maritime
artifact the size of Holland I is not exactly unique but is
still a major departure from convention.

In painting of the hull it was decided to give visitors an
indication of the importance of camouflage painting. The
areas chosen had to be in exceptionally good condition
so that the paint would look ‘right’ and if it did ever have
to come off it could be done without causing further
damage to the surface of the plates concerned. We also
painted some, but not the entire inside of the submarine
which when operational had always been painted white
so as to maximize the working light for the crew inside.
To have coated the entire interior in brown wax would
have resulted in an impression of the submarine so
different from that which prevailed during its working
life it would have diminished the effective interpretation
of the submarine.

A good balance has been achieved in terms of
presenting the submarine, as an historic ship in the
traditional sense while also showing that it in many
respectsisamaritime archaeological artefact. Itisasubtle
difference but one we believe is very important because it
allows the complete history of the vessel to be appreciated.

-
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Figure 4.

The submarine inside its gallery (RN Submarine
Museum).

The Gallery Building

The gallery building that now encloses Holland Iis amajor
partofwhatmakes this projectinnovative and exceptional.
As already stated, the long-term conservation of the boat
depends on the maintenance of a dry air environment.
To this end the gallery is installed with a powerful de-
humidification system that keeps the air inside around
30% RH. In this way Holland I'was the first historic ferrous
metal ship to have a stringently controlled environment
and a high level of visitor access to the outside and inside
of the vessel. Rampingallows wheelchairaccess rightup to
the main visitor hatch into the submarine. The building’s
enormous glasswindow enablesvisitors to geta panoramic
view of the full length of the submarine.
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New perspectives regarding the stabilization of terrestrial and marine

archaeological iron'

Paul Mardikian, Néstor G. Gonzalez, Michael J.Drews and Philippe de Viviés

Abstract

For decades, the conservation of archaeological iron
has challenged conservators. A variety of techniques
have been used in an attempt to mitigate the negative
effects of chloride ions on the corrosion of iron artifacts
and prevent deterioration. This article briefly reviews
importantmilestonesin the history ofiron conservation as
wellas majorissues regarding treatmentand stabilization.
Current iron conservation research undertaken at the
newly formed Clemson Conservation Center, home of
the H.L. Hunley submarine (1864) in Charleston, South
Carolina is also discussed.

Introduction
It is hard to refrain from quoting Neil North, a pioneer
of conservation science, when beginning this article:

A definition of a successful conservation treatment for
archaeological iron is that the stability of the artifact outlasts
the conservator’semploymentwith the organization (North
1975) 2

Although this quote was made more than 30 years
ago, one of the objectives of this article is to determine
if this statement is applicable today. For more than a
century,archaeologicaliron objects have been treated with
almost everything imaginable in an attempt to prevent
deterioration. Innaming butafew of the approachesused,
iron artifacts have been subjected to avariety of treatments
including: coatings, impregnation, soaking in various
chemicals, electrolysis, steaming, annealing, gaseous
reduction (such as hydrogen reduction or cold plasma).
The number of damaged or lost artifacts over the years is
impossible to assess, but is presumably large. One of the
biggest challenges in evaluating the merit of a particular
conservation technique is in determining the condition
of the material before and after treatment. Determining
the nature of the corrosion products on archaeological
iron, their appearance and mechanical strength, as well
as the chloride levels within the corrosion products are
key criteriawhen assessing whethera particular treatment
is successful or not. When the H.L Hunley submarine was
raised from the Atlantic Ocean on 8 August 2000 after
139 years in a marine environment, a major conservation
challenge began.

In order to determine the most suitable method for
ensuring the long-term preservation of this complex
composite vessel, a collaborative research effort was
initiated between Friends of the Hunley, Inc. and
Clemson University. Since early 2003, the Warren Lasch
Conservation Laboratory, in North Charleston, South
Carolina, has been evaluating traditional stabilization
techniques for unstable iron, as well as testing an

experimental treatmentfor the removal of chloride from
cast and wrought iron archaeological artifacts. The use
of alkaline solutions under subcritical conditions has
been tested as a new treatment option, and the results
obtained compared with those from experiments using
more traditional approaches such as soaking in alkaline
solutions with and without electrolysis.

Iron conservation—historical approaches

in the earlyyears, coatings were almost exclusively used on
ancientironfor creating animpermeable barrier between
the surface of an artifact and the air. Iron corrodes when
exposed to the air and therefore, it was assumed that
protecting recently excavated artifacts was comparable
to protecting objects made from modern iron. Various
substances were utilized as coatings, such as paint, oil, wax,
lacquers, gelatin, vaseline, rubber and resins (Jakobsen
1988; Héayha 1999). Some treatments suggested boiling
the artifacts in a mixture of wax and linseed oil, while
others recommended the use hydrochloric acid and
glycerin (Brinch Madsen 1987).

In 1882, a step forward was made when German
scientist Edward Krause published an article about the
importance of eliminating soluble salts from iron in order
to achieve stabilization (Krause 1882). Krause simply
recommended using hotand cold distilled water untilno
chloride was detected in the treatment solution. Krause
also believed that insoluble salts were harmless to the
metal. Later references indicate that many of the artifacts
‘conserved’ by Krause were retreated by the turn of the
century and very few, if any, survive to the present day
(Jakobsen 1988). Another turning pointoccurred in 1892
when Axel Krefting, a Norwegian, published an article
on the influence of soluble salts on archaeological iron
and the way to ancient metal artifacts (Krefting 1892).
Krefting, an engineer and amateur archaeologist, claimed
that the only way to get rid of the salts was to strip off the
corrosion products down to the bare metal surface using
a method called ‘electrolytic de-rusting’. He noted that
the best way to achieve this goal was to use a 5% solution
of sodium hydroxide.

Meanwhile, in 1800, William Nicholson discovered
the decomposition of water using electrolysis. Friedrich
Rathgen, ascientist hired by the Royal Museums of Berlin
in 1888 used this technique on ancient bronze artifacts
in an attempt to stop an alarming rate of corrosion that
he believed was due to a fungus. Rathgen had heard
about the electrolysis technique from Adolph Finkener,
a chemist at the Bergakademie in Berlin (Gilberg 1987).
Rathgen’sversion of electrolysis utilized potassium cyanide
as an electrolyte, a rather dangerous chemical compared
to sodium hydroxide. Later on, Rathgen modified the
procedure in order to conserve small artifacts such as
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bronze coins. The coins were sandwiched between zinc
plates in a bath of dilute sodium hydroxide. It is unclear
who was the first ‘conservator’ to apply electrolysis to the
stabilization of archaeologicaliron, butone can reasonably
assume thatitwas Krefting. Krefting’s technique drewalot
ofinterestdue to the relative efficacy of the treatment, but
itwasalso criticized for the ‘stripped’ appearance of many
artifacts after treatment. With time however, it became
apparent that electrolysis was not suitable for all types of
iron artifacts. One of the major problems encountered
at that time was that many of the corroded iron artifacts
retrieved from a terrestrial site did not have enough
metal left to establish an electrochemical cell—a fact that
is critical in the success of this treatment. In addition to
his work with electrolysis, Krefting also recommended
using paraffin wax as a coating to protect the artifacts
after treatment.

Thermal and gaseous reduction treatments

The thermal treatment (annealing) of iron artifacts
retrieved from amarine environmentin order tovolatilize
the chloride ions in the corrosion crust has been around
for almost 150 years. The earliest reference found is
cited by Jens Gregers Aagaard describing the work
initiated by Mauritz Rasmussen at the Danish Defense
Museum in 1858 (Aagaard 2003). This technique,
along with the more elaborate and preferred ‘hydrogen
furnace’ technique, has been extensively criticized in the
conservation literature because of the variability of the
results and the structural changes to the iron occurring
at such high temperatures (up to 1060°C). However,
thermal treatments have been frequently suggested and
tested in attempts to stabilize marine artifacts and find
more reliable and faster conservation techniques. The
most recent reference was published in the Bulletin for the
Research in Metal Conservation# 8 in 2003 (Aagaard 2003).

Amodifiedversion of the ‘hydrogen furnace’ treatment
was studied at the Western Australian Maritime Museum
in Fremantle, Western Australia. Neil North found that
at a temperature of 400°C, good reduction could be
achieved and the metallurgical history of the object could
be retained. At this temperature, a subsequent washing
in a dilute caustic solution was necessary to diffuse the
chloride ions out of the corrosion products. Excellent
results were reported on deeply graphitized cast iron
cannon balls (North et al. 1976; North 1977). Treated
samples from the Xantho (Australia, 1871) were analyzed
at the Warren Lasch Conservation laboratory. Chloride
ion concentrations ranging from 250 ppm to 1100 ppm
were measured from the treated samples. Recently, the
modified hydrogen furnace from the Western Australian
Maritime Museum was decommissioned due to Health
and Safety regulations.

Treatment using gas plasma was introduced into the
conservation field by Daniels, ef al. in 1979 and it has
been further developed in Europe with mixed results.
The desalination of terrestrial iron in alkaline sulfite
after a ‘standard plasma treatment’ has been reported
to be up to four times faster with this pre-treatment than

without (Schmidt-Ott & Boissonnas 2002). It was hoped
that pre-treating metal samples from the Hunley with
cold plasma would have a marked effect on the ability of
Cl? ions to diffuse out into sodium hydroxide solutions.
Unfortunately, no evidence to support this theory was
found in the case of the wrought iron samples from the
Hunleythatwere pre-treated in France by Materia Systems
in 2003. Even if these experiments had been successful,
this treatment is severely limited by the small plasma
chamber currently used in France to treatarchaeological
artifacts. To date, an appropriately sized chamber that
could accommodate the large objects from the Hunley is
not available. Additionally, the testing of a new type of
microwave plasma applicator, which could be used on
the interior and exterior surfaces of the submarine is
required. For these reasons, it was concluded that there
was presently no way to justify the use of cold plasma for
the pre-treatment of objects, from the Hunley, or on the
vessel itself (Drews et al. 2004; Mardikian 2004).

The Australian contributions

Electrolytic treatments remain asubject of discussion and
controversy, notable for the lack of consensus regarding
how to use this technique reliably and effectively for the
removal of entrapped chloride ions in cast iron objects
recovered from amarine environment (North and Pearson
1977; McCarthy 2000; Dalard, et al. 2002; O’Guinness
Carlson, et al. 2003; Mardikian, ef al. 2006). Other areas
of contention surrounding this technique include the
choice of the electrolyte, the choice between constant
current or potential, the size, nature and placement of
the anodes, and even the role of the electric field in the
CI' removal process. In 1978, North & Pearson wrote:

The presence of the electric field has an insignificant effect
on the rate of chloride ion extraction. In brief, electrolysis
is a pretreatment of the artifacts so that the simple washing
can proceed more rapidly.

Once the reduction in the corrosion products has
occurred, the role of electrolysis should be minimal and
the chloride diffusion in a 2% NaOH solution should
constitute the main driving force. The principal effect
of electrolysis is the reduction of the corrosion products
leading to a faster CI! diffusion, due to an increase in
porosity of the graphite matrix as a result of electrolytic
treatment. The increased porosity leads to a faster CI!
diffusion rate (North & Pearson 1978). Other research
has shown that if the gas evolution at the surface of the
artifact is too vigorous, the rate of CI' released into the
solution can be reduced (Carlin 2001). The success of
‘electrolytic reduction’ can be explained by the apparent
simplicity of the process and the formidable potential it
has for cleaning metal surfaces. However, along with the
extremely long treatment times (Logan 1989), there is
a significant risk that the original surface may be lost,
particularly on cast iron artifacts.

Electrochemical stabilization in potentiostatic mode is
still a fairly long procedure and weakens the objects due
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to the difficulty in preventing hydrogen evolution. No
matter how many precautions are taken, the materials can
end up fracturing during treatment (Dalard et al. 2002).

This observation is particularly true for large artifacts
from amarine environmentdue to theirlack of accessibility
in the treatment tanks. Dalard et al. have suggested
using pulsating current techniques to improve the way
electrolysis is conducted on marine cast iron. Hopefully
this technique will be tested on real artifacts as opposed
to artificially corroded samples and the results compared
to traditional treatments including soaking in caustic
solutions. Maybe the idea of simply pre-treating the
artifact with electrolysis deserves more attention from
conservators of maritime archaeological materials (North
and Pearson 1975).

In 1975, North and Pearson introduced the alkaline
sulfite technique as an alternative method for stabilizing
marine archaeological castiron. This technique became
quite popular for the stabilization of small terrestrial
artifacts, however, its application to large marine artifacts
has been very limited. Reasons include the technical
difficulties associated with heating the solution and
the use of airtight containers to prevent oxygen from
reacting with the solution chemicals. In France, the
alkaline sulfite technique has been used for over twenty
years with reasonable success for the mass treatment of
terrestrial iron artifacts (Loeper-Attia and Weker 1995).
Critical reviews designed to determine the merits of
different techniques and evaluate their impact on the
survival rate of entire collectionsindicate that the alkaline
sulfite technique remains the mostsuccessful stabilization
treatmentavailable to date for terrestrialiron (Keene 1991;
Selwyn and Logan 1993; Watkinson 1996; Selwyn 2004).
However, disadvantages in using this technique include
the potential for damaging the surface of certain artifacts,
thelong treatment time required, the residual sulfate ions
left in the material and the problems of measuring the
chloride ions in the sulfite solutions. Additionally, not all
terrestrial artifacts can be successfully stabilized with this
technique (Beaudoin et al. 1995).

The power of strong alkalis

A number of authors have shown that chloride ions
can be extracted from archaeological iron by diffusion
in caustic solutions without electrolysis or the use of a
reducing agent (Pearson 1987; Keene 1991; Turgoose
et al. 1996; Al-Zahrani 1999; Gonzalez et al. 2003; Drews
et al. 2004; Degrigny and Spiteri 2004; Selwyn, 2005).
Although this technique has produced inconsistentresults
in the past (Pearson 1987), there isincreasing evidence to
support the idea that the Cl" level in deconcreted marine
wrought or cast iron can be reduced to a very low level
by simple diffusion in sodium hydroxide solutions. One
notable exception to this observation is when -FeOOH
(akaganeite) hasformedin the presence of soluble Cl" ions
(Drews et al. 2004). This chemical transformation seems
to occur only when the metal is exposed to oxygen and
to some degree of drying (Gilberg & Seeley 1982; Drews
et al. 2004). From a practical standpoint, the presence

of this corrosion product might significantly complicate
stabilization treatments and explain why certain artifacts
may become almostimpossible to stabilize after drying out
to some extent. In addition, exposure to the atmosphere
and drying can cause surface loss in graphitized cast
iron if it is placed in a sodium hydroxide solution. It is
important to note that this kind of adverse reaction is not
known to occur on freshly deconcreted marine artifacts
placed in a caustic solution.

In several research studies conducted at the Warren
Lasch Conservation Laboratory, the effectiveness of
various methods of electrolysis were tested and compared
to soaking in alkaline solutions. Recent data would seem
to indicate that these two treatments produce essentially
the same results on marine wrought iron in terms of CI"
extraction rates and residual CI"' levels after treatment.
A similar trend was found on marine cast iron, although
chloride release appears to be faster in the early stages
of electrolysis for this particular material. Additional
research is currently underway to analyze the residual
chloride contentand characterize the corrosion products
in these experimental samples before and after treatment
(Gonzalez, et al. 2007). However, these results appear
to confirm North and Pearson’s observation that once
the reduction in the corrosion products has occurred,
the role of electrolysis is minimal and chloride diffusion
in a 2% sodium hydroxide solution constitutes the
main driving force (North & Pearson 1975). The role
of sodium hydroxide in chloride extraction is clearly
more significant than originally thought. In order for
the diffusion technique to succeed, the surface of the
corroded metal must be as free of concretion as possible
prior to the start of the treatment. The chemical should
preferably be circulated and the formation of carbonates
prevented by covering the surface of the solution for
instance. In addition, the electrochemical potential of
the artifact, the chloride level and the pH of the solution
must be regularly monitored during treatment. It is also
important toinspect the artifacts on aregular basis during
treatment and to alternate its position in the container
to maximize the chloride diffusion into the solution.

Current research at the Warren Lasch Conservation
Laboratory confirms that soaking in sodium hydroxide
is much more effective at removing entrapped chloride
ions than soaking in sodium carbonate solutions. However,
sodium hydroxide solutions are less stable than sodium
carbonate solutions probably due to the depletion of
OH: during the exchange with CI' and the following
reactions that decrease the pH of the solution through
direct exposure to the air:

CO + OHi(aq) > HCOZ;(aq)

2(g)

HCO3_(aq) + OH_(WI) g CO;Z(aq) + HZO

In an experimental study, Al- Zahrani (1999) used
passive soaking in sodium hydroxide solutions de-
aerated with nitrogen. Although he does not explain the
technical reason for using an inert gas, it is assumed that
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this precaution was undertaken to prevent carbonates
from forming and to lower the pH of the solution—both
factors that are believed to reduce the efficiency of the
chloride extraction.

Subcritical fluids
This study originated from the work carried out at
the School of Materials Science and Engineering at
Clemson University (Drews et al., 2001). To date, over 100
experiments using subcritical fluids have been conducted
atthe Warren Lasch Laboratory on wroughtand castiron
samplesfrom both marine and terrestrial sites. Subcritical
water is water that is maintained at a pressure above
atmospheric pressure and 100°C, and below the critical
temperature and pressure of water, Tc =374°C, Pc = 220
bar. In the subcritical region, the transport properties of
water as a solvent media will be between that of liquid
water and supercritical water. It was hypothesized that by
using subcritical water solutions, treatment time would
decrease significantly for the following reasons:

1. Theincreasein temperature of the treatmentsolution
would result in a significant increase in the CI!
diffusion constants.

2. The decrease in the viscosity and density of the
treatment solution would improve the diffusion of
OH into the corrosion layers and promote a more
effective CI' anion exchange.

Samples from the Hunley, two samples from the
Monitor and several cast iron samples from two Civil war
era artillery shells with graphitized layers ~lcm thick
were tested. Experiments were conducted within a
temperature range of 130-230°C. These temperatures were
selected as representing the best compromise between
practical considerations (primarily of size) and treatment
effectiveness. In addition, the pH varied from 11.6 to
13.1 and the reactor size increased from 40 to 600 ml. A
40 litre reactor has been designed for the next phase of
the research. In these experiments, the subcritical water
treatment has effectively removed very high levels of CI"
from the samples in very short periods of time. None of
the treatments has exceeded 10 days, compared to over
6 months of treatment using traditional techniques on
some of the comparative cast iron specimens.

In averylimited set of additional experiments, simple
soaking in sodium hydroxide alone was not effective
at removing all of the CI" present from metal shavings
of rivets from the Hunley. The rivets were allowed to
completely dry out in air and formation of akaganeite
(B-FeOOH) was confirmed. This analysis was performed
by electron microprobe, micro-Raman analysis, as well
as optical microscopy by Dr Desmond Cook at Old
Dominion University, Norfolk, Virginia. By contrast,
subcritical treatment of comparative samples successfully
removed all of the Cl'. More importantly, it was shown
that the subcritical treatment resulted in the apparent
transformation of akaganeite into other iron oxides
(de Viviés et al. 2007). The physical appearance of the
subcritical treated specimens, theirmechanical properties
and apparent corrosion resistance (even those stored in

a high relative humidity for at least 2 years), appears to
be very good, and the results from these experiments
continue to be extremely encouraging.

Conclusion

So far, in spite of many early promises, no CI' removal
technique has been demonstrated to be effective on all
kinds of archaeological iron (Knight 1997; Keene 1993;
Selwyn 2004; Watkinson 2004; Drews et al. 2004). It is
difficult for conservators to predict with any degree of
certainty if an artifact will remain stable after it is treated
unless it is stored under very controlled conditions such
as a relative humidity of 12% or less (Watkinson 2004),
or under an oxygen free/low relative humidity (RH)
system (Mathias 2004; Mardikian 2004). More work is
required to fill the gapsin our currentknowledge (Selwyn
2004). It has not been clearly demonstrated that any of
the traditional treatments can stabilize artifacts where
akaganeite ( -FeOOH) has formed. Further research will
hopefullyreveal whether or notsubcritical fluids have the
ability to meet this challenge. Much more work remains
to be done in order to verify whether this technique can
be applied to larger and more complex artifacts such
as riveted plates, engine parts, cast and wrought iron
structures from marine aswell as terrestrial environments.
The preliminary goal was to determine if this technique
could be of any assistance to conservators working on
iron artifacts recovered from both marine and terrestrial
sites, or on previously treated but unstable artifacts. So
far, the data collected are sufficiently promising to merit
further funding in order to carry this projectforward and
‘scale up’ the system for larger pieces or mass treatment
of archaeological iron. Funding and financial support
are now necessary to go to the next stage of investigation.
While itis true that the research and development of the
subcritical water treatment could require considerable
initialinvestment, the potential forreducing the long-term
costs of lengthy conservation processes and expensive
storage schemes is vast. If this new approach if feasible,
it will result in significant savings and will assist the
conservation community to preserve some of the most
difficult materials of our archaeological heritage.
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Endnotes:

1. Thisarticlewasfirst presented at the Williamsburg Conference
The Conservation of Archaeological Materials: Current Trends
and Future Directions(Nov. 13-15,2005) and will be published
in the proceedings.

2 This quote from Neil North was never published. It was
related to us by Ian MacLeod as part of the oral tradition of
the Western Australian Maritime Museum. It was recently
sent to Neil North to review for this publication. Neil wrote,
in an email to Paul Mardikian, dated 23 January, 2006: ‘I
can’t remember the exact quote in question but it certainly
sounds like me. This quote was probably made in reference
to conservation about 30 years ago, that is mid 1970’s when I
first started. There was almost nothing known about marine
iron conservation in those days and recovered marine iron
artifacts, particularly cast iron, often did not last long after
‘treatment’. WhenIleftthe field in the mid 1980°s the situation
was still not perfect but it was a darned site better than it had
been 10 years earlier. Do remember though that the quote
was made sarcastically.’
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Where to now: conservation of iron shipwrecks. Experiences from the SS Xantho
project and their application to the /1.L. Hunley and USS Monitor projects

Tan Donald MacLeod

Abstract

Hindsight is wonderful when it can be used to turn
past failures into future successes. For more than three
generations the conservation of archaeological iron has
presented conservators with a living nightmare as they
struggled to find effective methods to remove chloride
ions from corroded marine iron matrixes. Pioneering work
by Pearson and North resulted in a much more thorough
understanding of the mechanisms of decay and methods
of how to improve the efficiency of extracting chloride
ionsfromwroughtand castiron objects. The conservation
challenges associated with treating the engine from
the SS Xantho were manifold and included the issues
of continuity of engagement with the treatment team
over many years and the motivation of staff to continue
with what seemed like an endless task. Inspirational
developments like the flame deconcreting method by R.
Garcia have saved the Xantho from ending up as a pile
of decaying rust. Finding that there were massively high
amounts of chloride presentat the interfaces of machined
surfaces even after seven years of electrolysis in caustic
solutions convinced conservators and archaeologists thata
complete disassembly was the only way to save the Xantho
engine. During the complete disassembly of the engine a
massive amount of technological and corrosion data was
obtained that has direct relevance to projects such as the
conservation of the US Civil War veterans the H.L. Hunley
submarine and the USS Monitor. Through a combination
of chloride and pH profiles on recovered artefacts it has
been possible to gauge the efficacy of pre-treatment of
historic iron shipwreck materials with sacrificial anodes.
Application of emerging technologies of high temperature
and high pressure caustic leaching of chlorides from
corroded iron and the use of water dispersants from the
aviation industry will result in shorter and more effective
treatment of degraded iron. The lessons from the Xantho
have shown that a combination of ingenuity, persistence,
imagination and commitment can overcome all obstacles
and return life to objects even when they have been dead
for more than 100 years.

Introduction

When archaeological iron is recovered from a marine
environmentitisinvariably covered with alayer of marine
concretion that is a mixture of iron corrosion products
and an admixture of marine organisms and the reaction
products of iron corrosion products with both organic
and inorganic calcium carbonate (North, 1976). The
most basic method of deconcretion is to use percussive
techniques which involve the use of a broad chisel and
a dumpy hammer. During the treatment of the Xantho
engine it became readily apparent that such techniques
were resulting in significant mechanical damage to the

very highly degraded graphitised castiron elements of the
historic steam engine (MacLeod, 1999). An alternative
method was developed by Richard Garcia of the Western
Australian Museum and it is now known as the Garcia
Method of Flame Deconcreting (Garcia, 2003). Since this
method was developed it has been possible to complete
the dismantling of the engine and its thousands of
component elements with outanyfurtherloss of integrity
of the objects (Garcia, 2006; this volume). During the
deconcretion of the Xantho engine it was necessary to
have extended periods where the tank and its contents
were essentially dry. It was only when we observed that
the subsequent exfoliation of the graphitised cast iron
layer that we realised what the problem was with treating
the engine like a very large cannon.

Xantho engine post excavation corrosion processes
During corrosion it is essential to have three principal
components present to enable the completion of the
corrosion cell. Apartfrom electrolyte to carry the current,
the oxidising agent is needed and also water needs to be
present to provide the reaction medium. The practicality
of this means that it is not possible to conduct treatment
of massive iron objects in the absence of oxygen, so the
only effective way of preventing corrosion at the interface
of the graphitised and sound metal is to remove the
presence of moisture and bulk water. Formation of soluble
corrosion products is the first step in the degradation
process; it is when these materials dry out that there is a
massive expansion in the volume of the resultant products
and it is this action that causes ‘disbondment’ of the
graphitised section of the cast iron artefacts (MacLeod,
1999). Understanding the value of water dispersants,
such as diesel fuel, came about through the treatment of
one of the cylinders of the Xantho engine. The age and
subsequent corrosion of the steel container in which the
cylinder had been placed and the weight of the object
combined to penetrate the degraded structure and result
in 200 litres of diesel fuel leaking into the ground. Many
months after this event, when the team were comparing
the corrosion performance of the two cylinders, it was
realised that the pre-treatment of this cylinder for just 24
hours had effectively led to a great improvement in the
stability of the graphitised cast iron in the bond it had
to the uncorroded metal. Conservation research at the
National Museum of Australia and at the Australian War
Memorial has shown thata wide range of oils are effective
in disbursing water from be metal surface. Application of
these chemicals has resulted in significantimprovements
in the performance of large technological items in their
collection (Hallam, 2004).

Itis clear from the lessons learntrelating to the Xantho
engine that during the deconcretion stage it is essential
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that some form of treatment needs to take place during
the separation of the marine growth and the corrosion
products from the underlying metal. During the flame
deconcretion processes involving the Garcia Method the
liberal application of the water disbursement Marine
Grade CRC® was the most effective way of keeping water
and the dissolved oxygen contained therein away from
the delicate interface. Owing to the occupational health
risks and the underlying menace of fumes that result
from application of the water disbursement to the warm
metal surface, such processes should notbe performedin
confined spaces unless there is a very positive and strong
fume extraction method available. Current research in
the USA is focusing on a water dispersant based on Soya
beans extract, given that this product has been found to
have verylow human toxicity, is effective in penetrating the
corroded matrix, does not presenta problem for effluent
disposal and it can be applied with either a pump pack
all as spray over the surface (Renner, 2006).

Retention of form

One of the veryrealissues facing conservators dealing with
technological items is the possibility that the dismantling
of the componentelements maylead to the collapse of the
integrity of the structure. The question as to whether or
notone should undo bolts or remove rivets from awrought
iron structure is one that ultimately has to be guided by
practicalities. As part of the decision-making process it is
essential for conservators to become fully ‘immersed’ in
their objects. Whatis meant by this is that the conservator
has to mentally climb down into the artefact and imagine
what the interfaces are experiencing. Small elements of
residual concretion can act like major communication
barriers between warring parties. Unless the treatment
solution can have free and unhindered access to the
corroded matrix at the interface, it will not be possible
to get effective treatment and stabilisation of the object
within a reasonable timeframe. The ability of restricted
spaces to trap and contained high concentrations of
chloride iron was demonstrated with the Xantho engine
when it was found that was 14,000 ppm chloride found
underneath a flange plate on the steam pump even after
seven years of treatment of the pump in sodium hydroxide
solution (MacLeod, 1999).

Theissue of retention of form has been amajor concern
for those involved in the conservation of the American
Civil War submarine H.L. Hunley (1864). When wrought
ironisformed together and hotriveted plates are applied
to a framework structure, the resultant object is under
considerable tension. In order for the archaeologists to
access the interior of the submarine, several hull plates
needed to be removed however. Despite initial concerns
regarding the viability of this process it was found that
the plates retained their shape when removed and so the
concerns of the conservators were unfounded (Mardikian,
2006). There is a real dilemma between the desire to
communicate the nature of the corroded and concreted
object to the public and the need to remove the marine
debris to achieve effective desalination and stabilisation of

Figure 208. Iron-carbon system
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Figure 1. Iron-carbon phase diagram showing eutectic

composition, melting points and principal phases
of wrought and cast iron.

the metal. Most recently this has been expertly managed
in the display which opened at the Mariner’s Museum
in Newport News. In the main exhibition hall, which
will ultimately contain the conserved turret, engine and
condenser of the USS Monitor, the exhibition team have
developed a mock-up of the concreted turret showing
exactly how the object looked just after its recovery.
Ultimately when the final exhibition opens in about
15 years time it will be an amazing experience for the
public to view the before and after objects right in front
of their eyes.

The metallographic structure of iron and its alloys with
carbon.
Before embarking on a conservation programme involving
stabilisation of marine archaeological iron it is essential
to understand the different phases that are present
in wrought iron and the cast iron. The iron carbon
phase diagram is shown in Figure 1 for typical cast iron
compositional ranges. Apart from the alloys with carbon,
iron in castiron typically has a number of other elements
present. Elements such as silicon and phosphorus exert
an influence on the way in which the alloy behaves and so
in effect the other elements act as if they were equivalent
to a certain amount of carbon. If the amount of carbon,
or its equivalent composition, is greater than 4.3 weight
percentthe alloy can be regarded as hyper-eutectici.e. the
melting point of the alloy lies on the right hand side of
the eutectic melting point of 1130°C. If the composition
contains an equivalent carbon content less than 4.3%
it is hypo-eutectoid, which simply means that it has less
carbon than the eutectic composition and the melting
point will lie somewhere on the solid-liquid line on to
the left of the eutectic.

The equivalent amount of carbon is calculated on the
basis of observed composition of the metal and equals the
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amount of carbon and one third of the combined total
of the amount of silicon and phosphorus present in the
alloy. The simple formula is,

CE=%C+ (Si+P)

This formula is based on the way in which the amount
of silicon and phosphorus affect the microstructure of the
castiron or steel object. The iron carbon phase diagram
is really quite complex but if the composition of the alloy
is known its interpretation becomes much simpler. Since
castiron typically contains reasonable amounts of silicon
and phosphorus, something that the nominal composition
of 3.8 to 4% carbon will in fact the a hyper eutectic alloy
mixture which means that as the liquid metal starts to
cool cementite and or iron carbide (Fe,C) separates out
and composition gradually becomes closer to the eutectic
composition 0of4.3% carbon. For cannon from the Batavia
and the Zuytdorp were clearly hyper-eutectoid, see Table
1, but the carbon equivalence moved the Rapid cannon
from 4.0% C (hypo-eutectoid) to a CE value 4.8% and
so the composition is hyper-eutectoid. It is interesting
to note that the very low carbon content of the Fairy
Queen cannon remains hypo-eutectoid, despite the very
high silicon content. It is possible that this composition
has altered the way in which the cannon cooled and
the microstructure changed as the guns were prone to
spontaneous exfoliation of the graphitised zone. Although
the Siriuscarronade (SI49) isalso hypo-eutectic there have
been no problems with its structure and this in part may
be due to the form of the gun, with its massive bore of
the 18-pounder carronade, which would have allowed a
faster rate of cooling and a resultant finer microstructure
(Carpenter & MacLeod, 1993).

Table 1.  Composition of cannon from Western Australian
shipwrecks
Shipwreck C S Si Mn P Carbon
Equivalent

Batavia 8720  4.45  0.12 1.45 0.330 0.32 5.0

Zuytdorp 3926  4.30  0.055  0.80 0.115 0.46 4.7

Rapid 4032 4.0 0.18 1.93 0.475 0.37 4.8

Fairy Queen 280 0.015 3.13 1.30 1.04 4.2

3516

Sirius 49 3.5 0.08 0.10 0.48 051 3.7

The solid phase present at the eutectic is a mixture
of austenite and cementite and as the mixture falls from
1130°C to 695°C, below 695°C the phases present are a
mixture of pearlite and cementite. Pearlite is a mixture
of the ferrite, which is pure iron, in a lamellar structure
with cementite (iron carbide). Corrosion of iron alloys is
largely controlled by the differencesin the electrochemical
activity of the different phases. Since carbon is essentially
inert, the percentage of carbon in the phase will largely
control the underlying reactivity of that structure. The
high manganese contentin the Fairy Queen cannon would
have promoted the formation of cementite and this may
have changed the microstructure in the outer zones of
the casting. The graphite flakes in a cast iron object
carry the current of the oxidising iron metal through
the matrix, through the concretion and out to dissolved
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Figure 2.  Plot of the corrosion rate in mm/year on the City

of Launceston (1865), Port Phillip Bay, Victoria from
1991-2007.

oxygen in the seawater. The most reactive phase is pure
(ferrite) since this has no carbon content. The next most
reactive phase is pearlite and corrosion of this lamellar
structure tends to remove the ferrite from the ‘bands’
of cementite. In a cross-section of cast iron one would
typically find dissolution of ferrite around graphite flakes
and partial or complete dissolution of pearlite phase and
the resulting graphitised castiron would consist primarily
of residual carbon in the form graphite and iron carbide
present as cementite.

Advances in corrosion monitoring of historic iron
steamships

Examination of the wreck of the City of Launceston (1865)
shows thatitis characterised by a mixture of adventitious
concretion, iron corrosion products, and the marine
coverage which consists of sea squirts (ascidians) and
marine algae, with smallamounts of encrusting calcareous
concretion. Although the waters of Port Phillip Bay in
Victoria are essentially the same as open sea water, the
marine biology of the Bay is substantially different to
that of the sections that are closer to the mouth of the
Heads, otherwise known as the Rip. The City of Launceston
site has been shown to be very sensitive to the amount of
light that comes down the 22 m of the water column. It
is the amount of light that determines the viability of the
encapsulating algal colonies. Monitoring of thiswreck site
for the last 18 years has shown that the corrosion of iron
is very sensitive to changes in the microenvironment that
have been dominated by human activities. When initially
examined in April 1991 the wreck was corroding at the
rate of approximately 0.145 mm per year. The details
of the changes in corrosion rate are shown in Figure 2,
which records the results of 8 sets of observations over a
period of 18 years.

Shortly after the initial survey scallop dredging was
banned in Port Phillip Bay and the turbidity around the
site subsequently underwent a dramatic fall. Corrosion
measurements in November 1997 indicated that the
corrosion rate had fallen from 0.145 mm/year to
approximately 0.115 mm/year. This is a significant fall
and the reason for it was the amount of light penetrating
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to the wreck site. Since corrosion measurements on the
residual metal thickness had indicated that the vessel
might be becoming close to undergoing significant
collapse within the next five to 10 years, a more detailed
maritime archaeological investigation took place. This
involved hand cleaning of the wreck site for improved
archaeological surveywork to be done. The work resulted
in a very high quality set of line drawings of the wreck
which showed distortionsinitshape as well as the damage
caused by the initial impact with the Penolain 1865. One
surprising aspect of the surveywas the concomitant effects
on the corrosion rate, which were most dramatic. When
measurements were repeated in November 1998 and
October 1999 it was found that the corrosion rate had
increased from 0.117 mm per year in November 1998
to approximately 0.132 mm per year by October 1999
which means that the corrosion rate was almost back to
itsoriginal rate, prior to the cessation of scallop dredging.

Itwas during these intervening years that the detailed
excavation work had been conducted and of necessity this
involved dredging of silt from inside the wreck. This had
the effect of decreasing the amount of marine coverage
and so the direct access of oxygen to the corroding iron
had been increased and so therefore the corrosion rate
had gone up. During the following six years, a series of
measurements showed that the corrosion rate fell back to
the 1997 values. Corrosion measurements had indicated
that the vessel would undergo a major collapse within
a few years. Following inspection in March 2006 it was
decided that the wreck was sufficiently stable to enable
a trial period for control diver access to view the site
which had previously been an exclusion zone. Six months
after the conference in 2006 a set of measurements were
conducted to gauge the impact of controlled visitor
access. These measurements have shown there has been
no measurable impact of the increase diver activity
on the site. Thus the City of Launceston wreck and the
way it has been managed is a very fine example of how
conservation corrosion studies can work hand-in-hand
with heritage managers (MacLeod, 2007). This work has
shown that én-situ corrosion studies provides a reliable
measuring tool that can gauge the impact of maritime
archaeological activities which were previously believed
to be non-interventive diving activities on an historic iron
shipwreck. Heritage Victoria is to be commended for its
commitment to managing this historically significant
wreck (Philippou, this volume).

Metallographic structure of non-ferrous metal fixtures

Examination of both wrought and cast brass fittings on
steamships reveals microstructures that are reflective
of crystal structures in the terrestrial environment. For
example, the structure of the brass spike in the Eglinton
showed columnar crystals that were several hundred
microns long which were capped with a series of equi-
axed crystals at the seaward edge of the nail, while the
interior of the casting had the standard as-cast structure
of cored dendrites. Just as there are carbon equivalents
in castiron structures there are zinc equivalents in brass.

: , = ook .
Castiron cylinder block from Xanthoengine showing
corrosion lines frominitial and final stranding angles
in the upper section of the block (Jon Carpenter).

Figufe 3.

The analytical composition of the Eglinton brass spike was
30.6% zinc, 0.6% lead and 0.3% tin. When the formula,

Zn Equivalents = Zn% + 2x Sn% is applied to this
composition, the amount of zinc in the brass increases
from 30.6% to 31.2% which tends to explain why there
were islands of the zinc-rich phase around the cored
dendrites. This crystal microstructure is identical to
that found in Fingal’s Cave on the island of Staffa in
Scotland except that in this case the equi-axed zone of
crystals of basalt on the top of the island was almost 10m
high and the columnar the crystals of the structure were
approximately 8m high. The main point to note is that
the microstructure in many non-ferrous metal fittings
found on the historic shipwrecks takes the same shape
and form as geological macro-structures.

Effects of morphology on iron corrosion

During conservation of corroded cast iron objects it
is important to remember that original defects in the
structure may in fact be the underlying cause of post
excavation degradation of the material. Examination of
the corroded surface of castiron can often revealanumber
ofthe defects associated with gas porosity and inclusion of
gangue materials. Depending upon the age of the object
it is more or less likely to find gas porosity around the
muzzle of the gun, since this was normally the uppermost
partofthe structure during casting. Naturally the cascabel
end of the gun would have been at the bottom in the
casting mode since this was the section of the ordnance
thatexperienced the greatest pressure changes during the
explosion of the black powder. With the treatment of the
Xanthoengine itreadily became apparent that the quality
of the castings in the different components was widely
different. For example, the steam pumps and the valve
chests clearly had elements of ingrained material or large
inclusions and also there were several holes associated
with gas porosity. By way of comparison the quality of the
casting of the main cylinder blocks and the castings of
the trunk and cylinders is clearly an example of the best
of mid-19th century iron casting in England. In Figure 3
water-tightness of the cylinder is demonstrated by the fact
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Figure 4. Elemental distribution of carbon in a Rapid iron
hook after surface decarburization.

that even after 112 years of corrosion the cylinder and its
components still formed a series of pressure tight fittings.

Structures and composition of wrought iron-effect of
heat

Although the structure of a wrought iron hook from
the wreck of the Rapid has been previously reported
(MacLeod, 1988) itisa compelling example of the impact
of heat on the microstructure of iron. The interior of
the hook shows a typical pearlite and ferrite structure
with an analytical concentration of 0.07% carbon. The
exterior of the polished section shows only afewverysmall
inclusions distributed in amongst matrix of pure ferrite.
There was <0.01% silicon in the iron which explains why
the microstructure being essentially free of slaginclusions,
which normally promote internal corrosion of wrought
iron. Historical records tell of the burning of the ship
and the hook was part of the rigging that was subjected to
intense heat from the burning oak timbers back in 1811.
Owing to the presence of phosphorusin the iron, the red
heatthathad caused the decarburization of the outer layers
of the hook had also caused iron phosphide impurities
to be oxidised to phosphates which acted as corrosion
inhibitors. When the hook (RP5113) wassuddenly cooled,
the microstructure was fixed and the object corroded as
if it was a pure single-phased object. After excavation,
the deconcreted object had the iron corrosion product
vivianite, Fe,(PO,),.8H,0, on the surface. The average
depth of corrosion of the wroughtiron hook was 7.2 mm.
This amounts to a corrosion rate of 0.042 mm per year
which is approximately 40% of the average corrosion
rate or in another way 60% reduction of the average
corrosion rate has been caused by the decarburization
of the iron. It would appear that a combination of low
silica, decarburization and a high phosphorus content
were the reasons behind this apparently anomalous
corrosion process.

The remarkable difference in the microstructure of the
inner and outer sections of the Rapidiron hook is seen in
Figure 5. Close inspection of the phase diagram in Figure
1 shows that for carbon contents above 0.006% carbon
the structure should consist of the -phase (ferrite)+Fe3C
phase, which is seen in the structure of the inner part of

Figure 5.

Wroughtiron hook from Rapid (1811) decarburized
LHS and core RHS (each image 1130 pm wide).

the iron hook where the carbon content was 0.166 wt%.
The phase diagram indicates that there should be asingle
phase of pure iron at0.005wt% carbon and thatis exactly
what was observed for the decarburized iron in the outer
zones of the Rapidhook. The slaginclusions are two phase
and there are inclusions of FeO in a matrix of 2FeO.SiO2.
This section of the hook, where the microstructure it
was essentially pure ferrite, had hardness of 181 + 4 HV
whereas the section containing the normal amount of
carbon had a hardness of 258 + 28 HV.

One of the mostfrequently asked questions regarding
flame deconcretion is: ‘Whatwill the high temperature of
the oxy-acetylene flame have on the underlying metal’?
The decarburising effect of the burning oak timbers,
which typically would have kept the iron at >650°C for
at least an hour, has been noted above.

Yet it has been shown that freshly flame-deconcreted
areas are able to be touched without any sensation of
excess heat or pain. The reason why there is essentially
no transfer of the intense heat of the molten concretion
into the underlying substrate is due to the amount of
moisture in the concretion layer. During the intense heat,
moisture associated with iron corrosion products or from
the liquid matrix surrounding the object, is converted to
steam. This acts as an insulation barrier against thermal
transmission into the substrate. Thus the ‘Garciamethod’
of flame deconcreting is seen to be safe and effective
new way of deconcretion of delicate and complex iron
structures that are extensively corroded.

Effect of impurities and conservation treatments on
corrosion and residual chloride

In reviewing the outcomes of the conservation of the
Xantho it is useful to go back to its origins on the Firth
of Clyde and in the River Leven and the area where
it was built just behind Dumbarton Rock. Originally
configured as an ocean-going paddle steamer, it was
converted to a screw vessel using a recycled engine
originally designed for Britain’s successful Crimean
war effort. The vessel was sold to an unsuspecting
Australian entrepreneur and the fact that it suffered
extensive damage and wear and tear during its few
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years of operation it is perhaps the original example
of how unsuspecting colonials have been ‘ripped off’
by their masters. The fate of the wrought iron hull
plates and rivets from the Xantho are very pertinent
examples of the impact of poor quality metal in that
there has been verysignificant chloride salt penetration
into the internal structure of the iron and this internal
corrosion removes the ferrite phase of pure iron that
lie adjacent to the iron oxide-silicon oxide (2FeO.
SiO,) inclusions. Inspection of the cross-sections of
the iron plate showed up clear boundary layers of the
ferrite grains with some iron-phosphide inclusions,
but the main feature was the readily discernable slag
inclusions, which have been formed along the lines of
working of the wrought iron.

Prior to the cessation of the Museum’s hydrogen
furnace treatment program, various elements of the Xantho
were given the standard one week at 400°C, followed
by several months of washing in sodium hydroxide
solutions. Alternatively treatment involved many months
of electrolysisin caustic solutions. The question of trying to
determine howmuch chloride has been removed orif the
amount of residual chloride will represent a future risk to
the iron object is a perennial problem for both maritime
archaeologists and shipwreck conservators. Given that
there is a limit to the number of holes that can be drilled
into the object for the purposes of wet chemical analysis
and the high costs associated with paying for external
analyses, the use of a flat surface chloride ion electrode
as a non-destructive method of sensing chlorides was
investigated by the author.

During the development of this non-interventive
method of sensing the amount of chloride in an object,
it was found that using a few drops of a weak electrolyte
solution to provide contactbetween the sensing electrode
and the iron object provided a stable electrochemical
environmentfor the probe. The work on the Xanthoobjects
hasshown thereisadirectcorrelation between the amount
of chloride in the object and the reading obtained after
a 1-2 minutes of equilibration. It is not being claimed
that a new analytical method has been developed but
what is being claimed is that a useful method of sensing
chloride ions has been developed and this provides a very
convenient, cheap method of determining how far the
treatment needs to go. The typical set of results is shown
in Figure 6 which demonstrates that different ratios of
chloride in the metal and at the electrode are found
according to the inherent porosity of the substrate. It is
important to conduct relevant tests for the technological
materials one is treating but the method does assist in
providing guidance on desalination.

There are common characteristics of the hydrogen
furnace treated for both the cast and wrought iron
specimens and this gave a body to surface ratio, furnace
metal[Cl]surface =2.09 = 0.18. Owing to the ability of
hydrogen atmoderate temperatures (400°C) to penetrate
deep into the heart of the cast and wrought iron objects,
it is not unexpected that the two different types of iron
had a similar ratio of chlorides. When the data from the

Ratios of chloride ion in the solid phase compared
with surface readings and the conservation
treatment given to the objects.

Figure 6.

electrolytic treatmentin 0.5M sodium hydroxide solutions
is contrasted, as shown in Figure 6, the underlying
differences in the amount of chloride found in cast and
wrought iron objects is reflected in the ratios, with cast
elect.[Cl]surface = 2.52 + 0.11 for cast iron and wrought
elect. [Cl] surface =1.09 + 0.04. Given the differences in
the microstructure of the castiron and wroughtiron the
ability of inter-granular corrosion to produce very high
chloridelevelsin castiron, the resultsare notunexpected.
Theydo provide avery handy method of assessing the risk
of future corrosion breakouts. For example, it has been
found that hydrogen-furnaced cast iron objects that still
had internal chloride concentrations of 150 + 75 ppm
were stable for more than five years in ambient storage
conditions (with initial coatings of Rusticide ® followed
by a top coat of Ferroguard ®). If the empirical formula
is applied it would indicate that a furnace-treated object
with a surface chloride reading of 72 + 36 ppm should
be stable.

Reversibility and conservation of iron archaeological
materials

Itis really vital that analysis of conservation works being
planned for iron artefacts recovered from historic
shipwrecks relegates the issue of reversibility into the
lower area of a risk matrix analysis. Although this may
sound heretical, itisvital that there is a realistic review of
the wayin which our conservation treatmentsreduce the
options for future generations of heritage practitioners
and conservators. The actual act of excavation of
iron artefacts initiates a series of reactions that leads
to irreversible changes in the nature of object. No
conservator would ever dream of returning chloride ions
to the original corroded matrix and so thisis tantamount
tostating thatirreversible change isacceptable. Thus the
balance is really to find that treatment that will result in
the least major change in the history and typology of the
object. The work of Owens and North on establishing
the hydrogen furnace treatment at 400°C is a classic
example of how a compromise is reached, between very
long treatment times and the minimal disruption of the
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residual metallographic structure of the iron objects
(North & Owens, 1981).

The way forward: in-situ conservation of marine
archaeological objects
One of the bestexamples of in situconservation treatment
of marine archaeological objects is the way in which
the carronade from HMS Sirius was treated in the surf
on Norfolk Island. During two and a half years of pre-
treatment approximately 72 kg of chloride was removed
from a 430 kg cannon. The details of the treatment can
be found in the published literature (MacLeod, 1996)
but the most important thing to note is that the pre-
treatment with anodes in the surf meant that the object
was able to be exhibited within six months of recovery,
compared with the normal electrolysis time of four years
for a cannon that had received no pre-treatment. One
of the most significant advantages of this approach is
that it is much easier to gain corporate sponsorship of
projects that have six to twelve months time span whereas
many corporations can cease trading in the time span of
four to five years. Despite concerns about the efficacy of
such in situ conservation treatment, John Broadwater of
NOAA instructed that two 80 pound zinc anodes should
be attached to the gun turret of the USS Monitor off Cape
Hatteras prior toitsrecovery. ‘I had read about the Xantho
and thought it would not do any harm, but I really did
not believe it would work on the Monitor (Broadwater,
2005). Duringaseries of measurements conducted in 2005
Macleod and Schindelholz were able to demonstrate that
the pre-treatment of the turret had been the one saving
grace of therecoveryand initial conservation programme.
Directmeasurementof the chloride ion activity on the
engine interface recorded typical values of 16,000 ppm
whilst the clays on the inside of the turretwere of the order
13,000ppm. However, in the area where the side of the
turret had been exposed to open seawater, the chloride
levels were much closer to 1,000 ppm which represents
a marked stabilisation in the condition of the object. If
the pre-treatment had not taken place on the seabed
the placement of the turret in its massive 250,000 litre
treatment tank of local tap water would have resulted in
verysignificantaccelerated corrosion. During the internal
excavation of this massive object there are real risks of
accelerated corrosion of the turret owing to direct access
of oxygenin the tap water to be exposed and high chloride
rich surfaces of degraded iron. The Monitor team were
faced with a real challenge of the how to safely conduct
a detailed excavation of the interior of the turret whilst
maintaining a safe working environment and also the
managing to keep the inherent nature of this massive
iron object intact. With the benefit of hindsight, the
application of some water dispersant, such as Soya bean
extract, tokeep the oxygen in the water from the concreted
exposed metal surface would have reduced the amount
of corrosion (Renner, 2005). It is very pleasing to note
that since the November 2005 inspection by MacLeod,
the team at The Mariners’ Museum have instigated an
impressed current system that is now stopping corrosion
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ofthe turretand beginning the long process of extracting
the chloride ions.

Another measure of the success of the pre-treatment
of the turret on the seabed is that whilst the average pH
of the metal interface with concretion on the condenser,
the engine and interior of the turret is approximately
6.0 + 0.1, the pH of the turret interface had an average
value of 7.5. Given that the initial pH would have been
approximately 5.0, the shift of 2.5 pH units represents a
300 fold reduction in acidity due to the reaction of the
electronsfrom the corroding zincanode. Itis the reaction
of the electrons with the surrounding hydrogen atoms
that produces a more alkaline microenvironment. The
pH profile of the interior of the turret showed that the
surface pH for the first 65 mm from the metal was steady,
ataplateauvalue of approximately 9.4 beforeitfell linearly
with the square of the distance from the metal surface to
aminimum value of approximately 6.5 at the concretion-
air interface. This is dramatically illustrated in Figure 7
and is the most compelling evidence for the effectiveness
of the pre-treatment using conferred protection from
sacrificial anodes on massive marine archaeological iron
objects. Thus the cathodic pre-treatment can be seen to
have produced an alkaline front more than 6 cm outfrom
the metal surface into the surrounding concretion and
this represents a huge contribution by the anodes to the
conservation of the turret.

New treatments for age-old problems

Partofthe challenge of stabilising corroded wroughtiron
structure is the issue of removing chloride salts from in
and around the complex and interwoven macro structures
of the corroded matrix. One of the reasons why wrought
iron typically takes a long time to treat is due to the path
length that the chloride salts have before they can be
washed out from around the slag into the surrounding
caustic treatment tank. One of the very important and
often forgotten considerations of stabilising wroughtiron
relates to the problem of the residual stressin the structure
of the object. Any examination of the metallographic
structure of wrought iron shows extensively elongated
crystals of ferrite wrapped around the distended and
distorted slag inclusions. Although the heat associated
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with the manufacture of wroughtiron relieves some of the
stress associated with the fabrication of the metal, there
will be elements within the structure that remain stressed
and it is these elements that are particularly sensitive to
the amount of chloride that resides within the object.

Although much has been written and published about
the nature of corrosion on iron objects recovered from
the marine environment, it was not until November
2005 that there were direct measurements of the pH
and the amount of chloride in corroded and concreted
marine iron objects (MacLeod, 2006b). As MacLeod and
Schindelholz drilled through the concretion zones to the
metal surfaces, a series of profiles of the chloride and pH
were made on the turret, engine and condenser of the
USS Monitor. This data has provided the firstdirectlinkage
between the acidity of the corrosion and deconcretion
matrix and the amount of chloride present. Although
it is well understood that the acidity in the matrices is
due to hydrolysis of metal ions which produce protons,
there was very little direct evidence to show this linkage
between acidity and chlorinity. Chloride ions diffuse
into the corrosion matrix to balance the positive charge
produced by the corrosion products. Inspection of the
data shows that there is a direct relationship between
the pH and the amount of chloride with the pH falling
by 0.08 units per unitincrease in chloride concentration
expressed as parts per thousand.

Apart from the new information relating pH and
chloride, the work done on the USS Monitorhas provided
a new understanding of the way in which the chloride
profile varies in concretion. The chloride concentration
fallslinearly with the square of the distance from the metal
surface as you move further into the layers of marine
encrustation. Chloride profiles in the concretion follow
the same physical diffusion laws and have the same slope
but the intercept value varies according to the nature of
the concretion. The two different intercept values for
the engine reflect the two different types of concretion.
Just as it was observed for the case of the relationship
between pH and chloride concentration a series of
parallel lines defines and the relationships observed
on would be concreted engine and this simply reflects
the different nature of the concretion is on two sides of
the engine. During studies it was found that the subtle
differences in orientation of the engine on the wreck site
brought about two different types of concretion. Thus
the slope of the pH versus chloride plots and the slopes
of the chloride versus distance plots have the same value
that are physically separated and along the x-axis. The
differences in the two forms of concretion on the engine
and condenser are also reflected in different densities
and porosities of the matrices.

Areas of concern and future promise

Conservators have been heard to comment that there
have been no fully successful treatments of cannon by
electrolysis. The experience of the Western Australian
Museum is contrary to this commonly expressed view,
for Jon Carpenter has managed to conserve 18 cannon
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Effect of plastic deformation on the microstructure
of a brass spike from the Rapid, full width of image
is 560 pm.

over the past 30 years and none of them have ever needed
re-treatment. When deconcreting complex iron objects
such as the Xantho steam engine or the engine from the
USS Monitor, conservators are mindful of the need to
minimise damage to the artefact when using percussive
methods of the removal of the marine encapsulation
around the object. Experience with the brass objects from
the Rapid wreck has shown that physical deformation
does take place with massive percussive force, such as
that experienced when driving a brass spike into hard
seasoned oak timbers. This sort of impact is shown in the
micrograph, see Figure 8, of the brass Rapid spike where
twinned crystals have been caused as a result of the plastic
deformation of the cast metal structure on the left-hand
side of the image whilst the original cast grains shown on
the right-hand side of the transverse section, which has
a width of the 560 pm (MacLeod & Pitrun, 1988). The
most important thing to note is that such deformation
records the previous work history of the object and so by
simply keeping good records of the work done on the
object future generations of conservators will be able to
know the cause of any change in microstructure.

There appears to be an undue level of concern by
conservators of shipwreck material about how their work
will be judged by future generations. There is always going
to be somebody on the sidelines who is quite happy to sit
and criticise. The most important thing to do is to move
ahead in the knowledge that only by your example and
commitment to trying new experimental methods will the
science and the artof conservation of marine archaeological
iron objects be improved. The greatest promise lies just
over the horizon-with the work being done on the medium
temperature and high-pressure use of caustic solutions
to extract chloride is from cast and wrought iron objects
(Drews, etal. 2004; Mardikian, 2006). Thereisareal chance
of amajor breakthrough in the treatment times and in the
treatment outcomes for the first time in two generations.
Rather than criticise from the side that these methods are
unproven, itbehovesall practitioners of conservation to give
ita go and then see if the new future of high temperature
and pressure caustic leaching will give sick artefacts the
best chance of recovery and recovery that will transcend
future generations.
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The work being done by Vicki Richards of the Western
Australian Museum in the testing of what my colleagues
have called ‘Road Lego’ (inert plastic crash barriers) as a
joined construction in order to stabilise the James Matthews
wreckis another example of how modifying the water flow
over submerged relics can vary dramatically improve the
chance of survival of extensively degraded iron artefacts
(Heldtberg, et al., 2004; Richards, 2006) . More work needs
tobe done to assess the usefulness of impressed currenton
stabilisation of iron wrecks that are located near a source
of direct current or of the commercial power supply. This
standard form of marine preservation technology could
be made to work is in the case of the USS Arizona, which
lies close to the shore of Ford Island in Pearl Harbour,
Hawaii. Work is currently being developed to assess the
use of impressed currentsystems with power coming from
photo-voltaic cells in remote locations such as in Chuuk
Lagoon, Federated States of Micronesia. The planisfor the
output of the solar cells to be fed by cables direct from a
diving platform above the wrecksinto the ships down below
and so stop corrosion of the objects and begin the in-situ
treatment of total wrecks. As cathodic current flows into
the submerged iron wreck, it will see the stabilisation of
highly degraded iron fuel tanks into more solid structures
and so prevent leakage of bunker fuel oil until a program
of bio-remediation can be effected that will either see the
fuel transformed into lighter fractions that are able to be
pumped out or to have the total content of the unburnt
fuel rendered harmless by anaerobic bacteria.
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USS Monitor recovery expeditions, 1998-2002

John D. Broadwater

Abstract

On March 9, 1862 the ironclad warships USS Monitor
and CSS Virginia (ex-USS Merrimack) fought to a draw at
Hampton Roads, Virginia, in one of the most recognized
seabattlesin history. More than a centurylater, the Monitor
was fighting a losing battle against both natural and
human threats. The Monitor’s hull, discovered off Cape
Hatteras, North Carolina, was found to be deteriorating
at an alarming rate. The National Oceanic and
Atmospheric Administration (NOAA), the U.S. Federal
agency responsible for the Monitor, aggressively applied
comprehensive planning strategy and ocean technology
to the problem of protecting the Monitor, resulting in the
recovery of more than 200 tons of hull components and
artefacts from the site.

Introduction

At the time of its launching in 1862, the USS Monitor
represented state-of-the-art technology. The design was
unlike anything the world had ever seen; the Monitor
changed the way major sea powers would build warships
in the future. A radical departure from conventional
wooden broadside warships, the Monitor’shull was almost
completely submerged, presenting enemy ships a target
withonlya13-inch (33 cm) freeboard. The onlystructures
above the deck were arevolving gun turret amidships and
a small pilot house near the bow.

The Monitor’s hull was composed of two distinct
sections: the lower hull, constructed entirely of iron and
the upper hull, built of iron and wood. The side armour
belt consisted of an iron shelf filled with wood timbers
and covered with five layers of 1-inch-thick (2.5 cm-thick)
iron plate. The deck was built of oak beams covered with
pine planks and two layers of 1-inch (2.5 cm) iron plate.
The revolving turret, constructed with eight layers of
l-inch iron plate, stood 9 feet (2.7 m) tall with an interior
diameter of 20feet (6.1 m). This ‘shot proof tower” housed
two 11-inch Dahlgren smoothbore guns.

The Monitor’s keel was laid on October 25, 1861, and
the completed vessel was launched on January 30, 1862.
The ship arrived in Hampton Roads on the evening of
March 8, 1862. Earlier that day, the CSS Virginia (ex-USS
Merrimack) had made her maiden voyage into Hampton
Roadsand wreaked havoc on the Union fleet. Two warships
were sunk and a third was run aground and heavily
damaged. Areceding tide was all thatintervened between
the remaining Union ships and the Confederate ironclad.

Later thatevening the USS Monitorarrived in Hampton
Roads, with fires still burning on the beached remains of
USS Congress, Virginia’s second victim. Early on March 9,
the Virginiasteamed backinto Hampton Roads, prepared
to finish off the remaining Union wooden ships. The
Monitor advanced to engage her iron counterpart, thus
commencing one of the most celebrated sea battles in
history.

Electric Field Gradient - Surface/Topographic Map

Figure 1. The electric field gradient around the site. NOAA.

These two revolutionary ships, though quite different
inappearance, shared several innovative traits. Both were
clad in thick iron armour; both had partially submerged
hulls; both were totally without masts or sails, operating
by steam power alone; and both were designed to be
effective with few cannon. The Battle of Hampton Roads
was the first time in history that these features were
tested against each other. In battle, the Monitor’s design
proved to be an advantage. Its low profile was an almost
impossible target for Confederate fire. The revolving
turret allowed the Monitor to fire from almost any angle
without having to manoeuvre the ship for position. The
four-hour battle ended in a draw with neither ship being
able to significantly damage the other.

The repercussions of this battle were felt worldwide.
Although other ironclad warships existed, they were
untried in battle against similar foes. The battle of
Hampton Roads accelerated the global trend toward
abandonment of conventional wooden broadside
warships. In the United States, the Monitorgave her name
toan entirelynew classification of low-freeboard, turreted
vessels. By the end of the American Civil War more than
60 monitors of various classes had been completed or
were under construction (Tulley, this volume).

Although impervious to cannon fire, the Monitor
succumbed to the seas. While being towed south along
the Atlantic coast, the Monitor foundered in a gale off
Cape Hatteras, North Carolina on New Years Eve, with
the loss of 16 lives.

Management and protection

Located in 1973, the wreck of the USS Monitor was
designated the United States’ first national marine
sanctuary on January 30, 1975. The Monitor National
Marine Sanctuary is one of 14 marine protected areas
managed by the National Marine Sanctuary Program,
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Figure 2.

The Monitorand its turret on the sea bed (NOAA).

National Oceanic and Atmospheric Administration
(NOAA). The wreck of the USS Monitor is listed on the
National Register of Historic Places and has also been
designated a National Historic Landmark.

The Monitor’s inaccessibility is a major factor
influencing both management and research. It lies on a
flat, featureless, sandy bottom in 235 ft. (72 m) of water,
16 nautical miles SSE of Cape Hatteras Lighthouse.
Water depth places it out of the reach of most scuba
divers, although in recent years ‘technical’ divers have
visited the site. The Monitorrolled over as it sank, causing
its turret to pull free and fall to the bottom, upside
down. The hull then settled onto the turret, leaving the
inverted hull resting partially buried in sedimentwith the
stern port quarter supported above the bottom by the
displaced turret. The lower hull had collapsed forward
of the midships bulkhead, and the stern armour belt and
associated structure was badly deteriorated. The position
of the turretunder the portquarter elevated the stern and
portside, producingalist tostarboard and creating severe
stresses on the hull. The wreck of the Monitor presented
NOAA with unique archaeological and engineering
challenges that have been met, to some extent, through a
comprehensive program of archival and on-site research
followed by an aggressive recovery program.

During the past two decades, NOAA has conducted
numerous major expeditions to the Monitorsite to generate
data necessary to make sound management decisions
about the wreck. Assessment of the Monitor in the late
1980s revealed that the wreck had suffered damage and
deterioration from three factors: damage thatoccurred at
the time of sinking, deterioration caused by more than a
century of exposure to a dynamic seawater environment,
and damage resulting from human activities. A report
issued in 1991 cited a number of major changes in the
condition of the wreck since 1983. Subsequent NOAA
reconnaissance missions in 1991 and 1992 confirmed
the increased deterioration of the wreck.

During 1993, NOAA conducted the Monitor
Archaeological Research and Structural Survey (MARSS)
Expedition, designed to map and videotape the Monitor's
hull and document site changes. In 1995, the Monitor
Archaeological Research, Recovery and Stabilization
Mission (MARRS’95) was conducted to stabilize the
Monitor’s deteriorating hull by moving its displaced
skeg and recovering its unstable propeller. Among the
participants were NOAA, the U.S. Navy, The Mariners’

Tan MaclLeod andJEric Schnidelholz in the Monitor

Figure 3.
treatment tank (Gary Paden).

Museum, the National Undersea Research Center/
University of North Carolina at Wilmington, and Key
West Diver, Inc. Although the expedition was interrupted
by Hurricane Felix and two lesser storms, a NOAA team
conducted a series of self-contained, mixed-gas dives—
the first such dives ever approved by NOAA. Navy divers
employed the Mk 21 mixed-gas, surface-supplied dive
system staged from the USS Edenton (ATS-1) in a series of
dives designed to recover the Monitor’s propeller. Adverse
weather conditions prevented recovery of the propeller
despite several attempts.

Development and Implementation of a preservation
plan for the Monitor

Following a NOAA briefing in 1996 on the Monitor's
deteriorating condition, the U.S. Congress required
NOAA to produce a ‘long-range, comprehensive plan
for the management, stabilization, preservation, and
recovery of artifacts and materials’ from the Monitor. This
comprehensive plan, completed in April 1998, described
each major planning element in detail and outlined
a detailed plan for archaeological investigation, hull
stabilization, major hull componentrecovery, and eventual
conservation and exhibition. The decision for major
recovery did not come easy for NOAA, which promotes
the primary option of preservation in situ. However, the
evidence of rapid and accelerating deterioration of the
Monitor led to the inescapable conclusion that recovery
was the correct course of action.

During 1998 through 2002, NOAA, the U.S. Navy,
and The Mariners’ Museum conducted a series of large-
scale expeditions that resulted in the stabilization of
Monitor's hull and the recovery of some of Monitor's most
significant components, including the propeller, shaft,
engine, and in 2002, the famous armoured gun turret
itself, which was recovered with the guns, carriages, over
one hundred artefacts, and the remains of two crewmen.
These expeditions were complex, requiring four to six
weeks on site and involving more than one hundred
divers and support personnel. Funding was provided by
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NOAA, the U.S. Navy, and the Department of Defense
Legacy Resources Management Fund.

All objects recovered during these expeditions were
transported to The Mariners’ Museum, where conservation
began in a unique setting that allowed museum visitors
to watch the conservation work in progress. Temporary
exhibits displayed conserved artefacts, providing visitors
with details about the Monitor's history, then describing
the massive recovery operations as soon as they took place.

On March 9, 2007, the USS Monitor Center opened at
The Mariners’ Museum. This major permanent exhibition
interprets the Monitor within the broader context of the
American Civil War, with emphasis on advances in naval
technology and the importance of naval actions during
that conflict.
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Our heritage to arise from the waters? HMVS Cerberus

Peter Tulley

Abstract

The Monitor HMVS Cerberus is the first historic vessel to
be placed on the National Heritage List. This paper will
outline the history of the vessel, its use as a breakwater,
subsequent deterioration and the moves to have it
preserved.

Introduction

When looking at the former HMVS Cerberus today in
15 feet (¢. 5m) of water, listing to starboard in a forlorn
state, just off the shore at Half Moon Bay, Black Rock,
Port Phillip, it is difficult to believe that she was once the
most powerful warship in Australian waters.

A sliver of hope exists that Cerberus may ‘arise’ from
her watery site and be preserved with the dignity that
she deserves given her role in Victoria’s and Australia’s
history. Laid down in 1868 Cerberuswas aunique warship of
revolutionary design for the times—with strong protection
and heavily armed. She also notched up a number of firsts
for a British warship:

No sails—masts or yards;

Central superstructure;

Turrets at each of the ends of the superstructure;

Conning tower & vitals protected by an armoured
breastwork/citadel

These features formed the design basis of battleships
to follow, with Cerberus being the first.

The Monitor class of warship that was so integral to
the American Civil War heavily influenced her design
(Broadwater, thisvolume). Indeed Cerberuswas the British
response to the Monitor and was much improved, being
larger, more powerful and far more seaworthy.

Cerberus was ordered by the Victorian Government
from Britain, arriving at Melbourne in 1871 and spent the
entire 50 plusyears of her active service in Port Phillip Bay.
As the major component of the defence of Melbourne
she was viewed as a floating fortification and her battle
plan was primarily to make her way to the Heads, anchor
in one of the channels with her four guns aimed on the
Rip. Her guns were highly accurate up to a range of 3 to
3.5 miles (just over 5 kilometres).

Also the flagship of the Victorian colonial navy, Cerberus
was transferred to the Commonwealth naval forces upon
Federation and became an inaugural unit of the Royal
Australian Navy, when formed in 1911. By that stage her
armamentwas obsolete and she wasrelegated tosecondary
duties. Her last active role was that of depot ship to the
six | class submarines that were stationed at Geelong in
the early 1920s.

Declared surplus to the Navy in 1924 she was sold
to a salvage company and stripped of any fixtures of
value (flying deck, funnel, engines, machinery etc).
Interestingly, her guns and their carriages and slides were
leftin the turrets. After an unsuccessful attempt to scrap

Figure 1.

Profile of Cerberus—turrets and conning tower, note
not a funnel (John Toogood).

the armour on her turrets the armour was similarly left.
The hulk of Cerberuswas eventually purchased for use as a
breakwater by firstly the Black Rock Yacht Club and then
by the City of Sandringham. In September 1926 at Black
Rock she was run aground on a sandbank scuttled and
remained at her normal waterline level. She hasremained
there ever since, her profile becoming a local landmark.
Interestin Cerberusgrewin the early 1970’s—that coincided
with the 100th anniversary of her arrival in Port Phillip. In
order to save her three major preservation proposals have
come and gone in the intervening years. Two of which
involved relocating her to the Yarra River next to the
restored barque Polly Woodside. Regretfully, all foundered
upon the rocks of fiscal government indifference.

In December 1993 a storm triggered the collapse of
her thinlower hull makingitimpossible torefloatherand
relegating any possible preservation works to be done in
situ. Resulting from the storm she dropped some 8 to 10
feet along the waterline level and also listed starboard.

The stakeholders of Cerberusinitiated a last attempt at
preservation just after the turn of the new millennium.
Marine engineers GHD Pty Ltd have completed two
reports—2000 and 2003—on the feasibility of preserving
Cerberus. They concluded thatshe can still be stabilised by
lifting her from above and placing her on an underwater
cradle. The plan is very much the minimalist position of
preserving Cerberusand as aresult the most cost effective—
whichisanimportant consideration when seeking funding
from governments. The lower hull has effectively been
concertinaed due to the heavy top weight of armour.
It is proposed that it be cut off from below the end of
the armour belt that extends some 6 to 7 feet below the
waterline level. This is rather radical surgery—that will
save the patient at the expense of the limbs.

Time, however is short as Cerberus is in danger of
total collapse from the failure of her main deck beams
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Figure 2.

Photo of the turret region of Cerberus, showing her
10 inch thick armour (John Toogood).

to support the weight of her two turrets—they weigh
about 200 tons each! On 13 October 2004 the then
State Minister for Planning, Mary Delahunty announced
funding of $80,000 to remove the four guns. This was a
significant announcement as it represents the first time
that any government funding has been made available
for works on Cerberus.

Thursday 3 March 2005 was ared letter day for Cerberus.
All four guns were removed from their turrets for the first
time in over a century! As each gun weighs approximately
18 tons their removal eased the load on the remaining
structure by 72 tons.

After being coated with a preservative and also
subjected to electrolysis process the four guns were placed
on the seabed. Experts are confident that the salts, which
have been absorbed by the guns over the years, will leach
back into the sea-water. Therefore placing the guns on
the seabed will be a preservation measure.

Friends of the Cerberus Inc has picked up onwork done
by the stakeholders of Cerberus (the Cerberus Alliance). It
has over 500 members and has formally applied for joint
funding of the stabilisation works from the Commonwealth
and Victorian State Governments for $6% million ($3%
million each from both the Commonwealth and the
State). Friends of the Cerberus Inc hasworked very closely
with Heritage Victoria, GHD Pty Ltd in addition to the
National Trust. A rather stunning success was the joint
nomination of Cerberus by Friends and the National Trust
for inclusion on the National Heritage List.

The National Heritage List is the highest and most
prestigious heritage listing within Australia and is solely
reserved for items of intrinsic Australian Heritage values.
Indeed there are only 31 places on the list and Cerberus
was the 21st to be included. It was announced on 15
December 2005 by the Commonwealth Government
that Cerberus would be being incorporated on to the List.
She is the first vessel to be included on to the list (the
second being the wreck of the Batavia off the Western
Australian coastline).

Time, however, is short as without the stabilisation
works Cerberuswill have no future whatsoever. Her turrets

R !-/.' <l Copyright; Jofl Bind 7005
Figure 3.  Guns being readied for removal from turrets. (Jeff
Bird).

will fall through her decks causing a catastrophic collapse

and making any preservation works redundant.

Stabilisation works have a design life of 50 years and
require minimal maintenance. Cerberus would then arise
from the waters—returning to her original waterline level
pre December 1993.

Despite discussions, some excellent publicity,
representations and presentations to both governments—
finding funding is proving a very hard sell. At the State
level no funding has been provided in the recent State
Budget. While at the Commonwealth level no funding
has been provided despite the National Heritage Listing.

Other options are now being pursued in the hope
that governments will realise just what a national treasure
Cerberus is and funding will be granted.

Cerberus should be saved because:

1. Sheisthe onlyremnantof Australia’s colonial navies—
each colony prior to federation had its own navy; and

2. She is of international significance—being the only
ship left of her class in the world.

3. Nonavalvesselismore partof Australia’sand Victoria’s
history and she deserves a better fate than being left
to collapse at Half Moon Bay.

Further details relating to Cerberus and the activities
of Friends of the Cerberus Inc. can be obtained from
their website—<http: //www.cerberus.com.au> or from
the Secretary of Friends—Peter Tully on <peter.tully@
cerberus.com.au>or PO Box 1231 Blackburn North 3130.
Will Australia save her?
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The Lonsdale: A Victorian torpedo boat
Dennis Cahill

Abstract

The 1983 discovery of a torpedo boat, most likely the
Lonsdale, at Queenscliffe Victoriaand subsequentresearch
have provided an important insight into the Victorian
Navy and the development of both the torpedo and the
torpedo boat.

Introduction
To the maritime military historian the words torpedoes,
torpedo boats and torpedo warfare conjure up images of
Admiral David Glasgow Farragut who, during the American
Civil War, effectively ‘dammed’ the torpedoes (mines)
defending the approaches to Mobile Bay, the successful
but suicidal spar torpedo attack on the Housatonic by the
Confederate Statessubmarine H. L. Hunleyand, byinference,
the pre-emptive strike by the Imperial Japanese Navy on the
Russian Pacific SquadronatPortArthur on 8 February 1904.
In the 19th-century a torpedo was any submerged
explosive device that could be detonated in close proximity
to orin direct contact with the hull of a vessel. Torpedoes
were divided into two classes: defensive, e.g. controlled
and uncontrolled mines; and, offensive, e.g. the Spar,
Harvey and Whitehead torpedoes.

The Victorian experience

In following the lead of some of the other colonies (Cabhill,
1992: 74) on 22 October 1877, the Commanding Officer
of the Victorian Naval Forces, Captain C.T. Mandeville
requesting that the following torpedo stores be obtained
through the Admiralty:

...two Harvey torpedoes (one port, the otherstarboard) and
two Whitehead torpedoes for drill purposes (Mandeville
1877).

The Harvey torpedo invented by Captain John Harvey
and his nephew Commander Frederick Harvey, was
essentially a primitive paravane which when towed from
the bow of avessel travelling atspeeds above 6 knots trailed
at an angle of 45°. By steering the vessel carefully (my
emphasis) it was possible to bring the explosive charge
into contact with an enemy vessel and detonate it. In the
same letter Captain Mandeville also requested:

A steam torpedo launch of the Thornycroft pattern, which
class of vessel has a speed of from 20 to 24 knots, and
fitted to use both the Whitehead and Harvey torpedoes,
would be a great acquisition to the Colony and could be
used for laying torpedoes for offensive purposes as well as
acting on the offensive either inside or outside Port Phillip
Heads, and from her great speed, and general handiness
combined with light draught would prove invaluable for
defensive or offensive purposes in the Bay or outside the
Heads (Mandeville 1877).

Mandeville’s request for a steam torpedo launch
capable of reaching speeds of 20 to 24 knots indicates
that he was somewhat confused as to the capabilities or
torpedo boats being built at that time. Speeds of 20 knots
were notachieved until 1883, and 24 knots not until 1890.
His request also called for a boat that could be used for
both offensive and defensive torpedo warfare, roles that
were mutually exclusive. This confusion was to plague
negotiations for the next five years.

It was not until after the ‘Russian scare’ of 1882 that
the Victorian Government finalised negotiations with
John I. Thornycroft and Co., Church Wharf, Chiswick,
Middlesex for the purchase of two second-class torpedo
boats the Lonsdale and Nepean, length 63 feet (19.3 m),
beam 7 feet 6 inches, (2.3 m) draught 3 feet (1.06 m);
speed 17 knots, designed for coastal defence and use in
sheltered waters. Theyalso ordered one first-class torpedo
boat, the Childers, length 118 feet 2 inches (36m), beam
12 feet 2 inches (3.6m), draught 5 feet 8 inches (1.7m),
speed 19 knots capable of operating independently in
open waters.

A detailed description of the Lonsdaleand Nepean was
published in the Argus on 8 July 1884:

Their extreme length is 63ft and beam 7ft 6 in. and speed
about 16 knots; draught of water, about 3 ft 6 in The hull
is divided into watertight compartments, and the forward
part contains the space to be occupied by the crew, and
the torpedo launching tubes and gear. The boiler is of the
locomotive type, having a working pressure of 130 Ibs. per
square inch. The heating surface of the fire-box is equal
25.95 square feet, and that of the 124 tubes 239.8 square
feet. The engines are compound surface condensing having
cylinders of 8 and a quarter inches and 13 and a halfinches
respectively with 8-inch stroke and are of 100 indicated
horsepower. There are also an air pump, feed-pumps and
donkey pump. The fan is 2 ft 3 in in diameter and makes
about 1,300 revolutions per minute. It also has a circulating
engine, making about 500 revolutions per minute. Abaft the
engine roomisa cabin withaccommodation for two officers,
fitted similarly to the large boats. These boats are not fitted
with the steam steering arrangement nor with the forward
auxiliary rudder, which are among the interesting features
of the Childers. The conning tower in these boats is fitted
witha telegraph communications with the engine and boiler
rooms as in the large boat. Their armament consists of two
14-inch Whitehead torpedoes. They are also fitted with an
arrangement by which steam from another boiler can be
introduced among the water in the boiler or the boat, so as
to heat it quickly and set up steam in a few minutes...The
second-class boats, although sea-going, are not intended to
keep the sea, but theyare provided with lifting links and gear
and as when fully equipped, they weigh only about 11 tons
and can be transported by larger vessels or by rail. Torpedo
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The Lonsdaleunder overhaul at Williamstown, 1890
(RAN Historical Collection).

Figure 1:.

boats of this type are believed to be specially adapted for the
defence of a coast abounding in creeks, bays and estuaries
or in a sea studded with islands, as their small size would
enable them to lie in ambush unseen and tally forth at a
favourable moment to inflict damage to an enemy!

In 1888 Captain A.B. Thomas, the Commanding
Officer of the Victorian Naval Forces raised serious doubt
as to the suitability of the second-class boats for the waters
of Port Phillip. In a memorandum to the Secretary for
Defence dated 4 June 1888 he stated:

The second-class boats belonging to the Colony though
much improved by recent alterations are very wet and roll
heavily in a seaway and could not be trusted to make good
practice in bad weather such as is often experienced in Port
Phillip (Thomas, 1888).

The modifications referred to were probably
the removal of the forward torpedo tubes and the
reconstruction of the bow section of each boat. The use
of the forward torpedo makes for launching torpedoes
had been discontinued in favour of Dann’s Universal
Dropping Gear sometime before 1888.

Despite the inherent problems of the second-class
boats many were regular participants in the Annual
Easter manoeuvres. It is difficult to assess how effective
they would have been in an armed conflict, however, as
there are no records of a second-class boat participating
in battle. The general consensus or opinion is that they
would have been of limited use because of their small size
and general lack of seaworthiness. When not in use they
were stored on specially constructed slips at Williamstown.

The Victorian Government purchased a third slower,
sturdier and more seaworthy second-class torpedo boat,
the Gordon, length 50 feet (15.2m), beam 10 feet (3m),
draught 5 feet (1.5m), speed 14 knots, from J.S. White &
Co. of Cowes, Isle of Wight in 1885. A second first-class
torpedo boat, the Countess of Hopetoun, length 130 feet
(39.6m), beam 18 feet 6 inches (5.6m), draught 7 feet
4 inches (2.3m), speed 24 knots) was purchased from
Yarrow and Co., Folly Wall, Isle of Dogs, Poplar in 1891.

Figure 2.  The conningtowerof the Lonsdaleat the Queenscliffe

Maritime Museum site (Author’s collection).

By 1892 Victoria had three second-class torpedo boats;
Lonsdaleand Nepean (1882); Gordon (1885); two first-class
torpedo boats Childers (1882), the Countess of Hopetoun
(1891) and 32 torpedoes.

The Lonsdaleand Nepeanwere putup forsale byauction
in 1901. However, the bids failed to reach the reserve
and they continued to take part in manoeuvres until
1909. In 1912 they were stripped of most of their fittings
and offered for sale by tender in 1914. No tenders were
received and the vessels remained on Swan Island. Gillett
(1982) reports that the Lonsdaleand Nepean were broken
up atFisherman’s Bend between 1929 and 1930, and cites
a photograph of the hull of the Nepean at Fisherman’s
Bend in support of his claim.

At this juncture the historical records become
somewhat hazy. What we do know is that the hull of a
second-class torpedo boat was beached at Queenscliff,
moved several times, and eventually disappeared from
sight.

In 1983 a team from the Maritime Archaeology
Association of Victoria unearthed the remains of a small
steel wreck close to the Queenscliffe Maritime Museum.
Though therest of the hull had been reduced to corrosion
product, it having been mainly constructed of 1/16 inch
thick steel plate, in uncovering the conning tower which
was made of 1/4 inch thick steel plate, the wreck was
identified as one of John Issac Thornycroft’s second-class
torpedo boats—either Lonsdale or Nepean.

In examining the evidence, one primary source,
Commander R.S. Veale (1893-1987) who served on
the Lonsdale, believed that the hull of the second-class
torpedo boat at Queenscliff was that of the Lonsdale.
Further, the photograph cited in Gillett (1982) shows
the hull of only one second-class torpedo boat the Nepean
at Fisherman’s Bend on the Yarra River. While hearsay
evidence is not admissible in a court of law, if we put
these two pieces of ‘evidence’ together it is reasonable
to assume that the remains of the second-class torpedo
boat at the Queenscliffe Maritime Museum site are those
of the Lonsdale.

Recent plans to develop the site at the rear of the
Queenscliffe Maritime Museum have raised concerns
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about the future of the Lonsdale. It would be possible
to conserve the more substantial parts of the Lonsdale,
the conning tower and the ram bow. The alternative is
to leave them where they are and allow them to slowly
disappear into oblivion.
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PAPER 33

The search for HMA submarine AE]
John Foster

Abstract
Australia’s first submarine AFI was commissioned at the
outbreak of WWI and served in New Guinea waters in
operationsagainst the German colonies. On 14 September,
AFE1, accompanied by HMAS Parramatta, left Blanche Bay,
New Britain, to patrol of Cape Gazelle. She was last seen
by HMAS Parramatia at 3.30 pm that day. A search took
place but no trace was found of the missing Australian
submarine. John Foster became interested in the AEI
mystery while he was in command of RAN navy personnel
posted to Papua New Guinea and deputy commander of
the Australian Defence Cooperation Group Port Moresby.
He began his search for the AEI after his retirement.
The initial survey for the AET was based on information
provided a local trocusshell diver of the east end of Mioko
Island. As projectleader, John Foster, coordinated a team
of maritime specialists and began the search in in 2003.
(Paper produced by M. McCarthyfrom notes supplied
by Commander John Foster, RAN (Rtd) Project AEI
Team Leader and from data contained in Department
of Maritime Archaeology File, WA Maritime Museum
File 52/02 AEL)

The search for HMA submarine AE1

As WWI began, three cruisers, including HMAS Sydney
1, three destroyers and store-ships and the RAN’s first
submarines ALl and AEIl were sent to New Guinea in
order to intercept the heavily armed German Pacific
Fleet. The enemy fleet, which included the famous SMS
Emden, had departed however and some Australian units
remained to conduct patrols should they return. On 14
September, 1914, just 6 weeks after WWI commenced,
HMA Submarine AEI, mysteriously disappeared with
all hands while on patrol at the Duke of York Islands
off Rabaul. The search for the missing AEl was quickly
abandoned when some of the Australian units remaining
in PNG were required to prepare for convoy duty taking
the 1st Australian Imperial Force (AIF) to the Middle
East. Though featuring in the official histories as the first
Australian naval loss in wartime, AEl was then forgotten
by all bar a few (White, 1992).

After anumber of sea postings in command of various
vessels, John Foster, became Joint Commander of the
Australian Defence Advisory Group in Port Moresby PNG in
1976. There he learnt of the loss of HMA submarine AEL
In May of thatyear he arranged for the survey ship HMAS
Flinders to conduct a brief search of the east coast of the
Duke of YorkIslands. Later he provided an accountof the
loss in the Defence Force Journal (August, 1977). Being
unsuccessful in his first attempt, Foster then embarked
on what he describes as ‘rather an obsessive exercise’
in trying to locate it. This included him succeeding in
having the late Jacques Cousteau deploy amagnetometer
out of his research vessel Calypso in 1985. Foster also
records that Cousteau’s team obtained a ‘strike in a high

Figure 1.

Acgiimage ofan AE Type produced by the Defence,
Science & Technology Organization (DSTO).

probability area’ but with the submersible inoperative at
the time the cause was not investigated. The Rabaul area
it needs be noted is highly volcanic with one eruption of
Mts Turvurvur and Matupit recorded as recently as 1994.

In 2002, in seeking WA Maritime Museum support
for further searches Foster commented that he was
‘passionate aboutlocating thissubmarine. Ithas significant
historical importance as our first submarine, our first war
loss...I believe it is in the national interest...” (Foster to
McCarthy 2/03/2002). Foster’s approach was positively
received for the Department had become aware of the
wreck and its significance in the mid-90s. This occurred
when commercial diver and former Maritime Archaeology
Advisory Committee member ] .F. Clarke wrote recounting
a story from the mid 1980s attributed to a noted salvage
diver George Tyers (of [INI 124 and other fame). He had
done an extremely deep bounce dive on air to recover
a snagged anchor in Blanche Bay close to Kokopo near
Rabual. On arrival at the bottom Tyers found the anchor
caught in an old wreck that he was led to believe from
the descriptions he conveyed to an RAN contact to be
AEI At 345 feet (105m) down, understandably Tyers has
not been back to the wreck since. Further the authorities
were not disposed to act on his report, partly because the
location he described off Rabaul did not fit the historical
accounts for AEl and partly because the report was seen
as unreliable due to the effects of severe narcosis at that
depth. As a result Tyers’ requests for action by the RAN
in 1982 and 1988 were understandably not acted upon.
Later, Tyers also contacted the Museum advising that he
had found his anchor wrapped around steel stanchions
with a ‘conning tower’ visible in the distance (WA Museum,
AETFile, 52/02).

Interest in AEI also grew at the Western Australian
Maritime Museum with the formation of Friends of the
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The area in which AEI was lost (J. Foster and the
RAN).

Figure 2.

Submarine Museum (FOSM) a submarine veteran and
volunteer supportunitassistingin the developmentofthe
HMAS Ovensexhibit. It became part of a naval exhibition
curated by M. McCarthy, featuring the history of the RAN
in the Indian Ocean and the submarine service generally.
Ovens on its WWII submarine base slip, the story of the
Australian submarine service including AEI and the |
boats, and a representation of the upper-works of AE2,
as it lies today in the Dardanelles are some highlights of
that exhibition. Though an inviolable tomb in the truest
sense of the word, AE/was also seen as an archaeological
site capable of providing information on what was rapidly
being viewed as a new class of maritime archaeological
site (McCarthy, 1998).

In his 2002 approach to the Museum for support
CMDR Foster outlined his reconstruction of the loss, and
then sought advice on the best avenues for funding and
logistical support. He also provided a search strategy and
a series of prioritised search areas, based on a predicted
track, the result of exhaustive research. This and his naval
experience led Foster to believe that the vessel, which had
one engine inoperable, was not lost in a practice dive.
Contrary to official opinion, including that of the CIC
of the RAN and Lieutenant Henry Stoker Commanding
Officer of AE2, Foster believed it was most likely to have
struck a reef whilst surface running in poor visibility.
He postulated that this served to damage and flood one
of the saddle/ballast tank, causing it to heel over and
eventually sink near the reefin depths thatin his estimate
would be near 100metres, not far off the ‘crush depth’.
These deductions led him to develop a ‘priority one’
search area thus:

An area bounded by all islands to the south eastin the Duke
of York group to 1.5 miles south and east of AEI’s probable
track and to Credner Island to the west. Maximum depth is
400 metres. This area covers the likelihood of areefaccident
and the unlikely event of a diving accident following AET’s
last sighting and would relate to the submarine’s probable
dead reckoning position based on time to ETA (Foster to
McCarthy 13/4/2002).

Despite establishing this target area and seeking
Government backing to search the zone, all of Foster’s
subsequent searches were conducted without official
support. i.e. it was initially all self funded. The frustration
of those early years is evident in Foster’s chapter of his
recentbook AEI Entombed but Not Forgottenthatappearedin
2006. Suffice ithere to produce a précis of his endeavours
as recounted in that work.

In 2002 Foster flew to Rabaul with John Baya filmmaker
heading Baypond Productions, a group interested in
producing a documentary on the AEIand the war in the
PNG region. After sailing across to the search area, his
team conducted more archival and oral history work with
thelocal peopleindicating thatasubmarine had been lost
in Foster’s priority one search area. He then commenced
an in-water search with local divers. In 2003 while on
a humanitarian visit with Rotary International, he had
another search performed using a ‘manta’ sled. Again
useful oral histories were recorded while ashore. Then
John Bay and he succeeded in having the ABC join and
together they funded a documentary directed by Richard
Smith, brother of NSWmaritime archaeologist Tim Smith.
The ABC also provided the funds necessary to allow the
WA Museum’s Department of Maritime Archaeology to
finally be able to accede to CMDR Foster’s request for
more than the desk-bound assistance provided to that
date. Thus in a program coordinated by the author, the
Department was able to loan the Centre of Excellence’s
side scan sonar, the Museum’s magnetometer and also
to provide the services of the Museum’s resident expert
remote sensing/GIS operator Associate Professor Jeremy
Green. Though a wreck was not found in a search area
defined by Foster, the modern in-water phase of the
finding AEIprojectby expertremote sensing with accurate
position fixing had commenced. Green’s report on the
November 2003 search and a chapter in Foster’s book
refer (Green, 2003; Foster, 2006). Commander Foster’s
book also provides a comprehensive accounting for all
known elements of the vessel’s career, the lives of its
crew and its loss. It also examines the possibility that AET
had been accidently run down by one of its own escorts,
HMAS Paramattawhose crewfeltithad struckasubmerged
object during the search, for example. In his book Foster
comprehensively discounts the report nonetheless.

Undaunted by the lack of other government support
in finding its lost ship and crew, Foster continually
lobbied, strongly urging action both individually and
most recently utilising his advisory team, which includes
industry representatives, former submariners and service
personnel. These include Dr Michael White from the
AE2 group, Lt Gary Mellon (RAN Rtd.), Captain Barry
Nobes (RANRtd.), Captain John McDermott (RANRtd.),
Commander Geoffrey Furlong (RAN Rtd.), Major Tom
Hall RFD ED (Rtd.). In representing the Museum on this
group, McCarthy has an advisoryrole. His newly acquired
patrons the Rt. Honourable J. D. Anthony former Deputy
Prime Minister, Vice Admiral David Leach former Chief
of Navy, Vice Admiral Ian Knox former Deputy Chief of
Defence Force Staffand MrIan Barker, QC, were also akey
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to his forward progress in locating and commemorating
the wreck and its lost men. Within the RAN itself, Senior
Historical Officer John Perryman provided advice and
support ensuring that serving officers like CMDR Peter
Thompson, became aware of the significance of the loss
of AETand of the efforts of John Foster and his team. As a
result the RAN were betterable to supporthis endeavours.

Subsequently, Foster was successful in having the Navy
deploy one of its vessels equipped with side scan sonar
and a precision depth sounder in further examination
of his Priority One search zone. As a matter of courtesy
and goodwill they also examined the area of the Tyer’s
report. Commanded by LCDR Richard Mortimer, with
John Foster on board, Gus Mellon assisting on shore
and with ABC staff present, HMAS Benalla was successful
in locating a ‘strike’ in CMDR Foster’s search area, but
none in the Tyers’ area. Though they searched an area
of about 4 km sq using the 100 metre line as a datum
line, Tyer’s site in Blanche Bay produced a nil return.
CMDR Foster was of the opinion that as the Tyer’s site
lay midway between two volcanoes Tavurvur and Vulcan
which erupted in 1994 and 2006 there was a possibility,
that if there was a wreck there its presence was perhaps
masked by tons of volcanic ash. Asaresult of the ‘find’ the
Minister Assisting the Minister for Defence Bruce Billson
subsequently sent the following press release out. Many
readers will have seen the resultant articles.

The RAN survey vessel, HMAS Benalla, searched for
the submarine duringaroutine survey operation in waters
off New Britain in Papua New Guinea over the period 26
to 28 February 2007.

Mr Billson said during a wide search, of an area of
interest, Benalla discovered what has been assessed as a
large man-made object on the sea floor.

The object is approximately 25 to 30 metres long and
four metres high and in order to protect the site from
unauthorised activity, no further details will be released
about its position.

The search was conducted using a towed side scan sonar,
as well as hull-mounted survey equipment. The search
area was provided to the Navy by the leader of Project AE],
Commander John Foster, RAN (Rtd) who has conducted
over 30 years of research into the loss of AEI. Commander
Foster was onboard Benalla during the search.
I'muststress thatitis far too early to speculate about what the
objectdetected by HMAS Benallais and further investigation
using a remotely operated vehicle with imaging capabilities
would be necessary to make a positive identification, Mr
Billson said.

I'am grateful for the assistance of the Government of Papua
New Guinea for providing the necessary clearances to
conduct thisimportantsearch. Anyfuture search operations
will only be conducted with the full agreement of Papua
New Guinea authorities, he said.

Locating the AEI would help solve one of our country’s
most enduring naval mysteries. It would also provide some
closure to the descendants of the 35 crew members who
tragically lost their lives while serving our nation.

Though exercising extreme caution in claiming
to have found AEI in his press interviews and in his
Report to the Chiefs of Navy, one was initially led to the
conclusion that Foster has been finally successful after
30 years of frustrating endeavour. Mindful of security
problems, CMDR Foster and the RAN kept the locations
in confidence until a ‘ground truthing’ of the find has
been effected. With assistance from this office, he has
also made recommendations towards the security of the
site, including close monitoring of any visitations to the
area by the people living on the shores nearby. This is
most appropriate, for they have had the submarine as
part of their Indigenous heritage from the time they
saw it approach their shores, only to disappear before
their very eyes. Further it is understood that the RAN,
who still own AEI as per the Roach opinion appearing
as an appendix in Smith, (this volume) will set the ball
rollingin requestingintergovernmental liaison with PNG
authorities to help secure Australia’s first naval loss and
its first submerged war grave. Amendments to the War
Graves Act have also been suggested, again by this office,
making it an offence for Australian citizens to interfere
with any site containing Australian war-dead, no matter
whereitmaylie across the globe. Asis the case with historic
shipwrecksin Australian waters, the reporting the finding
of a newly-found site believed to contain the remains of
Australian service personnel would also be mandatory.

Editors note
A subsequent examination of the RAN’s ROV inspection
of the site by a number of specialists including the editor,
while showing interesting geological features, provided
no indications of a submarine. CMDR Foster and his
team seek a return to the ‘strike’ with a magnetometer
and a case is being mounted for an expert side scan sonar
search along the track of AElin deep water. By late 2008
he had made substantial progress to that end

As the papers were in press in early 2009 CMDR Foster
again proceeded to PNG, this time with a team of technical
divers including terch divers Dr Mark Spencer and Samir
Alhafith. Concentrating on the George Tyer’s report and
with Mr Tyers and his son on board they examined the
location, finding great changes to the seabed caused by
volcanic activity. A subsequent visit by CMDR Foster,
together with Jeremy Green and John Riley deployed
a magneotmeter and conclusively proved that AE1 did
not lie at the Tyers’ site.
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AE2. The silent Anzac. Australia’s lost Gallipoli submarine

Tim Smith

Abstract
On 25 April 1915, while Australian troops were landing
at Gallipoli, the submarine AE2 entered the straits of
the Dardanelles to attack enemy shipping. It attempted
to engage the enemy and elude Turkish gunboats for
two days until, under attack from a torpedo boat, the
submarine became uncontrollable—°‘like a floundering
whale’—and was hit a number of times. The men were
ordered to quickly abandon the boat, which was then
scuttled. The crewwere captured by the Turks and became
prisoners; four of them would die in captivity. This paper
details the work conducted on AE2since that time and it
sets the scene fore future developments.

(Written by M.McCarthy utilizing notes and images
provided by Tim Smith.)

Introduction

AE2 was with AEI, a British-built E-class submarine.
In being Australian variants of a type that formed the
mainstay of the Allied WW1 submarine fleets they carried
the designation AE.

The AE25famousentryinto the Dardanelles preceded
the landing of the Australian troops in the Gallipoli
offensive at ANZAC Cove on 25 April 1915. Though not
having the successes of later entries, notably E2, which
cleverlybuilton from the earlier lessons, AE2’swas the first
successful passage of any Allied submarine through the
Dardanelles and into the Sea of Marmara. This secured
its place in submarine history. Further, its wireless signal
announcing that success is believed to be a major factor
strengthening the decision not to evacuate troops when
the original landing proved in error. This has cemented
its part in creating the ANZAC legend.

Not understanding that there were fresh and salt
water counter-currents in the straits that could be used
to keep transit times down and thereby conserve air and
battery power, and not yet aware of the dramatic effect
of the changes in buoyancy at their interface, AE2 like
all its predecessors was at a distinct disadvantage in the
early stage of the submarine war in the Dardanelles.
Eventually, it was forced to the surface, shelled and
rendered incapable of escape. Then it was scuttled by
the crew before surrendering to the jubilant Turks.
Nonethelessit hasassumed iconic status for Australiaand
it has similar status in Turkey as a symbol of their eventual
success at huge cost in the defence of the homeland. For
the Turkish perspective of the Dardanelles campaign see
Fewster, Basarin & Basarin (1995).

The search for AE2

Following news of a search by Mr Selcuk Kolay, then
Director of the Rahmi M. Ko¢ Museum in Istanbul, the
Australian-based Project AE2 was conceived in 1997 by
technical diver Dr Mark Spencer of Sydney. In October

Figure 1.

Cgi image of AE2. Defence, Science & Technology
Organisation (DSTO).

1997, the Turkish team located a promising wreck site in
86 metres of water in the Sea of Marmara. In receipt of an
invitation to join the inspection, Spencer’s team together
with Tim Smith, their professional maritime archaeologist,
travelled to Turkey and with the help of Project AE2diver
and iron wreck specialist John Riley, assisted the Turks in
the identification of the site which proved to be an iron,
or steel-hulled coastal steamer.

Mr Kolay continued his search and in June 1998
detected a new site, resulting in an October 1998 visit by
the Project AE2 team, again at Mr Kolay’s invitation. On
this occasion the group identified the wreck as AE2. The
Australian divers also produced a photographicand video
survey of the shipwreck, and an archaeological report
which was forwarded on to the Turks, to the Australian
Government and the Department of Defence. Team
member John Riley also produced a wreck site model
to assist with the interpretation of the remains. For his
part, Tim Smith advised that though the wrecks of other
E-Boats remain in the area, it was evident that as one of
the mostintactand undisturbed British E-class submarine
wreck sites located in the world today, the AE2 site has a
number of intrinsic and potential benefits to maritime
archaeology. This built on earlier advice that AE2 and
other historic submarines around the world were bona
fide archaeological sites (McCarthy, 1988). Smith also
advised of its potential to detail state-of-the-art British
submarine design at the outset of the First World War.
He was also of the understanding thatassociated artefacts
also have the potential to provide information about life
on board asubmarine during wartime, including personal
hardship, fitting out, victualling and the organisation of
supplies and resources. In a broader context, the wreck
had the potential to assist material conservation studies
into the deterioration of iron shipwrecks in deep-water
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saline water environments. Another was its suitability for
interpretation by the public through detailed wreck site
documentation and shore-based interpretative programs.
Given the importance of the newly-discovered wreck and
the international interest in it, Mr Kolay was recognised
with an OAM and the following recommendations for
further action were listed in Smith’s report on the 1998
expedition:

Recommendations

1. a full archaeological assessment of the wreck site,
concentrating especially on the structural condition
of the wreckage.

2. a comprehensive environmental assessment of the
wreck site be undertaken in order to determine
environmental factors affecting the site’s long term
survival, in association with;

3. afull corrosion survey of the wreck site. This survey
should aim to establish the current condition of
the hull, its probable structural strength and metal
thickness in conjunction with local environmental
parameters including water depth, temperature,
dissolved oxygen levels, pH, etc. This work is to be
conducted under the guidance of a professional
materials conservator.

4. a management and conservation strategy be
implemented to include the site, artefact collection
and records collection.

5. the site’s archaeological research potential be
identified.

6. seek opportunities to educate the general public
regarding the importantrole of AE2in the Dardanelles
Campaign.

7. address the significance of preserving the AE2 as an
icon to the disastrous Gallipoli Campaign

8. highlight the important part played by AE2as one of
the Navy’s first submarine fleet units, particularly in
terms of the then recent establishment of the Royal
Australian Navy.

Following the discoveryand identification of the wreck
Australian and Turkish interests have since been very
active and theiractivities are summarised in three reports,
one produced by Smith in 1999, entitled PROJECT AE2:
Investigation of the HMA AE2 Submarine Wreck Site for
the NSW Heritage Office. Anotherwasashortened version
in the form of an AIMA Bulletin article (Smith, 2000). It
joins two otherreports, one presented in November 2003,
by Michael White QC, Centre for Maritime Law and the
last, again produced by White, being a report on The AE
2 Workshop held In Istanbul, Turkey, in May 2004. Smith
also participated in this workshop.

In 2005 the Submarine Institute of Australia
(SIA) became involved in the project, taking the lead
coordinating role in a proposed AE2 expedition, in
finding funds and attracting sponsorsfora comprehensive
archaeological survey of the wreck. SIA also took the
lead role in management discussions regarding the
wreck, in effecting the publication of the results, in
conducting a workshop of all relevant government and

Model of AE2 on the seabed by John Riley, Project
AE2 diver. 1997 and 1998 (Mark Spencer).

Figure 2.

private sectors joined to debate the many issues and to
decide on a future plan of action. In November 2005
the SIA conducted initial discussions with the Board of
the Turkish Institute of Nautical Archaeology (TINA) in
Istanbul with a view to collaborating jointly in the project.
Recently archaeological expedition permits were lodged
with the Turkish Government for a return expedition. A
budgetwas drawn up and all team members, expertise and
equipment were sourced. Sidescan sonar and Fansweep
sonar support was provided by Sonartech Atlas Pty Ltd
and an ROV and a compact penetration camera were
provided by DSTO Melbourne. This was followed by a
series of AE2 dive team workup surveys on the ltatawreck
in Sydney and on the /4 submarine in Melbourne. This
was in the context of the ‘] boat program’ conceived as
aresult of the SS Xantho study and designed specifically
as a comparative study testing corrosion assumptions
where mostvariables bar those associated with depth were
controlled. The study was also designed as a test bed for
AE2 (McCarthy, 2000; this volume) and it was also to trial
corrosion and ultrasonic hull thickness data collection
techniques. As envisaged, DrIan MacLeod alsojoined the
team as its corrosion scientist. As a further development
the DSTO developed a 3D interactive model of AE2from
original survey plans. Smith also advised thatdocumentary
film project interests were being accessed, that project
planning was nearlybedded down, that the complete team
and equipmentwere sourced and thatotherinternational
submarine archaeological projects were being monitored
in order to ensure best practice. Finally, Smith announced
plans to run the AE2 field program in conjunction with
a related study entitled Project Beneath Gallipoli. The
study aimed to examine submerged archaeological
material at main landing beaches surrounding ANZAC
Cove. This project planned to use side-scan sonar and
Fansweep sonar terrestrial and relic modelling to locate
andidentifyland-based features associated with the initial
landings, consolidation phases, and evacuation and also
the remains of timber jetties, stone landings and hulks
purposely scuttled to serve as artificial breakwaters. The
hardware of war, remains of boats, barges and lighters,
and rubbish dumps thought to lie under the principal
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ships at their former mooring sites were to be accurately
recorded, with the close involvement of Turkish and
Australian experts.

Other key sites to be considered for investigation,
pending permitobligations, were the principal British and
French fleetlosses, including arange of pre-dreadnought
battleships. Sunk by mine or German U-boat, these sites
comprise a rare class of archaeological site which have
escaped any scientific recording or analysis within the
contextof the widernaval and land campaign. All work was
tobe non-disturbance. Both Project Beneath Gallipoliand
the AE2fieldwork were to utilise the UNESCO Convention
on the Protection of the Underwater Cultural Heritage
as key guiding principles.

Editor’s note:

The fieldwork flagged by Tim Smith was completed in
2007, including corrosion studies and the recording of
site parameters. These indicated there was no imperative
to remove the submarine from its environment. A mini
ROV designed and operated by Roger Neill of DSTO was
successful sent down through the conning tower hatch,
reporting internals remarkably clear of sediment.

In April 2008, under the leadership of Rear Admiral
Peter Briggs AO (RAN Retd.) the Submarine Institute
of Australia’s AE2 Commemorative Foundation joined
Turkish and Australian interests together in Istanbul in
order to develop an agreed management plan for the
wreck. Itwas collectivelyagreed that the costs of relocating
and/or raising, conserving and exhibiting AE2 were
prohibitive and thatitshould remain in situ. Mr Kolay was
notinagreement, however. Ideasforinterpretive materials
and exhibits in Australia and Turkey were examined and
a major work examining the AE2 story from a Turkish
perspective was an earlyresult. Archaeologists Tim Smith,
M. McCarthy and conservator Ian MacLeod were in
attendance, together with SIA leaders, Roger Neill from
DSTO and other specialists. On the other hand, Project
Beneath Gallipoli did not receive support.

Appendix Ownership of sunken warships and military
aircraft(Reproduced from Roach (1996: 84-5)
Warships, naval auxiliaries, and other vessels owned or
operated by a State and used at the time they sank only
on governmentnon-commercial service, are State vessels.
Aircraft used in military, customs and police services are
State aircraft. International aw recognises that State vessels
and aircraft, and their associated artefacts, whether or not
sunken, are entitled to sovereign immunity.

In addition, such shipwrecks and sunken aircraft are
historical artefacts of special importance and entitled
to special protection. Many such ships and aircraft have
unique histories making them important parts of their
country’s traditions. In addition, these ships and aircraft
may be the last resting places of many sailors and airmen
who died in the service of their nations.

The practice of States confirms the well-established
rule of international law that title to such vessels and
aircraft is lost only by capture or surrender during battle

(before sinking), by international agreement, or by an
express act of abandonment of government property.
Once hostilities have ended, belligerents do not acquire
any title to such vessels or aircraft through the act of
sinking them. Likewise, title to such vessels and aircraft
is not lost by the mere passage of time.

A coastal State does notacquire anyright of ownership
to a sunken state vessel or aircraft by reason of its being
located on orembedded inland or the sea-bed over which
it exercises sovereignty or jurisdiction. Access to such
vessels and aircraft and their associated artefacts located
on or embedded in the sea-bed of foreign archipelagic
waters, territorial seas or contiguous zones, is subject to
coastal State control in accordance with international aw.
Itis the policy of most Governments to honour requests
from sovereign States to respect, or to authorise visits to,
such sunken vessels and aircraft.

Access to sunken state vessels and aircraft and their
associated artefacts located on or embedded in the
continental shelf seaward of 24 miles from the baseline
is subject to flag State control and is not subject to coastal
State control. Access to sunken state vessels and aircraft
and their associated artefacts located on or embedded
in the sea-bed seaward of 24 miles from the baseline is
subject only to flag State control.

Except for opposing belligerents while hostilities
continue, no person or State may salvage or attempt to
salvage sunken state vessels or aircraft, of their associated
artefacts, whereverlocated, without the express permission
of the sovereign flag State, whether or not a war grave.

Once hostilities have ended, sunken state vessels and
aircraft containing crewremainsare also entitled to special
respect as war graves and must not be disturbed without
the explicit permission of the sovereign.

The flag State is entitled to use all lawful means to
prevent unauthorised disturbance of the wreck or crash
site (including the debris field) or salvage of the wreck.

Disturbance of anyshipwreck or crashsite isnecessarily
a destructive process. In virtually every instance, once
recovery activities are undertaken, the site cannot be
restored or replicated. Anyrecovery effort which disturbs
the site denies other properly authorised persons the
opportunity for scientific discovery and study.

Accepted principles of marine archaeology, naval
historyand environmental protection require thoughtful
research design, careful site surveys, minimal site
disturbance consistent with research requirements,
adequate financial resources, preparation of professional
reports, and a comprehensive conservation plan before
artefactsshould be permitted tobe recovered and treated.
These principles apply particularly to sunken state vessels
and aircraft.

These rules do not affect the rights of a territorial
sovereign to engage in legitimate operations, such as
removal of navigational obstructions, prevention of
damage to the marine environment, or other actions not
prohibited byinternational law, ordinarily following notice
to and in cooperation with the State owning the vessel
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or aircraft or otherwise entitled to assert the sovereign
immunity of the wreck.
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The °J Boat’ Study
M. McCarthy

Abstract

Six RAN submarines all of one class launched in 1916
were scuttled in Victorian waters of varying depth between
1922-1930. This provided a unique opportunity to study
the parameters affecting shipwreck corrosion, while at the
same time controlling for mostothervariables, such as date
built, mode of construction and service histories. They
also provide an excellent training bed for those seeking
to examine the wreck of the iconic Australian submarine
AE2in deep water near the Dardanelles in Turkey.

Introduction.

Between 1922-1930 six ex-RAN submarines all launched
in 1916, with similar service histories and all scuttled in
Victorian waters. These ] Boats’ as they are called,
have the potential to provide a great deal to iron, steel
and steamship archaeology. Lying in waters of varying
depth and with different oceanographic configurations
and seabed topography, the J Boats provide a unique
opportunity to teach corrosion survey techniques, and
to test corrosion theory. Not only are they at varying
depth, but the metallurgical and temporal variables
normally serving to complicate comparative research,
are not present. This is fundamental to the progress of
the science of understanding shipwreck corrosion. Issues
such as the original source of iron ores and the effect on
metal purity, metal composition, construction technique,
date and place of construction are all factors that need
to be acknowledged, for they all serve to skew potentially
comparative data. It has long since been evident that
some of these issues could be attended to by comparison
of the degradation of identical vessels with similar service
histories, especially where they had been lost within a
few years of each other in the same body of water. This
is what the ‘] boats’ represent to maritime archaeology
and conservation science globally. As a result a suite of
‘] boat studies’ was flagged in the Australian Institute for
Mavritime Archaeology Newsletter (McCarthy 1999).

Early research at the ‘J’ Boats

An article by Gary Smith, entitled ‘A brief history of the
J-Class Submarines’ in the Bulletin of the Australian Institute
Jor Maritime Archaeology served to bring these vessels to
the attention of the maritime archaeological community
(1990). There Smith showed that the entire class were
launched in Britain in 1916, that all bar one (which was
sunk in World War One) were sent to service in Australian
waters. All were refitted in Australia in 1920, and all were
scuttledin Victorian waters during the period 1922-1930.
Two of the J-boats (/3 and J7) lie in shallow water within
Port Phillip Bay, while the other four (1, J2, J4 and J5)
lie in relatively deep water outside the Heads (at 36, 38,
27 and 36 metres, respectively).

i e

Figure 1.

ey

J2. Latrobe (Picture Collection. State Library of
Victoria).

In 1991, while working on behalf of Victoria
Archaeological Survey (later Heritage Victoria), Western
Australian maritime archaeologist Dena Garratt,
conducted an inspection of /3 located at Swan Island in
PortPhillip Bay. Thisalso included a corrosion analysis on
six areas as part of a study designed to compare corrosion
rates of ferrous metal totally immersed in the marine
environment against those constantly exposed to the
atmosphere andin the intertidal zone (Garratt, 1991). Two
yearslater, Victorian maritime archaeologist, the late Terry
Arnott produced a report entitled Identification of J-Class
Submarines in the Graveyard outside Port Phillip Headsfor the
Maritime Archaeological Association of Victoria (MAAV).
Though it was not a corrosion study, the report added
further detail to G. Smith’s account. In 1998 corrosion
scientist Ian MacLeod also visited /3 at Swan Island and
in following Garratt’s study, which he had supervised and
facilitated, took corrosion measurements as part of an
ongoing research project into the degradation of wrecks
inside Port Phillip Bay.

When first mooted by this author in 1999, the
modern ] Boat’study was also considered as a potential
testbed and underwater classroom for those gearing up to
work on the then newly-found HMA submarine AE2 (1915)
lost during World War 1 in the Dardanelles. Leaders of
the joint Australian-Turkish AE2 project underway since
the wreck was discovered in 1998 in the Sea of Marmara,
responded accordingly and recognised the importance
of the J Boats as a training tool (Smith, T., 2000). They
were also able to provide a useful training ground for
the deep water corrosion and hull thickness recording
techniques required of the dive team in Turkey.

This program was to be effected first by theoretical
lectures, followed by practical tutorials and then by
progressing from the shallowest to the deeper sites once
the measuring techniqueswere perfected. Under the study
plan, a core working group was to be formed under the
author’s leadership comprising maritime archaeologists
ShirleyStrachan, (then UnitHead), Peter Harvey and Ross
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Figure 2. The ] Boats in Hobart( Latrobe Picture Collection.
State Library of Victoria).

Anderson (all from the Maritime Heritage Unit, Heritage
Victoria), David Nutley (then of the NSW Heritage Office,
and the then President of the Australasian Institute for
Maritime Archaeology), Tim Smith (NSW Heritage Office,
Project AE2 Archaeologist), Ian MacLeod (corrosion
specialist and then Head of Materials Conservation, WA
Museum), John Riley (illustrator, deep water diver, model-
maker and noted iron and steam shipwreck specialist of
the Maritime Archaeology Association of NSW), Patrick
Baker (photographer, WA Maritime Museum), and Lyall
Mills (Logistical co-ordinator of the Maritime Archaeology
Association of Victoria). By this means the group would
come to representall Australian maritime archaeological
and shipwreck conservation interests with provision for
other specialists to join the project as the need arose
(J-Boat Study file; McCarthy, 1999).

As the program developed it was envisaged that
eventually each of the J Boats would be subject to an
identical regime of ‘pre-disturbance’ observations
and analyses. This was to include the measurement
of parameters such as depth, salinity, turbidity, burial
depth, tidal effects, dissolved oxygen content, extent of
biological growth, etc. These were considered to be base
data required of any comprehensive shipwreck analysis
(McCarthy, 1982). Still and video photography and site
plans would also be produced for site management and
comparative purposes. Further each wreck was to have
their corrosion status measured atidentical points on the
hull in both a metal thickness and corrosion parameter
milieu. These results were then to be interpreted by
appropriate specialists and a report produced. This in
turn was to be utilised for other purposes, such as the
continuing investigation of the AE2 wreck site.

At the time it was proposed that a seminar conducted
under the auspices of Heritage Victoria would be held
in Victoria in the 1999/2000 financial year. Lectures
and papers were to be presented and on-site techniques
demonstrated, with a view to the further transference of
knowledge. The resultant papers were to be published
as the second volume of specific iron and steamship
studies in the wake of the 1985 Xantho seminar. This was
considered an essential step, for it was stated at the time
that shipwreck corrosion studies
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Figure 3. Location of the deep water ] Boat wrecks (MAAV).

...can only be considered to be in their infancy and the
continuation of this stage long beyond the commencement
of iron wreck corrosion studies in the mid 1980s must be a
worry to those involved. Reproducibility of results and the
validity of predictions made are issues yet to be adequately
tested. Part of the reason for this extended gestation period
iniron and steamship site formation studies is the very small
number of experienced chemists and metallurgists (to name
but two areas of specialty) who have taken the plunge and
one aim at the proposed seminar will be to continue the
necessary transference of knowledge and the broadening
of the practitioner base in iron and steam shipwreck site
formation processes (McCarthy, 1999).

It was also envisaged that the proposed ] Boat
seminar would logically follow on from the results and
understandings then being gleaned at the wreck of the
City of Launceston where corrosion studies were also in
train (Anderson, this volume).

The ] Boat program shelved
Despite the widespread interest, the study stalled and the
projectwasshelved. Nonetheless the wrecks also provided
other important scientific opportunities as evidenced
by a report entitled Applying PhotoModeler in Maritime
Archaeology: A Photogrammetric Survey of the |3 Submarine Wreck
producedbyJochen Franke for Heritage Victoria (Franke,
1999). The sites were also popular diving attractions with
J2 being regularly accessed after 1974 and J4 a decade
later. As a result of the interest in them, a short video
about the life of the | Class submarines and the history of
their discovery and popularity as dive sites was produced
in 2000 by MBH Productions ( Watchdogs of the Deep, 2000).
Finally, Chris Westwood from the Geomatics Department,
University of Melbourne, used /5 and J7 as part of his
research into virtual modelling using photogrammetry,
multi-beam sonar and original plans (Westwood, 2004).
Thus interest in the importance of the group as
educational, recreational, scientific and historic assets to
the state and to the nation remained and it steadily grew.
Further, the ] Class submarines outside the Heads are now
protected under the Commonwealth Historic Shipwreck
Act 1976. J7 which lies inside Port Phillip Bay and was
the last vessel sunk, became historic in 2005 under the
Victorian State Heritage Act 1995. J3, despite being inside
the Bay, is technically in Commonwealth waters due to
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Brad Duncan and the propellershaft of /3 (Heritage
Victoria).

Figure 4.

the Department of Defence owning Swan Island and the
immediate waters around it.

A modern development: the J. Berenger-Pooley study

Recently, as part of amasters degree at Flinders University,
J- Berenger-Pooley, produced a Conservation Management
Planfor the entire suite of ‘] Boat’ wrecks, including aseries
of recommendations and a list of stakeholders (2005a).
These twoworksserved to summarise much of the research
and fieldwork work conducted on the J Class submarines
to that time. They also outlined existing legislative and
protection regimes, and provided another history of
the class, their construction, their wartime service, their
transfer to Australia, the operations in Australia and their
decommissioning. Site descriptions, statement of cultural
heritage significance,and an assessment of threats to their
historic fabric added further to the worth of the study.

Berenger-Pooleyalso conducted whathe characterized
as ‘A Comparative Corrosion Analysis of J-Class
Submarines’. Thiswas part-aimed at testing the theory that
corrosion rates decrease in a primarily linear fashion with
increasing water depth down to about 26 metres below
which point the overall effect of increasing depth is no
longer a major factor (MacLeod, 2002: 703).

Somewhat surprisingly, given that one would expect
that water movement inside these vessels was less than
that on the exterior, Berenger-Pooley found that the
submarines were corroding faster inside than out. In
attempting to understand this apparently anomalous
phenomenon he noted that there is less marine growth
on the inside of each submarine, where light levels were
low in comparison to the outside where extensive marine
growth is apparent, effectively providing a more efficient
physical barrier to dissolved oxygen impingement when
compared to the interior surfaces (Berenger-Pooley,
2005a; 2005b).

Berenger-Pooley also found that the relative depths
of the submarines were not the governing factor in
corrosion. With J3 and J7 lying in shallow water within
Port Phillip Bay itself, and the other four outside the
Heads (J2at 38 metres; /1 at 36; /5 at 36; and j4at 28), he
had expected that /2 would have shown the most stable
corrosion profile of them all as it is the deepest site. J21is

also popularly known as the ‘broken sub’ being split in
two thereby providing more entrances for diver access and
water flow. However it was found to be closer in corrosion
rates to /3 (at 3m), /4 (at 28 m) and /7 (at 3m). The most
stable boat was JI which is the second deepest while the
most corroding was J3. He also found that as JI and J2
are located relatively close to one another in very similar
environments, the differences were difficult to explain
purely by environmental factors.

To]. Berenger-Pooley there was also anotherimportant
factor leading /2 to have such a high corrosion rate, i.e.
its location directly outside of the Heads at the entrance
to Port Phillip Bay, opposite the Rip, an area notorious
for its currents and one thereby more likely to have
increased water flow and more oxygen available to feed
the corrosion. He also considered that one possible
explanation for /2% relatively high level of corrosion was
the presence of more non-ferrous materials on board.
These had been left as a result of incomplete salvage.
While he considered that the small amounts remaining
made this an unlikely possibility, the importance of this
observationis thatithighlights the difficultyin controlling
for the many metallurgical variables even within this one
class of near—identical vessels!

The effect of human activity on the submarines was
also considered. JI, for example, has suffered from severe
damage being situated in the middle of an anchorage.
Anchors and chain serve to remove protective marine life
that is slowing the corrosion process and also open up
new areas of the vessel to direct contact with the ocean.
Thisin turn accelerates existing corrosion and opens new
parts of the vessel to the early stages of corrosion such as
the edges of broken hull plates.

A second form of human interference was the use
of ‘shotlines’ as site markers and for diving operations.
Apart from the obvious damage caused by a fast moving
weightfalling onto the submarine, it was also evident that
arope wrapping around the hull of a submarine removes
the layer of marine organisms and corrosion products
in a similar, though less obvious, effect to anchor chain.
In his study, Berenger-Pooley found that submarines are
particularly vulnerable to this type of damage. Being
rounded structures shotlines are able to wrap around
more of the hullin contrast to a conventional wreck where
the effect is far more localized. He also concluded that
SCUBA divers may be affecting the rate of corrosion by
their exhaled air (oxygen) becoming trapped in pockets
inside the submarines accelerating corrosion. With many
modern divers using Nitrox with its greater percentage of
oxygen he also concluded that the situation is worsened,
considering that a typical mix when diving on the deeper
submarines is 29% Oxygen and 71% Nitrogen. In this
fashion Berenger-Pooley concluded that the greater level
of oxygen not only allows longer bottom times, but that
the exhaled gas will contain more O, than if air was the
breathing medium.

While these are all very useful insights, unfortunately,
and as indicated by Berenger-Pooley himself, his
corrosion study suffered from many technical and
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logistical problems. It also does not appear to have
been supervised and/or monitored by an experienced
corrosion scientist, all leading to a perceived inability to
accept the methodology and his conclusions uncritically.
Nonetheless his was yet another important step forward
in the J Boat program.

Future ‘] boat’ studies
Regardless of its procedural and analytical limitations, J.
Berenger-Pooley’s study further highlights the need for
an expert corrosion analysis of this almost unique suite
of near identical vessels in order to test the tenets and
method of shipwreck corrosion studies. With growing
interest in the AE2 wreck, to that end the imminent use
of the boats as a training ground for the AE2 contingent
using the expertise and equipment of expert practitioners
like Ian MacLeod and Vicki Richards is a most welcome
step forward.

Editor’s note: As part of the lead-up to the 2007
examination of AE2, the ‘] boats’ did become the scene
of lead up dives and gear trials.
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The latest Find! With Delgado, Johnson, Murphy e? al. on SubMarine Explorer in

Panama
M. McCarthy

Abstract

SubMarine Explorer was designed for use by Union forces
in the American Civil War, but in being delivered too
late was sent to Panama for use in the pearl fishery. So
well designed that it could descend to over 100 feet, and
open its bottom hatches to allow operators to harvest
the seabed for times approaching 4 hours each dive,
SubMarine Explorer provided amazing returns of shell. Its
inventor died and his crew all suffered from a mystery
‘fever’ however, causing the submarine to be laid up and
later abandoned. The cause was ‘caisson disease’ (or the
bends) and they were its first known victims. Inspected
in 2001, identified by JP Delgado and his colleagues, the
subject of further fieldwork in 2004 & 2006, SubMarine
Explorerwas until November 2006 the latest ‘find’ in iron,
steel and steamship archaeology (see Editor’snote below).

Background

While on a lecture tour in the Islas Las Perlas region in
2001 maritime archaeologist James P. Delgado was alerted
to the presence of aJapanese WWIIsubmarine in the area.
He was also advised thatitwas considered to be extremely
dangerous and in effect ‘taboo’ and that it was somehow
related to an abruptdecline in the pearlfishery apparently
as a result of Japanese activity there. Recognising that it
was far older, Delgado had his colleagues research the
find, which he had examined briefly, concluding it was
inventor, iron worker and engineer Julius H. KroehI’slong
lost marvel, SubMarine Explorer. Commenced in 1864 with
intention ofits partaking in the American Civil War on the
Union side, and after that in the Panama Pearl industry,
Khroel’s is one of only five pre-1870 submarines that are
known to have survived. The other four in chronological
sequence are Wilhelm Bauer’s Der Brandtaucher (1850),
on display in Kiel, Germany; an unnamed Confederate
submarine which appears to date from 1862 and is now
a display in New Orleans; the well-known Confederate
submarine H.L. Hunley in conservation at Charleston
and the Intelligent Whale of 1866, now a museum display
in New Jersey in the USA.

SubMarine Explorer, H.L. Hundley and Intelligent Whale
all had hand driven propellers providing them with the
ability to move through the water column and against
light currents. SubMarineExploreralso utilised a pressurized
working compartment that opened to the sea via hatches
in the floors. This system relied on high-pressure air
keeping water from filling the inner spaces, allowing
divers to enter and exit the craft in the water column,
and to work while settled on the seabed. This combined
the principles of the newly-developed high pressure
caissons then being used to allow workers to access
the seafloor to set bridgeworks and other foundations.
SubMarine Explorerhad the means to blow water from the
ballast tanks and replenish air in the working chamber

Figure 1.  Project leader J.P.Delgado and SubMarine Explorer
(Marc Pike, Open Road Productions/Eco-Nova
Media Group Ltd).

by introducing air stored in the compressed air tanks.
Finallyin an impressive list of innovations, carbon dioxide
build up was reduced by spraying seawater in a fine mist
throughout the chamber trapping the gas by absorbing
it into sea-water (Wood, 1865: 9).

While the largest submarine built to that time,
SubMarine Explorer is very small by modern standards. It
is a bulbous, flat bottomed craft, around 11 m long, 3 m
broad amidships, tapering atboth ends, with arudder, and
had a single, 4-bladed propeller about 1 m in diameter.
The lower hull was castiron and it has an upper pressure
chamber of clinker plated double riveted wrought iron
and was braced in similar fashion to the boilers of the
time (Wood, 1865: 3). Beneath the pressure chamber
and between ballast tanks to port and starboard lay the
‘working chamber’. The operation of the floor hatches
was described thus, ‘the floor is closed perfectly air and
water tight by four wrought iron trap doors and three
cast iron man hole plates’ (Wood, 1865: 4).

J-H. Kroehl, pearling and SubMarine Explorer
The research conducted by Delgado and his associates
indicates thatin early 1862 Julius Kroehl was hired by the
US Navy as an underwater explosives expert. After also
serving as a surveyor he returned home in July 1863, with
malaria. In his convalescence he proposed a submarine
that would allow the removal of ‘torpedoes’ (large
submerged bombs) and other underwater obstructions.
Investors, who formed the New York-based Pacific Pearl
Company, in which Kroehl was a shareholder, saw that
his invention also presented an opportunity to recover
shell and pearls in the deep water beds off Panama and
Mexico once the war had finished.

The Panama fishery dates back to the 16th century, but
was effectively ‘fished out’ by ‘naked diving’ techniques by
the time the Pacific Pear] Company and Kroehl became
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involved. In Panama, as in other similar fisheries, such as
the north-west Australian pearl fishery, naked diving (i.e.
withoututilising any but the mostrudimentary diving aids)
appears to have proved efficientin the 9 to 12 metre range,
with divers descending for 30-40 seconds on average. As
was the case elsewhere, those with access to capital then
began looking at the best means of fishing the deep-water
beds. While some looked towards complex machinerylike
submarines, most turned to the far less capital intensive
Standard Dress, ‘diving apparatus’, or the ‘hard hat’ as it
is best known (Mackenzie, 1999; McCarthy, 2000).

As Chief Engineer to the SubMarine Explorer project,
Kroehlsupervised construction at the Perrine shipyard, East
River, Brooklyn. Alerted to its near-completion, the U.S.
Navysent W.W.W. Wood, who was the Union Navy’s General
Inspector of Steam Machinery (and ironclads), to examine
thevessel. Hisreport, which was sentto the Superintendent
of Ironclad Construction for review, contained a plan,
description and suggestions regarding its use in effect
as both a manoeuvrable dive bell and portable caisson
(Wood, 1865: 16—17). While the Confederate submarine
H.L. Hunley had sunk USS Housatonic a year earlier, the
Admiral—with an eye to imminent end of hostilities—
envisaged thatKroehl’svessel would bestbe applied towhat
was soon become a pressing need, the salvage of sunken
vessels and their contents (Wood, 1865: 19).

Undaunted by the refusal to take it into the US
Navy, Kroehl and the Pacific Pearl Company completed
SubMarine Explorer,conducted three trials and then tested
it before an excited press and public in May 1866. Soon
after, it was partly-disassembled and sent on board ship to
the Atlantic coast of Panama and then by rail across the
Isthmus, arriving in early December 1866. It was rebuilt
and launched by May of the following year and underwent
a number of successful tests under Kroehl’s direction.

According to Delgado, he died of ‘fever’ on 21
September 1867, however, and there was no further
mention of the submarine until August 1869 when the
Panama Mercantile Chroniclereported on ‘the experimental
expedition of the Pacific Pearl Company to the island of
St. Elmo, in the Bay of Panama’. The following report was
carried just over a fortnight later in the New York Times

Inflated with forty-six pounds of compressed air, then partially
filled with water, it went down at 11 A.M., remaining under
water four hours, when it rose to the surface with 1,800
oysters, or aboutseven-eights of a ton of shells. The machine
afterward made one downward trip each dayfor eleven days,
at the end of which all the men were again down with fever.
Being impossible to continue working with the same men
forsome time, itwas decided, the experimenthaving proved
a complete success, to lay the machine up in an adjacent
cove and convey to the Company the gratifying intelligence.
‘We understand Mr Dingee proceeded to New York on the 31st
ult. with the proceeds of the experimental trial—some 10%
tons of pearl shells and pearls to the value of $2,000 more or
less. We are informed that Mr Dingee will return from New
York in November, when the Explorerwill be worked regularly.
Now that it is on the spot and not liable to further mishap,

Figure 2. A plan of Sub Marine Explorer showing the key
features. (A) Compressed air chamber (B) Sea
water ballast (fore, aft and side) (C) Crew chamber

(From Baird, 1902).

great results may be looked for if native acclimated men are
employed to work it. Could the machine, however, be sent to
the Tiburon Islands, where oysters are far more plentiful than
at St. Elmo its success would be still more decided; it would
there perhaps be able to bring up from the bottom a full cargo
of shell each descent, and it is capable of lifting to the surface
a dead weight of ten or twelve tons at a time, besides it own
weight, which is sixty tons. This machine is likely to create a
revolution in pearl diving. (New York Times, August 29, 1869)

These were remarkable results, with the financial
returns verifiable despite the hyperbole in which such
reports are normally couched. As some indication one
ton of shell from the North-West Australian fishery was
then fetching between £100-150 landed in London or
as indicated above, $200 per ton landed in New York.
At the time this represented in Australia a mid-level
government servant’s annual wage i.e. the equivalent of
c. $60-70,000AUS today (McCarthy, 1985: 2000).

The decision to leave Explorer—a costly investment at
an estimated $75,000 US dollars—c. $ millions today—at
Isla San Telmo after the immensely successful returns of
1869 was due to the physical collapse of its first crew and
the failure oflocallabourers, who were thought to be more
able to withstand the climate and working conditions.
Though also having an economic element, the recruiting
of Indigenous and Asian divers, has been a common
theme throughout European endeavour in difficult
tropical climes and is manifested in Australian waters in
the pearling industry (McCarthy, 1990). This theme was
apparentin the naked diving phasesand it continued well
into the 20th century when Phillipino and then Japanese
divers took over after ‘diving apparatus’ or the ‘hard hat’
became common. There are graphic accounts of the
problems European divers were experiencing with the
‘bends’ atthe turn of the centuryand of theirreplacement
by Japanese divers who seemed more hardy and better
inured to the sickness, for example (Bailey, 2002).

The Explorer’s operators were unaware, however
that with the apparent exception of Kroehl, who does
appear to have died from other causes, the Panamanian
submariners were not victims of yellow fever, but were
suffering from a totally new ailment, Caisson Disease,
that began manifesting itself after 1870 amongst workers
building submerged bridge foundations. Further, the
failure to recognise the physiological problem at Explorer
also lies partly with the paucity of trained medical
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Figure 3.

The Cyrax results. A view from above (Carlos
Velasquez & Doug Devine, Pacific Survey/Epic Scan
Ltd).

practitioners. Yellow fever and malaria were common in
the Panama region and the symptoms are not dissimilar
to the untrained eye to those of caisson disease viz joint,
eye, nervous, coordination and breathing disfunction,
paralysis, convulsions, unconsciousness, rashes, and
itching. This maladyis now called decompression sickness.

It is to be expected that the SubMarine Explorer crew
regardless of race would have been severely afflicted by
Caisson Disease, for the same article referred to above
records them conducting 12 days of diving ‘remaining
under water four hours’ each day to a maximum depth
of 103 feet (31 m). As Delgado has indicated in his IJNA
article on the subject,

notoneinahundredindividuals could avoid decompression
sickness in such a circumstance’. This also explains the
contemporary reference to their condition when they
finished diving on the 12th day i.e. ‘all the men were again
downwith fever; and, itbeing impossible to continue working
with the same men for some time. The dives were terminated
and Explorerlaid up’ (2006).

As Delgado notes, the crew of Explorer had most likely
suffered on other occasions hence the reference to ‘again
down with fever.

The SubMarine Explorer site

Thus though an un-paralled technological success
producing marvellous returns of shell, its very ability to
remain submerged for very long periods of time caused
SubMarine Explorer to be abandoned and forgotten until
it was recognised by Delgado and his informants. After
having received a permit from the Nacional del Patrimonio
Historico of the Instituto Nacional De Cultura (INAC) in
Panama and financial backing from the Council of
American Maritime Museums and the enormously
successful National Geographic International Television
series ‘The Sea Hunters’, Delgado returned to the site in
2004. In this series Delgado came to have a central role as
the host of a show with an audience for the entire series
worldwide numbering well over 42 million viewers each
year in 172 countries. The Sea Hunters was also aired in
Panama to a large audience, being beamed nationally
evenintoreceiversatquite remote locations. Asone of the
series centred on SubMarine Explorermany Panamanians—
including local and statutory authorities—first came to
learn of its importance through the television program.

Delgado’s aim throughout was to work to standards
reached at the examination and excavation of H.L.
Hunley, and to those also recommended for historic vessel
recording projects by the Historic American Engineering
Record (HAER) of the National Park Service, for which he
once worked. The detailed drawings by Todd A. Croteau
of HAER are one manifestation of this work.

An external record of the vessel was made using a Cyrax
3D Laser Scanning System operated by Carlos Velasquez
and Doug DeVine thatis described asa ‘3D laser scanning
system for complete, accurate, fast visualization and
modeling of complex structures &sites’” (Delgado, 2006).

The Cyrax data showed that the vessel is down by
the bows by around 90-120cm with a slight cant to port
(the seaward side). The scan and a visual examination,
indicates that plating aft of the conning tower, had been
distorted by an unrecorded salvage attempt. Evidence of
this also manifested itself in very thick wire rope wrapped
around the conning tower, itsapparentdistortion and the
removal of all machinery, the propeller and rudder, all the
hatches, most of the copper and brass-work and all the
scuttles and deadlights. On the beach adjacent the team
also located a flanged piece of cast iron, providing some
further evidence of what Delgado sees as interference
with the abandoned wreck. In this test phase, the team
located concreted material, piping, and other unidentified
objects thatwere notdisturbed. All were reburied and left
in situ. Delgado also conducted a limited test excavation
of the sand in the vessel’s stern in order to examine the
condition of the buried remains and also to ascertain its
relationship with underlying rocks and sediments. Later,
lines drawings and a model were also produced.

The 2006 season

Other than assisting in the usual manual and photographic
analysesin, onand around the vessel, in contextual studies,
diving and in the suggestion of management options
for the wreck, during the course of the 2006 season, the
author assisted Delgado, and also Don Johnson and Larry
Murphy the two corrosion specialists present. The methods
used by Johnson and Murphy appeared state-of-the-art,
with some innovations new to the author such as the use
of cabling to allow remote monitoring of ECorr, Ph etc.,
together with the application of inert epoxy to, not only
obtain a suitable ‘ground’, but also to ameliorate the
effects of drilling and taking samples. Their report (in
prep.) refers and it will include the results of this phase.
They have conducted numerous similar studies together
in times past (e.g. at USS Arizona and the Ellis Island
Ferry) and independently at other sites and were (with
this author) also part of the team gathered to consider
the best means of managing the Confederate submarine
H.L. Hunley in 2000.

The management options at SubMarine Explorer

Withoutreference to Murphyand Johnson’sanalyses, and as
visiblein theillustration above, itappeared to the eye that the
main-short term threat to the submarine lay in the danger
of collapse of the pressure chamber on the seaward side as
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Figure 4.

Larry Murphy with the drill and other corrosion
measuring equipment. Note the yellow cable
(behind Murphy) hooked up to Prof Don Johnson’s
meters on the beach (M.McCarthy).

aresult of the usual natural forces. While the eye and hand
alone affirmed that the remainder of the wreck is strong,
it is evident collapse of the port side will be as a slow but
inevitable result of the usual forces at play ‘between wind
and wave’. It is also extremely vulnerable to a catastrophic
impact e.g. with a large log rolling in a heavy swell, as was
evident during the 2006 fieldwork. Further the very act of
identifying the submarine’s importance has increased the
risk of collapse and damage, more people will want to see
it, more will want to enter it or to remove materials from it.
One Panamanian scrap metal merchant, attracted by the
very high prices on offerin the prevailing economic climate,
had apparentlymade plans torecover the vessel for example.

Possible solutionswere seen to be short, mediumandlong
term and low, middle and high budget. Theyvaried froma ‘do
nothing’ and allowit to disintegrate approach, toincreasingly
expensive and long term remediation programs. Either way it
was considered thatall should be preceded by the placement
of appropriate signage and interpretation materials nearby
stressing the importance of the wreck and urging caution in
all visitations. These will need to be maintained on a regular
basis (e.g. McCarthy & Garratt, 1998).

The possible remedial actions range from the simple
and relatively cheap to the complex and expensive such
as applying anodes, closing of access holes and welding
supports to replace those lost—similar to those proposed on
arecentlyscuttled warship off the coast of Western Australia.
Where diveraccessis to continue, weld-mesh could be fixed
to the entry and exit holes on the submarine secured by
weldingand/ or bygraphite filled padlocks. These could be
fixedinsuchawayandin placeswhere theydonotimpinge
on the visual aspect of the wreck, nor reduce the visitor
experience externally. There was seen to be an imperative
at Isla St Elmo, given the proven safety hazards and the
inevitable accelerated deterioration caused byuncontrolled
access. Itwas noted in the report (McCarthy, in prep.) that
the ramifications of introducing a different ferrous metal
to the submarine’s electrochemical environment would
need be examined beforehand. Regular monitoring and
maintenance would also be required.

In the mid term and if there were access to suitable
funds, the vessel could also be stabilized, raised and taken
into Panama and then sunk in a safe, secure environment
in Panamawaters, preferablyin waters onlyaccessible with
apermitand lesssaline and turbulentcompared with those
inwhichitlies presently. This would commence an in-water
conservation regime. Again, anodes could be attached as
has proved successful in many other instances and diver
access can be both controlled and even enhanced in a
touristic sense once a safe historic dive experience was
developed and maintained.

The mid-term solution mooted was the vessel’sremoval
into deeper water offshore, with some of the protective
elements above applied, all again with appropriate
signage and or buoyage. It would remain an object of
great interest, though non-divers would not benefit. It
was noted, however, that the effects of the change from
the inter-tidal to a fully immersed environment would
need be examined beforehand and the pros and cons
weighed up accordingly.

If there wasa desire to save the submarine for the future
(long term), where there were limited funds, but plenty
of labour and if public/tourist access were to be given a
low priority, then the notion of providing a strong rock
groyne to seaward of the wreck and filling it with porous
local beach sand was seen as a possibility.

This would see the wreck encased in damp sediments,
atthe existing water table, free of the cyclic effects of wave,
tide and human intervention. This approach has been
mooted at a number of ‘at risk’ sites in Western Australia
of late, for example. There is also a consideration that
violentstorms, even across the shortstretch of open water
in the channel opposite could dislodge the barrier and
harm the vessel.

It was also noted that the vessel could be raised,
transported and placed in a pre-positioned and
readied conservation tank housed in a suitable public
environment, where de-concretion, desalination and
conservation could commence in accordance with
modern best-practice. In respect of the lessons of
the SS Xantho, H.L. Hunley, USS Monitor and Holland
1 the report concluded that there would clearly be
a need to commit to the provision of conservation
facilities and staff before any move is made. The
equally important realization that decades of work
and personal commitment was also required and in
that context, the question of continuity, provided
by the chief archaeologist and if possible the senior
conservator, was considered of importance.

Finally, even when considered along with the other
maritime heritage sites in the region, SubMarine Explorer
was considered to be one of Panama’s greatest treasures.
Certainly when one considers the UNESCO Convention
on the Underwater Cultural Heritage— to which Panama
was the first signatory—it was recommended that the
future management of SubMarine Explorerwill need be in
accordance with its strictures (McCarthy, in prep.). The
author’s paper entitled The submarine as an archaeological
site also refers to this issue (McCarthy, 1998).
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Editor’s Note:

While SubMarine Explorer was the latest find in June 2006,
in November 2006 M24, a Japanese Imperial Navy Type A
midget submarine deployed on the WWII raid at Sydney
was found. It was approximately 24 metres in length (80.5
feet), of 46-7 tons, and carried two 18inch torpedoes.
With a two-man crew, Sub. Lt. Katsuhisa Ban and Petty
Officer Mamori Ashibe, it disappeared soon after the raid.
Tim Smith, the archaeologist in charge advises that after a
preliminary examination, a No-entry Protected Zone was
declared around thesite on 1 December 2006 by the Federal
Minister for the Environment, under the Commonwealth
Historic Shipwrecks Act 1976. Entry to the zone is restricted
to researchers and site managers while the archaeological
surveyworkis completed. Permits are issued by the Heritage
Branch, NSW Department of Planning, Sydney, or the
Department of Environment, Water, Heritage and the
Arts, Canberra. Penalties of up to $AUSI.1 million apply
for disturbance of the wreck and surrounding debris field.
The Heritage Branch has coordination of the survey and
assessmentofthewrecksite andis developing management
options, surveyreportsandinterpretative information that
will be progressively added to this site.
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PAPER 37

The maritime archaeology of the inter-colonial passenger steamship in Victoria

Ross Anderson.

Abstract

Maritime archaeological research in Victoria has been
conducted on a number of significant early colonial
passenger steamship wrecks relating to the pre-gold
rush (1841-1851) and gold-rush (1852-1870s) periods,
thathave undergone avariety of post-depositional and
site environmental processes. The PS Clonmel (1841)
was the first passenger steamship to operate on a
regular service between Sydney and Melbourne; the PS
Thistle was one of the ‘first generation’ of Australian
steamships; the SS Conside (1852) and SS Monumental
City (1853) were the first screw steamships to cross the
Pacific Ocean; the SS Auckland (1871) was the first
steamship to have a direct-acting engine compounded
in an Australian workshop; the SS City of Launceston
(1865) was one of the first steamships to operate on
a regular Bass Strait route, and the SS Edina (1957)
was the world’s oldest operating screw steamship
before it was scrapped. Archaeological recording of
technologyand propulsion, cargo and fittings and site
formation processes provide significant information
on colonial Australian marine engineering, early
salvage operations and life on board a colonial
passenger steamship.

Introduction

This paper aims to summarise some significant maritime
archaeological findings into a class of ship that has been
of vital importance to the development of the Australian
colonies, and indeed to the rest of the world.

Most of the passenger steamships described in this
paper operated on the inter-colonial routes between
Melbourne-Sydney or Melbourne-Launceston. Inter-
colonial passenger steam shipwrecks have long been
recognised assignificantin Victoria—the discoveryof the SS
City of Launcestonled directly to the enactment of the State
Historic Shipwrecks Act 1981, the first Protected Zone in State
waters and the formation of the Maritime Archaeology
Unit of the Victorian Archaeological Survey in that same
year (since 1995 renamed as the Maritime Heritage Unit
of Heritage Victoria). The PS Clonmel Protected Zone
declared in 1995 is the only Commonwealth Protected
Zone in the state.

Research projectsfocusing on these sites have included
non-disturbance surveys, corrosion surveys, rescue
excavation, research excavation, artefact analysis and
documentation. Five of the seven shipwrecks discussed
are in Australian waters (Commonwealth jurisdiction)
and work on these sites has been part-funded through the
Departmentof Environment, Water, Heritage and the Arts
(DEWHA) National Historic Shipwrecks Program. In all
cases the work of state and Commonwealth government
departments and volunteers has contributed to the
effective understanding, managementand interpretation

Figure 1.

The SS Conside wreck (Heritage Victoria).

of these sites by the state management agency Heritage

Victoria.The shipwrecksites being discussed in this paper

have all been located and identified and are:

1. PS Clonmel (1837-1841)—Victoria’s earliest located
steamship wreck, earliest original marine flue-type
boiler, third earliest steam shipwreck in Australia
after the PS Ceres (b.1835) and PS Tamar (b.1836);
(Harvey, 1985; Riley, J., pers. comm.);

2. SS Conside (1847-1852)—First steamship to cross
the Pacific Ocean, first screw steamer to travel
between Sydney and Melbourne, first purpose-built
steam collier, earliest iron screw steamship wreck in
Australia; (Anderson, 1999);

3. SS Monumental City (1853)—second steamship to cross
the Pacific Ocean, earliest wooden screw steamship
wreckin Australia; (Anderson, 1999; Staniforth, 1986)

4. SS Cuty of Launceston (1863—-1865)—the most intact
19th century iron shipwreck in Australia;

5. PS Thistle (1841-1857)—one of Australia’s earliest
‘first generation’ of steamers;

6. SS Auckland (1873)—first marine steam engine to be
compounded in Australia;

7. SS Edina (1854-1957)—Australia’s oldest operating
iron steamship in 1930s.

In assessing the findings of the past 25 years of
research into these shipwreck sites and their associated
artefacts—some of which are held in private Amnesty
Collections—some distinctareas of interestare thematically
highlighted. These are:

TECHNICAL

The Western Australian Museum’s work on the SS
Xantho proved that the study of marine steam engines
had the potential to reveal otherwise unobtainable
information on past human behaviour (McCarthy,
2000). While the Xanthowas a singular case, the study
of steam shipwrecks and their technical remains—such
as engines, boilers and pumps—on Victorian sites has
confirmed the value of engine and technical studies,
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Figure 2.

The SS Conside engine (Geoff Hewitt).

as they have revealed similarly unique information
in most cases. Later steamship construction may be
wellunderstood from plans and building regulations,
however, iron ships built before Lloyd’s Rules for Building
Iron Ships (1863) such as Edina (1957) have been shown
to have smaller sized frames. The construction of
wooden-hulled steamships such as the Clonmelcontains
information on changes to traditional wooden sailing
shipbuilding practice. Archaeological research into
all types of sailing, iron and steamship construction
has the potential to reveal otherwise unobtainable
information on experimentation, adaptation and
practices.

POST-DEPOSITION SALVAGE

The disastrous loss of important vessels led in most cases
to large scale and long-term salvage efforts, that has left
archaeological signatures on the sites. If site conditions
allowed, shipwrecks were usually first subjected to
attempts at full salvage, and if this were not possible, ship
abandonmentand salvage activities related to ‘functional
re-use’ (Richards, 2002: 53). The study of this aspect of
the post-depositional stage at shipwrecks has become of
increasinginterest to researchers and iron and steamships
as a class of vessel have proven to be a rich area for study
(see Richards, 2002; Fielding, 2003; Steinberg, 2005;
this volume)

LiFE ON BOARD

Classes of artefacts ranging from cabin furnishings to
bottles and ceramics provide us with information on ship
layout, fit-out, plumbing, hygiene, catering, standards of
luxury, consumption and entertainment.

INTER-COLONIAL TRADE AND ADMINISTRATION

In terms of Australian maritime archaeologylittle attention
has been paid to the study of 19th-century inter-colonial
cargoes, the focus has mainly been on early international
sailing shipwrecks with colonial cargoes e.g.; Sydney Cove
(1797), William Salthouse (1841), James Matthews (1841).

SITE FORMATION PROCESSES
Iron and steel steamships have distinct patterns of site
formation depending on their site environment (Riley,
1988; McCarthy, 2000). The different site environments
of the afore-mentioned shipwrecks, their locations in
relation to the major ports of Melbourne or Sydney, post-
depositional site formation processes and current states
of preservation have revealed different extents and types
of information, in some cases surprisingly so. Further
information on the effects of archaeological survey and
excavation on iron ship hulls with implications for long-
term conservation has been recorded in the case of the
SS City of Launceston (MacLeod, in press).

The following paragraphs will discuss individual site
information in terms of these themes.

Technical

In 1983 McCarthy and conservator Neil North decided
to treat the SS Xantho engine as a single artefact during
research into plans involving its raising and conservation
(McCarthy, 2000: 129-130). The idea of large, complex
engines, boilers and machinery as single artefacts (as
opposed to more delicate and smaller items) is extremely
pertinent to the discussion of human behaviour aboard
steamships. While mass-produced, industrial age artefacts
such as these may be seen to be rusting indecipherable
lumps ‘devoid of the touch of human creativity’, to the
steamship archaeologist they have the potential to reveal
much abouthuman behaviour, particularly modifications
and repairs that were undertaken constantly during the
life of a steamship.

The SS Conside wrecked on Lonsdale Reef at the
entrance to Port Phillip was originally incorrectly
identified by divers as the wreck of the tug SS Black Boy
(1883) (Wealthy & Bugg, 1995: 28-29). The Black Boy
had a twin-cylinder, inverted, direct-acting engine and
was wrecked in heavy seas, while salvaging the wreck of
the four-masted sailing barque George Roperat Port Phillip
Heads in 1883. The Conside site was correctly identified
following the Wrecks on the Reef regional site survey and
subsequent referral to John Riley’s engine diagrams in
the first published papers of Iron ships and steam shipwrecks
(Riley, 1988: 192). From this the engine was identified
as a geared oscillating engine, and the SS Conside is now
known to have the earliest geared oscillating engine
located in Australia (Anderson, 1999).

Only one other geared oscillating engine has been
located in Australia—that of the earlier SS Royal Shepherd
(1890) in NSW. Geared oscillating engines originally
designed to operate paddle wheels were adapted to run
screw propellers, with the addition of a small toothed cog
to run the propeller shaft low in the hull and at a higher
number of revolutions. The engine isrepresentative of the
rapid developmentsin steam engineering and adaptation
of marine steam engines occurringin the mid 19th century,
and a pre-cursor to the dominance of the screw steamship
in ocean trades. A detailed technical study by Hewitt
resulted in an assessment of the impact of this technology
on human behaviour at the time of wrecking (Hewitt,
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Figure 3.

1998). Further historical research into the background of
the Consideresulted in the realisation that it was the first
steamship to cross the Pacific Ocean (Anderson, 1999),
not the SS Monumental Cityas previously recorded by both
historians and maritime archaeologists (Staniforth, 1986;
Wiltsea, 1938; Heyl, 1953; Lawson, 1927).

PS Clonmel—this wreckis nowknown to have the earliest
original marine steam boiler located in Australian waters
(J. Riley, pers. comm., 2004). Analysis of the wreck site
has resulted in a better understanding of the orientation
of the wreck site, and has suggested the engine was
likely to have been a side-lever type engine. Valuable
information about the true extent of salvage activities,
contrasting with the historical record, has been gained
from maritime archaeological survey (see ‘Post-deposition
salvage’ below).

SS Auckland—during aregional survey of the steamship
wrecks on Beware Reef conducted with the participation
of John Riley, the steam engine of the SS Auckland was
identified and recorded (Riley, 1999). It was known from
anewspaper article that the engine had been modified by
the Australasian Steam Navigation Company (ASNCo),
and its simple two-cylinder, low pressure steam engine had
been compounded making it the first compound engine
to be successfully manufactured in Australia-though no
further details or records indicated how this historic
modification had been undertaken.

The survey showed that rather than having a sleeve
fitted to one of the two cylinders as expected, the engine
was compounded by having an extra high-pressure cylinder
added to each side of the low pressure cylinders with the
crossheads of the high and low pressure cylinders joined
by alever (Riley, 1999). In contrast with the engineering
‘make-do follies’ found on the Xantho, the modifications
on the SS Aucklandare consistent with Michael Richards’
assertion that as early as the 1840s:

Auckland engine (left) before modification (right) after modification (John Riley).

Australian marine engineers were not slow in establishing
a reputation for both innovation and willingness to adopt
the latest technology from overseas, often before such ideas
were fully accepted in Britain, while the workshops of those
days could competently produce the latest designs of the
era (Richards, 1987: 17).

Following this, it may be surmised that the better
equipped engineering workshops, salvage facilities, ports
and coal supplies of the east coast have led to a different
iron and steamship wreck resource to that of the more
remote western and northern Australian coasts, at least
until the 1870s.

PS Thistle—the iron-hulled PS Thistle was one of
Australia’s earliest ‘first generation’ of ocean-going
steamships (Richards, 1987: 20) ordered along with
the PS Rose and PS Shamrock in 1839 by the Hunter’s
River Steam Navigation Company. The PS Thistle
was the second ship to be delivered following the PS
Rose (making it the second seagoing iron steamship
in Australia), and operated between 1841 and 1857.
No other ocean-going steamship was ordered for
Australian service until 1850. The Thistle was wrecked
while attempting to cross Port Albert Bar when, despite
the desperate throwing of furniture, deck fittings and
alarmed passengers’ luggage into the boiler furnaces,
it ran out of fuel. A non-disturbance survey of the site
at Port Albert has revealed that the early side-lever
engine and boiler are mostly intact, with remains of
the hulllikely to be well preserved in the shallow sands.
The wreck sites of the wooden-hulled PS Clonmel and
iron-hulled PS Thistle (and later SS Blackbird (1878)
at the Port Albert Bar (Hewitt, 1988) form a unique
concentration of some of Australia’s most significant
early steamship wreck sites.
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Figure 4.

The SS Thistle site plan (Geoff Hewitt).

Post-deposition salvage

The earliestreportof steamship machinerybeing salvaged
was the recovery of the engine from Robert Fulton’s
first experimental steamboat that sank in 1803 in the
Seine River, Paris during a storm. The lightly-built hull
broke in half under the strain, however the machinery
was recovered and ‘found to be practically uninjured’. It
was later installed in a heavier hull and proved successful
(Fletcher, 1910: 28; Spratt, 1953: 13). The first salvage
of steamship machinery in Australia was successfully
undertaken on the Ceresin 1837 by engineer John Korff,
who was later involved with the initial salvage attempts on
the Clonmel (Harvey, 1999: 20). The first report of divers
using standard dress for underwater salvage operations
in Australia is on the wooden barque Eglinton (1852),
wrecked near Swan River, Western Australia (Stanbury,
2003: 5-6). Thus the engineering and diving ability to
conduct underwater salvage on major shipwrecks was
available in Australia from an early period.

Initial studies of steamshipsin Victorian waters showed
the effect of modern scuba diver activities on steamship
sites. Most were damaged and looted through use of
explosives and by scrap metal removal activities during the
1960-70s. Nevertheless contemporary post-depositional
salvage, as well as technical information remains to be
recorded. Research into abandonment and salvage
processes on shipwrecks contributes to an understanding
of'site formation, human behaviour and the technological
and economic environment available at the time within
the wider ‘parent culture’ (Richards, 2002: 29-49).

PS Clonmel—the earliest recorded salvaging of a
steamship in Victorian waters is that of the Clonmel, which

after being caught in a coastal-setting current while on a
voyage from Sydney to Melbourne, accidentally discovered
Port Albert when it struck the bar there (subsequently
named Clonmel Sands). The subsequentsalvage activities
led to a camp of fifteen wreckers who remained on Snake
Island for three months, to the charting of Port Albert
Entrance and (according to the newspapers at the time)
the ‘full recovery’ of the steamer’s engines (Harvey, 185:
24-28; Harvey, 1999: 20-22). A maritime archaeological
survey of the site after large-scale erosion of sand in 1995
proved that the Clonmels engine cylinders and some
copper steam piping had not been salvaged, in contrast
to the historical record. It is apparent that where full
salvage of heavyitemswasimpossible, prioritywas directed
to salvage of the expensive and difficult forgings such as
the crankshaft/ paddle shaft for re-use, with the limited
resourcesand equipmentavailable at the time and location
(Riley, pers. comm., June 2006).

SS Monumental City (1852) fieldwork at Gabo Island
in 2005 identified previously unmapped components of
the Monumental City site including broken parts of the
engine crankshaft concretedinto areef. While the engine
cylinders had been previouslymapped, thisrecent finding
shows that unlike the Clonmelwhere the paddle-shaft was
recovered for re-use, the Monumental City’s remote, high
energy location negated salvage of engine components
by contemporary diving operations. It also shows that
the engine was blasted by modern scuba divers to obtain
the bronze/copper alloy bearings—most probably by
charges placed on the crankshaft itself-that caused the
crankshaft to break into pieces (Heritage Victoria file,
SS Monumental City).

SS City of Launceston (1865)—The wreck of the SS City
of Launceston has 17 hydrogen gas generators scattered
over its main deck and seabed, known as Maquay Lifting
Devices after their inventor Samuel Maquay (Arnott,
1996; Maquay, 1866). The devices were intended to raise
the wreck by harnessing the gas generated by sulphuric
acid and zinc cuttings as it filled waterproofed balloons.
A combination of a major wreck close to a port during a
gold rush with cashed up speculative investors led to this
unique experimental salvage attempt, which ultimately
failed. Along with the Maquay devices, remains of the
triangular balloon harnesses have been observed and
some balloon textile (rubberised canvas) has been
recovered during archaeological excavations 1997-2002
(Anderson, in press).

The wreck of the hulk Eleutheria (1866) that sank
during a ‘chain and hulk’ lift, a common form of salvage
utilising tidal range to lift a wreck from the seabed
into increasingly shallow water, lies close to the City of
Launceston. It is another important component of the
wreck’s salvage story.

SS Edina (1854—1957)—the SS Edinawas famousin the
1930s as the oldest operating steamship in Australia and
perhaps the world, when it was still ferrying passengers
around Port Phillip after a long career of international
and inter-colonial and local services. It had berthed over
14,000 times at its Queen Street wharf by 1929 (Leek,
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2006: 42). The wreck is an interesting case study into
the salvage, re-use and breaking up of an iron steamship.
Proposed construction of new river training walls on the
Maribyrnong River in 2004 led to an urgent assessment of
thelower partof the bow of the Edinawhich lay embedded
inan embankmentadjacentan old ship-breakingyard. As
the bow was concrete-filled, it was not part of a general
scrapironrecoveryin 1957-58, and wasleftin the training
wall. Subsequent development and road-works in the
adjacentship-breaking yard areafound another bowfrom
a larger iron ship lying buried in landfill.

Coincidentally in June 2004 a media article reported
that the Sunnyside Wool Scourer Company had recently
discovered a collection of cabin lining panels stored in
their Geelong factory said to be from the Edina. Prior
to it becoming a lighter the Edina was stripped, and an
auction of fittings and gear was held on Ann Street Pierin
August 1938 (Leek, 2006: 43). As aresult, a large amount
of Edina material is known to have been widely dispersed
(GeelongAdvertiser, 30/6,/2004) . The Sunnyside factorywas
in the process of moving out and dispersing these objects
so Heritage Victoria’s Maritime Heritage Unit recorded
all of the cabin panels, doors and columns keeping one
good example of a panel as asample. Research at the time
indicated these were likely to be from the 1854 original
cabin fit-out of the Edina. The brass/ copper alloy hinges
on one of the doors have the maker’s name ‘W. McGeoch
& Co. Ltd, Glasgow/ 804 4x 14’ and amark ‘S’ enclosed
within a diamond.

Although built in 1854 and being Australia’s oldest
working steamship, as the Edina was ‘wrecked’ in 1957,
initially it could not be registered an historic shipwreck,
the wreck being less than 75 years old. A special Case for
Declaration was made and soon afterwards in July 2004
the Heritage Council’s Historic Shipwrecks Advisory
Committee recommended the bow of the Edina be
protected as an historic shipwreck site, along with its
associated relics including the cabin panels. While not a
complete hull the remains of the Edina are a significant
reminder of one of Australia’s longest-lived iron
steamships, and industrial maritime and ship-breaking
activities on the Maribyrnong River. It lies within a
maritime precinctat Footscray thatincludes the heritage
registered Footscraywharves, warehouses, old Yarra River
course, Maribyrnong swinging bridge abutments and
Maribyrnong River barge wreck.

Life on board

The intact nature of the archaeological deposits on the
SS City of Launceston (1865) in particular have provided
much information that can be applied to similar steam
shipwrecks of the same era.

Hygiene—artefacts recovered from inter-colonial
passenger shipsinclude a personal hygiene kitfrom the SS
Monumental City (1853), toilets, chamber-pots, washstands
and plumbing fittings from the SS City of Launceston (1863).
A ceramichand-basinfragmentfrom the PS Clonmel (1841)
is believed to be the earliest evidence of plumbing in an
Australian shipwreck. The Victorian era was a time when

Figure 5. Maquay devices patent (Heritage Victoria).

it was considered that ‘cleanliness is next to godliness’,
and personal ablutions were as important to appearances
as manners and personal morality to achieve standards
of middle class decency. It can be seen that the standards
of luxury and ‘appointments’ of steamships reported in
newspapers of the time were referring as much to the
standards of hygiene on board as well as tastefulness of
the furnishings and decorations. The SS City of Launceston
featured flushing toilets and running water on tap to cabin
washstands before such luxurieswere commonlyavailable
toMelbourne’s domestic houses. Similar decorated toilets
found on the wrecks of the warships CSS Alabama (1864)
and USS Monitor (1862) were possiblyreserved for officers’
use, while those on the City of Launceston were available
to all classes of passengers.

Cabin furnishings—research into cabin furnishings
on the SS City of Launceston including its extendable
dining table, a sideboard or chiffonier, folding chairs
and SS Edina cabin panelling has revealed some original
details of early steamship cabin accommodation. A
significant finding in relation to the City of Launceston
table is that a skilled shipwright produced it, rather than
a cabinetmaker (Hodgson, 2004) providing insight into
Glasgow’s shipbuilding industry and its artisans. Folding
and extendable cabin furniture and curtain screens were
used to adapt space from daytime to night use i.e. from
mealtimes and social spaces to private sleeping space.

The cabin lining panels and doors from the SS Edina
show exquisite work in the Japoning (inlaying) of three
different types of veneers to make floral vine, seashell
and Neptune’s trident patterns, as well as cushioning and
wood carving. The main panel sections consisted in turn
ofbase panels, decorative centre panels (either cushioned
or with inlaid veneers) and top panels. They were fitted
together using dowels with covering strips covering the
joins, the panel sections being screwed into cabin walls
orstuds. There is potential to undertake further research
into ship furniture and furnishings Australia-wide with
many private and regional museum collections holding
shipwreck artefacts such as cupboards, stairs, doors, step-
treads, lockers, chairs and cushions.
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Food and beverage consumption—The City of
Launceston features an intact tiled galley with pots lying
collapsed on the stove, while what was originally thought
to be a double trough lead sheet sink has been identified
as an icebox used in pre-refrigeration times (Riley, J.,
pers. comm., 2006). Artefacts such as bottles, ceramics
and dining crockery reveal the nature of mealtimes
and the foods and beverages consumed. One artefact
recovered from the galley of the City of Launceston is a
creaming nozzle, used to decorate scones, sweets, jellies
and cakes—favourite luxury foods of Victorian society.
In contrast, for shorter inter-colonial routes it appears
that food would have been pre-prepared at a city hotel,
delivered dockside, and reheated or decorated on board
(Riley, J., pers. comm., 2006).

Inter-colonial trade and administration

Artefacts such as coins, metal ingots, ceramics and bottles
can provide further information on provenance, artefact
trajectories and trade between the Australian colonies.

PS Clonmel—contemporary newspaper accounts
described the Clonmel as carrying a cargo of bank notes.
While these were not in evidence, numerous coins were
found on the site, the oldest dated coin being a 1782
English penny. Such artefacts may be seen in context with
historicaladministrative and governmental concerns, such
as the currency shortage that was affecting business and
related to the 1840s depression.

Part of the Clonmel cargo being transported from
Sydneyincluded stock for Mrand Mrs Michael Cashmore’s
new Melbourne drapery shop. Further analysis of this
material has potential to provide information on 1840s
colonial middle class consumption, trade and tastes.

SS City of Launceston—a stoneware bottle marked
E.]. Prevot was originally thought to be imported, but
the company is now known to have been a Melbourne
supplier of softdrinks and beverages. While notnecessarily
surprising that a Melbourne firm was supplying a
Tasmanian company’s ships, it does indicate the growth
oflocal manufacturing, economic relationships between
the Australian colonies and that they were becoming less
dependent on imported goods. This type of information
is not always available in the historical record, and is an
example of how the micro-study of such artefacts often
provides the impetus for further macro-research into
economics and inter-colonial trade. There is potential
for further research in this area.

Steamship crockeryand engraved metal ware, marked
with the company names and logos of steamship owners
and companies, are among the earliest examples of mass
marketing and branding. These were designed to attract
regular customers on competitive routes, at a time when
the village market and individual operators were giving
way to joint stock companies, industrialisation and mass
consumerism.

Site formation processes
Victorian steamship sites discussed in this paper have
included the 70% intactwreck of the SS City of Launceston,

and one of the leastintact, being the SS Edinawith perhaps
1% remaining. These shipwrecksrepresentopposing ends
on the scale of site integrity, nevertheless much can, and
has, been learnt from both, and from those sites that lie
somewhere in between.

Evenin the case of heavilysalvaged sitesin high-energy
environments, much can be learntfrom solid long-lasting
engine components, ranging from basicsite identification
to human behaviour.

Although the study of site formation processes is often
assumed to be simply how a site attains its present-day
state, it also includes current and future management
to ensure long-term stability of sites for preservation
and access by future generations. Protected Zones, the
application of cathodic protection, wreck markers, both
above and below water, diver information slates, public
exhibitions and many other management tools have been
used to understand and protect our iron and steamship
sites for the future.

Agency work has included regional surveys, site-
specific maritime archaeological site surveys and
excavation, protection, amnesty artefact recording,
popular publications such as books and brochures,
exhibitions, public access programs and conservation
plans. Archaeological research has resulted in
significant findings that can be used in public access
and interpretation, and for management purposes to
determine the most appropriate use of resources to
safeguard these significant sites’ futures.

Summary

Maritime archaeological work by professionals and
volunteers on Victorian inter-colonial steamships has
resulted in significant findings.

Despite four of these wrecks (Conside, Auckland,
Monumental City and Clonmel) occurring in high energy
environments, and having been salvaged for scrap metal,
their components in the form of heavy steam engine
parts and boilers have provided technical and human
behavioural information, that allows us to reconstruct
partof the world of steam shipping and shipwreck salvage
along Australia’s coastline.

The historical and archaeological information from
a number of steamship wrecks provides insights into the
people involved in Australian colonial steam shipping that
might otherwise never have come to light. In particular
twosignificantindividualswho emerge are the Australasian
Steam Navigation Company’s engineer Mr Jeffery, who
supervised the compounding of the Auckland’s engines,
and Mr Samuel Maquay’s unique application of gas laws
to the salvage of the City of Launceston.

Work remains to be done on all of these sitesand other
inter-colonial steamship sites such as the SS Ant (1866)
wrecked at Thirteenth Beach, Barwon Heads. It was the
first steamer to travel directly from Belfast, Ireland to
Melbourne. Similarly the SS Champion (1857) wrecked
near Cape Otway is another early steamship. It was built
ayear after the Consideby the same makers T.D. Marshall
and it is predicted to have an intact geared oscillating
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engine. The recent discovery of the passenger steamers
SS Kanowna (1929) and SS Queensland (1876) by Southern
Ocean Research members in 70-80 metres depth in Bass
Strait, represents anew phase ofiron passenger steamship
archaeology and site management for the 21st century.
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Archaeology of the iron barque: Stowage on the Sepia

Corioli Souter

Abstract

Lasting longer than the equivalent wooden-hulled wreck
in exposed conditions, a fabric of iron gives a three
dimensional quality to exposed remains which in many
cases serves to not only preserve the objects contained
within, but also their original position at the time of
wrecking. Thisaspectofiron shipwreck archaeologywill be
explored with an examination of the in situremains of the
iron barque Sepia (1898). While the focus of this study is
on theidentification of cargo assemblages, an opportunity
to provide a method of relating a vessel’s cargo in order
to answer broader questions about shipping practices
arises. A focus on stowage method as recommended in
contemporary literature assists in that analysis.

Introduction

Shipwreck assemblages can sometimes serve to illustrate
in greater detail what was being imported and can also
act as a test of the documentary record especially where
the record is sparse as was most often the case in the
Swan River Colony. The Sepia, a three-masted iron barque
en route from London when it foundered in 1898 on
the Five Fathom Bank outside Fremantle provides an
excellent opportunity to examine this premise. Further,
an examination of the Register of Shipping Arrivals and
Departures at the Port of Fremantle, indicates that Sepia is
representative of the British vessels trading in general
merchandise which visited Fremantle in the late 19th
century.

The author’s initial research strategy at this wreck was
to examine ‘portable material culture’ (Staniforth 1999:
81) by the interpretation of individual objects in the
Sepiashipwreck collection held by the Western Australian
Museum (WAM). This assessment was designed to be a
continuation of archaeological analyses of ship cargoes
initiated by researchers such as Nash (2001), Stanbury
(2003, Staniforth (1995) and Strachan (1986) at late
18th and early 19th century Australian shipwreck sites,
respectively.

The expectation at the outset was that shipwreck
material in the Museum’s collection, together with the
documentary evidence would provide enough evidence
of the type of goods entering Fremantle in the late 1800s
and enough to attend to broader issues like Victorian-era
consumption. Due to the limited size and range of artefact
types in the collection, it soon became apparent that this
datasetwasinadequate however. Ithasbecome evident that
this is a problem endemic to many Australian shipwreck
collections for only a handful of colonial shipwreck sites
have been excavated in their entirety.

Itisnowalso evident thatshipwreck artefact collections
across the nation are usually biased by collection protocols
and/or research priorities, if indeed there were any
to begin with. The evidence shows that many colonial
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Wreck of the barque Sepia (West Australian
31/12/1898).

Figure 1.

collections were in fact the result of uncontrolled surface

recovery or donations from early divers. The Western

Australian Museum’s Sepia collection, for example,

consists of a limited number of ‘collectables’ (i.e. objects

selected by recreational divers solely on their aesthetic
qualities and wholeness of form). These are only partially
representative of the cargo as aresult. As a result of these
deficiencies the data-set in the Sepia study was expanded
to include interpretation of material remaining in situ.

These objectsand theirlocation would then be correlated

to those already collected or at least placed in some kind

of associative context.

This in turn required site formation processes to be
identified in order to accurately assess the assemblages
and toassistin determining ‘association’ as defined below;
1. Primary Association: materialsin their original position

as they rest in the ship’s hold and in direct physical

association with the ship structure.

2. Secondary Association: Artefacts or vessel structure
physically detached from the primary association of
the vessel whose original position can be retraced.

3. Tertiary Association: Objects occurring in highly
dispersed contexts whose initial position cannot be
retraced.

Also considered in this process were the effects of
contemporary salvage and post-deposition (i.e. post-
wrecking) salvage on the material record. While these
are acknowledged as a fundamental part of the process,
they remain little understood particularly compared to
some terrestrial post-deposition processes (Oxley 1998:
52). Contemporary salvage undertaken by the owners,
insurers or their agents can be substantial and is termed
‘primary salvage’ (McCarthy 2000: 59).

There are, however, no surviving records of primary
salvage at Sepia other than the name of the salvor, the
amount paid for the hulland a shortlist of salvaged goods
subsequentlyavailable at the publicauction in September
1899. As an indicator of this, the consignees who advised
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of their losses (predominantly liquor) were A.E. Tolley
and Co., Burns Philp & Co., Thomas Haywood and Son
of Bunbury and Milne & Company. For their part P. Falk
and Company had ‘fancy goods’ on board, Mongers West
Australian Stores Ltd. had food and ironmongery while
G. & R. Wills and D. & W. Murray had ‘soft goods’ ( West
Australian 31/05/1898). The loss of the vessel was said
to have caused ‘a considerable amount of inconvenience
to the firms mentioned’ as they were ‘depending in
great measure upon her for their regular supplies’ (West
Australian30/12/1898). Asfurtherindication of the range
of goods on board, Learmonth and Co. advertised the
Sepia auction for Tuesday May 23, 1899 (West Australian
22/5/1899 2b) and gave a general list of items available as:
Assorted ironmongery

Coke Forks, Groceries

Lead, Paints, Linoleum

Drapery, Tram rails

Crockery, Toilet sets

Lime Juice cordial etc. etc.

This represents only a very small percentage of
the general cargo nonetheless and in the absence of a
surviving manifest, this list, along with the consignee
claims, provides the only contemporary indication as to
whatwas being carried on board. There is also no archival
evidence describing the salvage methods employed, or
detailing where the cargo was recovered from within the
hull of the vessel.

While primarysalvage was often substantial, ‘secondary
salvage’, or salvage undertaken by individuals or groups
other than those directly involved at the time of wrecking
generally occursyearslater when the original stakeholders
no longer have any vested interest in the site and it is
essentially abandoned (McCarthy, 2000: 59). In these
circumstances, what is in effect unauthorized and illegal
salvage generally occurred decades later, often after the
wreck was rediscovered by SCUBA divers in modern
times. This most often occurs in the context of materials
that have been greatly affected by natural site formation
processes such as hull collapse through the effect of seas,
swell and corrosion, the growth of concretions, adhering
marine life and so on.

Despite the passing of time and these effects, the
observations made by the divers are important in
obtaining a feel for the cultural disturbance to the site
in a secondary salvage mode. They are also important,
providing descriptions of what artefacts were visible to
the divers. In one report from the Underwater Explorers
Club (UEC), the first modern divers to see the wreck,
for example, they noted that ‘the Sepia was uncovered
to a higher degree than on the last time they visited the
wreck. Amongst other things, hundreds upon hundreds
of empty bottles, still packed in the broken hull in
surprisingly regular order, were visible’. These bottles
were stacked ‘one-up one-down’, but the crates in which
they were carried were not seen (UEC News November
1964; Buhagiar & Murphy 1990: 2). As a result of their
distinctive shape, these bottles they incorrectly called
‘champagnes’ (UEC News November 1964). Similarly,

there are anecdotal reports of divers observing boxes
of clay pipes in the wreckage. Newspaper reports also
supplement diver recollections and provide us with the
first written indication of the appearance of sites soon
after they were re-discovered. One local source is Hugh
Edwards’ Diving into Adventure columns in the Daily News
during the 1950s. While much of this has proved useful,in
March 1972 the site was blasted by explosives in order for
divers to access the hold of the wreck adding even further
to the difficulties faced by the Museum in analysing the
site. Similarly, there is now increased sand accumulation
in the bow area of the ship when compared with accounts
and images from previous surveys between 1972 to
1990. This region is considered dynamic in response to
interaction between the prevailing southerly wave regime
and bathymetric features. The prevailing south-westerly
swells impose a northerly sediment transport regime
on exposed west-facing shores and surfaces within the
region, the wreck included. The exposed portside and
accumulation of sediments in the bow section of the hull
supports this notion.

Nonetheless the evidence provided by those involved
in both primary and secondary salvage, when joined with
the evidence provided by contemporary cargo plans
and contemporary stowage manuals, does allow useful
conclusions to be drawn about stowage method and
ultimately where objects were originally located on the
ship before it was lost.

Even then one needs proceed with caution. As one
example, while very heavy items such as ironmongery,
tram rails and the like are expected to have been stored
low on the floors of the ship in various sections of the
vessel for the purposes of ship stability, some of it could
also have been be stowed on and between decks in order
to raise the centre of gravity (Taylor 1944: 43). This was
to avoid too rapid a return to the vertical after rolling at
sea, as well as a potential dismasting (MacGregor 1984:
185). Further, sometimes heavy or bulky cargo was of
necessity carried on deck for ease of access and for
loading and unloading (Taylor 1944: 41). Where stored
low, but to save extra pressure on the bilge, some stowage
plans recommended iron to be kept as much as possible
fore and aft on the flat of the floor, closer to the keelson
than the ship’s sides (e.g. Stevens 1893: 344). This would
explain why, though rails are relatively portable and easy
to salvage, we still find them on many contemporary sites
such as Mira Flores (1886) and Carlisle Castle (1899), for it
would have been difficult for early salvors to recover all
of them while the decks remained in place.

These various considerations require a brief
examination of 19th century stowage method in iron
holds before proceeding further with an analysis of the
cargo types on Sepia.

Stowage methods examined

The stowage of a general cargo was normally in a tier
form, for example. The strongest casks such as tallow and
other liquids, including beer, made up the bottom tier.
Wines, spirits, oils, vinegar and molasses were reserved for
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the second or third tiers to aid in stability and according
to the size of the ship itself. If possible, dry goods were
stored separately in the aft hold. It was recommended
that manufactured and valuable goods have dunnage 2.5
inches thick against the sides to protect the cargo and
preserve a watercourse. In the fore hold and the forward
part ‘rough freight’ such as crates and hogsheads of stone
and earthenware were stored. Miscellaneous goods such
as boxes of cheese, kegs and tubs of lard or other small
or fragile packages were placed by themselves and if
practicable, stowed at each end of the vessel. Permanent
dunnage was partofaship’swood-work and general outfit,
although the contemporary shipbuilding treatises do
not include details of its installation. Accepted stowage
practice required cases to be stored in strictly horizontal
tiers. For spaces where this condition could not be met,
dunnage wood was placed up to the level of the next tier
in order that the whole load should be evenly distributed
and no containers subjected to crushing or deforming
pressure. All perishable goods required dunnage and
the general rule was not to have less than six inches of
dunnage on the floor, nine in the round of the bilges,
three inches above and two in the ‘tween decks (Stevens
1893:184).In the holditwas recommended one orseveral
series of dunnage boards be laid athwartship to bind the
load together when its size was such as to require use
of full height of the space (Garoche 1968: 3). A similar
arrangement of boards was also observed on the Europa
(1897), another contemporary iron barque lost en route
to Fremantle. This arrangement was also confirmed by
the excavation (see following) of the Sepia where what
appear to be dunnage boards were found packed around
six or more cases which individually measured 30 x 60 x
30 cm. Some evidence can also be gleaned from materials
that have spilled out of the hull. While Europais fairly well
broken up, for example anumber of cases of liquor bottles
have been preserved at the base of a reef. They comprise
mostly gin bottles that were sent to Australia in square
glass bottles packed with husks (Stevens 1893: 577). The
good condition of many of these bottles, despite being
close to the reefis notsurprising as many are totally buried
in sand. What is unusual is the uniform arrangement of
these few boxes given their distance from the rest of the
wreck and the absence of any cargo from the hold in the
immediate vicinity. It is possible that these small boxes
were strapped together in transit; or these small boxes,
nowside-by-side, were packed in alarger crate or dunnage
boards which kept the individual cases intact.

In moving to other categories of cargo, lead (although
the formin which itwas carried was unspecified) demands
careful handling as it is liable to damage by crushing. It
was best stowed between decks and over-stowing was not
recommended (Garoche 1968: 172). Hard items stowed
adjacent readily damage soft materials like linoleum and
the conditions for stowage of these goods were similar to
that for lead (Garoche 1968: 176). Paints were classed as
dangerous goods under the Merchant Shipping Act, 1894,
for they were defined as inflammable liquids and liable
to spontaneous combustion either independently or

when stored in association with other substances. There
was also concern with fumes tainting foodstuffs and as a
resultseparate stowage wasrecommended (Thomas 1928:
124). Dangerous goods such as these could be stored as
deck cargo or in places where they were readily accessible
en route. Crockery was particularly fragile and would
not survive over-stowing with weighty goods and would
have been located on top of other material below decks
(Thomas 1928: 103). Groceries require good ventilation
and should also not have been subject to over-stowing
with other material. Some of the lighter commodities
such as drapery and fancy goods were required to be
packed lightly (Garoche 1968: 122). Itis also conceivable
that much of this may have floated free after wrecking,
making them easily salvaged.

The Sepia wreck

Looking for evidence of these practices is complicated by
the fact that in an exposed environment only the more
sturdy structural components stand proud of the seabed
on any iron ship site. These parts owe their survival to
structural strength and cross-bracing. The most prominent
features of most wrecks include the stern-post, deck
framing, mast sections, a deck winch, bow anchor and
remains of the bow triangle. The iron structures are often
covered in thick, aerobic concretions and are heavily
colonized, consistent with exposure to an aerobic marine
environment. TheSepia’s mast sections and cable lie on
the starboard side suggesting that the vessel had heeled
in this direction, due to prevailing sea conditions in the
monthsafteritswrecking. The angle ofheel of the aftdeck
frames, stanchions and stern-post framing is, however, to
port suggesting that frames and plating of the port side
eventually detached from the deck and dropped to the
seabed below at this new angle. What remains of the hull,
correspondsin partwith whathaslong since been termed
‘the waterline theory of iron ship disintegration’ (Riley
1988), where an iron hull invariably buries itself down to
the waterline when lying on soft or yielding sediments.
In these circumstances a relatively-intact iron hull can
preserve the three dimensional context of the cargo
hold as well as much of the cargo assemblage. Relevant
examples appear at the wreck of the Lockh Ard, another
iron-hulled, three-masted barque which foundered on
Mutton Bird Island, near Port Campbell, Victoriain 1873.
Like Sepia, it too was extensively salvaged and looted and
there it has been postulated, pending excavation results,
that heavier items like liquids may have been stored in
the lower parts of the ship to retain its centre of gravity
and this would have been protected in the iron hull upon
sinking (Stuart 1991: 33). In the case of the Sepia the
situation is complicated by the lean of the wreck and the
presence of a limestone reef structure which runs along
the aft starboard (SE) side.

Further, much of the remaining structural features of
the Sepia have flattened and merged with the underlying
reef with parts of the hull sinking into the soft sand.
The symmetrical rectangular structure visible in plan
view is interpreted as the framework of the lower deck,

161



IRON, STEEL AND STEAM SHIPWRECK SEMINAR

the deck beams, stringers and tie plates. In some places
there are also what appears to be remains of the main
deck superstructure.

The deck beams and stringers sit directly over the
better preserved parts of the hull which consists of the
bilge, probably only up to the bilge stringer, as well as
iron frames, floors and some hull plating. All the timber
components of the deck have long disappeared. There
is also evidence of a variety of cargo objects both in situ
and mobile outside the site. Indeed many artefacts are
found lodged in the reef some 20 metres away to the
east, carried by storm surges and associated currents.
The artefacts visible on the wreck include bottles, glass
fragments and a variety of ceramics. Barrels of hardened
cement are also located across the site with the biggest
concentration on the port side a few metres forward of
the cargo hold.

The material viewed in the hold, aside from complete
bottles, consisted predominately of fragmentary ceramic
and glass remains which are to an extent indicative of the
range carried aboard the ship. These comprised medicinal
bottles, inkvials, beer bottles and spirit bottles and window
plate glass. Glass was normally packed in crates with straw
dunnage and perpendicularly wedged together. It was
particularlyimportantto keep the packages dry to prevent
the straw rotting and subsequent breakage when the
glass starts to ‘talk’ or rub together (Stevens 1893: 223).
Plate glass was stowed on its edge, again in cases. The
plate glass fragments observed on site are independent
and no sign of their packagings remain. Earthenware is
found both inside the hull and on the leeward side up
to 20 metres away. It was recommended in contemporary
stowage manuals that earthenware be stowed on a flat
surface near the bulkhead and it was not necessarily
compartmentalised. All flat goods such as dinner plates,
dishes etc. were packed at the bottom of crates with light
and hollow wares on top. Sheaves of wheaten and oaten
straw were used in the packing process.

The excavation

Though surface surveys are becoming increasingly
common in gauging the cargo assemblage of a vessel in
lieu of excavation, at Sepia a test trench was excavated
in the area between the sixth and seventh frame, 12.6m
from the stern-post. This small area was selected as it was
considered to have the highest concentration of cargo
artefacts based on visual survey, understanding of hull
configuration and some of the stowage practices outlined
above. Italso had the deepestand most accessible deposit
andwas aftof the region dynamited in 1972. Thisareaalso
exhibited signs of periodic exposure by environmental
processes leaving many of the artefacts at risk of damage
or complete loss, further prompting investigation and
justifying the decision to dig.

This area clearly shows at least two layers of deck
superstructure and has a hold stanchion or pillar in the
middle. These are vertical supports, also functioning as
vertical ties, located under the centre of deck beams. Aft
of the excavation area, the topography gets steeper and

Figure 2.

Plan view of midship section deck frame (Patrick
Baker).

the superstructure has broken athwartships and fallen
awayatan angle of approximately 30° from the horizontal
plane. This feature allows us to view the profile and gauge
the depth of the deposit. There are approximately 3m
between each deck frame in this area, with a partition
attached in many cases. These partitions may have been
installed to divide and stow the cargo. It is also possible
that they are the remains of water tanks which would have
been installed in the lower hull in readiness for the long
journey out from the UK. As an example, Star of Russia a
larger, though contemporary iron-hulled barque lost in
the Pacific has its water tanks still in situ. These tanks run
longitudinallyand are located justbehind the foremastin
the lower hull. Water tanks were also used for ballasting
purposes and located aft to maximise the trim effect on
the vessel.

The northern extremity of the excavation area was
characterised by layers of wooden barrels stowed in
a manner described in the contemporary manuals as
‘bilge and cantline’ containing cement, although the
wood has long since disappeared. This term refers to a
loading method in which packages are stowed or fitted
into indentations produced by the round or rounded
shape of other packages. The other shipping containers
represented were wooden crates containing the bottles
earlier referred to by the Underwater Explorers Club
(UEC) as ‘champagnes’. Chemical analysis of the contents,
shows that they are, in fact, a ubiquitous form of late 19th
century beers. Brewers called ale and beer produced
for exportation ‘higher hopped’ and it underwent a
differentkind of fermentation than thatreserved forhome
consumption. The beer was shipped in cases and each
case contained straw packing. These cases were fragile
and stowage instructions recommended that such cases
be stowed separately and when packed with straw they
were to be kept perfectly dry to avoid breakage.

Returning to the comparison between the archival and
the physical evidence, in the 19th century, the carriage of
bottled beer was deemed problematic and it often turned
sour en route. Bills of Lading were often framed not for
the beer toarrive ‘in good order and condition’ butrather
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Figure 3.  Beer crates in situ (Patrick Baker).

for so many packages ‘in good order, &c., said to contain
beer’ or ‘state of beer unknown’ (Stevens 1893: 66). The
bottles exposed in the Museum’s recent excavation still
had straw dunnage in the cases themselves and in one
example, evidence of the consignment number burned
into the lid was still visible. In keeping with stowage or
cargo plans (Garoche, 1968;Taylor, 1944; Thomas, 1928
and Stevens,1893), this material waslocated at the bottom
of the hull on the floors.

With respect to the Sepia, the top layer of beer cases
was fully revealed through excavation and they rested on
atleast one more layer stowed in the same configuration.
The profile of this area gave an indication of the depth of
stratification of this material to approximately one metre.
The remains of broken beer bottle glass, closures with
the same embossed makers marks and wood case remains
in the area also suggests that similar cases were stored
in association with those examined. The beer crates in
particular are currentlyin anaerobic conditions, although
ifthe currenttrend of site exposure and sedimentremoval
continues the integrity of remaining cargo may be atrisk.

Returning again to the contemporary accounts as a
means of understanding Sepia, ships of more than 600
tons had ‘twixt decks’ or platforms laid for cargoes of tea,
flour, flax, rice, seeds, coffee and cocoa. The preferred
arrangement for barrels however is bottom stowage in
order that leakage may find access to the bilges without
fear of damage to other cargo (Taylor 1944: 11). Stout
wooden scantlings were normally used as dunnage with
a pair of timbers laid athwartships across the fore and
aft middle line of the hold. Quoins in the form of soft
wooden chocks could also be used to wedge the barrels
in place (Taylor 1944: 11). In the case of cement, the
casks were not usually as robust as those that carried
liquids. New casks were not usually problematic in terms
of stowage but often re-coopered and old casks were
used to ship this product (Taylor 1944: 13). In relation
to the carriage of beer, it was recommended that it be
stowed in a cool, well-ventilated space and away from
cargo that is apt to heat up, as this would deteriorate the
beer. It was recommended that all liquids be stowed a
good distance away from other goods liable to generate
heat, otherwise leakage would inevitably ensue (Stevens

Figure 4.  Detail beer crates (Patrick Baker).

1893: 375). Similarly, the directions to Captains of ships
in regards to export of beer and ale especially to warm
latitudes included stowage in a cool berth, to prevent
the gas or air, generated by the motion of the ship, being
further expanded by heat (Bikerdyke 1886: 281). Stowage
manuals also warned against possible pilferage of'alcohol
in particular (Thomas 1928: 85). It was advised that they
were ‘struck down below with as little delay as possible,
to avoid the surreptitious use of the gimlet and reed’
(Stevens 1893: 575). These considerations, along with
the objectives of keeping the beer cool, may explain why
we find these cases in the lower hull at Sepia.

Conclusion

The archaeological record, when cross-referenced with
stowage manuals, provides an indication of which objects
remain in their original context after post depositional
processes have ‘scrambled’ the evidence. Similarly this
archival source reminds us thatwhat remains on the seabed
comprises only a small proportion of the cargo that had
been originally stored in the lower bilge. Only the beer
cases and cement barrels retain primary association with
the ship. From our understanding of the disintegration
of Sepia, the stowage practice for beer and cement and
of the post depositional forces at work, these cargo types
are the predominate category of material still represented
within the hull. The other categories represented in the
survey area are ceramics ink bottles and demi-johns as
well as a variety of fragmentary bottle and window glass.
The ceramics are found in tertiary association with the
wreck. Thatis, they have been observed on the starboard
side of the site outside the main hold area with a number
of examples located in the neighbouring reef. Stowage
manuals, recommended that ceramics were packed near
a bulkhead on a level surface without over-stowing with
othermaterial. Itis possible that these items were stowed on
top of the beer crates, partitioned off from the rest of the
cargo by dunnage boards (ostensibly providing the same
protection as a bulkhead) and as the ship disintegrated
were transported to the leeward side of the hull and
beyond. The other glass fragments may be considered to
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have secondary association with the hull. Thatis, they are
located within the bilge itself but have been exposed byssite
formation processes and were then broken into pieces by
water movement. Again these items were probably stowed
next to or on top of the beer crates. Anecdotal accounts
from divers who recovered material from 1960 onwards,
also suggest that they were working in this area and up
to five metres forward. Their donation to the Museum
of comparable glass and ceramic material supports this
hypothesis. The in situ remains prove more useful for
identifying a range of cargo types and provide a control
when considering bias from the more ‘collectable’ objects
in collection, especially with reference to secondary and
the tertiary contextual associations.

The archival research, in regards to stowage, has been
integral forinterpreting in situremains on the Sepiawreck
site. By the late 19th century, adherence to stowage plans
was notonlyrecommended, but often necessary to qualify
for vessel and cargo insurance. These plans and the
accepted (required) stowage practices, when combined
with a modern site survey allow a predictive model to be
developed that assists in tracing some of the artefacts
presently in collection back to their original position on
the Sepia site.

Examining fragmentaryremains in situagainst objects
in collections also assists in determining the range of
material that would have originally been present in the
population of cargoitems. Fragments on the seabed often
allude towhatlies beneath, especiallyin dynamic contexts
like the Sepia where swell and surge action periodically
excavate and then re-bury material remains.

Finally, it has been the tendency in underwater test
excavations and surface surveys to collect whole objects
for analysis as these were considered to provide the
most information. This research has demonstrated that
collection of objects based on the wholeness of form, that
is, their ‘collectable’ status, does not necessarily provide
more information to answer broader archaeological
enquiries such as the nature of a cargo.
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Notes on items discussed at the Iron, Steel and Steamships post-conference

conservation forum: 28 June 2006

V.L. Richards (Convenor); S. Cox (Transcription); M.McCarthy (Editor)
Present: Jon Carpenter; Richard Garcia; Ian Godfrey; Ian MacLeod; Paul Mardikian; Vicki

Richards

Susan Cox’s full transcript of the Iron, Steel and
Steamships post-conference conservation seminar was
edited for conservation practitioners by V. Richards and
is available on request. The excerpts presented here are
for non-specialist reading and are edited, reworded and
ordered for that audience by M. McCarthy.

Explanatory Note

From the beginning of the SS Xantho project it was
decided—because we were dealing with a new class of
archaeological site—to show where we encountered
problems and where we went wrong for the sake of those
who followed us in iron and steamship archaeology and
in the recovery and conservation of complex machines
from a saline environment. This philosophical approach
is described in fron and Steamship Archaeology: success
and failure on the SS Xantho (McCarthy, 2000:152). As a
result one of the requests put to the 2006 iron, steel and
steamship seminar participants by the project leader was
to discuss successes and failures in the SS Xanthoprogram
openly in that context. The conservation seminar was
conducted in a similar fashion.

Application of anodes, concretion and its substitutes,
moving vessels and machinery: The Ellis Island Ferry
and SubMarine Explorer

The Ellis Island Ferry took millions of immigrants from
Ellis Island to Manhattan, but it has been underwater
in the tidal zone and a very oxygenated environment
for many years now. The authorities were considering
moving the ferry entirely, or removing the engine. It
was suggested the engine should not be raised but after
a pre-disturbance study it be moved aside and relocated
in a deeper area with anodes attached, while keeping
the concretion as intact as possible. By this means the
anodes would help in removing the salts and reduce the
corrosion rate. Retesting of the corrosion parameters
would occur after the engine has had time to settle into
its new environment. The use of concretion-patching
materials was considered where damage might occur and
the lessons from HL Hunleywere discussed including the
use of hydraulic [dries in a wet environment] cement
to replace damaged or lost concretions. Consideration
was also given to the alloys used in the anodes with the
recommendation to use aluminium if the site was stable
and notsubjected to excessive sedimentmovementwhere
the anode may become buried. Similar suggestions were
considered in the SubMarine Explorer case.

Concretion types and their effect

The difference between aerobicand anaerobic concretions
were discussed, the latter being veryrich inironsulphides,
with large amounts of magnetite, siliceous material, sand,
and also normal incorporation of calcareous materials
fromshellsand micro-organisms. Buried (anaerobic) iron
concretionsare often thin butextremelyhard,and in some
instances these needed be ‘broken’ with liquid nitrogen,
because hammering fractures the material underneath.
Chloride diffusion inside an anaerobic concretion ismuch
more difficult and the iron is less corroded. Titanic, for
example does not have concretion due to the solubility
of calcium carbonate which rises with greater depth and
decreased temperature—with a transition zone from
what maritime archaeologists normally expect around
about 600 metres. Though calcareous-forming micro-
organisms are not present on 7Titanic, methanogenic
bacteria are ubiquitous. At Titanic there is also powerful
differential aeration corrosion occurring on-site, with
research presently ongoingin Canada on the ‘rusticles’ as
amanifestation of some of the corrosion processesatwork.

In situ management studies: re-burial

For in-situ management strategies burial is an option
and is presently being tested at the reburial project in
Marstrand, Sweden (Reburial and Analysis of Archaeological
Remains: the RAAR project). One site is the Swedish East
Indiaman Fredricuswhere, in not having the funds required
to conserve the large numbers of artefacts recovered, the
archaeologists selected representative items and then
reburied the rest. This was also a test bed with provision
for on-going testing regime for wood and other organics
and glass and ceramics. In the RAAR project copper, brass,
bronze, cast iron and mild steel coupons are also being
tested. Clear guidelines on the best manner in which to
reburymaritime archaeological materials are notexpected
for 50 years though itis expected that after 12 years there
will be some indications.

The results of ‘test squares’ made from inert
interlocking road barriers for the purposes of site
stabilisation atthe James Matthewsand Omeositesin Western
Australia was also examined. After joining into a square,
sinking onto the seabed and sealing of all gaps, there
was deoxygenation in the sediment soon after the test
was commenced. At about 20cm the oxygen was being
utilised by the aerobic bacteria and the sediment became
anoxic where sulphate reducing bacteria became more
prevalent though it was not of sufficient effect to nullify
the positive effect of burial in reducing corrosion and
protecting timber.
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Deconcretion methods. Disassembly Xantho; Holland 1;
HL Hunley and Monitor

Utilising the Xanthoand HL Hunleyinstances, ultrasonic,
vibration, sonar, using sound or pulsing energy, laser
cleaning, laser ablation, water jets were examined and
all were seen of mixed, if any value, on large objects like
engines. Safety concernswith the vaporization of organics
and nano-particle size toxins were also discussed. X-ray
imagery and underwater deconcretion were not seen
as viable. On the other hand, archaeological concerns
were seen as fundamental wherever deconcretion occurs,
reinforcing the collaborative imperative earlier proven
at Xantho underwater and in the laboratory and more
recently at Hunley.

The question were one to do it again and deconcrete
the Xantho was discussed with an eye also to the Monitor
engine. It was advised that where one is planning to
remove an engine or similar, anodes need be attached in
situ four to five years ahead, effectively commencing the
stabilising program, while leaving the concretion intact
to physically protect the object.

At Xantho it was seen that budget constraints were
one key negative determinant. The tank was far too
small for example, permanent roofing was not provided,
ancillary equipment was rudimentary, and volunteer,
unskilled labour was utilised. Spraying with fresh water
was counterproductive and air pockets had formed in
some recesses under the engine preventing the caustic
solution having the desired effect.

On the other the hand, (belated) application of the
flame deconcretion method proved a positive innovation.
Asaresultthe method was discussed atlength, concluding
that with both aerobic and anaerobic concretions the
fundamental power of the separation forces was due to
the generation of steam at the interface and also the heat
weakening the bond of the concretion. Considerable skill
was needed to be able to heat the concretion, yet avoid
allowing the object to get hot however. ‘You should be
able to kiss it [the newly deconcreted surface] was the
comment made! Training was clearly needed, with an
existing appreciation of metals and ability to work with
them essential.

When presented with another engine, it was evident
that one could not bring an academic, theoretical,
small fine-art object conservation approach to very
large concreted objects and that risks would had to be
taken. To minimise these effects, the object needed to
be reduced as soon as possible into manageable units.
Thus one would concentrate on removing the concretion
covering the nuts and bolts, then remove them and
split the engine into large sections, effectively making
everything smaller to enhance access by practitioners
and treatment solutions. Full video, photographic and
manual recording was also essential, as at Xantho (Prall,
this volume). At Hunley the team deconcreted localised
areas, removing one plate for example and leaving others
intact. At Monitoritwas recommended the existing engine
plans be used to pre-plan deconcreting and disassembly
of specific units. By leaving the concretion on the other

parts these would remain protected. The psychological
advantages of building confidence and skills by focussing
on the deconcretion and dis-assembly of smaller discrete
units on Monitorwere stressed. The method also allows for
the refining of technique and it was also seen to provide
important media opportunities as each significant piece
emerged.

Failings at Xanthoand Holland 1in its earlier treatment
phases occurred when the artefact was allowed to dry out
before the chlorides had been totally removed. Further,
placing the Xantho’s engine backinto caustic helped cause
it to exfoliate by ‘osmotic shock’ with pH increasing too
rapidly. Human error in the application of too high a
current and in the selection of solution concentrations
thatwere too high were also factorsin the Xanthoinstance.

The use of water dispersants during the deconcretion
phase either by flame or mechanical methods was also
discussed. Health issues with non-lanolin-based products
were examined with only lanolin seen as totally benign,
requiring considerable care with all other products.

Disassembly of the Xantho cylinder that had been
placed in a diesel bath had proved far easier than its
twin that had been earlier disassembled, but had not
received the same pre-treatment. Plans for a comparative
study testing differing deconcretion methods and the
use of water dispersant penetrants came to naught
and remain outstanding business. Notwithstanding the
Xanthoinstance provided clear indications of the value of
caustic-compatible (non-saponifying) water dispersants
in the treatment of engines. It was considered that water
dispersants be utilised before deconcretion occurs and as
items become exposed. With the dispersant film helping
keep oxygen out, this would also help avoid setting up a
differential aeration cell that exacerbates other corrosion
problems.

Desalination procedures in caustic

With chemical and electrochemical desalination,
[in essence only and for archaeologists rather than
conservation scientists] the nature of the corrosion
products is changed from one form to another form that
ismore porous, therefore aiding diffusion and the driving
of the negative chlorides out. One practitioner reported
no difference in the chloride release between a caustic
soak and an electrochemical approach on wroughtiron.
On cast iron a different track was recognised due to the
thick graphitised layer acting as a barrier for the diffusion.
From an archaeologists’ perspective, the main thing was
not to letit dry out for one can achieve an extremely low
level of chloride just by leaving it in the solution.

Corrosion inhibitors, wax, rinsing

To the archaeologist and the exhibition team an effective
and pleasing final surface for any iron object is essential.
Methods of obtaining this were discussed with one, the
use of molten wax as a consolidant and oxygen barrier
a time-honoured method—though it is difficult to
remove completelywhere re-treatmentis required. Water
dispersant type coatings were discussed as was the use of
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deionised water, relying on the residual caustic to maintain
enough alkalinity to permit minimal corrosion or ‘flash
rusting’. Also discussed was the use of sodium sulphite as
an inhibitor, serving to remove dissolved oxygen in the
water with a spray of liquid paraffin oil diluted it with
white spirit serving to minimise flash rusting. Methylated
spirits (methanol and denatured ethanol), tannin-based
products like Rusticide and Ferroguard. 10% Incralac,
Rustol-Owatrol, fish oil and citric soaking were also
discussed. Being reversible all had benefit.

Organics, rubber gaskets and wooden chocks
Discussion centred on the fact that the rubber gaskets on
Xantho ‘went through hard times’ considering the extent
andlength of the treatmentand disassembly process. They
were in good condition nonetheless, as were the wooden
adjusting chocks found under the engine beneath it and
the engine bed. Though these had been immersed in
caustic for around 6 years, they were still in exceptionally
good condition. The use of glycerol on the Monitor was
discussed, but it was not seen to be a particularly good
chemical to use being very hydroscopic, taking moisture
from the gaskets, especially those of plant fibre or similar.
As a result it was seen that for rubber there was no
treatment besides air drying and storing correctly at low
temperatures and low oxygen.
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Biographies (to June 2006)

ANDERSON: Ross Anderson, Assistant Curator, WA
Museum Maritime Archaeology Department, President
of AIMA. Worked with Heritage Victoria for 8 years
which included all fieldwork on the SS City of Launceston
between 1997-2002, and is currently working with the
WA Museum’s Maritime Archaeology Department in
Fremantle. He has worked on a number of other iron
and steam shipwreck sites mainly in Victoria and written
conservation management plans for the PS Clonmel
(1841) and HMVS Cerberus. In his capacity as a maritime
archaeologist with Heritage Victoria he also assisted the
Friends of the Cerberus and National Trust with the
nomination for the successful National Heritage Listing
(NHL) of the Cerberus, which became the first shipwreck
in Australia to make it onto the NHL. His current iron
and steam ship project is authoring and compiling the
SS City of Launceston excavation report for the next AIMA
Special Publication.

BROADWATER: John D. Broadwateris Program Manager
of the Maritime Heritage Program at the National Marine
Sanctuary Program, National Oceanic and Atmospheric
Administration (NOAA). During 1992-2005 he was
Sanctuary Manager of the Monitor National Marine
Sanctuary, where he directed expeditions to the remains
of the USS Monitor. During 1978-90, as Virginia’s first
State Underwater Archaeologist, he directed a study of
shipwrecks from the 1781 Battle of Yorktown (Virginia)
and also developed a statewide underwater archaeology
program. He has participated in numerous national and
international underwater archaeological expeditions,
including deepwaterarchaeology expeditionsin the Black
Seaand North Atlantic. In September, 2001, he descended
to a depth of 12,600 feet in the Mir 2 submersible to the
wreck of the RMS Titanic. He is a Fellow National of The
Explorers Club and is listed in the 2006 edition of Who's
Who in America. He has published a variety of technical
and popular articles, including “Secrets of a Yorktown
Shipwreck” in the June 1988 issue of National Geographic
Maguazine. He has a master’s degree in American Studies
from the College of William and Mary, and a Ph.D. in
Maritime Studies from the University of St. Andrews,
Scotland.

BURROW: Lucy Burrow joined the Department of
Materials Conservation of the Western Australian Museum
in 1978. Lucy’s currenttitle is that of Registrations Officer.
Hermainroleis torecord the movementofartefactsinand
outof Materials Conservation and assigns work programs
to the appropriate personnel within her department.
She ensures that accurate records are maintained and
exchanged via the various Curators across the Museum
including regional sites.

CAHILL: D. M. Cahill (A.A.ILM.L.S) now retired, living
in Melbourne. Former Laboratory Manager, Department

of Pathology, University of Melbourne co-authored a
work on HMVS Cerberus with other members of the
MAAV in 1983, has conducted detailed research into the
Victorian torpedo boats of the 19™ century, leading to the
identification of HMVS Lonsdale.

CARPENTER: Jon Carpenter a diving conservator,
member of most of the Western Australian Museum’s
major shipwreck expeditions, has had over thirty years
experience in materials conservation working with awide
range of artefacts, materials and techniques. He specialisies
in objects recovered from maritime archaeological sites,
in particular, iron cannon and anchors. He is also noted
for his excellence in Photography and Videography and
has been much sought after for maritime archaeological
conservation training programs in places like Thailand
China, Oman & Sri Lanka.

COCKRAM: Col Cockram is an Architect who developed
a keen interest in diving at an early age. That, combined
with a strong interest in social history led to a University
of WA summer schoollecture on Maritime Archaeology by
M. McCarthy,whichled to anintroduction to the Maritime
Archaeological Association of WA. Col has served 4 terms
as President, and is currentlya Committee member of the
Association. His training as an Architect gave him valuable
skills applicable to underwater surveying, recording and
production of wreck site presentation drawings. In the
mid 1980s he developed a grid system for the production
ofisometric drawing underwater, and this has become his
major direction in underwater recording of wreck sites.

de VIVIES: Philippe de Viviés graduated in 1992 as a
metallurgist specialized in heat treatment processes. In
August of 2000, he joined the Hunley Project to work
on his Master’s degree in the Conservation of Cultural
Properties from the Paris [ Pantheon Sorbonne University
conservation program. Philippe worked as a conservator
on the Hunley Projectfor seven years and isnow currently
working with A-CORROS Expertise in France. Address:
A-CORROS Expertise, Conservation-Restauration, 23
Chemins des moines, 13200 Arles, France.

DREWS: Michael J. Drews received his BSc. degree in
chemistry from the University of Wisconsin at Madison
and his PhD in physical chemistry from the University of
North Texas. He is currently the director of the Clemson
Conservation Center. His research interests include the
corrosion and conservation of iron artifacts as well as the
use of dense gas fluids in the conservation of non-metallic
artifacts from marine sites. Address: same as Mardikian

FINDING SYDNEYFOUNDATION: HMAS SydneySearch
Pty Ltd (Sydney Search) as Trustee for Finding Sydney
Foundation (FSF),isanotfor profitorganisation, formed
in July 2001. The objectives of FSF are to find the wreck
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of HMAS Sydney and to finally commemorate its missing
crew, allowing closure to the families of those lost. Finding
Sydney Foundation Directors include Ted Graham
Chairman, Professor Kim Kirsner; Dr Don Pridmore;
Mr Bob King OAM, Ron Birmingham QC;  CDRE
Bob Trotter RAN (Ret’d) CEO; Keith Rowe; Glenys
McDonald AM JP; joined by David Mearns (Blue Water
Recoveries, UK). The project manager is Patrick Flynn,
the internet/it manager , Richard Sojka and the office
management Penny Buchan and Lee-Anne Evans . Its
patrons are the Honorable Tim Fischer AC; Professor
Geoffrey Blainey AC; Rear Admiral David Holthouse
RAN (Ret’d), AO.

FOSTER: John Foster was a specialist Anti- Submarine
Warfare Officer in the Royal Australian Navy and was
very proficient practical exponent of his trade. Whilst
on exchange service with the Royal Navy, he received a
Commendation for hunting to the surface an intruder
Russian ‘R’ Class submarine in the North Sea and this spirit
continued on throughout his service career. In the USA
he represented Australia on several projects connected
with underwater sound propagation and weapons.
His mission to find AEI was built on it being another
undersea challenge, and his need to solve the mystery
that no one before him had even attempted. Successive
Governments had shown little interest in the submarine
and he felt very sad that there was very little recognition
for the 35 men who went down with the submarine. It
seems as though successive Australian Governments are
only interested in him finding the submarine so it can
be declared a war grave and to then wipe its hands of the
matter. No interest has been shown in the state of the
wreck, its possible cause of loss and that the recovery of
some object from the AEI so that it can be an intrinsic
reminder to the Australian people of the sacrifice made
by these brave men. It is a mission that consumes him
and has made him so determined that he has even made
personal expenditures to research the matter and to
conduct preliminary expeditions to Papua New Guinea.
He is hopeful that he can rally more interest so that
funds can be raised to conduct a final search with the
best oceanographic and survey assets available.

GARCIA: Richard Garcia is employed as manager
of technological materials within the conservation
departmentofthe WAM. Richard has travelled extensively
the state of WA lecturing and demonstrating conservation
techniques in regard to all items of a technical nature.
Richard maintains the WAM s vehicle collection including
the current restoration of a one only parlour coach that
operated in Perth in the 1950°s. As a qualified small arms
fitter, Richard has been involved with and conserved
weapons found on the Kokoda track, Eureka stockade
and a pistol from the Sydney/Kormoran battle of 1941.
An aid to conservation was developed using heat which
enabled the dismantling and subsequent conservation
of the marine steam engine from the SS Xantho and the
previously mentioned weapons. Richard presently is

involved with conservation issues involving the submarine
HMAS Ovens.

GILMAN: Joel Gilman has earned degreesin archaeology,
heritage, and, most recently, a Master of Laws from the
University of Western Australia. In 2001, while a student
in Curtin University’s programme in Cultural Heritage
studies, Joel researched, designed, and built the Xantho
hull impression currently on displayin the Xanthogallery.

GODFREY: Dr Ian Godfrey joined the WA Museum as
Curator of Conservation in 1987, became Head of the
Department of Materials Conservation in 2001 and was
promoted to Senior Curator of Conservation in 2004.
He graduated from the University of WA with Honours
and Doctoral qualifications in organic chemistry and
prior to joining the WA Museum, taught chemistry and
physics at high school level before joining the lecturing
staff at the WA College of Advanced Education (now
Edith Cowan University). Ian’s major areas of expertise
include preventive conservation practices, the analysisand
treatment of wetorganic archaeological materials, such as
timber, rope, bone, ivoryand leather and the conservation
of historic Antarctic buildings. His work in the latter area
has taken him to the Antarctic nine times including two
trips to Mawson’s Huts while hisresearch in the formerarea
has allowed him to participate in collaborative projects
in many parts of Australia and various overseas locations
including Sri Lanka and Sweden. His work in Sweden
has focused on the acidic deterioration of the timbers of
the Vasa, one of Sweden’s major tourist attractions and
lecturing to archaeological conservation students at the
University of Gothenburg.

GONZALEZ-PEYRERA: Nestor Gonzalez-Pereyra
received his B.S. in chemistry in 1996 and graduated in
2002 in chemical engineering from the Universidad de
la Republica in Uruguay. He is currently working as a
research engineer at the Clemson Conservation Center
developing sub and supercritical fluids applicationsin the
field of archaeological conservation. Nestor is enrolled
in the Ph.D. program at the School of Material Science
and Engineering at Clemson University. Address: same
as Mardikian

GORHAM: John Gorham migrated from UK with
parents and four brothers and sisters to WA in 1952.
Served as apprentice Coppersmith for five then a further
two years at the Midland Junction Railway Workshops.
Worked at various metal trades and welding equipment
sales companies, then joined Swedish welding and
cutting equipment manufacturer as WA manager at the
commencement of the Iron Ore and LNG industries in
the WA North West. Retired from the workplace in 1999.

GREEN: Jeremy Green Joined the WA Museum in 1971
to set up the Department of Maritime Archaeology.
Previously at the Oxford University Research Laboratory
for Archaeology where he worked on technological
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applications to underwater archaeology. Was involved
in a number of important underwater archaeological
projects in the United Kingdom and in the Eastern
Mediterranean. During his time at the as Head of
Department, archaeology became the focus with a series
of ground-breaking excavations, conducted by the staff of
the Department. Projects have included State, National
and international operations.

GREGG: Michael Gregg is a maritime historian and
professional sailor with extensive experience in square rig
and aspecialinterestin craftworking undersail. One ofhis
currentresearch projectsisfocussed on the experimental
modelling and reconstruction of the hull form and rig
of the Xantho through a cross-disciplinary approach
combining the archaeological evidence, historical record
and computer modelling. He is currently employed as
manager of the Image Collection of the Maritime History
department of the West Australian Maritime Museum.

HARVEY: Peter Harvey is manager of Heritage Victoria’s
Maritime Heritage unit which has responsibility for
the management of Victoria’s historic shipwrecks
and other maritime sites. Peter initially trained in
biological science before undertaking postgraduate
training in maritime archaeology. He has about 23
years experience in Maritime archaeology in Australia,
primarily in Victoria. He has led investigations into the
wrecks of the steamers Clonmel and City of Launceston
and has participated in a range of other maritime
archaeology projects throughout Australiaand overseas.
His currentinterests are in the facilitating the involvement
the community in maritime archaeology and in the
history and culture of maritime archaeologyin Australia.

HOSTY: Kieran Hosty started diving in Western Australiain
1976 and after afewyears of mucking around on shipwrecks
joined the Maritime Archaeological Association of Western
Australia in order to try and make sense of what he saw
on the seabed. He graduated from the Curtin University
maritime archaeology course in 1986 and after 18 months
as an archaeological field volunteer took up a position
with the Maritime Archaeology Unit at the Victoria
Archaeological Survey. He was Commonwealth Historic
Shipwrecks Officer in Victoria for six years before coming
to the Australian National Maritime Museum in 1994 to
take up the position of Curator of Maritime Archaeology
and Ship Technology. At the Museum he is responsible
for the Museum’s maritime archaeology program as well
as curating the Museum’s collection relating to convicts,
19™ century migrants and ship technology. His expertise
in convict related material was further enhanced, when
he took up a temporary position as Curator / Manager of
Hyde Park Barracks Museum for eighteen monthsin 2004.
He hasworked on many maritime archaeological projects
both in Australia and overseas including the excavation
of the Sydney Cove (1797) and HMS Pandora (1791), the
William Salthouse (1841) stabilisation projectand the hunt
for Cook’s Endeavour in the USA. Kieran’s latest project

has been research into the shipwreck Dunbar (1857).
He is the author of the book Dunbar 1857: Disaster on our
doorstep which has just been published by the Museum
along with two children’s books on Australian convicts
and migrants published by McMillan.

HUNTER: James Hunter received his M.A. in History/
Historical Archaeologyfrom the University of West Florida
in Pensacola in 2001, and recently commenced doctoral
studies in maritime archaeology at Flinders University
in Adelaide, South Australia. He is a former member
of the archaeological team investigating the American
Civil War submarine H.L. Hunley, as well as a former
staff archaeologist with the U.S. Naval Historical Center’s
Underwater Archaeology Branch. He has participated
in the survey and excavation of a variety of shipwrecks
from the 17th, 18th, 19th and twentieth centuries. His
general research interests include the archaeology of
North American and circum-Caribbean colonial sites,
as well as early submarine and torpedo warfare. His
doctoral thesis will address the use of torpedo boats as an
adaptive element of Australasian frontier coastal defense
during the last two decades of the 19" century. Address:
Departmentof Archaeology, Flinders University, GPO Box
2100, Adelaide, South Australia 5001, Australia . E-mail:
james.hunter@flinders.edu.au

KASI: Kalle joined the Western Australian Museum in
1997 as a research intern and occupational trainee,
and has been employed at WAM as a Research Officer:
Conservationin the Departmentof Materials Conservation
since 2000. Kalle is a research officer and archaeological
conservator specializing in the analysis and treatment of
waterlogged organic materials. In addition to conducting
applied research he also joined the WAM team as a diving
conservator. He is currently investigating the use of
powerful non-linear modelling techniques to examine the
relationship between the extent of degradation, as shown
by the Fourier infrared (FTIR) spectroscopic analyses
of waterlogged organic archaeological materials, and
treatment outcomes. Kalle is a member of the Australian
Institute for the Conservation of Cultural Materials and
the Australasian Institute for Maritime Archaeology.

KING SMITH: Nikki King Smith is a conservator whose
prime responsibility is managing the conservation of
the decommissioned submarine HMAS Ovens and the
infrastructure associated with the slipway site. Prior to
devoting her energies to the submarine and slip site, Nikki
worked extensively with textiles, ethnographic materials,
the storage and restoration of maritime craft and the
development of novel storage and support systems for a
wide range of artefacts

MACLEOD: Drlan Donald MacLeod, Executive Director,
Collection Management and Conservation, Western
Australian Museum joined the Museum in 1978 and he
is passionate about all forms of decay. A large part of his
work has focused on the preservation of materials from
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historic shipwrecks as well as conserving Aboriginal rock
art. He has conducted numerous conservation training
workshops, public lectures and has supervised more
than ten overseas Master’s conservation students in their
internshipsat the museum laboratories. He has published
more than 110 papers on applied chemistry, corrosion
and conservation science. He has conducted research
on corroding metals on shipwrecks around Australia,
Scotland, Canada, USA, Portugal, Finland and Micronesia.
He was a Senior Fulbright Fellow in 1993 and was elected
aFellow of the Australian Academy of Technological and
Engineering Sciences (FTSE) in 2002. He is a Fellow of
the Royal Australian Chemical Institute and a Fellow of
the International Institute for Conservation of Historic
and Artistic Works. Awarded a Centenary Medal in 2003
for ‘For service to Australian Society in metallurgical
science and engineering’ by the Prime Minister. Ian
advises heritage managers on conservation options
for underwater sites and for objects recovered from
shipwrecks. He was a member of the Directory Board
of the International Council of Museum’s Committee
for Conservation from 1999-2005. He is on the Editorial
Board of Reviews in Conservation and recently qualified
foraDoctor of Science from the University of Melbourne.

MARDIKIAN: Paul Mardikian obtained his M.A. in
archaeologyand arthistory from the School of the Louvre
in Paris in 1989 and his M.S. in Conservation Sciences
and Techniques from the Sorbonne University in 1991.
Paul’s experience in the field of maritime archaeology
and conservation ranges from ancient shipwrecks in the
Mediterranean to the conservation of artifacts from the
RMS Titanic. He currently serves as the head conservator
for the Hunley Project at the Clemson Conservation
Center. His research interest includes the development
of more effective and efficient conservation techniques
for composite and large iron based artifacts. Address:
Clemson Conservation Center at the Warren Lasch
Conservation Laboratory, 1250 Supply Street Bldg. 255,
North Charleston, SC 29405, USA. Email: <pmardik@
clemson.edu>.

MCCARTHY: M. Member of the Western Australian
Museum’s Department of Maritime Archaeology. Has
many diverse interests. In respect of iron, steel and steam,
was the Museum’s Inspector of Wrecks, led the SS Xantho
program since its inception in 1983. In 1985 (with Geoff
Kimpton) raised the ship’s engine and convened the
First AIMA on-site practical and theoretical seminar on iron
and steamship archaeology held in that year, publishing the
resultant papers in 1988. Co-leader (with Neil North and
then Ian MacLeod) of the team working in the laboratory
deconcrete and conserve the engine raised from the
wreck and after 1992 (with Dick Garcia) in rebuilding the
engine in the exhibition gallery. In 2000 produced fron
and Steamship Archaeology and in 2006 opened ‘Steamships
to Suffragettes’ the latest of the Museum’s many Xantho-
related exhibitions. Led teams developing both the
Western Australian Maritime Museum’s Defence Gallery

and the exhibition submarine, the former HMAS Ovens.
Helped develop the study of historic submarines as an
archaeological site, worked on IJN 7 124, and assisted
with the submarines HL Hunley, SubMarine Explorer; AE1
and AL2 overseas. Leads the Museum’s HMAS Sydney/
HSK Kormoran studies.

MEALINGS: Bob Mealings, BA(HONS), Postgraduate
Diploma Heritage Management, AMA Curator and
Deputy Director RN Submarine Museum, Gosport, UK.
Started work in the museum world in 1987. Studied
heritage management at the Ironbridge Institute. My
primary interest is social and industrial collections but I
have managed almost every kind of museum collection.
Joined the Submarine Museum in 1998. Began work on
the Holland I project immediately. On completion the
Project won the Pilgrim Trust Conservation Award 2002.
2001 — 2005 led the Exhibition and Conservation Team
in delivering a brand new gallery and refurbishment of
the existing museum. This encompassed the conservation
and re-location of the midget submarine X24 plus the
development of a unique Science and Submarines
Interactive Gallery. Now working on the restoration and
long-term conservation of HMS Alliance (1300-ton diesel-
electric submarine, 1945).

MORIN: Kateri Morin, a student from the University
of Sorbonne, undertook a 6 month internship in the
Conservation Department in 1996. While Kateri’s main
focus was on the simulation of corrosion cells that exist
between archaeologicaliron and wood artefacts on historic
shipwrecks, she also applied electrophoretic techniques
to canvas gaskets to facilitate the removal of iron staining
from these material types.

PHILIPPOU: Cassandra completed an Honours degree in
ArchaeologyatFlinders Universityin 1998, specialising in
Australian heritage legislation with a focus on historical
and maritime archaeology. In 2000 she commenced a
PhD in archaeology also at Flinders University and began
researching proactive management techniques for coastal
and submerged maritime heritage sites. Since 2002
Cassandra has been working as a maritime archaeologist
in the Maritime Heritage Unit with the Victorian
Government’s heritage management agency, Heritage
Victoria. She has been involved in numerous heritage
management projects, primarily focussing on shipwreck
artefacts and sites and public archaeology. The projects
she has undertaken include significance assessments of
artefact collections, research on shipwreck bottles, and
the public access program for the shipwreck SS City of
Launceston. Cassandra’srole at Heritage Victoriais diverse,
ranging from shipwreck artefact and site management,
organising field projects and developing promotional and
research programs and material for public consumption.
She has been a member of the AIMA Council since 2002,
and is the current AIMA Secretary. Through her interest
in heritage legislation and protection, Cassandra has
been active in lobbying and promoting the UNESCO
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Convention on the Protection for the Underwater Cultural
Heritage to state and federal governments, and also in
encouraging ethical behaviour relating to archaeological
sites in Australia and abroad. She is presently the state
tutorin Victoria for the AIMA/NAS maritime archaeology
program and has been tutoring these courses since 1998.

PRALL: Richenda Prall Assistant Curator, Maritime
Archaeology, WA Museum. Richenda comes from an
archaeological background, obtaining her Bachelor of
Arts Honours degree in Archaeology at the University of
Southampton, and Masters Degree in Museology at the
University of East Anglia. Richenda then worked as an
archaeological officerfor the Museum of London working
on excavationsin Southwark & LLambeth, London, before
joining the Victoria & Albert Museum in London where she
was an Exhibitions Officer undertaking the preparation
& implementation of national and international touring
exhibitions. These ranged from ‘blockbusters’ such
as the international William Morris exhibitions to the
more scholarly Grinling Gibbons exhibition. Joining
the WA Museum in 2002, Richenda is balancing career
and being a mother, job sharing as Assistant Curator
managing the maritime archaeological & numismatic
collections. She cares principally for the artefacts carrying
out initial research and fieldwork to the conservation
and storage requirements. Richenda has worked on
several field operations with the Department — the de
Freycinet land camp survey in June 2005 and the recent
Kalbarri excavation in January 2006. She is also presently
working on a joint catalogue publication on the Rottnest
Shipwrecks.

RICHARDS: Vicki Richards is a conservation scientist
with the Department of Materials Conservation of the
Western Australian Museum, with 19 years experience in
the analysis and treatment of waterlogged archaeological
materials. Her main research interests are in the areas
of on-site monitoring/preservation of shipwrecks and
associated artefacts, reburial of archaeological materials
and the analysis and treatment of metal/organic
composite artefacts. She hasalso worked extensively with
the Bataviatimbers, particularly with respect to problems
associated with acid deterioration.

SMITH: Tim Smith isa Senior Heritage Officer, and a State
Government Maritime Archaeologist, with the Heritage
Office, NSWDepartment of Planning (Sydney, Australia).
With a Graduate Diploma in Maritime Archaeology
and a Bachelor of Arts (Hons) in Archaeology from
the University of Sydney, Tim has surveyed numerous
shipwreck sites in NSW and interstate since joining the
Officein 1991. He hasworked on arange of archaeological
sites in the Middle East, Greece and Italy over the past
16 years. Major sites include Pella in Jordan; I Fani in
Southern Italy; and Torone - a Classical Athenian town
in northern Greece where he undertook the survey
of the ancient harbour. Tim participated in the 1997
and 1998 Australian expeditions that documented the

historic AE2 submarine wreck site in Turkey, and served
atarchaeological technical advisor to the joint Australian-
Turkish technical workshops held in Istanbul in 2002 and
2004. Timis currently Director—Maritime Archaeology, for
the proposed 2006 archaeological expedition coordinated
by the Submarine Institute of Australia (SIA), and has
published widely on the work. He is closely involved in
the identification, mapping and heritage assessment of
key naval historic shipwreck sites. Tim successfully led
the search for the Dutch (ex-RAN) submarine K-IXwreck
site near Seal Rocks, NSW in 1999, has been involved in
several searches for the missing Japanese (1942) midget
submarine near Sydney, and assisted Heritage Victoria
in their survey of the J-3 submarine wreck site near
Melbourne. Heis currently coordinating heritage projects
aimed atdocumenting the important World War One-era
wreck sites, HMAS Australia (1) and HMAS Parramatta (1).
HeisapastVice Presidentand Secretary of the Australasian
Institute for Maritime Archaeology (AIMA), and current
State Councillor. At the Heritage Office, Tim develops
publications and community based-projects to promote
sound management of the State’s underwater heritage.
He also coordinates State Government compliance with
their heritage management responsibilities under the
NSW Heritage Act 1977.

SOUTER: Corioli Souter has been employed at WAM
as an Assistant Curator at the Department of Maritime
Archaeology since 1997. Trained as an historical
archaeologist and gaining postgraduate qualifications in
maritime archaeology, the work she is presenting today
relates to her MA research. Her other research interests
are in developing and utilising remote sensing survey
techniques (for the discovery and mapping of shipwreck
sites; Australian Colonial trade and 19th century iron
sailing vessels; Cargo analyses; shipwreck site formation
processes, Indigenous/European terrestrial contact
archaeology.

STEINBERG: David Steinberg is a senior heritage officer
and a NT Government Maritime Archaeologist. He
began working as a Maritime Archaeologist in 1996 after
graduating from the Post-Graduate Diploma in Maritime
Archaeologyatthe Western Australian Maritime Museum.
He worked for a period at the South Australian Heritage
Office before moving to Darwin where he worked at the
Museums and Art Gallery of the NT managing a number
of projectsunder the Historic Shipwrecks Program. Whilst
completing his Masters thesisin Archaeology David worked
with the Aboriginal Sea Rangers of Maningridaand South
GoulburnIsland in the developmentof marine industries.
After completing his Masters in 2005 David returned
to heritage work and accepted a position with the NT
Heritage Branch. In this role David assesses and manages
a range of sites including shipwrecks, submerged plane
wrecks, mining sites, WWII camps and historic buildings.

SUTCLIFFE: Ray Sutcliffe is a well known documentary
maker, trained as an historian, moved into television in
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1964, worked for two decades on Chronicle, the unique
BBC History and Archaeology Unit, that produced the
series Discoveries Underwater aired in Europe and the
USA, produced films on the Batavia, SS Great, the PS
Eric Nordewall in Sweden, and Kolding Cog in Denmark
and recently the SS Xantho, with Prospero Productions
of Fremantle. Involved in historic shipwrecks from
the Spanish Armada, the VOC ships Amsterdam, Slot ter
Hooge, Batavia, former Chair of the Council for Nautical
Archaeology, Council Member Society for Nautical
Research, Chairman of the Nautical Museum’s Trust
which operates The Shipwreck and Coastal Heritage
Museum, Hastings. Executive committee member of
National Heritage which judges and promotes museum
of the year awards in the United Kingdom, Member of
the Executive Committee Archaeology Section, British
Universities Film and Video Council

TAYLOR: Peter Taylor Completed scuba course while still
at secondary school in 1974. Caught wreck bug in 1978
and has notbeen cured yet. Participated in various MAAV
and MHU fieldwork exercises since 1985, including City
of Launceston, Wilsons Promontory, William Salthouse and
numerous others. When not thinking about, or diving
on wrecks, can be found in the State Library of Victoria,
or the National Archives of Australia. Has published two
wreck books so far. Holds commercial and other diving
qualifications, including AIMA/NAS accreditation.
Member, Maritime Archaeology Association of Victoria
Australasian Institute for Maritime Archaeology. Also
part of the Southern Ocean Exploration team, with the
objective to find, document and dive un-recorded deep-
water wrecks off the coast of Victoria.

THOM: After arriving in Port Hedland mid 60s, Kerry
researched SS Koombana and during the late 60s & 70s
& teamed up with Ted Graham late 70s, forming the
KoombanaSearch Groupin 979 with local (Port Hedland)
people. The group undertook a three-day 24-hr marine
search in 1981 in an area 80 miles NE of Hedland, using
Nato type GPS and precision radio positioning systems -
very sophisticated for the day. During the 80s, we formed
the Port Hedland Historical Society & established a
Museum. Later - approx 1983 - his group engaged with
the US Oceanographic Office & used one of their P3
Orions that was equipped with aerial magnetic mapping
technology. They carried out 3 missions & found highly
magnetic undersea ore bodies (iron) - unfortunately
these effectively masked any iron shipwrecks that may
lie in the large area searched. Further research has
highlighted other areas of interest off the Pilbara coast
& a sophisticated analysis of areas previously searched
has identified areas that are planned to be revisited. We
are currently re-forming a group in Perth to carry out
further searches.

TULLY: Peter Tully, Secretary of Friends of the Cerberus
Inc. Peter developed a major interest in the history of

battleship development and resulting for Cerberus from
his first visit to Black Rock in the early

1970’s. He become quite passionate abouther preservation
writing letters of support to Federal and State Members
of Parliament for Bicentennial Funding applications
from the then City of Sandringham in 1986 to refloat
Cerberus and locate her next to the Polly Woodside in
the Yarra River. In 1995 he similarly supported the then
Bayside City Council’s (successor to City of Sandringham)
application for State funding to preserve her in situ at
Black Rock and create an interpretive centre. As previous
preservation attempts had all failed Peter joined Friends
of the Cerberus in December 2003 to give it one last go
at saving such a unique heritage item. Peter in addition
to battleships has a wide interest in historical subjects as
diverse as the South Channel Fort (Port Phillip Bay)
through to Melbourne Cable Cars/Trams.

VIDUKA: Andrew Viduka, conservator, Museum of
Tropical Queensland. Andrewis the currentsite manager
for the Yongala and will in conjunction with his current
position, become the Queensland Historic Shipwreck
Officer next financial year. Andrew has been involved in
archaeologysince the mid-1980s starting as a volunteer in
archaeological survey in Tasmania and later on anumber
of excavationsin the Mediterranean area. Andrew trained
asaconservatorin the mid-1990s. Since then he hasworked
as a conservator in Australia, Cyprus, Greece, Denmark,
Saudi Arabiaand Antarctica. In 2002 Andrewwas awarded
a Churchill Fellowship to further his understanding of
organic object deterioration and conservation. Today his
research interests include the management and in situ
preservation of cultural heritage, diving, technology and
Queensland’s maritime heritage.
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