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Abstract

Only limited archaeological research has been conducted on boiler safety valves of
mid nineteenth-century steamships. As a result, this lack of knowledge has led to
assumptions that spring-loaded valves were used in this era because they were more
suitable for the task, i.e. the rolling and pitching at sea had no effect on the force
applied by the valve. Noted Maritime Historian Denis Griffiths (1997:58), for
example, states that “initially safety valves were of the deadweight type, but spring-
loaded safety valves became normal in the 1850s following their general adoption on

railway locomotive boilers.”

This study examines and reconstructs a safety valve, of a type once believed obsolete
by the late 1850s, that archaeologists recovered from close proximity to the boiler of
SS Xantho (1848—1872). An alternative perspective is presented which demonstrates
that these devices were used at sea well into the 1870s, even though spring-loaded
safety valves were preferred over deadweight and lever-weighted mechanisms. It was
only at the end of the nineteenth century that improvements in the engineering and
metallurgy of spring and pop safety valves had advanced to a point where their
installation on steamships had the confidence of engineers, and government

regulatory agencies such as the Board of Trade.
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FOREWORD: SS XANTHO, A PRECIS OF EVENTS TO 2010

In 1871, the 23-year-old iron-hulled schooner-rigged paddle steamer SS Xantho was
sold to Glasgow scrap metal merchant Robert Stewart, who fitted the vessel with a
second-hand 10-year old ex-RN screw engine, pumps, and a new boiler
manufactured locally by David Davidson. He then sold it to visiting colonial
entrepreneur Charles Edward Broadhurst who intended to use it in the northwestern
Australian pearling industry to transport shell, carry ‘Malay’ pearl divers, and pick
up passengers and cargoes as a ‘tramp steamer’ on its voyages from Fremantle to
Batavia via intervening ports and pearling havens.

With a worn-out hull overloaded with lead ore from the nearby Geraldine mine, and
its decks opened by the heat of the sun, Xantho sank near Port Gregory, Western
Australia on November 16 1872. Initially, Broadhurst had high hopes of refloating
the vessel and brought in a hard-hat diver to examine how this could be achieved
however, it proved an impossible task because the ship had filled with sand. All
loose objects of value were subsequently salvaged after which it was abandoned.
Around the turn of the century, SS Kurnalpi called in to Port Gregory and it appears
it may have collided with the wreckage, which lay just a few metres beneath the
surface.

In 1979, the wreck was re-located and inspected by members of the Maritime
Archaeology Association of Western Australia. Later reports of looting, including
the removal of a boiler gauge and other objects in 1983, hastened diving conservators
and corrosion specialists to join the archaeological team in its investigation. This
inspection showed that the ship was fitted with a Crimean War gunboat, non-
condensing horizontal trunk engine, designed and built by John Penn of Greenwich
incorporating the standard thread of Joseph Whitworth. These were the first mass-
produced, high pressure, high revolution marine engines ever made, rendering
Xantho'’s engine of international significance. As a result of its unique status, and
based on the advice of corrosion scientists that the engine had a short projected life if
it remained on the seabed, the Western Australian Museum’s (WAM) Maritime
Archaeology Advisory Committee endorsed the project leader’s advice that the
engine must be recovered. The Museum administration subsequently provided a
budget of AUD $7,200 for the entire project.

In 1984 the engine was cut free from its bearers using thermal lance equipment and
in 1985 the engine was raised in the context of an excavation of the stern section aft
of the boiler. The de-concretion of the engine began in a conservation laboratory
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soon after it was raised in 1985 and was completed a decade later with the opening of
the last of the internal spaces and the freeing of its movable parts. In the interim other
objects including what was first thought to be a condenser (but which was later
identified as a distilling apparatus) and a boiler safety valve were recovered, de-
concreted and sent to the treatment tanks. The many anomalous features surrounding
the engine and the initial belief that the safety valve was of an outmoded and
inefficient ‘deadweight type’ led to the assumption that the ship was refitted for use
in calm rivers or on inland waters where fresh waters was readily available. Work
then began on rebuilding the engine in the exhibition galleries as a ‘work-in-
progress’. A working model was produced, together with a number of concepts in
plan view and in model form for the future exhibition of the raised objects. These
were used as aids in understanding how the vessel was engineered and operated. By
2006 the engine had been totally reassembled and could be turned over by hand. It
was a conservation triumph, which attracted archaeologists and conservators to an
international celebratory conference on iron, steel and steamship archaeology held to
mark the occasion.

The investigation into the engineering, the many anomalous features on the seabed in
and on the engine, together with the absence of a condenser and the existence of the
deadweight safety valve also resulted in a detailed study of Charles Broadhurst, who
like Xantho had been previously dismissed as a total failure—he as an entrepreneur
and his ship as the State’s first coastal steamer. As a result Broadhurst is now
recognized as one of Western Australia’s 100 most influential citizens of all time.
Further studies uncovered his remarkably talented wife, the feminist Eliza
Broadhurst and their suffragette daughter Katherine one of the founders of the
Karakatta Club which helped Western Australian women obtain the vote ahead of
most of the world. As a result the museum’s exhibition on Xantho is entitled
‘Steamships to Suffragettes: guano to pearls’ focusing as much on the people
involved (including the Broadhursts’) as it does on the engine and its conservation.

Unfortunately, both the “distiller’ and the boiler safety valve suffered degradation
during their conservation treatment and emerged from the treatment tanks in
hundreds of pieces. As apparently insolvable three-dimensional jigsaw puzzles they
were initially considered hopeless cases, not capable of providing any further useful
information. That was until conservation staffer Alex Kilpa volunteered his services
in their reconstruction. What has transpired as a result of his research and three-
dimensional visualization skills is the total reassessment and presentation of both
items into the Western Australian museum’s Shipwreck Galleries.

M. McCarthy

Archaeology Director
SS Xantho program
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CHAPTER I: INTRODUCTION

The use of safety valves as mechanisms to prevent boiler explosions is well
documented for land applications (Hewison 1983; McEwen 2010:1-185). Safety
valves were, as described in historical record, critical for reducing the incidence of
such explosions, which were costly both in terms of human life and material
resources. To the knowledge of this author, no archaeological study has been
undertaken to investigate the use of safety valves at sea, although there are numerous
historical accounts of boiler explosions occurring in such environments including
HMS Thunderer in 1876 (McEwen 2010:181-183), Sultana in 1865 (Potter 1992:3;
Voulgaris 2009:7), and Chattahoochee in the same year (Watts et al. 1990:17-18;

Foenander 2011).

Research Question

In 1871, scrap metal merchant Robert Stewart (1820—1881) of Glasgow (County of
Lanark 1881), fitted a former Royal Navy gunboat engine, a new boiler, and other
ancillary machinery including a weighted boiler safety valve to Xantho, in order to
convert the 23-year old paddle steamer to screw propulsion. The research question
around which this thesis hinges is “what can the safety valve recovered from SS
Xantho (1872) reveal about the development of safety features on nineteenth-century
steamships?” In order to answer this question, this thesis was developed in two

stages with sub-sets of secondary questions relating to this research theme.



Stage one Initial research questions relating to the identification and functionality of
the safety valve. In this first stage, a particularist approach for generating research
questions relating to the nature of this artefact was considered critical because it was
not understood and subject to misrepresentation. As Jeremy Green (1990:235)
suggests, it is important, to build a clear understanding of the nature of the material
before constructing a deeper hypothesis. In order to do so, the following four

questions will be addressed:

. What was the purpose of this object?
. What was its material composition?
. How did this device function?

. Where was it located on the boiler?

Stage two Propose comparative questions relating to safety valve options for boilers

in the mid nineteenth century. These included:

. How did the mechanism recovered from Xantho compare in terms of
composition, safety rating, and design to other types of safety valves, (i.e.
lever-weighted and spring-loaded valves) available in the mid nineteenth
century?

. Under what environmental circumstances would these mechanisms be best
suited, 1.e. at sea, land, rivers, lakes?

. Were there guidelines, legislation, or regulations for the installation of such

mechanisms?



The Absence of Historical Records

Although Xantho, built in 1848, may be considered a relatively modern vessel, much
of the technical information relating to its construction and service modifications no
longer exist. Keith Muckelroy (1980:10) is well-known for his rejection of
nineteenth-century shipwrecks for archaeological investigation on the basis that
historical documentation reveals more about such ships than their archaeological
remains. The absence of a substantial body of historical data for Xantho demonstrates
Muckelroy’s rejection can no longer be considered a valid position (McCarthy

1998:99).

Ships during their lifespan typically undergo changes including outfitting with new
technology, and repair or replacement of obsolete or damaged equipment. Often, in
absence of documentation, it becomes unclear as to what were original fittings and
what subsequently were added. One such example is the paddle steamer Medway
Queen, built in 1924 (Brouwer 1993:162), where its owners the Medway Restoration
and Preservation Society believe it had a deadweight safety valve. Yet, it is now
impossible to verify their assertion because the entire boiler was discarded when the
original ship was broken up prior to the rebuilding of its hull (Bob Stokes, Project

Manager Medway Queen Restoration Project, personal communication 2011).

With the exception of official inquiries and related media reports into the causes of

boiler explosions on steamships, such as that of HMS Thunderer, information on



boiler safety mechanisms installed on specific ships is recorded infrequently in
historical accounts (The New York Times, July 26 1876; The Illustrated London
News, September 2, 1876). Most maritime historians have emphasized the general
characteristics of steamship propulsion systems but have paid little attention to the
types of safety valves used on particular vessels (for example, Chesneau and

Kolesnik 1979).

Justification for Archaeological Research

Archaeological studies of safety valves used in nautical applications have rarely been
undertaken. Propeller ship Indiana (1848) is one of the few examples, but even in
this case its highly detailed report was conducted as part of an overall plan to
examine the vessel’s propulsion system and not to study the functionality of the
safety valve itself (Appendix A) (Johnston and Robinson 1993; Robinson 1999). A
plausible explanation for the lack of research in this field in Australia may relate to

the difficulty of obtaining data for interpretation from maritime archaeological sites.

A statistical examination of the Australian National Shipwreck Database
(Department of Sustainability, Environment, Water, Population and Communities
2011) demonstrates that of the 8005 shipwreck sites located in Australia, both on
land and under water, only 1077 were of screw-driven vessels and paddle steamers.
Potentially a substantial resource for investigation, these statistics are somewhat

deceptive because the exact location of many of these shipwreck sites is unknown



and a significant number of them date to the twentieth century and are, thus, beyond

the scope of this investigation.

Known steamship sites include the ship graveyards located at Homebush Bay (New
South Wales), Port Phillip Heads (Victoria) North Arm Port Adelaide (South
Australia), and Rottnest Island (Western Australia). In most cases these ships were
totally gutted of their machinery in the salvaging process leaving nothing more than
remnants of the hull or just the keelson (Green 2004:71, 2011; Richards 1997, 2008;
and Western Australian Museum 2012a). It is, therefore, unlikely that such sites can

yield archaeological evidence applicable to this study.

Of those steamships classified as shipwrecks, i.e. wrecked as a result of an unplanned
catastrophe, geographical location and depth of the wreck site are significant factors
that influence the post-depositional process and the transformation of the site. In
cases where the shipwreck site is located in shallow waters, historical and
archaeological records suggest that their owners or agents recovered as much as
possible from them directly after their wrecking. Salvage practises were common,
not only to save cargo but also to recover valuable metals, such as copper, associated
with the ship itself. Examples of this practice are Brisbane (1881) (Steinberg
2008:25), Killarney (1928) (Richards 1997), and Silver Star (1942) (Western

Australian Museum 2012b) (Figures 1-1 and 1-2).



Figure 1-1. SS Killarney (1928) and its marine boiler located at the Garden Island ship
graveyard, South Australia. This vessel was stripped of all its precious metals (Richards
1997:48).

Figure 1-2. The remains of Silver Star (1942). The salvaging of this vessel removed all precious
metals including the copper steam pipes and brass safety gauges. Only the base of the safety
valve remains (C. Cockram, 2012).



In what could be described as a second phase of salvaging, many of these sites have
become vulnerable to treasure hunters and looters, as seen in other parts of the world,
particularly in the waters of developing nations where legislative protection for
historic wreck sites is limited or non-existent (Parthesius et al. 2003:4-5; Parthesius
2007:17-18; Tripati et al. 2010:185). Figures 1-3 and 1-4 show two sites where

modern-day trophy hunting is known to have occurred.

Figure 1-3. Boiler from Nightingale (1933), a fishing boat wrecked at Glenmore/Munster in
KwaZulu-Natal, South Africa. Although the boiler is intact, all precious metals such as the
copper pipes have been removed (J. Sharfman 2012, reproduced with permission).



Figure 1-4. Tugboat Alice G' (1927) located in ca. 10 meters of water that sank as a result of a
severe storm in Little Tub Harbor in Tobermory, Ontario. Visible are the boiler and the base of
the safety valve. The rest of the valve appears to have been salvaged, possibly as a trophy
(ScubaQ 2012).

In other cases where a ship wrecked in deeper waters or an inaccessible geographical
location, such as Tasman (1883) (Nash 2002), they are better protected from salvage
and treasure hunting activities. By the same token, this also makes it difficult for
archaeologists wanting to study a wreck site. As Michael Nash suggests “there is no
detailed archaeological information on the equipment of the SS Tasman (1883) as the
wreck lies at 70 m and could only be surveyed to get the broad details of the site”

(personal communication 2011).

It is evident that the number of wreck sites yielding possible information about pre-
1870 era steamships and their boiler safety valves is quite limited. This research,
therefore, provides an invaluable case-study on an aspect of marine technology that
to date has been overlooked or in some cases misinterpreted in maritime

archaeology.



CHAPTER II: METHODOLOGY

Introduction

James Delgado (1997:259) states that maritime archaeology is:

The study of human interaction with the sea, lakes, and rivers
through the archaeological study of material manifestations of
maritime culture, including vessels, shore side facilities,

cargoes, and even human remains.

Any study in archaeology, therefore, necessitates research and the acquisition of
data. The type of methodology developed to achieve this aim, however, is highly
dependent on the nature of the research question being asked. This chapter provides
an overview of four approaches that have been used historically to obtain, assess, and
interpret maritime archaeological data. They include area excavation, site sampling,
non-destructive data collection, and partial excavation. This chapter also outlines the

objectives of this study and presents an outline of the research methodology.

Area Excavation as a Data Collection Methodology

Traditionally, excavation as a method for accumulating data was seen as a
“quintessential activity in archaeological recording” (Gould 2000:51). In the early

days of maritime archaeology, i.e. the 1960s and 1970s, the methodology associated



with the study of submerged archaeological artefacts was heavily influenced by the
practices and techniques developed for terrestrial archaeology. More often than not,
this involved excavations where large sections of a site or even entire ships and their
contents were removed from the seabed and taken to a museum or archaeological
research facility. At these sites the material was catalogued, conserved and studied in
a laboratory type environment. This resulted in an accumulation of resources for
generations of archaeologists to study and for the general public to enjoy and
understand. The successful integration of maritime archaeological material from the
Kyrenia ship (295-280 B.C.), Mary Rose (1545), Vasa (1628), and Batavia (1629)

into museum environments are testimony to that fact.

To some there was also an element of orthodoxy about this type of approach. George
Bass for example suggests that only through total excavation can a true
understanding of the nature of a ship and its cargo be understood. From Bass’s
(2011:10) perspective the archaeological remains of a ship should be looked upon as
a “singular burial site”. The logistic requirements to excavate an entire shipwreck are
quite different from a proposal to excavate the entire remains of a sprawling Roman
city, for example, which most archaeologists would consider unrealistic. However, to
remove only part of a ship or its cargo would be akin to an archaeologist “excavating

only part of a skeleton and leaving the rest” (Bass 2011:10).

Bass (2011:10) states that “partial excavation and sampling techniques can only lead
to a misinterpretation of materials”. While reflecting on a study of an eleventh-

century shipwreck located at Ser¢e Limani, Turkey, he added:
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At the end of the first excavation season, there was pressure
to publish both scholarly and popular articles on the site.
These publications are now embarrassing. Almost every
conclusion was wrong. Because we had raised mainly the
ship’s Near Eastern cargo of glass vessels and glazed terra-
cotta bowls during the initial campaign, I concluded that
they were evidence of a Muslim merchant venture. In the
following campaign, however, we found the pork bones,
lead seals with Christian images, fishing weights decorated
with crosses and the name Jesus, and graffiti that proved the
merchants on board were Hellenized Christian Bulgarians
who lived on the north shore of the Sea of Marmara near
Constantinople, which is slowly leading into even more

detailed contributions to medieval history.

In another example, anthropological studies of Mary Rose (1545) revealed a high
predominance of religious artefacts known as paternosters. These were found on all
decks of the ship and are known to be closely linked to those who affiliate
themselves with the Roman Catholic Church (Redknap 2005:5). This was initially
interpreted as an example of religious tolerance on board naval vessels during a time
when Catholicism was persecuted by King Henry VIII. However, subsequent
research of the enamel taken from the teeth of the deceased has since presented
additional evidence that perhaps up to 60% of the crew may have been of Southern

11



European descent, possibly Spanish. This suggests an alternate explanation for the
high incidence of Catholic related religious artefacts on board the vessel (Foote

2005a; 2005b).

Although instances like these tend to validate Bass’s research methodology, in
Australia, financial support and sponsorship of institutions conducting maritime
archaeological research was more forthcoming in the 1960s and 1970s than it has
been in more recent times when the novelty of raising shipwrecks had worn off and

the realities of the long-term costs of conservation had become more apparent.

Additionally there have been growing concerns relating to the techniques used to
excavate materials. Although seldom mentioned in academic journals, the process of
excavating materials from a wreck site often involves drastic measures that are
potentially destructive not only to the objects being raised but to surrounding
materials. For example the removal of Xantho’s engine from its bedding required the
use of a thermal lance (Figure 2-1). Likewise the removal of the stern section of
Batavia required the use of a chain saw to cut the timbers. Even though the end result
for these projects has been impressive, it is important to recognise that excavation in

itself is a destructive process (Figures 2-1 and 2-2).
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Figure 2-1. Diver Geoff Kempton assisted by Michael McCarthy removing Xantho’s engine via
the use of a thermal lance (P. Baker, 1985).

Figure 2-2. Diver sawing Batavia hull planking with a pneumatic chainsaw. (J. Green, 1974).
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Non-Intrusive Archaeological Studies

A second means of obtaining archaeological data that has come into vogue in recent
times has been non-intrusive archaeological studies, where sites are studied in situ
with minimal disturbance to materials. This approach is the United Nations
Education and Scientific Organisation’s (UNESCO) preferred option for managing
cultural materials under the sea as stipulated in its Convention on the Protection of

the Underwater Cultural Heritage Under the Sea (2001).

However, the use of in situ practices for archaeological investigation is not
universally accepted. In a questionnaire sent to 210 individuals in 12 countries
respondents to this survey raised concerns regarding the use of in situ techniques as a
blanket methodology for undertaking archaeological studies. Five major conflicting

themes were identified:

1. Practitioners point to the lack of convincing research into methods and a shortfall
of quantitative data demonstrating the success of in situ preservation and storage.

2. The ease with which some agencies approach in situ preservation and storage,
which can be misread as an ‘out of sight, out of mind’ attitude, raises concern
among practitioners.

3. The idea that in situ preservation and storage is meant to curtail any and all
excavation and the implications that mentality has on the discipline of maritime

archaeology concerns archaeologists in particular.
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4. The idea that in situ preservation and storage is the ‘best’ form of conservation for
underwater cultural heritage concerns a broad range of practitioners.
5. Practitioners are concerned that in situ methods and techniques limit access for

both researchers and the general public (Ortmann et al. 2010:33).

Most respondents did agree that in situ archaeological studies “are but one tool to be
considered” and its use should be dependent upon the significance of the site, the
environment, the materials involved, access to long-term funding, and the

development of a clear and well-constructed research plan (Ortmann et al 2010:36).

Although non-intrusive archaeological studies may appear to be somewhat limiting
in some instances, they may be far more appropriate and cost effective, depending on
the nature of the proposed research questions. Broad-based research questions such
as those posed in Richards’ (1997) study of the Garden Island ships’ graveyard, for
example, are more than adequately addressed with an in situ methodology. In this
particular case, area-based excavations would not necessarily have yielded any

further significant data.

Selective Sampling Techniques for the Accumulation of Archaeological Data

By the 1980s excavation was still undertaken in Australia, but had moved away from
the concept of area excavation to more targeted approaches where only certain
artefacts were removed. Furthermore, Federal and State legislation in Australia

stipulated materials could only be removed from a protected site by applying for a

15



permit, and that their removal had to be justifiable and not undertaken merely to

satisfy curiosity.

The excavation of materials through sampling is similar to the non-intrusive
archaeological techniques described above but includes the excavation or removal of
materials with the aim of addressing a specific research question. Cheryl Ward and
Rachel Horling’s (2008: 148—173) remote exploration and archaeological survey of
four Byzantine ships in the Black Sea could be seen as an example of a research
methodology that would fit this criteria as only a small number of amphorae were

recovered from the wreck sites and only for comparative purposes.

Partial Excavation

This type of archaeological approach is a compromise between area excavation and a
non-intrusive archaeological study. It is based on practicality where only materials
that are needed to answer a specific research question are excavated. By this method
material, not directly related to the research question, are left in situ for other

researchers to explore and assess.

The recovery of materials from Xantho was undertaken by the Western Australian
Museum under the direction of Dr Michael McCarthy from 1985 to 1995. The
original intent was to focus on the study of the horizontal trunk engine, a unique
machine, and to save the associated precious metals from treasure hunters. The

removal of the horizontal trunk engine was the last major recovery operation
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undertaken by the Western Australian Museum. However, the methodology used was
different from the area excavation technique applied to Batavia. Furthermore, Xantho
had tremendous research potential and was intimately associated with Western
Australia’s colonial history but did not receive the funding and resources associated
with the seventeenth-century and eighteenth-century Dutch East Indiamen wrecked

along the Western Australian coast.

Objectives of this Study

The general research design for this study has been developed in accordance with the
principles outlined by Colin Renfrew and Paul Bahn (1991:61), which led to the

following objectives:

. The formulation of a research strategy to resolve a particular question or idea;
. The collection and recording of evidence against which to test that idea;
. The processing and analysis of that evidence and its interpretation in the light

of the original idea to be tested; and

. The publication of the results in journal articles, and books.

The basic aims for this research followed these principles but with one additional
objective—the quest to have this work available for public access through display of
these materials in a museum. Although the dissemination of archaeological findings
through publication is undoubtedly an important step in gaining scholarly
recognition, the effectiveness of archaeologists employed by museums or other

public institutions, is often tied to community interest, government funding, and the
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generosity of philanthropists. They, therefore, have a responsibility to the general

public for the justification of continuing research.

The exhibition of conserved materials is an important adjunct to the documentation,
conservation, and analysis processes that follow archaeological field studies. As
Graeme Henderson (1986:9) suggests “museums can be an excellent resource to
draw upon ideas about aspects of ship construction”. The research and reconstruction
of the safety valve in this study generates a platform for future studies of steamship
technology and provide a visual representation of its relationship with the engine and
boiler. This study will make an important contribution to the reconstruction of
Xantho’s propulsion system, which is to be displayed in the Western Australian

Museum’s ‘Steamships to Suffragettes Gallery’.

The Research Methodology

To answer the research question ‘what can the safety valve recovered from SS
Xantho (1872) reveal about the development of safety on nineteenth-century
steamships?’ this study adopted a holistic research approach that draws upon six sets

of data, including:

«  Socio-economic factors that influenced the development of nineteenth-
century safety valves;

- Historical documentation (including photography) that provides evidence of
mounting types associated with mid to late nineteenth century horizontal
boilers;

.+ Information derived from the reconstruction of the safety valve;

18



- Associated archaeological materials, such as the boiler, still present at the
shipwreck site;

- Materials previously removed from shipwreck site such as its engine and
associated pipework; and

- Literature, diagrams, and manufacturer’s catalogues of marine propulsion
machinery to aid in the development of a hypothetical model of Xantho’s

propulsion system.

These six data sets are represented schematically in the Figure 2-3. The conclusions
obtained from these datasets form a cultural interpretation of the value of safety

valves to society in the nineteenth century.
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Data Set 6
Typology of
nineteenth-

century boilers.

Data Set 5
Analysis of other
materials
recovered from the
wrecksite

Data Set 1
Sociological,
economic, and
geographic
circumstances

REEI
Question. What
can the safety
valve recovered
from Xantho tell

us about safety on
steamships in the
nineteenth
century?

Data Set 4
Examination of
materials remaining
at the site such as
the boiler, steam
dome, and piping

Data Set 2
Historical
documentation
relating to the
development of
safety valves

Data Set 3
Reconstruction and
analysis of
Xantho's boiler
safety valve

Figure 2-3. Mind map of data sets used to answer the thesis research question (A. Kilpa, 2012).

Conclusion

There are many ways archaeologists can obtain data. Traditional approaches have

placed great emphasis on full-scale archaeological excavation, whereas more recent

trends have moved towards partial excavation and in situ studies. The success of any

research is dependent upon developing a research methodology that is feasible and

appropriate to the research question being asked. As Jeremy Green (1990:124) states:

“excavation alone is not archaeology, but part of a process whereby information is

obtained which allows archaeological interpretation.” The methodology applied to
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this study draws upon data from a variety of sources and is not solely dependent on

further excavation of materials from the wreck site.
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CHAPTER I1I: BOILER EXPLOSIONS IN THE NINETEENTH

CENTURY—A SOCIO-ECONOMIC PROBLEM

Introduction

The nineteenth century witnessed remarkable advancements in technological
engineering. The steam engine, coupled with its powerhouse the boiler, were
harnessed to undertake complex engineering tasks with greater efficiency and fewer
personnel. The adoption of steam engines and boilers for maritime applications
allowed vessels to move through the water in the absence of wind, thus allowing
travel to be accomplished more predictably. Human life, however, was put in

jeopardy in the quest to extract more output from this developing technology.

The tendency to run boilers beyond their maximum designed pressures, often quite
deliberately, resulted in faster steam engines and serious explosions both in the
United Kingdom and abroad (Voulgaris 2009; Langlois et al. 1994:11). In some
cases, it was ignorance of steam’s physical properties and not exclusively the fault of
the operators. Numerous anecdotes however tell us of safety valves and those who
tampered with them, including “the one about the passenger who, feeling the cold,
betook himself to the warmth of the area above the boiler and made himself a

comfortable seat on the safety valve (Richards 1987:71).

This chapter provides a statistical analysis of the factors responsible for boiler

explosions in the United Kingdom during the nineteenth century. Also described in
22



this section is the impact of legislation and the effectiveness of inspection agencies in

reducing the incidence of boiler explosions.

Boiler Explosions and Loss of Life

Today, when steam boiler explosions are rare, it is difficult perhaps to imagine the
terror associated with such occurrences. There are few photographs showing the
consequence of boiler explosions on steamships in the nineteenth century (see Figure
3-1) and many of the illustrations that have tried to portray their occurrence such as
the ones presented in Figures 3-2 and 3-3 may seem fanciful if they were not

accompanied by eye witness accounts.

Figure 3-1. Aftermath of a nineteenth-century steamship explosion. This 1895 photograph shows
the remains of Morford’s boiler under examination at a pier in Chicago. Despite the violence of
the explosion, this vessel was rebuilt and returned to service (Twaintimes 2012).
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Figure 3-3. Boiler explosion aboard HMS Thunderer (Illustrated Police News, 29 July 1876).
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Although death as a consequence of a boiler explosion could be instantaneous, in
many cases it was prolonged and agonising. Lieutenant Augustus McLaughlin
(1863:869-870) vividly recalls the tragic death of midshipman Charles K Mallory on

board the CSS Chattahoochee (1864) on May 27, 1863 (Foenander 2011).

Poor Mallory! I shall never forget his appearance. I would not have
known him had he not spoken. His face, hands, and feet were scalded in
the most terrible manner; he pleads piteously to have his wounds
attended to. I urged the doctor, who, by the way, was almost used up
himself, to pay Mallory some attention. He then told me that he would
have to wait for some assistance. He then said that Mallory could not
live. You would have thought differently had you seen him. I could not
make up my mind that he would die. When they first commenced to
remove the cloths he was talking cheerfully, but the nervous system
could not stand the shock. He commenced sinking and was a corpse
before they had gotten half through. Dufty, the fireman, expired on the

next day.

Statistical Evaluation of Boiler Explosions in the United Kingdom 1801-1870

Historical documentation based on eye witness accounts and the reports of
investigative agencies suggest that nineteenth-century boiler explosions were
frequently caused by the deliberate overloading or failure of safety valves.
However, an examination of statistical data from 1870 (Figures 3-4 and 3-5) as

submitted to the Institution of Mechanical Engineers indicates that safety valve
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failure was just one of a multitude of factors that could be attributed to the cause of
boiler explosions. Other factors being: corrosion, faulty design and inadequate water
level (Fairbairn 1851:15; 1864:350-353; Hutton 1911:232; Marten 1868; 1870:191—

195; 1872).

Number Boiler Explosions in the United Kingdom (1801-1866) by Cause

247 Too uncertain to identify a specific cause

92 Boilers being worn out, from corrosion, or the deterioration of plates or rivets
132 Overpressure, safety valves being wedged or overweighted, acts of carelessness
136 Faulty construction of boiler fittings, want of stays, neglect of timely repairs
106 Shortness of water, formation of scale or mud or external flues set too high

6 Extraneous causes, lightning, fire, gas

1%

B Uncertain causes

¥ Worn out, corroded

¥ Overpressure, overloading of

safety valve

B Faulty construction

H Shortness of water

W Extraneous causes

Figure 3-4. Percentage breakdown of causes relating to boiler explosions in the United Kingdom
from 1801-1866. Based on statistics presented in Marten (1870:195).
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Number Boiler Explosions in the United Kingdom (1801-1866) by Type

203 Boiler type insufficiently described

57 Marine boilers

140 Cornish, Lancashire, or other boilers internally fired

91 Locomotive, or other multi-tubular boilers

114 Plain cylindrical boilers, externally fired

62 Balloon or haystack, wagon, Butterley, British-tube, elephant or Trevithick
28 Portable, agricultural, upright or crane

14 Heating apparatus or kitchen

10 Furnace upright

H Boiler type insufficiently described

B Marine boilers of various types

¥ Cornish, Lancashire, or other
boilers internally fired

B Locomotive, or other multi-tubular
boilers

¥ Plain cylindrical boilers, externally
fired

¥ Balloon or haystack, wagon,
Butterley, British-tube, elephant or
Trevithick

“ Portable, agricultural, upright or
crane

" Heating apparatus or kitchen

Furnace upright

Figure 3-5. Percentage of boiler explosions in the United Kingdom from 1801-June 1866 by
boiler type. Based on statistics presented in Marten (1870:194).
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Although this data provides a general overview of explosions, its interpretive value is
limited because it does not link the cause of the incident to a specific boiler type. It is
impossible, for example, to extrapolate the 57 recorded instances of marine boiler

explosions that happened during this time period and link them to a specific cause.

In the early years of steamship technology, assessments of boiler explosions were
often undertaken by unqualified people with limited knowledge on the subject.
Statistical data for the period 1801-1866 indicates that 34% of the 719 reported cases
were too uncertain to identify the actual cause. It is also quite possible that cases
listed as safety valve failures were, in fact, related to other causes that were poorly
understood. These factors led to a strong argument by those advocating for
inspection agencies to ensure more accurate assessments of boiler explosions

(Robertson and Brooman 1864:90).

Edward Marten (1870:179-218) provided a more detailed analysis that linked the
cause of boiler explosions to boiler type (Figures 3-6 and 3-7). Although his statistics
cover only a four year period from 1866—1870, they are of interest because they
show a significant reduction in the number of cases where the cause of explosion is
undetermined. All instances of marine boiler explosions in this time period (Figure 3-
8) could be attributed to either: faulty design or construction, corrosion, or shortness

of water. Not one was the result of overloading of the safety valve.
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Number

89
25
69
28

B Uncertain causes

B Worn out, corroded

¥ Overpressure, overloading of
safety valve

B Faulty construction

¥ Shortness of water

Boiler Explosions in the United Kingdom (June 1866—June 1870) by Cause

Too uncertain to identify a specific cause

Boilers being worn out or from corrosion or from deterioration of plates or rivets
Overpressure, safety valves being wedged or overweighted, acts of carelessness
Faulty construction of boiler fittings, want of stays, neglect of timely repairs
Shortness of water, formation of scale or mud or external flues set too high

Extraneous causes, lightning, fire, gas

H Extraneous causes

Figure 3-6. Percentage breakdown of causes relating to boiler explosions in the United Kingdom
from June 1866—June 1870. Based on statistics presented in Marten (1870:195).
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Number Boiler Explosions in the United Kingdom (June 1866—June 1870) by Type

7 Boiler type insufficiently described

12 Marine boilers

84 Cornish, Lancashire, or other boilers internally fired

10 Locomotive, or other multi-tubular boilers

54 Plain cylindrical boilers, externally fired

5 Balloon or haystack, wagon, Butterley, British-tube, elephant or Trevithick
17 Portable, agricultural, upright or crane

22 Heating apparatus or kitchen

8 Furnace upright

H Boiler type insufficiently described

B Marine boilers of various types

¥ Cornish, Lancashire, or other boilers 2%

internally fired

B T ocomotive, or other multi-tubular
boilers.

¥ Plain cylindrical

¥ Balloon, haystack, wagon, Butterley,

British-tube, elephant or Trevithick

“Portable, agricultural or crane

" Heating apparatus or kitchen

Puddling or mill furnaces at
ironworks

Figure. 3-7. Percentage of boiler explosions by boiler type in the United Kingdom from June
1866 —June 1870. Based on statistics presented in Marten (1870:194).
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Number Cause of Marine Boiler Explosions in the United Kingdom 1866-1870

Weak flues
Weak ends
Bad materials

External corrosion

W N = N W

Internal corrosion

Shortness of water

—_—

B Weak flues

B Weak ends

¥ Bad materials

B External corrosion

¥ Internal corrosion

¥ Shortness of water

Figure. 3-8. Causes of marine boiler explosions in the United Kingdom from June 1866 —June
1870. Based on statistics presented in Marten (1870:197).
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The Development of Legislation and law Enforcement Agencies

Legislation was seen as one method for reducing the incidence of boiler explosions
on steamships in the United Kingdom. The first public notice on the subject was the
enquiry by a parliamentary committee in 1817 investigating a fatal boiler explosion
in London on SS Richmond. The committee collected evidence on steamship
technology and referred to numerous boiler explosions in their final report. In their
summation, the committee recommended that boilers should be made of wrought
iron instead of cast iron or copper—the material of choice previously. Furthermore,
competent master engineers had to inspect and test boilers twice each year and that
there should be two safety valves on each boiler loaded to one third of the test
pressure, under penalties for any excess. It also recommended that a certificate
regarding the condition of the boiler should be issued, with similar rules applied to

the inspection of engines (Guthrie 1971:117—-118; Marten 1872:5).

Although these recommendations helped to draw attention to the issue of boiler
safety, it was only in 1851 that the British Parliament passed the first legislation on
the subject. As enacted, the Steam Navigation Act of 1851 (UK Parliament 2011)

read as follows:

After, the thirty-first day of March one thousand eight hundred and fifty-
two it shall not be lawful for any steam boat, of which surveys are

required by the provisions of this Act, to go to sea, or to steam upon the
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rivers of the United Kingdom, without having a safety valve upon each
boiler, free from the care of the engineer, and out of his control and
interference; and such safety valve shall be deemed to be a necessary part
of the machinery, upon the sufficiency of which the engineer surveyor is

to report as herein provided.

Generally, the introduction of this legislation, enforced by the Board of Trade, was
seen as a positive step to reduce the incidence of boiler explosions. However some
professional engineering institutions, such as the Institution of Engineers and
Shipbuilders in Scotland, believed it gave inspectors too much discretion as to what

type of safety valve should be installed (Robson 1874:50— 51).

Despite this perceived shortcoming, the Steam Navigation Act of 1851 had far
reaching consequences internationally. In 1852, for example, the United States
Congress introduced legislation that seemingly mirrored the initiatives taken in the
United Kingdom. The Steamboat Act 1852, as introduced in the United States,
required gauges and safety valves to be installed on all steamboats that carried
passengers. Strangely freight boats, ferries, and towboats were exempt from these

provisions (Twaintimes, 2011; Voulgaris 2009:6-7).

Growth of Inspectorate Bodies in the United Kingdom

Another important development in the United Kingdom that helped to reduce the
incidence of boiler explosions was the growth of non-government controlled

inspection agencies. One such organization the Association for the Prevention of
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Steam Boiler Explosions was established by William Fairbairn (1864:350) in 1855.
Known today as the Safety Federation (SAFed), this company is responsible for
approving all boiler controls and fittings in the United Kingdom (Spirax Sarco). As
an inspectorate, its primary function was to determine the safety of boilers for their
operational use. In addition, this agency promoted the importance of boiler
maintenance and safe handling practices. The widespread dissemination of literature
to its members and their scientific approach for determining the causes of boiler
explosions led to behavioural changes by boiler operators and the development of
operating manuals for the safe usage of steam vessels. (Her Majesty’s Stationery

Office 1879; His Majesty’s Stationery Office 1901; 1914; Cruickshank 1908).

Reduction of Boiler Explosions

The introduction of legislation and the growth of government and independently
controlled boiler inspectorate agencies resulted in safer boiler practices both at sea
and on land. Figure 3-9 shows a downward trend in the incidence of boiler

explosions in the United Kingdom during the second half of the nineteenth century.
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Boiler explosions and associated fatalities in the United Kingdom 1866 to
1900

100

Number of fatalities

Number of boiler explosions

— Linear (Number of fatalities)

Figure 3-9. Number of fatalities associated with boiler explosions in the United Kingdom during
the period 1866-1900. Based on statistical data provided by McEwen (2010: xv).

Conclusion

The development of steam-ship technology in the nineteenth century enabled many
engineering and transportation tasks to be accomplished faster and more efficiently
than in previous eras. The benefits for industry and transportation led to widespread
usage even though there were potential dangers, particularly if the boiler was not
maintained or was pushed beyond operational capacity. Boiler explosions were the
result of a multitude of factors which extended far beyond defective safety valves or
deliberate overloading to increase the steam pressure in a boiler. The passage of
legislation in the United Kingdom and the growth of regulatory inspectorate bodies

helped to reduce the incidence of boiler explosions.
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CHAPTER IV: NINETEENTH CENTURY BOILER SAFETY

VALVES

Introduction

This chapter provides an overview of some of the most common weighted and spring
loaded safety valve designs developed during the course of the nineteenth century.
The general operational characteristics are discussed together with the advantages
and drawbacks. Although it was not possible to provide a comprehensive history of
boiler safety valves, an expanded listing of patented devices up to 1873 is presented

in Appendix B.

Purpose and Types of Safety Valves

The primary purpose of a boiler safety valve is to act as a relief mechanism for

excessive pressure. As J.A. Fuller (1985:107) suggests:

[A] safety valve is a product born of necessity, a result of the recognition
that an automatic device was necessary to avoid undesirable results, if, as
was bound to arise, sooner or later uncontrolled heat was applied to a

closed vessel containing a liquid or gas.

There are four criteria for a good safety valve. They are:
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Pressure under no condition should rise above the load placed on the safety
valve;

The valve should return to its seat with the least possible loss of pressure;
It should perform its work in the least possible amount of time; and

It should be perfectly automatic (Adams1874:121; Buel (1875:56).

Safety valves can be divided into two categories: weighted and spring loaded.
Most boiler safety valves used on steamships from 1800 to the 1870s tended to be
weighted, whereas most boiler safety valves on steamships in the last quarter of the

nineteenth century were of the spring loaded variety.

Although by the twentieth century most safety valves attached to steam boilers were
the spring-loaded variety, in the nineteenth century the criteria for their installation
was determined by several factors, including whether the boiler was stationary or
moving, if it was to be used for land or marine applications, and its operating
pressure. In his summation of safety valves used in the industry, Richard Buel

(1875:90) states that:

Safety valves for the boilers of locomotives and steamers, and in all
instances in which they will be subjected to oscillations and jars, should
be loaded with springs. For stationary boilers, either weights or springs

can be used at pleasure. In employing spring it is generally considered
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best to arrange it so that it shall be compressed, rather than extended,

when the valve is raised.

Other factors that had an influence in determining the type of valve used were
reliability, the degree of experience of its operators and the recommendations by

boiler inspection agencies, such as the Board of Trade in the United Kingdom.

Deadweight Safety Valves

Deadweight safety valves operate on the principle that the force needed to lift the
valve and its weights must exceed the force holding the latter down. There are many
variations to this type of valve. Some were “pendulously weighted” where the
“preponderance of weights” was located below the valve seat as in the Cockburn
Safety Valve shown in Figure 4-1. The advantage of such an arrangement was that it
was less likely to jump off its seat when discharging steam and re-seating was more
effective once the pressure fell. Other variations had the weights located above the
seat as shown in Figure 4-2 (Fuller 1985:110). Most dead-weights found in historical
literature appear as circular discs that have been manufactured to a specific loading

weight. An example of this arrangement is shown in Figure 4-3.
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COCKBURNS
DEADWEIGHT SAFETY VALVE,1924.
E

Figure 4-1. A Cockburn deadweight safety valve (1924). In this arrangement the preponderance
of weights are located below the valve seat (Science Museum, Kensington, 2012, reproduced

with permission).

Casing

Valve

Valve seat

Steam from
boiler

Weights
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Valve stem

» Excess steam
expelled to
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Figure 4-2. Deadweight safety valve with weights located above the valve seat (A. Kilpa, after J.

Fuller 1985:110).
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Figure 4-3. An example of a 2-inch (ca. 5.4 cm) diameter single deadweight safety valve. Such
systems were vulnerable to corrosion and would frequently stick (Science Museum, Kensington,
2012, reproduced with permission).
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Unlike lever-weighted valves that will to be discussed later in this chapter,
deadweight valves were more difficult to tamper with from a pressure adjustment
point of view—especially if located in a canister. There were, however, operational
problems associated with their usage. “The least dampness from steam would cause
the iron to corrode so that the valve, weights, or both would affix so firmly
themselves to the surrounding metal that “all the pressure you could bring to bear

would never move it” (Fairbairn 1864:348).

One means of overcoming this problem was through the application of corrosion
resistant metals, such as brass and lead. The Maudslay, Sons and Field contract for
the building of HMVS Cerberus’s machinery in 1867 for example, stated that all
materials used for working the safety valves were to be “made of brass, or bossed
with brass at the joints and glands to prevent it from rusting” and that the safety
valve weights were to be made of lead (Maudslay, Sons and Field 1867:3). How

widespread this practice was throughout the Royal Navy is unknown.

Although these materials helped to reduce the incidence of valves sticking, they were
considerably more expensive than iron. Furthermore, 1 ton 9 cwt (1473 kg) of lead
was required for the safety valves to operate Cerberus’s three large and two smaller
auxiliary boilers at 30 psi (Wemyss 1870). Another major disadvantage of using this
type of valve at sea was the effect rolling and pitching would have on its blow down

point. This is discussed later in this chapter.
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The Effects of Compounding

The development of compounding engines was another important consequence in the
use of deadweight safety valves. Compound engines work on a principle where
steam is expanded in two or more stages. Steam from the boiler would first expand in
a high pressure cylinder where it would lose some of its energy, but rather than being
expelled to the atmosphere the exhaust would be used productively by being directed
into one or more low-pressure cylinders. This greater efficiency would also provide

an economic advantage by reducing coal consumption.

Triple and Quadruple expansion engines began to appear in the 1870s and 1880s and
are examples of engines that operated under this principle. However in order to
receive the full economic benefits of compounding it was necessary to have both the
engine and boiler capable of operating at pressures exceeding 40 psi (275.8 kPa)
(Griffiths 1997:43). As such systems became commercially available and their
benefits widely recognised, deadweight safety valves quickly became obsolete. A 3-
in (7.62 cm) safety valve operating at 100 psi (689.5 kPa), for example required a
weight in excess of 706 1b (320 kg) to be functional and this was totally impractical
(Ripper 1909:199-200). Hazelton Robson (1874:49) described the obsolete nature of

deadweight safety valves:
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Much of the economy aimed at has been lost owing to the great waste of
steam from the Government safety valves, which is caused by the present
method of loading them with dead weight. The action of such dead
weight alters upon the valve with every action of the ship, and the
enormous weight necessary to load a valve for high pressure often bends
the spindle, thereby rendering the valve inoperative and untight. Indeed,
it is found in practice scarcely possible to keep safety valves so loaded
steam-tight, the loss of steam in this way on a long voyage is a serious
matter, wasting the supply of fresh water that is absolutely necessary for
boilers carrying high pressure steam in as much as all such waste has to
be made up from the sea, and this cannot be done without increasing the

density of the water in the boiler.

Figure 4-4 shows the rise in boiler pressures in the United Kingdom during the
nineteenth century. With the exception of Crimean War era gunboat boilers, such as
the ones used to power John Penn’s Horizontal Trunk engine (as later fitted to SS
Xantho), the trend demonstrated that marine boilers generally operated at low
pressures until the 1870s. With improvements in boiler construction and the need for
faster ships in response to commercial and military demands in the wake of the
Crimean War (1854-1856) and American Civil War (1861-1865) (especially for
blockade runners), boiler steam pressures gradually increased. The sharp rise in
boiler operating pressures from the 1870s onwards, however, can be attributed to the
wide spread use of compounding engines and the endorsement of spring-loaded

valves by the Board of Trade in 1877 as the preferred choice for marine applications.
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Marine Boiler Pressures in the United Kingdom 1802 to 1901
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Figure 4-4. Summary chart indicating the effects of compounding and the rise in boiler
pressures on gunboats in the service of the Royal Navy, large naval vessels and merchant ships
in service of the P&O (McCarthy 2000:21) and Clyde-built passenger steamers 1802—-1901 based
on data extrapolated from Williamson (1904) (A. Kilpa, after McCarthy 2012).

Lever-Weighted Valves

Like the deadweight valve, the lever-weighted valve is user-friendly and low
maintenance. During the course of the first half of the nineteenth century, it was
widely employed on boilers in both marine and terrestrial settings. The valve

recovered from Indiana is an example of this type of system (Appendix A).

Who invented the lever-weighted valve is the subject of some conjecture. Fuller
(1985:107) and Robert Thurston (1878:47-48) suggest Denis Papin (1647-1712)

invented the lever-weighted valve in 1679, while William Barnet Le Van (1892:10)
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states it was Salomon de Caus (1576—1626), and that Papin “merely improved” on de

Caus’s concept by applying it to a practical device that could be used for the

softening of animal bones. A drawing of Papin’s patented steam digester is presented

in Figure 4-5. The lever-weighted valve proved to be a suitable safety device that

could be applied to many other forms of pressure vessels.

Description of
components
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Figure 4-5. Denis Papin’s steam digester for softening animal bones, shown with its lever-
weighted safety valve (Thurston 1878:48).
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Lever weighted safety valves work on the principle that a given weight located on a
lever requires a certain amount of force to lift. The greater the distance from the
fulcrum, the more force needs to be applied to lift the load. Hubert Collins (1908:84—
100) and R.K. Rajput (2005:235) provide examples of how the laws of physics can
be applied to predict the amount of force necessary to lift a given weight, at a given
distance on a fulcrum. The weights used on lever-weighted safety valves came in
various shapes and sizes. Figure 4-6 shows a typical nineteenth century lever-
weighted valve with a ball-type weight. This contrasts sharply with the bell-like

device presented in Figure 4-7.
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Figure 4-6. An example of a lever-weighted valve. By adjusting the position of the weight on the
lever it is possible to alter the amount of force necessary to lift the weight (Collins 1908:89).
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Figure 4-7. Weight from a lever-weighted safety valve. This device has a similar profile to the
weight recovered from Indiana (Science Museum, Kensington, 2012, reproduced with
permission).

Junction Valves

As shown in Appendix B there is considerable variation in the design of lever
weighted safety valves. In some cases, such as the safety valve removed from
Indiana, the lever weighted safety valve and the isolating valve share the same
housing as seen in Figure 4-8 This type of apparatus is known as a junction valve

(McEwen 2010:153).
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Description of
components

Hand wheel
Gland bolt
Gland flange
Stem

Gland bolt shaft
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Safety valve seat
Safety valve
Body

Q Boiler mounting
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Figure 4-8. An example of a junction valve. This device combined a lever-weighted safety valve
with a general isolating or shut-down valve (A. Kilpa, after A. McEwen 2010:153).

Although the safety valve recovered from Xantho (discussed in Chapter V) differs
from the aforementioned design, it also incorporated the safety valve and isolating

valve in one housing and therefore, had a multi-functional purpose.

A 1911 memorandum on steam boilers by William Buchan Inspector of Factories

stated that “the bad practice of combining the stop valve and the safety valve chests
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to form one mounting should be abandoned, for the safety valve is liable to stick if

the boiler should prime and cause mud and dirt to be carried towards the valve”.

There was also the additional danger of the safety valve being cut off from the boiler
if the boiler cleaners plugged up the stop valve inlet branch and forgotten to remove

the obstruction before leaving the boiler (Fuller 1985:112).

Other Variations

Another variation of the lever-weighted valve that reflected growing understanding
of the multitude of causes associated with boiler explosions was Hopkinson’s
patented combination valve (Figure 4-9). Developed in the 1850s, this device sought
to provide protection in circumstances arising from low water/ high pressure by
working on a counterbalance principle. If the level of water in the boiler dropped
below a certain level the float would drop, activating the safety valve and releasing

excess pressure (Fuller 1985:110; Hutton 1891:307; Rajput 2005:237-238).
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Figure 4-9. A Hopkinson low water/high pressure safety valve (Hutton 1891:307).

Other variations include the self-acting safety and fire extinguishing valve as shown
in Figure 4-10 (Hughes 1870:219). As with Hopkinson’s valve this system operated
on a counter balance principle, but with the additional feature of a built-in fire
extinguisher that would extinguish the furnaces if the water in the boiler dropped
below a certain level. Both the Hughes and Hopkinson systems were complicated

and not suitable for mobile boilers (Rajput 2005:238).
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Figure 4-10. An elaborate version of a low water/high pressure valve with fire extinguisher
(Hughes 1970: Plate 63).

Spring-Loaded Valves

Spring-loaded valves worked on a different principle from the deadweights because
they used the tension of the spring to hold down the valve. Springs could be applied
directly on the valve where it would operate under compression, or indirectly through

the use of an arm in which case it would be operating under expansion.

Although spring-loaded valves were adopted fairly early in the nineteenth century for
locomotives and land applications, it was not until the late nineteenth century that
they were universally accepted for marine applications. One possible reason for this
delay may be attributed to the traditional conservatism of marine engineers and
shipowners. However, it also appears that the Board of Trade had legitimate

concerns about the safety of spring valves. In 1873 McFarlane Gray, Chief Surveyor,
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Board of Trade expressed a reluctance to approve steam pressures over 482 kPa (70
psi) on merchant vessels (Guthrie 1971:118). It is not clear whether this was a
general aversion to the use of spring-loaded valves or a reluctance to approve high
pressure boilers. In a submission to the Institute of Engineers Hazelton Robson in
1874 states, that the Chief Surveyor of the Board of Trade in London (he did not
mention McFarlane Gray by name), had vetoed spring-loaded safety valves and
considered them unfit for the purpose of maritime use because they would “not allow
the free escape of steam” and “consequently the pressure must accumulate in the

boiler to a dangerous degree” (Robson 1874:50).

From the Board of Trade perspective there may have also been a lack of confidence
in the metallurgical strength of the springs working under varying degrees of stress.
If a locomotive broke down due to a broken safety valve it would be an
inconvenience but if a safety valve broke on a ship it could paralyse the ship
rendering it inoperable and possibly adrift in a circumstance of isolation where
assistance was not readily available. This obviously was unacceptable and potentially
disastrous. Deadweight safety valves may not have been as efficient as spring-loaded

valves but they were reliable.

Salter Spring-loaded Valves

Salter spring loaded valves are somewhat similar to lever weighted systems but with
the weight substituted by a spring that operated on an expansion principle. These

devices are often referred to in historical literature as ‘ordinary valves’ and were used

52



for both land and sea boiler applications. They were popular with engineers in the era
pre-dating the Bourdon gauge because they could be fitted with a calibration scale
that would provide some indication of the pressure existing in the boiler. An example
of a Salter spring-loaded valve with a scale is presented in Figure 4-11. Examples of

its installation for maritime and land applications are shown in Figures 4-12, 4-13,

and 4-14.
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Figure 4-11. Lever and spring-balance safety valve working on the Salter principle. By the turn
of the twentieth century, this type fell out of favour because of the ease by which it could be
overloaded by over tightening the scale (Fuller 1985:109).
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Figure 4-12. Marine boiler with a Salter spring-loaded valve. The ease by which such valves
could be tampered with, by simply adding additional weights to the arm, led to their

abandonment by the turn of the twentieth century (Alexander Chaplin & Co 1883:43).
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Figure 4-13. Amerika built in 1838 for the Berlin-Potsdam Railway. The safety valve attached to
the steam dome appears to be a Salter spring-loaded valve (White 1979:39).

Figure 4-14. Salter spring-loaded valve as installed on the locomotive Stepney (1847). These
devices are rare to see in operation because they were superseded by ‘pop valves’ (Matt Durkan
Railways, 2012, reproduced with permission).
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There were several drawbacks in the use of this type of valve. Firstly it was far too
easy to overload them either by accident or deliberate action. This was accomplished
by over-tightening the scale, adding weights to the arm, or tying the arm down.
Secondly when the valve lifted the spring, it would provide more resistance, which

consequently would not allow the free and rapid decrease of pressure.

In an experiment on a locomotive at Liverpool, its boiler was fitted with ordinary
spring valves loaded to 482.6 kPa (70 psi), but on the usual test being applied by
representatives of the Board of Trade the pressure went up beyond 758.4 kPa (110
psi) although the valve had lifted and was still going up, the board deemed it
necessary on the grounds of safety to open the furnace doors and reduce the pressure.
Only when the pressure gauge fell below 418.7 kPa (60 psi) did the valve take its
seat again (Robson 1874:50). Other examples of the inadequacy of ordinary spring
valves to allow for the free escape of steam are presented by John Wilson
(1877:181). By the turn of the twentieth century boiler inspectorate bodies were
advocating the abandonment of this type of device in favour of tamper proof ‘pop

safety valves’ (Fuller 1985:109).

Ramsbottom Safety Valve

An early variation of the spring-loaded safety valve was the dual safety valve
developed by the English mechanical engineer John Ramsbottom (1814—1897). This

device gained popularity in the latter part of the nineteenth century and consisted of
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two safety valves held down by a single stout helical spring located midway between
them. The spring holds down both valves with equal force by a crossbar to which the

spring is attached and which rests upon both valves (Figure 4-15).

Unlike previous generations of safety valves where they worked best without any
interaction of the engineer, this type of system encouraged their involvement to
occasionally affect the release of steam. Any movement of the handle by the
engineer, whether by depressing or raising the lever, has a positive effect as it would
alter the pressure on the other valve. It is, therefore, impossible to tie or fasten this
handle down to prevent the escape of steam. When the pressure rises too high, both
valves will blow off and rise to the full extent to which the spring is extended. This is
a marked improvement on ordinary arrangements that lift one-eighth, or perhaps one-
twelfth, of the extension of the spring. “Even with a strong fire, the steam cannot rise
but a very few pounds above the pressure at which the valves are set to blow down”

(Barnet Le Van 1892:132).

One of the major disadvantages of the Ramsbottom arrangement was that the spring
tension could easily be tampered with, either by adjusting the nut (Ripper 1909:198),
or as reported by F. W. Webb “putting a clip on two or three coils on the spring” to
alter its compression ratio (Wilson 1877:182). An improvement on the Ramsbottom
device was the Wilson patent safety valve which had its springs enclosed in two
housings making them tamper proof and protecting them from the effects of

moisture. An example of this type of valve is shown in Figure 4-16.
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Figure 4-15 Ramsbottom safety valve (Loremate.com, reproduced with permission).



Figure 4-16. Wilson patent safety valve with enclosed springs. This valve operated on similar
principles to the Ramsbottom arrangement. Any increase in the tension applied to one of the
valves would be counterbalanced by a release of pressure on the other (Science Museum,
Kensington, 2012, reproduced with permission).

Pop Valves

Today,‘pop valves’ are the most common form of safety valve used in industry.
Developed by the locomotive engineer George W. Richardson in the 1860s, the
design of this type of spring-loaded valve was a significant improvement over other
safety valves as they “opened quickly and fully, relieving the pressure promptly and
closed sharply when the pressure fell 3—5 pounds [20.68—34.47 kPa] below that for
which the valve was set” (White 1979:148). The term ‘pop valve’ being popularly
adopted because of the noise associated with its quick opening action. Pop valves

proved to be ideally suited for mass production and for universal application, i.e.
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suitable for both high and low pressure boilers operating in a variety of

environmental conditions (White 1979:148).

The valve shown in Figure 4-17 has been calibrated to react to a steam pressure of
758.4 kPa (110 psi). Of note is the inspection tag and plate that provides details of
the valve specifications, date and settings. The flange located on the left hand side
provides an avenue for the steam to be released to the atmosphere through a blow

down pipe.

Similar to the Ramsbottom valve, this system has a lever (Figure 4-18) that could be

used to manually release pressure in the case of an emergency or for general

maintenance . These bronze safety valves could be calibrated to operate effectively at

2413.2 kPa (350 psi) (Consolidated Ashcroft Hancock Company 1934:1412). This
represents a 100 fold increase in the typical pressures used in boilers of 1802

(Fairbairn 1864:358).
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Figure 4-17. This ‘pop valve’ was manufactured by the Consolidated Pop Valve Company. The
attached specification plate indicates that it was calibrated to operate to pressures of 758.4 kPa

(110 psi) (A. Kilpa, 2012).
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Figure 4-18. Components of a model 1451 ‘pop valve’ designed for marine use (Consolidated
Ashcroft Hancock Company Incorporated 1934).

Conclusion

The development of boiler safety valves in the nineteenth century was an evolving
process with the use of such valves being determined by the level of technology then
in existence and the circumstances of their application. Contrary to popular thought,
most safety valves used on steam vessels were of the lever weighted or deadweight
types until the latter part of the nineteenth century. By the end of the century their
use on boilers in marine environments had been superseded by spring-loaded valves,
which were safer, more economical, and had the ability to operate at far greater

pressures.
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CHAPTER V: REASSEMBLY AND ANALYSIS

Introduction

This chapter describes the reassembly of Xantho’s safety valve and provides a
detailed description of its components. From this research, a hypothesis is developed
as to the valve’s purpose and how it was installed on the boiler. Most of the research,
photography, and determination of technical specifications associated with this

object were undertaken at the Western Australian Museum’s conservation laboratory.

Background of Recovered Materials

As aforementioned, Xantho sank on November 16, 1872 opposite Gold Digger
Passage Port Gregory, Western Australia. From 1985 to 1994, archaeologists and
volunteers surveyed and partially excavated the shipwreck site under the auspices of
the Western Australian Museum (McCarthy 1996, 2000). The main objective of the
excavation was to raise the Horizontal Trunk Engine, designed by John Penn and
Son for British Gunboats operating in the Black Sea during the Crimean war (1854—
1856). In addition, several other large artefacts were recovered from the wreck site
including a Chaplin distilling apparatus (Kilpa and Lent 2011) and the safety valve
located approximately one metre away from the boiler on the starboard side of the

vessel (Figure 5-1).
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Figure 5-1. Site plan of SS Xantho indicating the location of the safety valve (red box) on the

seabed (A. Kilpa 2010, after McCarthy 2000:83).
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De-concretion and Initial Conservation

Archaeologists removed the safety valve concretion from the shipwreck in 1988.
After registration, it was presented for stabilization to the Department of Materials
Conservation of the Western Australian Museum. Here, conservators applied a

conservation treatment in two stages:

Stage 1. Conservators removed the calcified remains of marine biological matter in a
process considered by the archaeological director to be an excavation in its own
right. This was accomplished mechanically through the use of hand tools, such as
picking devices, chisels, and scalpels. Figure 5-2 shows the safety valve at the
commencement of the de-concretion process whereas Figure 5-3 shows the final

result.

Stage 2. The object was placed in a solution of 2% sodium hydroxide to facilitate the
removal of chlorides through a process of diffusion. Records indicating exactly how
long this process took are unavailable, partly because the archaeological director was

absent during this time, (Michael McCarthy, personal communication 2012).
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Figure 5-2. The safety valve being de-concreted by conservator Alan Kendrick (Western
Australian Museum, 1994).

Figure 5-3. The safety valve after de-concretion (Western Australian Museum, 1994).
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Accessioning of Components

After de-concretion, the object was accessioned into the collection of the Department
of Maritime Archaeology of the Western Australian Museum. To aid in the tracking
of the artefact’s components, all visible parts and fragments were given a unique

identification number as per standard museum practice (Table 5-1).

Table 5-1 Summary of Safety Valve Components.

Registration number Description

XA339 Main housing with XA339i and XA339ii

XA339A Boiler flange. Concave structure.

XA339B Safety valve plate. Has piece broken off handle bracket

XA339C Weight circular with depression

XA339D Weight circular

XA339E Oblong weight lower

XA339F Oblong weight

XA339G Oblong weight

XA339H Oblong weight top off at an angle

XA339] Gasket fabric located between XA339 and XA339A
Reconstruction

All artefacts excavated from Xantho were recorded in The Xantho Accession Book
1985—1994. Figure 5-4 shows a sketch of the safety valve with an itemised inventory
of its components. Unfortunately, the object was severely damaged at some point
during the treatment process due to causes unknown and now consisted of more than

500 shards. In 2010, I commenced the task of reconstructing this object.
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Figure 5-4. Extract from The Xantho Accessioning book 1985-1994, showing breakdown of
safety valve components (Western Australian Museum Xantho Accessioning book, (1994:84).
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The failure of the conservation process led project leader Michael McCarthy
(2000:174) to conclude that nothing further could be done with the object other than
to use it, along with the other data to bring into question the capacities of the ship’s
owner operator Charles Edward Broadhurst (See also foreword of this thesis). It
remained in pieces until the author offered to attempt its reassembly and
reconstruction. Initially this project was undertaken purely as a conservation rescue
operation, but as this artefact had not been archaeologically interpreted other than to
recognise that it was a weighted safety valve, historical and engineering records were
consulted in order to better understand its construction, method of operation, and

relationship to Xantho’s propulsion system in general.

To achieve this objective every component relating to the safety valve with the
exception of the valve spindles had to be reconstructed from the available shards. To
complicate issues further the remains of this artefact had merged with other unrelated
materials in the conservation treatment containers creating a highly complex 3D
jigsaw puzzle. Additionally there was some uncertainty as to completeness of the
object due to an absence of photographic evidence from the de-concretion and
desalination processes. Figures 5-5, 5-6, 5-7, 5-8, 5-8, 5-9, and 5-10 show various
components of the safety valve before, during, and after their reconstruction. A

complete photographic record of its reassembly can be found in Appendix C.
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Figure 5-5. The remains of Xantho’s safety valve housing prior to reconstruction. In this state
the artefact had little interpretative value. The larger of the spindles (XA339 i) is for the
deadweights (A. Kilpa, 2010).

XA339A

Figure 5-6. Boiler flange mounting (XA339A) prior to reconstruction. Additional fragments
found at a later date are now also integrated into the object (A. Kilpa, 2010).
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Figure 5-7. Fragments of the safety valve plate prior to reconstruction (XA339B) (A. Kilpa,
2010).

Figure 5-8. Circular deadweight prior to reconstruction (XA339D). This component alone
consisted of 39 pieces (A. Kilpa, 2010).
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.,—lé XA339F

Figure 5-10. The author reconstructing the valve housing with three flanges. The block with the
valve bores, shown in Figure 5-5, has already been integrated internally, while the valves are
excluded from this photograph (M. Myers, 2010).
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Parallels can be drawn with the Sutton Hoo helmet, an artefact recovered in 1939
from an eleventh-century Anglo-Saxon burial site located in Suffolk. Over time the
burial chamber had collapsed on the helmet reducing it to more than 500 pieces. This
helmet was initially reconstructed in 1947, but research indicated that it was
inaccurate. A subsequent re-construction was undertaken in 1968 that was based
purely “on the evidence of the fragments and not on preconceived ideas —the aim of
all modern archaeological conservation” (British Museum 2012). Figure 5-11 shows
the Sutton Hoo helmet during reconstruction with Figure 5-12 showing the finished

product.
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Figure 5-11. Piecing the Sutton Hoo helmet back together (British Museum, 2012, reproduced
with permission).
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Figure 5-12. The restored Sutton Hoo helmet (British Museum, 2012, reproduced with
permission).
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Materials Analysis

After reconstruction the safety valve consisted of ten major components. All
observed diagnostic features of the objects components, as well as all analytical tests
conducted and their results, were obtained after the reconstruction process was
completed. It is therefore probable that there is a slight variation in the weight and
dimensions of components from when the artefact was originally accessioned due to

the use of adhesives and infilling materials employed in the reconstruction process.

Main Valve Housing (XA339)

The largest component of Xantho’s safety valve was the main valve housing which
was manufactured by a casting technique. This process, conducted in an iron
foundry, involved heating the metal until it reached a liquid state and then pouring it
into a mould. Nineteenth century foundry manufacturing techniques are described by

Bolland (1893), but this is beyond the scope of this dissertation.

Although analytical equipment suitable for conducting an elemental analysis of the
metal was not readily available, the magnetic properties of the housing indicate it
was constructed of iron. In the early to mid-nineteenth century, cast iron was the
material of choice when hardness was required. This usually consisted of iron
alloyed with 2—4% wt. carbon and 1-3% wt. silicon. In the late nineteenth century
steel came into vogue after the invention of the Bessemer process (Selwyn 2004:98—

99).
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Bolts

An examination of the bolts used on the valve housing indicate that British Standard
Whitworth (BSW) thread patterns were used. This parallels the findings of previous
studies on Xantho's fasteners that identified their use in the engine and pipe works
(McCarthy 2000:178-179; McCarthy and Garcia 2004:330-337). Although badly
degraded, it was determined that the shaft diameter of these bolts was 1.9 cm (0.75
in). There was insufficient evidence however to determine the length, or type of

head.

Design of Housing Chamber

Internally the housing was found to be divided into two chambers. The bottom
chamber appears to be where the steam entered via the large curved flange attached
to the steam dome (XA339A). From there the steam exited the flange located on an
elbow traveling along the steam pipe through to the engine. If however the pressure
in the boiler accumulated to a high enough level, the pressure would lift the valves
and divert steam into the upper chamber (Figure 5-13) where it would be expelled to

atmosphere. This is represented schematically in Figure 5-14.
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Figure 5-13 Top view showing the upper chamber of the valve housing of Xantho’s safety valve.
The large spindle is for fixing the weights (A. Kilpa, 2012)
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Schematic representation of safety valve operations

———
\ ]
[ B

|

Steam expelled to
atmosphere via
blow down pipe

Steam from

Steam through to engine
dome

via steam pipe

A. Kilpa, after C. Cockram, 2012

Figure 5-14. Schematic representation of how the safety valve operates indicating the direction
of steam from the dome through to the engine. When the steam pressure exceeded the setting of
the safety valves the pressure would lift the valves and enter the upper chamber (shown in red),
where it would be expelled to atmosphere (A. Kilpa, after C. Cockram, 2012).

Analysis of Valves (XA339i and XA339ii)

Xantho’s safety valve actually consists of two valves. The taller of these was
recovered with its dead-weights still attached. There is a noticeable bend in the
deadweight valve spindle (XA3391 ). It is unknown whether this bend occurred
during usage or during the post-depositional processes, i.e. as it lay on the seabed in
a horizontal position over an extended period of time. It is also possible that the
valve could have been damaged in the disassembly process. The smaller valve is
believed to be associated with a lever-weighted system. Both appear to have been
cast as one piece using a copper alloy. After casting, they were machined to exact
specifications to fit the bores located in the chamber. The specifications for these

valves is summarised in Table 5-2.
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Table 5-2 Specifications of Valves.

Weight
Diameter of cylinder bore

Diameter of valve

Height of valve
Guide thickness (fins)
Valve seat thickness

Step position on stem

Height of guides (fins)

Thickness of stem (at
bottom)

Chamber size

Lever-weighted valve
XA339ii
1574.1 g (3.47 1b)

9.99 cm (3.9 in)

10.39 cm (4.1 in) including
seat
21.5 cm (8.5 in)

1.18 cm (0.46 in)
0.918 cm (0.36 in)
10.5 cm (4.13 in) step 1

4.5 cm excluding seat (1.77 in)
2.293 ¢cm (0.90 in)

2.15 cm (0.85 in) at step 1

11 cmx 28 cm x 13.5 cm wide

Deadweight valve
XA339i
32459 g (7.16 1b)

8.25 cm (3.25 in)
9.29 ¢cm (3.66 in) including seat

60.5 cm (24.0 in)

0.92 cm (0.362 in)

1.03 cm (0.45 in)

11 cm (4.30 in) step 1

19.5 cm (7.68 in) step 2

44.5 cm (17.52 in) step 3

4.5 cm excluding seat (1.77 in)
2.9 cm (1.14 in)

2.62 cm (1.03 in) step 1
2.36 cm (0.95 in) step 2
2.29 cm (0.90 in) step 3

The two copper alloy valves located in the valve assembly were analysed for their

elemental constituency by Kalle Kasi, Scientific Officer, Western Australian

Museum. The instrumentation used was a Bruker AXS portable X-ray fluorescence

(XRF) analyser. Figure 5-15 indicates the position where the samples were taken

with the results summarised in Table 5-3.
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Lever weight valve
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Figure 5-15. The two safety valves removed from their housing. The larger one XA339 (i) is for
the dead-weights and the smaller XA339 (ii) is believed to have been for a lever-weighted
mechanism. The red dots indicate the positions where elemental analysis was undertaken (A.
Kilpa, 2011).

Table 5-3. Spot Surface Analysis of Valves Indicating Relative Values of

Sample.

XA339i XA339i XA339ii Lever-  XA339ii Lever-

Deadweight valve. Deadweight valve. weighted valve. weighted valve.

Sample taken Sample taken Sample taken Sample taken

from position 3 spindle position 4  from position1  from position 2

Element

Fe 0.07 0.23 0.07 0.82
Cu 82.09 86.39 80.71 83.35
Zn 7.82 5.38 7.67 6.20
As 0.29 0.22 0.41 0.15
Pb 5.39 2.74 7.89 2.29
Ag 0.39 0.41 0.80 0.26
Sn 3.90 4.09 3.99 4.11
Sb 0.02 0.02 0.02 0.07

The data from Table 5-3 indicate that the valve’s primary elements were copper,
zinc, lead, and tin. However, this data provides only relative values and not a true
percentage of the spindles elemental compositions. It would appear in both instances
the lead concentration was higher on the fins than on the spindles. This may have

been due to a slow quenching process that resulted in a greater percentage of lead
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settling at the bottom of the mould. It could also have been a deliberate
manufacturing process to make the valves less susceptible to sticking, a frequent
problem associated with weighted safety valves (see Chapter IV for the use of
deadweight safety valves on Cerberus). Further research on valve manufacturing

techniques is necessary to clarify this point.

Reintegration of Components

After reassembly and analysis of its components, the safety valve was reconstructed
and displayed. As with the aforementioned Sutton Hoo ship’s helmet, it was
necessary to fill in missing fragments of Xantho’s valve to improve its structural
integrity so that it will not collapse. Though reversible, the decision to do so was as a
result of considerable discussion with Dr Michael McCarthy, the curator responsible
for the Xantho project. Figure 5-16 shows the object on display in the Steamships-to-
Suffragettes Gallery of the Western Australian Museum’s Shipwreck Galleries. Colin
Cockram of the Maritime Archaeology Association of Western Australia (MAAWA)
created a scaled plan of the Xantho safety valve after its reconstruction (Figures 5-

17-5-19).
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Figure 5-16. Xantho’s safety valve on display in the Steamships-to-Suffragettes Gallery,
Shipwreck Galleries, Western Australian Museum. The large blocks located on top of the
housing are foam replicas of the deadweights. The arm and ball weight are interpretative and
have been added to facilitate discussion on the direction of future excavation activity at the
wreck site and also to assist the public and scholars to visualise the operation of the valve (A.
Kilpa, 2010).
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Cockram August 2012

Figure 5-17. Top view of safety valve after reconstruction (C. Cockram, 2012).

Ocm 10 cm 20cm 30

Cockram August 2012

Figure 5-18. Side profile of safety valve after reconstruction (C. Cockram, 2012).
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Cockram August 2012

Figure 5-19. Front view of safety valve after reconstruction (C. Cockram, 2012).

Installation on Boiler

After reconstruction, the safety valve was studied in its complete state to determine
how it was installed on the boiler. An earlier interpretation from 1985 (Figure 5-20)
suggested that this device may have been fitted on the starboard side of the boiler on
an angle but this possibility was ruled out for two reasons. Firstly, it was highly
unlikely that a deadweight safety valve would be installed in this manner because it
could not operate effectively in such a position (see Chapter IV for deadweight
operations), and secondly the curvature of the flange and size did not match the

profile of the boss plate.
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Figure 5-20. Drawing of Xantho’s boiler. This diagram indicates some uncertainty on the
position of the stop and safety valves with the boss located in the red circle as the possible
mounting position (A. Kilpa, 2012 after G. Hewitt April 1985).

A re-evaluation of the safety valve that took into consideration the concave structure
of the large flange (XA339A) suggested that the valve housing was attached to a
cylinder and that it was installed in a vertical position. After studying the site plans
relating to Xantho’s boiler, the author hypothesized that the safety valve may have
been attached to the side of the steam dome. To test this theory a 91.4 cm (36 in)

diameter template representing the known dimension of the steam dome was
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constructed and butted against the curvature of the valve flange. The results clearly

indicate a snug fitting profile match (Figure 5-21).

Figure 5-21. The template constructed representing the width and curvature of the steam dome
matched exactly the concave shape of the safety valve flange (M. Myers, 2010).
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Attachment of Safety Valve to Steam Dome

The safety valve was most likely attached to the steam dome by the use of rivets
rather than studs or bolts. An example of this arrangement is shown in Figures 5-22
and 5-23. The method of installing rivets on nineteenth-century boilers is described
by William Ford (1887:44-57). Riveting was carried out either by hand or using
powered tools. Regardless of the method used someone of slight build would have to
enter the boiler via the manhole to hold the rivet in place while it was hammered
externally. Census details from 1871 indicate Xantho’s boilermaker David Davidson
(1820-1883) (County of Renfrew 1883) employed 179 men and 20 boys in his
workshop (Census Enumerator 1871). It is likely that many of the boys’ employed in

the workshop were used exactly for this purpose.
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Figure 5-22. A cylinder boiler with two furnaces (Hochhaus, 2007).

Figure 5-23. A close-up of the steam dome located on the boiler shown in Figure 5-22. The safety
valve mounting on this boiler appears to have been installed by using rivets (Hochhaus, 2007).
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Analysis of Deadweights

The deadweights found on the safety valve consisted of four oblong and two circular
weights. These appear to have been cast in iron to a specific size and weight. The
four oblong weights (XA339E, XA339F, XA339G, and XA339H) are located on the
upper part of the spindle, with the two circular weights (XA339C, XA339D) located
at the bottom (See Figure 5-4). This unusual arrangement made the valve top heavy
and may have caused the spindle to bend if the vessel was rocking in rough seas. As
discussed in Chapter IV, this arrangement was identified in the nineteenth century as
a major contributing factor to boiler explosions. The bottom circular weight
(XA339C) has a centrally-located copper-alloy bush (Figure 5-24). In operation this
sat on the step located on the valve spindle. This bush was not present on any of the

oblong weights (Figure 5-25) or the other circular weight.
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Figure 5-24. Circular disc after reconstruction showing the copper-alloy bush in its centre
(XA339C). This bush sat on a step located on the spindle (A. Kilpa, 2010).

Figure 5-25. One of the four oblong dead-weights (XA339F) located on top of the safety valve
after reconstruction. Although heavier than the circular weights, shape made it easier to handle
(A. Kilpa, 2010).
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The basic principles associated with deadweight safety valve usage were identifiable
in this object, but the use of oblong weights was unexpected and can be considered
unique. It is possible that David Davidson manufactured this device because its
profile indicated someone who knew the basics of safety valve operation but did not
fully appreciate the problems associated with their operational use in a marine
environment. The author found it easier to lift the oblong weights than the circular
ones, even though they are nearly twice the weight. It is possible that the design

purposely allowed for quick removal in the case of emergency.

Table 5-4. Dimensions of Deadweight Safety Valve.

Valve Diameter Surface area
component (cm) (in) (cmz) (inz)
Bore 8.3 3 - -
Valve — — 53.5 8.3

Estimated original unit

Deadweight Total Total weight

weight

component number

P . (kg) (Ib) (kg) (Ib)
Oblong 4 227 50 90.7 200
weight
Circular 2 13.6 30 272 60
weight
Weight | 32 72 32 72
spindle
Total weight 121.2 267.2
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Determining the Safety Valve Settings

Previous research demonstrates that Xantho’s engine was designed by John Penn and
Son and that the same type was used in gunboats during the Crimean war (1854—
1854) (McCarthy 1996, 2000). These engines were unique amongst other ship
engines used by the British Admiralty because they were designed to be powered by
high-pressure boilers capable of operating at pressure exceeding 620.5 kPa (90 psi)

(Preston and Major 1965:109; The Engineer 11 February 1898).

To test the operational pressure of Xantho’s boiler, the author calculated the amount
of pressure in pounds per square inch (psi), required to lift the six weights (Table 5-

4) using a simple formula developed by George Tower (1889:53):

P = Pressure (psi)

Wy = Weight of discs (Ib)
P=(Wq+W,) /A

W, = Weight of valve (Ib)

A =Valve surface area (in%)

Thus, the valve set pressure was (260 1b + 7.2 1b) / 8.3 in> = 32 psi (221 kPa). As this
engine was designed to operate at 620.5 kPa (90 psi) (Preston and Major 1965:109),
it would not have operated at its maximum capacity. Further evidence that Xantho’s

boiler operated at low pressure, is presented in the historical record which refers to

the boiler’s design capacity being 344.7 kPa (50 psi) (The Herald, 25 January 1873).
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Although higher than the blow down calculations established for the deadweight
safety valve, it is nevertheless far below the specifications required for the engine to
operate to its maximum potential. One explanation for the discrepancy is that there
was no requirement for safety valves to be set to the boiler’s maximum capacity
(only that its settings should not exceed it), It is possible that the safety valve on

Xantho’s boiler was intentionally kept at a lower setting.

Safety Valve Plate From Main Housing (XA339B)

Xantho's safety valve plate manufactured from cast iron. Its purpose was to provide
access to the chamber so that the valves could be maintained or replaced when
required. The plate was have been attached to the chamber by four fasteners evenly
spaced on the perimeter of the housing. Two centrally located holes indicate where
the valve spindles protrude. Through the reassembly process, it was determined that

part of the lug that held the lever was missing (Figure 5-26).

A threaded hole, measuring 1.27 cm (0.5 in) in diameter, was found in the plate in
line with the small valve spindle and remaining lug. The typology of other lever-
weighted valves suggests that this was probably the location of a guide to stop the
lever from dislodging at high velocity in times of blow down, i.e. when pressure was
released by the valve. The remnants of the fasteners and the size of the holes in the
plate indicate that 1.9 cm (0.75 in) diameter bolts were used. Although positive

identification of the thread type was not possible due to their corroded state, they
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likely were British Standard Whitworth (BSW) similar to those found on the rest of

Xantho’s machinery (McCarthy and Garcia 2004).

XAS39B

IFRAO "0.¢cm

Figure 5-26. Safety valve plate after reconstruction (XA339B) (A. Kilpa, 2010).

Gasket (XA339J)

Most of the gasket material was destroyed in the disassembly process. However, a
small sample was kept for research purposes (XA339J) (Figure 5-27). Visually, this
appears as a woven fabric, light brown in colour with sporadic patches of orange.

Under a stereo microscope at x40 magnification, the fibres appear as twisted flat
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ribbons with tapered closed tips. These features are characteristics associated with
cotton which are distinctly different from the diagnostic features of wool, linen, or
hemp (Hodges 1976:125-126). The sample was then analysed using Fourier
Transform Infrared Spectroscopy (FTIR) and the resultant spectrum indicated a high

probability match for cotton (Figure 5-28).

The sample was then analysed by X-Ray Fluorescence spectroscopy (XRF) to
establish what inorganic elements may be associated with the gasket. The spectra
from this analysis indicated the strong presence of lead (Figure 5-29). This evidence
tends to support historical claims that lead was used in the nineteenth century as a
paste for gaskets in boilers and pipework (Miller 2011). It is also possible that its

application had the additional effect of acting as a sealant between butted joints.

Figure 5-27. Micrograph of the gasket fibres from XA339J, stereomicroscope, magnification
x40. The dark areas are possibly burn marks resulting from the treatment process and not in-
service usage because the metal was heated to break off the concretion (K. Kasi, 2012).
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Figure 5-28 Spectrum of gasket material. The Fluka reference library supplied by Perkin-Elmer
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Figure 5-29. XRF spectrum of gasket material (XA339J) from concave flange
(XA339A). The data indicates the presence of both iron and lead as the principle

2012).

model Tracer III-V (K. Kasi,

9

elements. Bruker AXS handheld portable XRF
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Steam Isolating or Shut Down Valve

In June 2012, a team of maritime archaeologists led by Michael McCarthy revisited
the SS Xantho wreck site in transit to fieldwork in Ningaloo and Cossack. Although
an excavation had been planned, it was cancelled as a result of an adverse report on
the sand level around the wreck suggesting it was buried. One objective of the
intended excavation or minimal disturbance examination of the site was to ascertain
if other ancillary machinery such as the isolating valve was present, as hypothesized
by this author as a result of this research. When the sand level was found to be far
lower than earlier reported, archaeologists undertook a close examination of the area
where they recovered the safety valve in 1988. This resulted in the discovery and

removal of a large object resembling the isolating valve.

After excavation and field registration, the team members wrapped the device in wet
hessian bags and transported it back to the Western Australian Museum’s
Conservation Laboratory. There, the author recorded the object and placed it in a
stabilizing solution of 2% sodium hydroxide. The author was then requested to take
responsibility for the archaeology and engineering analysis by the project leader and
the artefact was x-rayed prior to initiating any de-concretion or desalination.
Although heavily concreted with up to 10 cm of marine growth, the artefact was well
preserved and still contained solid metal allowing the de-concretion process to be
undertaken with few complications. Figure 5-30 shows the isolating valve prior to
de-concretion and Figure 5-31 after the event. A detailed photographic record of the

de-concretion process is presented in Appendix C.

99



R E
L

Figure 5-30. The isolating valve in the conservation court yard prior to being de-concreted (A.
Kilpa, 2012).

Figure 5-31. Conservator Jon Carpenter de-concreting the isolating valve recovered from the
wreck site. The metal in the concretion was found to be more solid than anticipated (A. Kilpa,
2012).
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Preliminary investigations indicate that the de-concreted isolating valve has
diagnostic features similar to the one found in a Dewrance and Co sales catalogue of
1910 (Figure 5-32) (Dewrance 1910:128). Although the isolating valve recovered
from the wreck site is of a different style, its functionality and purpose appear

identical.

Figure 5-32. A Dewrance isolating valve. This device resembles the overall profile of the device
recovered from Xantho (Dewrance and Co, 1910:128).
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The Xantho isolating valve measures 94 cm in height by 43 cm in width. The size of
the flange located on the side of the valve and the position of its fastening holes
indicate an exact match with the flange on the safety valve. These appliances were
most likely butted together to form one unit (Figure 5-33). The integration of this
object with the safety valve and its installation in relation to the rest of Xantho’s

propulsion system is discussed in Chapter VI.

Figure 5-33. The isolating valve being butted against the safety valve flange. The fastening holes
indicate an exact match for the pattern found on the safety valve (N. Bigourdan, 2012).
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Conclusion

In 1988, a safety valve from Xantho was recovered from the starboard side of the
vessel approximately two metres away from the boiler. Although this object was
recovered intact and some preliminary measurements taken, a failed conservation

procedure resulted in the artefact being shattered into hundreds of pieces.

As a result of its reassembly and in-depth study, it became obvious that the artefact
was more complex than anticipated. While the use of a deadweight valve as a
mechanism to relieve pressure was earlier noted by McCarthy (1996, 2000:174),
examination of the second valve located in the housing and the typology of other
nineteenth century safety valves suggests that this was a lever-weighted valve

(Appendix A for the example from Indiana).

In addition to its key function as a safety device for preventing boiler explosions, this
assemblage appears to have also acted as a junction point for the distribution of
pressure generated from the boiler through to the engine. This possibility was not
considered by McCarthy (1996, 2000) and is discussed in Chapter VI that deals
specifically with the reconstruction of Xantho’s propulsion system. The diagnostic
features of the curved flange (XA339A) and the typology of boilers with steam
domes from the mid to late nineteenth century indicate that this safety valve was

installed on the side of the steam dome located directly behind the smoke box.
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The holistic approach to understanding Xantho’s propulsion system led to the
hypothesis that the valve housing had a third safety device attached to it—a general
shut down valve used to isolate the boiler’s steam from the rest of the system. Such a
mechanism was critical for isolating steam in the advent of a burst pipe or when the
engine needed maintenance but the boiler still needed to be operational (Nesbitt
2007:82). In June 2012, archaeologists raised the shutdown valve from the shipwreck
site. Pending the completion of its conservation treatment, the shutdown valve will
eventually be integrated with the safety valve on display in the Steamships-to-
Suffragettes Gallery of Shipwreck Galleries in Fremantle. Research on this new find

continues and will be completed in a few years.
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CHAPTER VI: RECONSTRUCTION OF XANTHO'’S

PROPULSION SYSTEM

Introduction

In Chapter II reference is made to the necessity to consider shipwreck sites as an
integrated whole. Although Bass (2011:10) proposes the best means of achieving this
is through total excavation, in the case of Xantho the initial work conducted by
McCarthy (1996, 2000) focused on the engine and the excavation of materials aft of
the boiler and inside the hull. Unfortunately this targeted approached resulted in a
number of important features being missed by the archaeologist and the marine

engineering advisors.

This study expands on McCarthy’s earlier assessment by investigating the safety
valve as a unique artefact and explaining how it interacted with the engine, ancillary
machinery, and piping. From this, the author develops a theoretical model from the
in situ and recovered archaeological material showing how the propulsion system
may have appeared at the time of Xantho’s wrecking in 1872. This study also
provides an explanation of what factors may have contributed to the deterioration

and derangement of this assembly whilst on the seabed.
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An Earlier Interpretation of Xantho’s Propulsion System

McCarthy’s interpretation of the layout of Xantho’s propulsion system and other
parts of the vessel appears in the form of a concept plan for the future exhibition that
was produced under his direction by the project artist Chris Buhagiar in the late
1980s (Figure 6-1). The interpretation also appears in a working model prepared by
then master’s student Joel Gilman (2001:8) as part of an internship program at the
Western Australian Museum. Neither concept takes into consideration, however, all
archaeological evidence available, such as the safety valve and existing pipework
recovered from the site. Furthermore, no one recognized the steam dome as the

mounting for the two valves described in the previous chapter.
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Figure 6-1. An earlier interpretation of Xantho’s propulsion system. This schematic
representation with the main steam and exhaust pipes highlighted in red shows uncertainty as to
how steam was transmitted from the boiler through to the engine. Illustration by Chris
Buhagiar 1985 (Gilman 2001:8).
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A Re-evaluation of Xantho’s Propulsion System

A new interpretive model of what Xantho’s propulsion system would have looked
like in 1871 is advanced by considering four factors:
1. The typology of steamships and boilers from the 1870s;
2. The in situ and recovered archaeological material evidence from the site;
3. Salvaging activities by Charles Broadhurst;

4. Known instances of looting at the site.

Furthermore, this model goes beyond the study of its components in isolation and
assesses how they interacted as a whole. As discussed in Chapter III, steam
technology in the United Kingdom was an evolving process influenced by
engineering innovations, legislative processes, and regulatory enforcement. By 1871
British law mandated that all core safety devices be incorporated into a boiler’s
design (Figure 6-2). Such devices included a pressure gauge (which usually would be
located at the top of the crown, two safety valves, and the general shut down or

isolating valve. (Appendix D: Board of Trade rules).
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Figure 6-2. A Cornish boiler, made by Hudson Brothers and Company, Granville, New South
Wales, Australia (1880-1898) with a Bourdon gauge (located on the boiler crown), deadweight
safety valve, isolating valve located on top of the steam dome, and a duplex lever-weighted valve
(Powerhouse Museum, Sydney, 2012, reproduced with permission).

Following is an itemised inventory of the key components associated with horizontal

boilers of the 1870s, along with an explanation of their function.

Xantho’s Boiler

The boiler installed on Xantho is known in historical literature as a scotch boiler.
This is a generic term given to describe any multi-furnace cylindrical boilers with
fire tubes. The first scotch boilers appeared in the 1860s. One of the earliest
examples was developed by Randolf and Elder installed on the steamer McGregor

Laird in 1862 (Griffiths 1997:66).
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Xantho’s boiler was manufactured by David Davidson’s, Iron Foundry located on

North Street in Glasgow. T

estimonials from 1875 suggest that the quality of

craftsmanship at the workshop was held in high regard (Figure 6-3 3), a tribute to

both its owner and workers. The dimensions of Xantho’s boiler are 284 cm (108 in)

(diameter of crown shell) x

° o
] e - e e
]
P 3

Makers of all kinds of Marine & Land Boilers,

AH-‘—'HMMW B Circulating Furnace, with
Connection betwixt Boilor and Furnace.

Dthhpﬁp:hamanud!dlx

| As Water in Furnace B gets heated, it mcends through Discharge Pipe D iato Boller A, while Furmace
in kept supplied

through Inlet © from Boiler A.

From Mowrs. 0. Toww & Wioremomnin.
O, 1000 oy, 5.
Wi Daviewes,
Bun e W bars v 1 ilyig b e ey s emaeny of
mderable e apessere.

et
wiming. I pesing hesen, siny, the pemeare can
N beraght wp i B e Wl sveyeirnd with S Curniah Duiler, ol this will & diasization
wdmmcke, Witk oml at the kigh peicn naw aling, the vatire siinssion of s Bedles o
by o ks werk s, with ws, sl & quentben of e — Y oty

CHABLES TODD & WIGGINDUTHAN.

Prom Momes. W, T, Wisaon & Wawern, Forydd Prinnoeebs,

Armmannain, 1A A, 5975
The Bter forwiend by Me. Davisess bas given o cmplots stifuction | sk oo
v 4 fo Lo o 4 g Monen fubckls b i
WILSON & BRODIEX

Prum Mo, Jouen Vermaxan & Baorness, Whdeneds wad Keport Comfitionms, de., be.

Bersane Monanr, Covearenns,
Cuasre, 54 Angest, 175
Ma. Diviw Davismas,
Wim—The Tulesar Boer we il v oo b 5 Lo i o o s, sk
1o working setitartuily, Tho siatn. cun Yo bt quicher, sl 08 4 o dont, than by the
Curniah Poder. ~ Wo are, youss ealy,
UM BUCHANAN & DROTHERS.

315 cm (120 in) (overall length).

gy

DAVID DAVIDSON,

UNION BOILER WORKS,
NORTH STREET. GLASGOW.

Tkh-l,-unwFm.hh&uﬂmm!hn‘hfuhuhwkum.d”
along sides and under bostom of Furnace t Chimoey.

A few specialities claimed for this Patent are Economy in Fuel, Durability, Perfect Water Circulation,
nﬂ-p«umﬁuuﬂmpﬂlm M|m-mm--vuydupmdy
cold water under Flues as in Cornish Boder.

body of water all round.  C Tnlet

TESTIMONIALS.

P M. Wi Durtenin, sty Pidion
una, Gusvnsn, 6 dngne, (474,

Fram Momars Cussars Tovo & Hisaresertas.

| aa 0, Duriowes, asme, 208 Jown, T
Dusn a1 fav g oo kg ol your Maninublar
die eathe, The peincigie of the Hentor,

Mr. Daviiwes,

Dax Six—ARer snme yoars expevionn wy sov gled 10 o able 10 el -
previoes reporte un 40 tha oliciey el coowonny of your Puiest Holles, of which we hove
o, | whx e wovking.  The it feiler be whish Yo apydied the Cirewlabrs bas b sirking

;| o s v s it hepyege b opais o sheetoms. Th vt of s

el oo e Patet Boiers 10 b

e o e o fuk o gt 8 w1 e ok e i o,
Claiiowsy Tolun—Wo arw, v gurs sy,

CHARLES TODD & HIGGINBOTIAM.

it st v e wi e Leair svr bt o sy, et whon Uring o, the
et o shared it somplotl,  Tho st il o the Wl 1. oaeeuting
Sy ol ge(hriag b skt S, & e, o et — Vowrs ey, s ol b, wich
WILLIAM DAVIISON.
Prom Memen, Jawm Watkien & o, Coud Moo,
"

P Tux Delsmn Dierniiany Cowrany.

Dorvam, o Duly, W78

Mo D Davivwes,
U e, Having srveted ane of your piw Patvas Tabadar

e, Davim D,

et w0 | eyt el o o bt e e I o o e ek
S gt iowin W e v b s 4 ol 4 33 4o 30 e st Youry frvly
THE po'sE DiTILLENY COMPANY,

il B bt yome Donrnt Taloabat ensn —Wo resmain, yomss fs
JAMES WALLACK & 00

Prom Mimes Coasin Toow & Tiommmornan
G, 150 Sy, 1475 .-
Me D Daviowes,
Dt M The bt Pk Bl vk o g o o 4 Sl L o
Veen b e o it I working tifacsarly In ovory semgert — Yours
CHARLES T & WiGOOmTIAY

Frvm W. T. Wikson & Buencr, Fervghed Printwects, Alemwwdein.
N e L
M D Davimer.

Brn—In rpdy 1o yours of yoorday we bave mach lossers bn stsing Sat the
r.—n-w-,--ﬂ-d--lm.u—a-....-.,.-..-.-.—“--
oy far b bt o far ooy of working
St e e i i Uhe waler e (alant ...n....---—u—-q-m-
Pl | 10 T o waee with | of wnl, which vy ks sy iy, The fred s s

sopplind aa i o aher kg woll.—Yommn wroly,

P T
«

= -...n..n.\..u..‘u...- o et

THOMAR DUFF & 00 | W. T WILAOX & BRODIE

Figure 6-3. A promotional advertisement for Davidson’s Union Boiler Works (1875). The

accompanying testimonials indi

cate a high regard for the craftsmanship of its workers.

(National Library of Scotland, Edinburgh, 2012, reproduced with permission).
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Steam Dome

Steam domes were a common feature of mid to late nineteenth century vertical return
tube boilers. Figure 6-4 shows a typical arrangement with its mountings, i.e. the
isolating valve and safety valve located on the side of the dome. In this particular

case the safety valve appears to be a spring-loaded valve of the Salter type.

As explained in Chapter V, the purpose of the safety valve is to allow the free escape
of pressure prior to reaching the designed maximum operating pressure of the boiler.
The purpose of the isolating valve is to control the flow of steam to the engine. The
main difference between the example in Figure 6-4 and the one installed on Xantho
is that the isolating valve and safety valve on the latter share the same mounting on

the steam dome.
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Figure 6-4 Extract from an Alexander Wilson and Co. sales catalogue of 1875, showing a marine
return tube boiler with a large steam dome and a Salter spring loaded safety valve mounted on
the face of the drum. On the left in a vertical position is the isolating valve to which the steam
pipe would have been attached (Alexander Wilson and Co 1875:32).

The primary purpose of the steam dome was for the collection of dry steam which
flowed through to the engine via the steam pipe. In practice, however, it was found
that the effectiveness of the dome was nullified by the condensation of steam due to
the large cooling surface it presented to the atmosphere. By the end of the century
such devices had been dispensed with in preference to perforated steam collecting

pipes located in the boiler shell (Figure 6-5) (Hutton 1891:314).
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Figure 6-5. An example of a steam collecting pipe with an isolating valve. With the
abandonment of the steam dome these pipes were fitted inside the shell of the boiler to reduce
heat loss (Hutton 1891:314).

The archaeological investigation of Xantho’s steam dome indicates that it measured
91 cm (36 in) in diameter (Figure 6-6). Although the height could not be established,
photographic evidence of other nineteenth-century steam domes suggests that the

height and width of these devices were often similar, if not identical.

Figure 6-6. The collapsed remains of Xantho’s steam dome. Data from the 198S site survey
indicate that the width of the dome measured 91 cm (36 in) (Western Australian Museum,
1994).
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Steam Pipe

The main steam pipe transferred steam from the boiler to the engine. Such pipes were
constructed to take the shortest and most direct course to the engine with as few
bends as possible (Hutton 1891:306). Xantho’s main steam pipe consisted of two
sections: A horizontal pipe (remnants of this were attached to the isolating valve)
(Figure 6-7) and a connecting vertical pipe that was attached to the engine (Figure 6-
8). The author’s initial hypothesis was that the horizontal pipe was constructed of the
same material as the vertical pipe, i.e. bronze, and being a valuable metal this was
most likely salvaged by Broadhurst in 1872. The de-concretion of the isolating valve
in August 2012 however revealed that part of the steam pipe was still attached to the
isolating valve and that it was cast iron. The de-concretion of the isolating valve also
confirmed that the horizontal steam pipe was connected to the isolating valve and not

directly to the boiler.

Figure 6-7. The isolating valve recovered in June 2012. The de-concretion of this artefact
showed that part of the steam pipe (left) was still attached and that it was constructed of iron (A.
Kilpa, 2012).
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Figure 6-8. Xantho’s horizontal trunk engine after excavation on the beach at Port Gregory. The
twisted steampipe is seen here in a horizontal position. This led to confusion and resulted in an
erroneous interpretation of how the boiler and engine were connected (P. Baker, 1985).

Although the wreck of Xantho is located in a highly dynamic environment, both
sections of the steam pipe show damage beyond what would normally be expected
from this factor alone. When the steam-ship Kurnalpi (Figure 6-9) called into Port
Gregory in February 1918 to pick up cargo, the master requested that the wreck be
removed as it “constituted a hazard to navigation” (McCarthy 1996:161). Whether
Kurnalpi collided with Xantho is unclear, but Xantho’s location and its shallow depth
( the steam dome perhaps only a metre below the water’s surface) must have created

a significant obstacle for vessels going in and out of the harbor.

The steam pipe recovered from Xantho appears to be kinked at the base with split
seams (Figures 6-10 and 6-11). This suggests that it was struck by an object with

considerable force.

114



Figure 6-9. The steam-ship Kurnalpi in 1918 loading up cargo at Port Gregory (Northampton
Museum, Northampton, reproduced with permission, NHS261).

Figure 6-10. The author Alex Kilpa holding the copper alloy steam pipe recovered from Xantho
in a vertical position (C. Cockram, 2012).
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Figure 6-11.The distorted base of the steam pipe. This pipe would have been installed on the
engine in an upright (vertical position). It is possible that the copper alloy pipe bent and rotated
on its swivel when struck by a ship or other heavy object (A. Kilpa, 2012).

Exhaust Pipe

As with the horizontal steam pipe described previously, it was initially thought that
the steam exhaust pipe was made of bronze and salvaged by Broadhurst in 1872. An
examination of the Xantho Accessioning Book revealed the existence of an iron
flange, fragments of this were still attached to the engine but broke off during the de-
concretion process and had largely been forgotten. This flange (XA260) is presented
in Figure 6-12 and confirms that both the exhaust pipe and the horizontal steam

supply pipe were constructed of cast iron.
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Figure 6-12. The flange and several fragments from Xantho’s steam exhaust pipe (A. Kilpa,
2012).

Bourdon Pressure Gauge

The Bourdon pressure gauge was invented in 1849 by Eugene Bourdon (1808—1884)
and was quickly adopted for boiler purposes (White 1979:134). The advantages of
having a safety device for measuring the pressure in a boiler was recognised from the
early days of steam technology as they could validate the calibration of the safety
valve and assist in reducing coal consumption by providing the engineer with an

indication of how much stoking was required to achieve a particular pressure level.
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By 1894 its installation on steam boilers was a requirement endorsed by the Board of

Trade (Appendix D).

In 1979 members of MAAWA saw what they believed to be a pressure gauge on the
seabed in close proximity to the boiler (Sledge 1980:1; Totty 1980; Worsley 1983:2).
Subsequent dives after 1981, however, were unsuccessful in locating it. This
important device probably fell victim to a treasure hunter which was unfortunate,
since it could have revealed much more about the construction of the boiler and its
working pressure. By the 1870s there were many manufacturers of Bourdon-type
safety gauges. Figure 6-13 shows a Crosby deadweight tester with pressure gauge.
Figure 6-14 illustrates a restored pressure gauge found off the Albany Town Jetty

during dredging activities in 2002. The provenance of this device is unknown.
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Figure 6-13. A deadweight pressure gauge and tester (Powerhouse Museum, Sydney, 2012,
reproduced with permission).
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Figure 6-14. A restored Bourdon pressure gauge manufactured by Crosby. This gauge was
excavated off Albany town jetty during dredging activities in 2002. Its provenance is unknown
(A. Kilpa, 2012).

Blow-down Pipe

A blow-down pipe was as a safety device that allowed the free escape of steam from
the safety valve to atmosphere. Most blow down pipes tended to be made of copper
and were attached to the funnel by brackets to provide stability. Figure 6-15 shows
the paddle steamer Vulcan (1879) releasing steam via its blow-down pipe. The pipe

vented high above the deck to prevent accidental scalding.

Xantho’s blow-down pipe has yet to be located on the shipwreck. It is possible that it
was salvaged by Broadhurst in 1873 because it was considered to be a valuable

metal. The Xantho auction list of salvaged materials of 1873 makes mention of a
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‘copper branching’ although no details of its size or dimensions are given (Appendix

E).

Figure 6-15. Vulcan (1879). A close examination of this photograph reveals that steam is being
emitted from its blow-down pipe (Fletcher 1904:110).

Smoke box and Funnel

The purpose of the smoke box was to provide an avenue for the escape of heat and
smoke after they passed through the boiler. With the exception of the brackets used
to affix the cowling to the boiler crown, little evidence of the smoke box was found
at the wreck site (Figure 6-16). It is possible that some of this material broke off and
buried itself in the silt. It is known however, that the iron used in the construction of
these devices was generally quite thin and may therefore have simply corroded away.
The profile of the support brackets on the boiler shown in Figure 6-16 suggest that
the width of the funnel may have been around 91.44 cm (36 in). Figure 6-17 shows a
smoke box and funnel on a nineteenth-century scotch boiler. It is possible that

Xantho’s boiler was similar in appearance.
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Figure 6-16. Xantho’s boiler in 1985 with remnants of the smoke box visible on the boiler crown
(P. Baker, 1985).

Figure 6-17. An engraving depicting a twin furnace scotch marine return-tube boiler with large
steam dome, smoke box, and funnel. The archaeological evidence suggests a similar profile for
Xantho’s boiler (McEwen 2010:92).
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The Reconstruction of Xantho’s Machinery

The typology of boilers and their mountings from this period and the archaeological
evidence led to the conclusion that Xantho’s boiler was a scotch marine return tube
boiler. This boiler had a steam dome, two safety valves, a general shut down (also
known as an isolating valve) and a Bourdon gauge to indicate steam pressure. This
machinery was used to turn a large a three-bladed screw propeller via a shaft directly
connected to the horizontal trunk engine. The proposed layout of Xantho’s
propulsion system parallels that of a small steamer found in an Alexander Wilson
catalogue of 1875 claiming “exact representation of the propulsion system” (Figure
6-18). Of interest is the absence of a condenser (also absent on Xantho) with the

exhaust being fed directly into the funnel.
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Figure 6-18. Extract from an Alexander Wilson and Co catalogue (1875) showing the
relationship between the marine boiler, safety valve, and the engine, which in this case
comprises a double-cylinder screw engine (Alexander Wilson and Co. 1875:35).

Based on this design and the archaeological evidence a hypothetical model of
Xantho’s 1872 propulsion system was generated. This schematic representation is

presented in Figure 6-19.
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ID  Description of component Notes

1 Horizontal Trunk Engine Archaeologically recovered 1985

2 Steam pipe (vertical component) Archaeologically recovered 1985

3 Isolating valve Archaeologically recovered 2012

< Safety valve Archaeologically recovered 1988

5 Boiler Left in situ at shipwreck site

6 Steam dome Left in situ at shipwreck site

7 Propeller shaft Left in situ at shipwreck site

8 Propeller Left in situ at shipwreck site

9 Smoke box Remmnants on boiler left in situ at shipwreck site

10  Funnel Remmnants on boiler left in situ at shipwreck site

11  Deck Remmnants on seabed left in situ at shipwreck site

12 Blow-down pipe Probably salvaged by Broadrst 1872

13  Bourdon gauge Believed to have been treasure lunted c. 1980

14 Steam pipe (honzontal) Remmnants archaeologically recovered 20 12—remnants
possibly still at site

15  Exhaust pipe Archaeologically recovered excavated 1985—
remnants possibly still at site

Figure 6-19. A schematic representation of Xantho’s propulsion system (A. Kilpa, 2012).

This schematic representation will be used in the near future to develop a scaled plan
of Xantho’s propulsion system, that incorporates the outcomes of this research and

the site survey work undertaken by McCarthy (1996; 2000). Figures 6-20, 6-21, and
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6-22 show a more detailed plan of the safety and isolating valves in relation to the

boiler and steam dome.
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Figure 6-20. Front view of safety valve and isolating valve in relation to the steam dome and
boiler (A. Kilpa, after C. Cockram, 2012).
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Figure 6-21. Side view of safety valve and isolating valve in relation to the steam dome and
boiler (A. Kilpa, after C. Cockram, 2012).
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Figure 6-22. Plan view of safety valve and isolating valve in relation to the steam dome and
boiler (A. Kilpa, after C. Cockram, 2012).
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Conclusion

The proposed layout of Xantho’s propulsion system consolidated data derived from
the archaeological investigation with information available from historical
documentation. This model suggests that Xantho’s safety valve acted both a safety
device and as a junction point for the distribution of steam via the attached steam and
blow down pipes. The purpose of the deadweight and lever-weighted valves was to
act as automated safety devices that would allow the quick release of steam in
circumstances where boiler pressure exceeded its recommended settings. The
purpose of the isolating valve that shared the same housing as the safety valves was

to regulate the control of steam from the boiler through to the engine.

The value of producing a theoretical model such as the one described in this chapter
was that it not only allowed for a better understanding of how the propulsion system
operated but also provided clues to what happened to some of its componentry. The
examination of the remnants of these materials suggests that Xantho was hit by an
object with considerable force (perhaps Kurnalpi in 1918) and that this was
responsible for damage to the steam dome, steam and exhaust pipes, and the isolating

valve. This concurs with an earlier hypothesis generated by McCarthy (1996:161).
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CHAPTER VII: DISCUSSION AND CONCLUSION

Aims Revisited

In Chapter I the following research question was proposed. “What can the safety
valve recovered from SS Xantho (1872) reveal about the development of safety

features on nineteenth-century steamships?”’

To address this question, this study adopted a holistic research approach in its

methodology that utilized six data sets, including:

Socio-economic factors that influenced the development of nineteenth-
century safety valves;

Historical documentation including photography that provided evidence of
mounting types associated with mid to late nineteenth century horizontal
boilers;

Information derived from the reconstruction of the safety valve;
Associated archaeological materials, such as the boiler, still present at the
shipwreck site;

Materials previously recovered from the Xantho shipwreck site such its
engine and associated pipework; and

Literature, diagrams, and manufacturer’s catalogues of marine propulsion
systems that could aid in the development of a hypothetical model of

Xantho’s propulsion.
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This thesis was developed in two stages with sub-sets of secondary questions relating

to this research theme.

Stage one initiated research questions relating to the identification and functionality

of the artefact, i.e. safety valve. These including:

. What was the purpose of this object?
. What was its material composition?
. How did this device function? and

. Where was it located on the boiler?

Stage two posed comparative questions relating to safety valve options for boilers in

the mid nineteenth century. These included:

. How did the mechanism recovered from Xantho compare in terms of
composition, safety rating, and design to other types of safety valves
available in the mid nineteenth century, i.e. lever-weighted and spring-loaded
valves?

. Under what environmental circumstances would these mechanisms be best
suited, 1.e. at sea, land, rivers, lakes?

. Were there guidelines, legislation, or regulations for the installation of such

mechanisms?

The outcome of this study addressing these research aims is presented as follows:
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What was the Purpose of This Object?

The purpose of the deadweight and lever-weighted valves is to act as automated
safety devices that would allow the quick release of steam in circumstances where
boiler pressure exceeded its recommended settings. The purpose of the isolating
valve that shared the same housing as the safety valves is to control the passage of

steam from the boiler through to the engine.

This study suggests the installation of weighted safety valves on steamship boilers
was commonplace well until 1870s. This differs from the position of Denis Griffiths
(1997:58), who states that “initially safety valves [on steamships] were of the
deadweight type, but spring-loaded safety valves became normal in the 1850s

following their general adoption on railway locomotive boilers.”

In comparison with the more commonly encountered Cockburn deadweight systems
that were mass produced and had a universal installation capacity, the curvature of
Xantho’s mounting flange (XA339A) indicates that the safety valve could only be

installed on a steam dome 91 cm (36 in).

Xantho'’s safety valve is unusual because its duplex configuration combined two
safety valves and an isolating valve on the same housing. The profile of this device
does not match any of the patent safety valves presented in Appendix B. It is possible
that this device was constructed by a small safety valve manufacturing company or

by the boiler maker David Davidson.
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What was its Material Composition?

The safety valve recovered from Xantho comprised of

- Cast iron for the construction of the casing, boiler mounting flange, and
deadweights,
- Copper alloy for the construction of the valves, and

« A composite of cotton and lead for the gaskets.

The suitability of these materials in the construction of the safety valve is discussed
in Chapter V. The safety valve’s metal components were manufactured in a foundry.
The discovery of woven cotton gasket material used to prevent the loss of steam at

flange joints identifies an important trade.
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How did This Device Function?

Xantho’s safety valves operated on the weighted principle. This was calibrated to
respond when then boiler pressure exceeded a specific pressure. It was not possible
to determine the lifting point at which the lever weighted valve would come into play
due to the absence of the arm and the weight. The application of a simple formula
provided by George Tower (1889:53) indicates that the amount of pressure necessary

to lift the deadweight valve was 220.6 kPa (32 psi).

Where was the Location of the Valve on the Boiler?

An analysis of the archaeological data obtained from Xantho’s boiler that was left in
situ, and the creation of a template matching the diameter of the steam dome
indicated that the safety valve was installed on the side of the dome.

How did the Mechanism Recovered From Xantho Compare in Terms of
Composition, Safety Rating, and Design to Other Types of Safety Valves

Available in the mid Nineteenth Century, i.e. Lever-Weighted and Spring-
Loaded Valves?

The safety valve recovered from Xantho was initially considered an anomaly because
in modern day engineering spring-loaded valves for marine applications are better
suited than those operating under the weighted principle. Historical and
archaeological evidence derived from this study indicates the use of weighted safety
valves was normal practice for most of the nineteenth century as it was not until 1877

that direct loaded spring valves was fully adopted by the Board of Trade as the
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preferred choice for marine purposes. As discussed in Chapter IV, one possible
explanation for this persistence in obsolete technology, even when other options such
as spring-loaded devices were commercially available, may lay in the lack of
confidence by the Board of Trade in valve designs that did not allow the free and

rapid release of steam.

Under What Environmental Circumstances Would These Mechanisms be Best
Suited, i.e. at sea, Land, Rivers, Lakes?

Many first generation nineteenth century steamships were used for towing or
transportation in calm or sheltered waters on lakes and rivers. When operating under
these conditions weighted safety valves are less susceptible to the influences of wave

movement and operate quite successfully.

The mid to late nineteenth century witnessed rapid advancements in steamship
technology. The advent of compounding engines resulted in a greater efficiency in
coal consumption but required high boiler pressures. With these developments
weighted safety valves became impractical and were replaced by spring loaded
valves that could operate more efficiently. Xantho’s safety valve was perhaps

amongst the last generation of weighted systems used at sea.

Were There Guidelines, Legislation, or Regulations for the Installation of Such
Mechanisms?

As discussed in Chapter III early nineteenth century steamship technology was noted

for the high incidence of boiler explosions. In response, the UK Parliament
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introduced legislation designed to reduce their occurrence. From the early 1850s
onward steamships were heavily regulated by the Board of Trade whose
representatives were required to inspect steamships twice a year and issue permits
authorising their usage. This involved the testing of safety valves and other
machinery to ensure it was safe and operational. These provisions were mandatory
under the Steam Navigation Act 1851. Although Xantho’s safety valve in modern
engineering would appear primitive, it nevertheless met the minimum safety

requirements in 1871 as set by the Board of Trade.

Future Research

The historical evidence presented in this study is suggests that the installation of
deadweight safety valves on boilers operating at sea was normal practice until the
1870s, however given the limitations of the archaeological data set derived from two
sources— Xantho and Indiana, further research is necessary. As discussed in Chapter
1, one of the major difficulties in conducting research on this topic in Australia is
that many steamships located in shallow waters have been subject to salvaging by
their original owners, or suffered from the activities of treasure hunters.
Consequently there are few known examples where safety valves and boiler pressure

gauges are still onsite.

Wreck sites located in deep or turbulent waters will have a high archaeological
potential for further research in this field of study. Clonmel (1841), Mimosa (1863),
Blackbird (1878), and Tasman (1883) for example are known to have their

propulsion machinery still intact. In some of these cases the use of remotely operated
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vehicles (ROVs) may be able to assist in overcoming operational difficulties of
utilizing divers where the wreck site is at great depth or where the conditions have

previously been considered too hazardous to conduct research.

Given the large body of historical literature describing the general profile of these
devices (Appendix B), further archaeological research on this topic need not
necessarily require the recovery of materials as much data could be acquired through
developing an in situ investigative methodology that focused on general valve
characteristics, i.e. whether the safety valve was spring loaded or weighted and how
it was installed on the boiler, rather than focusing on understanding the internal
mechanisms associated with their function which is largely understood through
historical documentation. A research proposal developed along these parameters
would therefore comply with UNESCO’s preferred option for non-intrusive studies
adopted for managing cultural materials under the sea as stipulated in its Convention

on the Protection of the Underwater Cultural Heritage Under the Sea (2001).
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APPENDIX: A

SPECIFICATIONS OF PROPELLER INDIANA (1848)

LEVER-WEIGHTED VALVE

These field notes, drawings and measurements of /ndiana’s boiler and safety valve
have been provided courtesy of Richard Anderson (1982, 1991). It is believed that a
similar type of mechanism would have been fitted on the multi-functional device
removed from Xantho. An analysis of the lever-weighted safety valve found on the
Indiana boiler suggests a pressure blow off point of between 517.1 kPa—620.5 kPa
(75 psi—84 psi). These calculations were derived from a formula where the position
of the weight 53.18 kg (117 1b) on the arm 121.9 cm (48 in) is taken into

consideration (Collins 1908:89—-100).

There is considerable debate as to whether Indiana’s boiler should be seen as a high-
pressure or overworked low-pressure boiler. An analysis of the plates indicate
significant bulging and suggest the boiler was on the verge of exploding at the time

the ship was wrecked in 1848.
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calculations by Richard K. Anderson, Jr.

Figure A-1. Indiana boiler pressure calculations based on the specifications of the safety valve

(Anderson, 1991).
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Figure A-2. Indiana boiler pressure calculations based on the safety valve (Anderson, 1991).

149



‘Steamship INDIANA (1848)
Safety & Throttle Valves

p
4 SRR
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L2

Figure A-3. Indiana (1848) safety/throttle valve assembly (Anderson, 1982).
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Figure A-4. Indiana (1848) safety/throttle valve assembly (Anderson, 1982).
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APPENDIX B:

PATENTED SAFETY VALVES

This extract from Burgh (1873:279-296) provides a comprehensive listing of
over 150 patented safety valves from 1695-1873. This documentation in
conjunction with other examples discussed in Chapter IV was used to assess the

diagnostic features and functionality of the safety valve removed from Xantho.
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Vig. 748,

T,

Fajiv’s Safatr Valve,
conaliting of & dise
and rod sealed inow
reriss formad with
Lk hoider urdigesLer,
a1l wag termeds
the dire nas aried
un by 8 weight levey.
Tovenld in tha yeor
16435,

Locamotive Safetr Valra, cone
sisting of & diac acted an by
a lerur and bux spring el
les end, ax waed first in the
year 1E3L

Flg. 757,

Bpener’s Sufuby Yalwt, consisting
of o dowble seated cone. Lhe
bottom sgat heing formed in
tha cazing, and the top zest a
disy eerumed by a vertical sps
pirt il ind hot,  Patasisl ls
the year 1552

Flg, 750,

ARLLY FeaTE

Savers’s Sufety Valre,

copsistleg of 2 aolid
oot meated un Hhe
bailar  plote  and
acted an dy a weight
lypir.  Lred io the
year 1095,

Fig. 704,

HAEK FLATE

Stephenaon's  Locomotive
safaty Yalve, soosisting
of & dise ncked on by o
regies  of errved (ab
aprings edjosted by o
set aeraw,  Inventad in

the yeor 1253,

Beaft’s Twin Hafety Yalvea, conalnting
of twa disca that are acted oo abare
by a spriag lever nod & spring dizeny,
s Bhok botn valves 1ift bhe lever.
Patensed fu the year 1533,

. )
BOLER MATE

Watt'a Lawd Stativnary Safuty

Yalre, conalsling of & dlAe
neteld oo br serles of direct
weizhls, aod 8 chain aod
bapdle conpected to the
valve rof abave the weiphts
o Tak them and the salve,
Tevaaiend o the pear 160,

Loorsotlve Bafety Valve, conslst-
in% of 4 half globe acted on by
 levar fitted with odjmatable
lover gear in oynmection with
the sprley bax, Twed {n the

Taar 1844

Fig, 758,

'-;f

{

2

y o
PLATE

BILER

Trler’s Bafery Valve, ool
riskitg of 3 dise, the
aeat for which in india-
ruirber, and dhe spriog
acting vo Hie valvre ds
furmed By Jayers of
fidizernbber and rostal.
Patewted in the pear
1E53,

Fly. 752,

Yoemam or Atmosphuerie Safouy
Valye, fior the purposs of pers
wittlag the atmesphers Lo fill
the beilar when ampir and
previab cullnpsing,  Used sincn
Hig o 33400,

Twin Safty Valves and Stop
Valve, used for land stakivancy
boilers since the yeny 1850,

Fiz. 760,

BUIIFR T FPLATE,

Ramshotiom's Snfety Yolves, nousists
i uf bwa cohds neepd o T a hand
lever fn eanvection below with a
coil epring sitmated betwesn tho
seat pipes of the valves, Fatestel
iu bhe yuar 1655,
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Humsbattorm’s Safity Valves, cons
sisbing of taea comes arted un Ly
a fand lever in cooneetion above
with & ol spring that is od-
Justed with a enp abd bwe nuts
st the yad, Palented jn the

Fle. 762,

Fig. 762,

e

Tig. 7i4.

E‘x@ TR

HUCER __—

Lwmslottoi’s Safety Yalves, consist-
lng of {wa cones getod un Iy 2 band
levsr in comocction helow with a
valute spring thal ls aecured in
the rrorss latween the valves
Putonted o {he year 1665,

year 1655,

.\
%

=

ATE

L.

RGILER P

Halt™ Satiny Fulwes, con-
sisLing of twreq diaca that,
when rising, permit the
gseaps of  bhe  pimAw
noder end  ever  Lbe
seald, the weigll heing
ditest on the Lop valve,
Dateotad in tho yeor
1535,

Fig. 750,

Podmer's  Cornlived  Sufety
Yalbves, envalstlag of & Rall
and aacket valve and pisten
valva for the wetor preseure
and o 2onnlne yabve for L
cevape 0f the ateomn, Fas
tonled in the pesr 1857

¥lg. 766

. FE
BOLER FLATE

Halt's Sufely Valves, consiste

ing of two disce Hut, wheo
risibg, permoit she eseage of
tha etesr1 ooder awd over
the Bentsy the waipht befog
hung frowe the top vales,
Futented [o the waur 1358,

Fig. 1740,

%

Didmer'a Eafaty

LCateihlnal
Valves, conslsting of a ball
any sockat wilve sod piston
yalve fur the wuter pressue
and an avbilar valve far the

nacapa of the ateam, ['o-
tented in the yesr 1857

Halt's Eafetr Valves, consistivg
of twa dises that, when rlslog,
permil Lbe sacapes of the steam
under and aver Lhe seats; the
lever ia weighted at cah end
in proportion to the relulise
areas oF thy valvea, Patouted
in the year 1855,

Fig, 771,

Jalipson's Eafety Widves, consist-
ing af tws walwed apenluz np
and daww for the sacape of the
stenm, aad e “down ™ Talvs
acts i the ardinacy snzprosicn
Pln Tur Lha [avar.  Paleoted 1o
the wear 1053,

Lumbilloon’s Safety Yalves, eensisbng of three cones actsl oo
Ly & Tand lever in connection halow with sue direct \veight
aituated betweon the sent pipes.  Faterted in the pear 1850,

Fig, 768,

Lodmer's Sufcty Valves, eonsieting of a enp
Talur uml weight lerer in connrotion with
# bl and socket repalating fred waler
valve,  Mateotelin the year 1BST,

Fly, 772,

EUILER

Bofmear's Combined nt-y Vulves, consisting

AOILE

i a ball aod seekot valwe algve the pisten  Laduwen’s Conbloed Safety Valves,

walve for the waker éurmurn andtidnmenr‘l-
£ gscape of the ateru.

ing disc valve for ¢
Tutented |o the year 1267,

showlbg the steam oseape vulve
apened.  ['stented io the year
JHET.
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Fig, 773,

Erdmers Regulating Fued Water Valves in
epnbertion with the welsht levers of the
ataam aacapa yolves, Pateoted in thy year

1537,

Fip, 776,

Haste's Safety Valres, ronsistlng
of a lomer weight valre with
by sents, und acylinder formed
witliin the araxller peat contnin.
ingan [ndepandan bdérect weights
ed Talvn, g0 thul the opening of
the smoll valve will to ecme
oxtent pevmalt tha steam to muty
readily open the lorie walve,
Patented in the grar 1656

Fir, 780

mLRET

RoLEN

Clayton’s Sufuty Valrr, cobwisting
of & revesand dote paTLlon belpw
bhiy zeat [or the spring red ta
vest In, go that when the valva
viaes ur fulls it is free from aoy
side mution of the e:p!‘hig, whirh
is rontained i a hox, aid the
adjmeting  coeing  padlocked.
Patented in the reer 1638,

FLCIAME

Fip, 777

ll[ingwnrth’.s Eufely 1';"n]'nh an-
etating of o exlindrien] ralvo
with two seals, acted on hy
u dizert weight; the steam
egeapibir from bhe lowar seat
pange thnugh o rolve and
weight,  Patented Jo he
yung 1853,

Tig. 781,

i A
WCILER FLATR

Gerroan Eafetr Valve, with a fpght
angle Tranch for the passape of
the piram. Used sinea the year

168,

wE R LT
Fodiner’s Fegulating Yerd Water Apparatus
It connsction with bhe rpring Jovem of
salety vabyos, Pataoted in thi pear 1857,

Fig. T7E.

TR
i

BOLEL  FLATE

Haith's Bufety Valve, consieling of o diac
that Is acted on by tet veloks spiral
springd condalved fu a bog, the adjusl-
ment being by a hend lerer and aorew
sbud, which 1ajzes or lowers the ez

Fatentur i the ytor 1956,
¥l 762,

German Sofuty Falvus, sommating
of burgmepirte dlziz arted on ]Jf
A weight Jever and a diract Load.
Lgad gincs the pear L350

Liodmar's Satety Valve, ennaisting of a spriwe
lever in conoectivn with A (eed water
rerulating piston valve ol spring valre:
Patgnte] i the year 1807, =7 - 1 ¢ [

P -
Sl 578,

moidf FLATE

Doromy’s Bafely Valre,
ratslallng of a receasel
nome portion belaw the
peat for the lovor rad to
rsh b, 5o that wheo
thy valve tlses ar Talls
ft Lz fyee [rom the coves
motinn of the Jervor
Datented jo thy yesr
1558,

Fiz, 763,

Galloways Sufuty Fnlves, con-

Bisﬂllg of bwa volves clusin_q
and ofening oy and dewiy, arted
or by o lever i coonectlon
with a steom piatro and red
swhich assdst te tpen the valves
ad Lhe [resaure fn the hodler 1.
crences,  Patented fo ¢ year
1861,

s
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Fig, T84.

"HOI |;u'|z
Gallowny's Sufety Valve, con-
giating of o dontls seat Folve
scbel ob Dy & Jever j cabs
nectlon with a stuam pltan
and rod whiel asast  fe
raisa the valre 28 the prus-
sura o the bailer inorensd.
Pategtad Lt the vanr 1861

Kayler's Bafety Valme, cvmsisting of o disc
with & deep recess fiar the Tiver Tod to rust
i, nod thy turred end of tle laver s jiressed
op 1w ehe serew spring at the eide of the
casing.  Patentel iz the yaar 18G5,

Warlor's Safety Vole, conefating of a dise with a
wop mecaas for thy Juver rod o rest in: the
eqtved end of the faver i pussed op by the
serew spring, but the sEralzlit ond is alse pressod
up BF o surew spring acted on by = stewn
piston under it, sa that the resistance Ly tade
inote wniform.  Patented io the reor 1963,

g, 783, ! Flg, 789,

BOILER

fiermnn Balumee Pistin Safety
¥airus, conziating of g pistin
sent Fare cvng Hhat 12 farmed
with a cylibder in which
the piston 3 fithel, the
oy llbe i -
Manb'e Zafaiy Valve, conssting of n disc valvs, geat, 10{[,3;1.] ‘_;?EF,E; :;E a;:;:;:
wrer which 15 an endinary welht Jever, noil 1664,
utelpr it & et of componsd levern Lo conmaetion . >
with corragated and drem erliodams filled with
rermury, which enpamd and eentroct aceard-
iog to iba scpamnding seimjeméere, ol thus
bt bhe walve,  Patented in the vear 1263,

ECILEA  PLATE

Naylor's Bnfety Volive, condloting of & dlec with o deep
racess for Ehe lever red to Tedt b5 bhe curved end of the
Tuvur is pressed op by the seraw sprlug, bk the stvalwne
el s afao pressed wp by a seraw spring acted ow hy
a stoam yaton noder it 0o thet the realstqnon is mada
mors moifeem; an indicator s alse fitfed  Pytented
in kha Fuar 16823,
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Raldwlw'z Safely Yalve, cobs
aieting of u glabe zealed on
po ereyotric suent, so that
whet the walve ries the
area of the apenlty f4 ln-
creased preparbisnately, the
weight  buieg  susponded
ubder Lhe valve,  Putental
in the year [E46.

¥

Parsan's Hufely Falwe, consistiop
of a tnushirost-seetlooed  dise
baviog o zross bar albove aod
twy side rods suspending sn an-
tidar wiight below around the
seacing |dpe rhovee Lhe Tudler,
Tatented in the yesr 1867,

Fig. 794

Fiz, 781,

R
BOLE®™ FLATE

Baldwin'k Zafolr Valve, cimalating

of i glubx seated o an eccentrie
fenl, o that wheo the walve
rlzed the ares of the spuenlog I
increasod propwrilanziely, the
vulve lufoj acled 4o by o lerer
and weight. Pafented in Ehe
Fear 1B,

Flz, 7o5.

Parzan's Safely Valve, enuists
ing of n mushroom-sectianed
dise neted wo apore by 4
bellevauk Jerer nod suse
preuded welpht Telow, Fae
tented [n the year 1867

Fig, 702,

Sprann’z Safecy Yalve, consisting

of i disc acted a0 by & wuight
lever thet i3 ronnoeted sf the
bick sl 1o & apebng rod, the
actlow af the spring being te
hold the lever dawn, as i the
weisht b the appesile ewd.
Fatiared in Lhe et 1804,

Faraon's Salety Valve, covaist-
ing of o muahrostnsectione]
dize formed with a box abave
epbluinine & spriog io coo-
veetlon with & fized T

assing through the vabes,
‘sbented 1o the Tear 1BGT.

Fle, 800,

al i
Lk
8 } =
)
TP r £
ez f g HrniE

Cameron's Bafetr Valvn, ovonistlog of s dise aeled
o by twn coanbioed levers aod noweight ou the
e af the wpper ael lingeyr laver.  Tatonted in

the year 1867,

; HAILER FLIT_
Bichardson’s  Safely  Yalee,

FLATE

LY T

¥ig. 703,

Fagsan’s Bofetr Yalve, con-
alating of & seashgmens
tianed dise having & welpli
suspanded below it in Lbe
Leiler, se thot the waight
sed valve way  ascillube
withont the stean saca)log.
Patented in the pear 1247,

- Fly. 797,

- RN
49ILER FLATE

Cookd's Fafety Vala, sonsists
lug of 2 dewp cop Tolwe
with a kuife dav seatin
and ihe lever tul paintn
et each end, sa that the
sedlan of the lever dass wat
affeet Lhe valve, Tabented
in the year 1889,

Fig, BOL

aooslstltyr of & diee fikded Richerdson’s Safoty  Yalre, Banders’ Salety Valyws, com-

wilh an adjoztable anpular
cap between the plate and
the epriog ta rans: g 1esists
apoe te le gacape of Al
steam independently of the
"metion of the spring. Ia-
tentod io bhn year 1HET.

ronsisting of o disé formad
with s frcebnl mioes fo
cimse & Teslstance to the
usc‘:ipe of tha atesty fpfé-
prodently of the acllon of
the spring.  Potentsd o the
ez [RAT,

aiating of twra dlses af une
aqual dinmaters; and the
tup dise is fitted with a
diriet wuight pented oo faur
HOTEwr sprlng& Lo cambietinl
any vibrativn. Fatented in
the roar 14154,
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Tig E02.

4

Chureh’s Bafety Yalre, conaisting of tlises nod platen valves
Firing vertiral uod horizontal metions, il setod on by
sprivgey weishes, uod Joros,

Fig, 804,

Patetted dn the yunr 1563,

Fig, 800,

Ashorofts Snfety Valves, consisticg of »
I:j'!'iﬂl!l;[ with a Liop psl il Lwve dinciom
seats, which are cootained in a porfmrated
box screwed in the chsing, the ruﬁna being
acted co by o weighi lovor wbevo, Do
foctod im the your 1858,

T
LT

Fig. B04,
5

e D‘I‘qi.!n Aln r.E

Ashoreft’s Bafets Yolves, consisting of' .
Ay dises wbere uml below tae sent-
ihgﬁ, the use of the Jawer ilise L'-l,:iug
ta prevent 4nT Water dcapiod with
the stesm and to close suddeniy if
the sprieg ve tho top disc breaka.
Fatetibael io bhe year 16GS,

Fp. 208,

Hepkinaan's Snfety Valves,

[opkitsnn’s Bafety Valves, consisting

Hopkioaen's Safaty Vilves, mope
aluting of thres cone, the npper
tone Lelber acted on direetiy by
u beary welsht, Iatented in
the Foor 1RTO,

of blrie s 3 the top cone is acted
on by a busg weleht, pel sl other
twu vones by weiphia nuriodmding
the eyliodors of the cones,  Patenbed
ley ehe peaar 1RTIL

Hopdiwaon’s Safury Vol vea, comisting
of five cowes; the top éuge 38 acted
o by & huog weight, and Hig sogund
ned third comee by welghos sor-
rentnlleg 1l eplioders of the cones
Patemted in tbe yeur 1870,

eonzisting of bhroa canna,
bho wpper esw: boing
wetel oo by & eail sprieg
sorronodicg  the sent
Pipe. Tuboated in tle
vear 1670,

Ifig. 01,

LI

it

SPats

Ilepkinsue's Bafory Walves, conalatlog
of three eanes sepumbel}' acted on
br sesarate ool springe suroovnding
the sont pipe and 1he eylicder of
each valve,  Faledled b ihe fFear
1870,

Tz, BI0.

Flg, 811,

Wilke'a Marlne Bafety Valve, oorsist-
ing of adisc with a croes bor aed
two sido rode ta suspend the direct
weight bulew tho crsing, which ls
hung i bwy sile frimes to allow
the weight and casing to avoillnte,
Futonted in the pear 1871,

Wilke's Marine Baferr Valvns, conslsbhng of a dise anted oo by o divegt weight sentlo! s the weing, which
is hung io twa slde frpmos to allaw tha wuighb and casing La caclllale, Fatenlod o Lhe yune 1471,
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Fig. 814,

Cowbure's Safely Valve, con- ;
alsting of 3 nemlzphyrical 3irchin's Safity Valve, conslstlog of & piaton Mizchin'as Safety Walve, consisting of
dise in conmection with and cylinder aeat valve in conpention with 4 tall attached to o lever connected
dome castng attacbed to 5w n El1n'|1g adjnst.ed hy n acrew 190 Bfid bupd ta ;'p;isipn ad &IIT‘i'ﬂg ahirve it; the
ionulat welzhi that eur- wheel ; e steam acting on the anoular + pteam acting on 1he anmolar epact
ronnds the seal pifpe,  Pa- space of the pisten enuses the valve bo of the piston caness the volve to
ten%ed in the vear 1871. cpen.  ateoted io the year 1571, open,  Tabcated in bhc year 1831,
Fig. 815, Flg. B16, %

Tarlor's Safer Valry, enn-
eisting of 2 dlae agted on
by 2 eeries of flat gurved
aptiugs.  Tlstented in Lhe
Fear 1871

Tig. $17.

Lea's Safety Valra, coneisting of 1
djse with three circnlar sents
and three openings to coreeapond
in it sod th senting. Patented
io the year 1871,

CUEELER  FLATE =5 ROILER FLATE
Taylur's Safety Fulve, cutisisting of & dlae fitted with 2
erizanta] wheul and ploiou for sdjostment ; and tha
walve is apted oo by enrved springs and o weight laver.
Patentad [n the year 1E71.

Watson's Marine Bafety ¥alve, consisting of o
hullow globe fitted with a cap and & sepl having
nogroose (o i to receive mov lubricant; the
smal] dfag walve at the sz firming no part of
Lhiz inventipn, Patemted o the yonr 1571
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Fhg. EI9, Fifr, B, Fig. 621 Fip. B2Y,

]

Witson's Murioe Safrty Tulves,
consiating of A hallpw  #lube
seated o 8 gland and packing:
the tup of the glote is formeed
with & seut, on which 3v o disc  MocDeoalls Spriog aml Tsten

valve neted on by & Iinog weight Talra and Box, tu wsist the
condnined (o1l mslhg attached aclivo af the lever of Dﬂﬂﬂﬁl‘j‘
tu the plobe,  Pstentsd in the anfety valves, Iatented In the
year 1571, . Jear 167,

Fig. B2a.

i

< e —

»J
:

Giles' Tvmiotive Bifiky
¥alve, canaletlng of &
erlinder sested in & re- o Safute Val Pl a
eossrdl pont, o that the  Giles' Marime Hafely Valwes, GilngSaful Falve onatating

BaIL ETILER FLATE

stpam, oo the  valee cemvistiog of 2 eplimder RSHE SELEOn .tylimier o
riglng, is compelled o beate? i ronwsel rontipg i3 rgoetsed eeading § l!"]d twe il
net om the euter edge, and the walre da toroed oo jte  SPUEEE 4ft waod with a coren

thus wempensate fro the sent br the twin bendle DO te ach withe valve red,
Ingrenalug Tesdstanee of Ly, :fnl] n Lft hand lever  ibtedin the yest 1672,

the apeloy as it ia cum- i olsp fitted bo “opsc™ Kb
prezal, Patented inthe malve, Fatouted b the yoar
yoar 1672, 1874,

BlacThnald'a Safst; Valvr uod Wlght Tever
in onneceion with e spriog aml phston
Talve and Lex ko wsalat Bhe nction of the
lever, Pabipted o the year 157, e uuter ol wod

Glles' Land Safitr
Valve, cosisting of
w gplinder seatid in
a rocessed amt, sp
that the etean, uu
the valve siging, is
vommpelled tooact on

Llid cumnpanedte fur
the increaing reals-
noce of the aprio
as 1% s oumpms.srLE
Fatented in the ear
1572,

Fir. 624,

% f mg

=
BOILEF, FLATE

Firlds Snfety Volve, coosisting of a disc
haviug an anoular reat aml 2 Teegs fur the
hand Jever pul to Pt i the npper part of
the lever belng in connection witn the
of o coil spring adjueted shave by ascrewod
red, Pateoted in the year 1871,
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Turton’s Safety Valve Sprinms,
zopsisting of twe paineof struty
In conpertion with lwo eress
Bats buavieg between them two
spiral epringe,  Patented io the
yoor 1E7L.

TR ER PLATE

Tarton's Sa‘lﬂ!t}‘ Talve Elnrilgsr
cangisting of twe steaks In
cqnoertion with 3 cevies af
Invereed enryed izt eprings
anzpended by the siruta wnd
benring  nzulost the oress
her.  Paiented in the year
1572,

Tureen's Eafety Valra Springs,
consisting of Ywo strols ly
conpestinn with tere single
bar eprings looped am
rlus below the steots ol
adjusted above by o orew
bar and set sohew, the bar
l;ci,ng suspeuded_ Petented
in the veur 1872,

BILER RL&ETIC

Turtea’s Safety Valre Springs,

nonsistlug of twa steels Jo con-
wectlon wit n series of carved
fat sprinms hinged avd studdel
ot each epd, ind the sbruts k-
ing u Lbe ceotre.  Pateuted in
the wear LA3TLL

Flg, 532,

Turten'’s Snfetr Yolva Springs,
eonsdsting of twn struts Lo
eanbeeliot with a werles of
currel flit springs hearing
eothe callar abewe the ralve.
Tutented in the year 1872,

Fig. £36.

BOL G |) .

Lockwinds  Safoty  Valves,
condletlog of m block and
extinder Lo eanwgelisn with
i woter wedpht caslog that
is connrcted and repolated
11‘;! pipes with the witer lu
Lhe beller, Patentwl ju vie
vear B372,

Fig. &2,

BO.LER FLATE

TuHeph's Safety Valve Sprlups,
enileisting of two skruts in con-
mectin with a series of marved
flat springe bluped ab yies and
aljusted by asl wtodn and a
brille, Tatented in the year
1873,

T peteare
BILER PLAT

ok

Tuctst's Sifely Yalve Springs,
eanststing of two sfruld b
sommection withindissrubber
springs.  Faented in the
s 16T R,

Fip, 837

WPILE B FuiTy.

Oarier's Rufety Talve,
cansleting of A disc
spening  downwards
and the weight tever
nolder  the  valve.
Putuited by the yenr
1878,

Flg. B2,

Turten’s Snfrty Valve Springs,
copalaking of tyro struta in con-
peclion with a werles of marswd
flat springs ninged at the ceutre
T of the valve seat. Fatenied
[h 108 pugr 1872,

Tuerton's Sufety ¥nlve Springs,
sovglaing of two strats in
copnestion with twe levers
that ara attached te twe
coil springs.  Patented in
he yenr 18V2. S

-] T
ECILER FLATE

Safiely Valre consizting of
an anpular space for the
stenn: 10 et mp agalnae
v Fing thal bears oo twe
reate p toe Fog 19 hell
dawn by & ool speiog
contained in the recess
of the toner siat. Fro-
osed by Uhe ¥ Kogineer,”
Uctaber IE'H], 1858,
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Fiz, 630, Fli. 340,

weieh Leyen [

UDTLER TLATE

Anpalic St Sefoly Valre,
Propuzed 1o bhe @ Engleeer,”
Mevember Sth, 18T,

BOLER  PLA

Dhooble Seat Safoby Valwe,
Propreed iothe L}'ngiuaer,"
Movewber 5th, 1572,

Fig, Bl

Pillard'y Safoty Valves In comblnation with walve, fvers, apl
ppringe for toe regulation of the sbeam preszure when possing
frow; the boiler &0 the engine, atented in the rear 1357,

BOILER ALARM SAFETY VALVES AND GEAR,

Floufiz: © futs Fie, %43,

Alarm Whistla Valve, Float, Tever,
sud Bolnues,  Cred slpoe Bhe Aliem Floal  Chalo-
veat 1R40, wheel Labipee and
3 Tndleatar. Liged
sinee the Faar 1940,

Fig, 644, Fig. 845,
ﬁ

i

Ba LIKGLE

Tavlee’s  Alarmy  Hifety
Valve, couslatlog uf &
dizz and rod acted on
by il epelur cuas
Lained [0 a whistle box g
the whistla being zito-
ntod Lebwuin the valve
nknl Lhe spelng, Pdia bed
in the yesr 1833,

Fohyson's Todientiog Alarm Floag, by
means of i pistan pnovicg lo B gless
eylinder, pecured oo the Lop of the
boiler. Palented in the gear 1855
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Tarler's 4larm Halety Valve Ape
paktus, ingide the beilir, vop-
alating of & dise fual, ehalb
wheed, and coaterhalance, o
evgerlion with the valva shawn
b Fiw, A5, Pateoted in 1he
reqr LA

Fig. Roi.

Taxler's Alaim Safety Vulve Ape
prrte, eutalde the Lailer, con-
disting of an eecentrie rimmed
wheel with a safety vabve 1ol
ngd imir a3t and & stenm whisgle
fo indicate wheo the wilve i
fitted, Tatented io the vear
1855

Taelec’s Alarin Safity
Fulve, Whistle and
Spricg.  The 7alre

npenz  own sl
pad is vonoegted dis
veat 1o the last. Fas
tenled 1o <e yesT
1453,

Fiz, B3,

Ball's Alnem Safity Valve
Apparatis, tacsialivy of 4
diee cubnected 10 8 nsiale
piug oo the fre bz plale
amd g wrater pipe wnder and
prer the valve which, when
lifting, admits water im the
fire bex bagides threnzh the
rlug cnging.  Palenled In
the ear 15830

Tarlet's

Alarm Bufety
Valre, coosisting of &
sidiog iwche cootalued
in a fised teoe, and both

tubes perforated, Tae
tented in the wny 1B

Vig, 857,

Cowcbiro’s Water Level Tlant, Taver,

and Cunterbalioee, [n eenbecling
with & direst liaded safety valve,
the hellow vad af which suzpends
the funt lever. Dlatentsf in the
yrar 1535

Fiz, 648, -

Tasler's Alirm Sifety Valre
Auparatas, outeide the boil-
er, omslating of a dise float
chain, wheel, onoterba-
Tano, wod whistle. Pubented
in 1he year 1853,

Cowburo’s Water Level Flaat and

Taser, fu tonueeting with a safery
valve abd lever, en the easing of
woich i3 8 direct londed enfutr
vAlve  latenied in the renr 1835
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Fig, 854, Fig. 553,

Cowlaba’s Waler Lerel
Float, Wheel, Chain,
and Counterbalance,
qutside the heiler.
Poéenéed in il vonr

Jobpatoo's Aoy Balety Yalve

Fiz, fa.

Fig. #3T.

i
|
nﬂ:nnr

ke i g

- . Pwuﬂuﬂ;u’& Alares Flaume Tebe,
Routledge's Alarm ¥lame Tibe, fiLted t\:ir.hhi'ualhle pluze. Y-
fitted with fusible pluga inside tented in the year 1830,
the miler. Datented io the !
vunr 1R,

Yark's Almwm fafery Valre Apparalos, colsidy
the hoilee, roosisting of two Uoats ard &
Miso vilve acttd oo by & sprizg: at the
slde nf Lbe raslog is a whisthe iv indicate
when the valve apms. Pateoted in the

LSS Apprentns, vansizting of @ hall
fluwt thal §8 dicectly ecoovrted
rul e ten aplodle Falve thit deseencs
t [ 457 to adwmit stom e Lbe wibiatle
“ W abova Fntenled [n the jear

B : ."I:- ! 1604,

Koowolden's Alurne Safety Vafre Apparates,
eunsialitny of bwo zafety valyes: one being
neld duwn bya Hoat lever instde the boiber,
and the ofher acted co by the weight lver,
Patented iz the year 1856,

veae 180U,

Fig. R0,

Fooweldews Alarm Bafuty Valve Appatalos
conaieting of a flont gud lever that iz con-
wectad to & wyight lever which acts ona
diza yalyey the motlon of the lever Is n-
Haated hy a band peicter and reconling
quadeand.,  Patenged in the pear 1356,

Fig, #91,

Kuowsalden’s Alwrm Tawe Tavel
Bafoty Valve Appatatas eon-
sizting of & ball connscted to a
long lloab Lbat, when deseenids
Ing, admits the wajer & the
woilerin tle fire Tws, Pateoted
in the unr 1834,
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Enowelden's High amd Low level Alarm
Sufety Valve Adppantns, fitted to o cug-
ol Beiler,  Puteated in the your 1856,

Fig. &65,

Eed

Faraem'e Safety iston Yalve in connection
with a ssries of metsl and mdinnehber
ringa that wre seraned an che pend of bhe
fire bcl:i amd the 1'||c:1|i.il'.|]‘;I of the india-
fublwr parmlis the valve to fall aod
the ateam to sacape.  Patouted in the

Tear 1E3E,

Waller's dlann Sufety Valve Apparstus, noge
alstlnge of  flout aud lover i comnectlon
with Lhe englne steans pije Uwoftls valsa
aud & chein wheel thab 1= connected fo the
flne damper.  D'ateated in the pear 1856,

Wig B, Fip, 867,

T'arzons  Bafety  Flaten
Falve iy connection with

Yig, 864"

1A

Horten's Snfety Vidves 10 eonnetion wlth a watar
levil flgat and lever, the action of the toat and
ainall valve hatng 1o tequlate the prossnr: of
the steam oo the top of the pisloy of the large
valvn, Tafeafed fu the pear 1837

Fle. 563,

acplioler of imlia-rnb-  Patsens Twin Safety Pisten  Parson’s Safety Ploy Valve and India-

Ler Baed [an casiug on
&he roof of the fire bos;
anl the melting of the
iudin-rnbber permitz the
valve beocise pold the
Abeatn L escaps,  Pas

kented fa the Fear JHRE, Tear 1838,

Valves In eonneclion with a
seziee of moetal and jwhia-
rabbcr rings that aresezared
v il rock of the fice bos,
far Lhe canse purpase a2 fan
Tig 46, Fatented in the

rabber Hinrs, for the same pocpase
né Mk F:';. ﬂﬁﬂ, cigaeclal ]J’_Y w lewer,
Falented in phe ewr 18568,

ArnAg CTeE)

Maate's S:lﬁ_'t,_f Tl'al\rl::i, actel an ]'_f a ﬁlnl'lng lever and addicect w&ighh
respretively ;o bhe welghl Talve iz ralaed hy the doal lever, which alsa
i In eonnection with acyli:ldriml ante
when tha water is low o bhe Loiler,

walve that is Jowered to open
itented i the year 1838,

lever, whic

Haates Safery Valves, acted on Dy o spring lever and a direct
wcight 1'es{ectlvuljr; the welght valve & radsed by Lbe Heat

ia alan in conmection with a eylindrical fafety walve
thit is lewored to apea when the water i daw w the boiler,
Patieitid ju the yeur 1836,

- ~
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Flj{: - THS g, §72 Fip- BV3, Yig. 74,

t
i g
LA T
fﬁ L }]
|
P ' Al ¥al
) o Tarss Alatro Valye jooeon- ll;”:n;nect;;? wi:‘h‘:&:
J el with lever wuur o fusible plug va the
the botler and & fusible plyr R SR R Hr
At the side open te the flup, !
Dhterted b e Putentad in Ve year
tented io the year 1638, 1858, -
Hante's Safaty Valve, Hiectly loaded, hoving ol the sde i I )
4 c:.'linflr]tzﬂ pidory valve in copnoviion with a fioal Fli, 877, Pﬂrlnr{’s Faed Enterr‘»\'h_mttle
Tever {lat Lpwess the vabre when the waler fz low in i mk]ll’-cinll‘; IUEIJ, .0‘ [y UEIl
Ll Jwiler, Patented in the yeir THLE, working by Lhe slenm on eae

side aed (eed water on g
allwr ; and the whistle lb-
dteates whea wore feed is
venuived.  [itented in the
vear 1266,

Fig, f74, kig, 878

Wright's Water Eleat, Ral, Clain
\\'hee]' Thersl Gnllrlng, woil Pep-
fornted Fire Doar, for indicating

Lhe water leval and regnlating Weight's  Water
the dvnught,  Patentid o the Elowt Lied acd
your LBAS, Clinin Wheel in

rableclivn with
the slidlnp Furs
nace desr,  Pa-
teotel dn the
yenr 1353,

Lidmer’s Alisaa Valee
and Whistle Lo con-

Bodmer’s Alirna ¥alye sl petidon with the ap-
Pipes loskle and culeldn tly purntns shown by
huilet, to indicate when the Iy, BT, Patenl
water it bulow €l inside in the year 185,
pipe. | Patowiod o the yenz
1858,
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Biw, 330, Fip. &8k Fig, #&1.

Ceit] T TR

£
.
gl
1 Archer'a lleveras Zents
I = Eaforr Valves ip vuns
i ; .
fr, & nerlinn with e iip=
i Archer's Adarm Yalve Apparatus, isantua shawo by |
; cangisting of @ float, culside Fig, 40, Iateated ; .
LA levor, aiely rabve, wd stesm o ghe your 18, Dlagwanb's Alurm Sufur Valre s
b et whiztle, [ateated i the renr ratus, eensisting of & orliodrica] donble
== 1538 sunt volve with a direct weight nader
Normandar's Alarm Falve and Apja- M, and dmlow tlal o cobe valve 3L anb-
matus, consistiog of o flzal and lever peclion with a lever float and Bolance
gang ymiside Wag Loiler o connection weight : the centeal pips over the tae
with Lhe dawper and n whisile, valve Meisg commectmd uwler & steam
Patepiad im the VEAT 1834, whixtlie  Patented ju e yor 15858,
Fiz, RS Fiz, 454, Fig. 535

L

'
Tr AT
Walkers Alarm Safety Valve and Ampaentus, consisting
; TP p of 4 valve noderhmuy with & weight, the rol helog
Ulingwarth’s Alarm Safety ¥alve fu vnoection with o Roat levr 1LaE, Ty 4 plndon and
m pounechion wita Je_re{, fload, taothed quadeuet, cansee o whistle and hand painter
and lalance weight insite the te inlicate when thy water is low in the bailer
uniter.  l'utented im the yesr Patented fu the year 1800, :
_IEDS. 3 Daries Alaren Saluty Walve aml Cureed Pips,
Fig. a5, Fig. B4T. coDnEctiag the walve cagluy Lo Ehe [ive Box,

za that oo the valve riaing the stenm epters
thurein, Datented in the rane 1860,

Fir, B8,

Fiz. 9R0.

= g

Bavles’ Doulle #:at Alnrw
Safaty Valve and Castag, ns
sarwa with the carved pipe
in Fiz, 5253, Patented in
ilie yoer 15410,

o i e

MeCarthy's Alurw Sofeep Valve anl MeCarthy's Alarn Safery Valwe

Apporetis, conelsting of o direct Float Laver Appariits, fou-
weighled valve potzide the boilar tained o a bhor ouotzide Lhe

Pyt eounected by s levur and rod to the boiler anl comoected te it by
e fluat im the Toiler; when the Ogat Tipen Puwgpted jo Ve pesr
Galloway™ Alakm Valre Appaeatnz, comsisting of fioal vd [n lewer raisos tlus valve, the water in 1RAR,
connectlon with a chain wheel shoft that i2 forned as & plug the beiler also thowd theoagh the
cock 10 admit steam mader the diaphreagm ealve thot nets oo imside aml eatzide pipes to Lhe frs
thy lesur of the salyly valve, Pateated ip by yenr 1881, boz,  Fatented in the year 1862
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Fig, i,

Turner's Alsrr Ealeby Yalme spd Apporatoz, eoo-
pieting of a4 Qeat, wheel, nod ecunterbolaoe,
alzo 8 float lever 1o cogneclion with o thineele

Fig, #31,

[eekett's Alarm ss.fet.}' Walre aud Apperntug cansisting i

of w valve io conoccticn with & weizhl lever, Maat
taver, wnd bwe waler pipws, dnat, on the ralve Tidug,
vonduct acene of e walor in the beiler to she five

box  [atented in the year 3866,

=t vn!ve:; and an Onl'mu.:‘:r ﬁﬁfet.j valve.

Fulenld o the vear 18G5 14

Elm, &5, |

Kig. 435,

Drar's alarm Jalety Valve Arpnratus, loaide

e hoilar, consisting ofn cone 1t the hottom

of the tube seoured oo tbe ool ef the iy

bnt, and the acthin of the gear s o
¥ig. 813, Fatented o che reas LEGE.

Fig, 257

Macpherson's Alarm Balety Yalve: and Ap-

Eray's Aloren 2afety Valen Appo-

FIRE B2X

ay’ Aluno Fadery Valve Apparalus,
inzide the Tadler, consl-ting of 8 tuba
aenting, oo which is & cone acted on
by n waight lorer 13 connertion with
A welghr. eommecteld £ the Liver of
the anfetj' Falve pulside the beiler;
the tube alza sappaite o float lever
tuat, wlen io cootact with Lo
el Lever, ndmits the shesen r.hmugh
the tabe iolo the Are Lox,  Pa-
temted im Lbe yeay LBAE.

Fiz. 895

ratus, inside the builer, consist-
ing of the flouk dud hever o
cembectlon wikh the lever and
fafery valve that admits atesm
ioto the fie box wlien the water
is law. Prbented Ju the yewr
1864,

Fiz, 204,

the Tevers an the
Lz InepupesLion with Fig, £34,
Fatenl#d in the venr E84G,

Brap's Alarm Safoty Yalve dppu=
ratus, ioside ke beiler, slawlop

Tunrizontal

Swann'y Alarm Valee
in commection wAth a
font and ehain di-

rect,  Tatvated s
the year 1566,
Fhr EOB. Fiur, #00,
O

FAE!

Fiaalle

Crwlurn’s
Muwe, that whin melted
adwita tho water o the

Alario

beiler io the fire baz,  Pa-

pnrobnz, consistiog of two valves, ooe acked Oewhbaen’s Alirin Buositle Tlam,
vo by g weight Tover mnd the ptlner by o pod
vinbented b 4 foak lever loade 1he kablor

the flaet G alse connected
12d feod waker walrve,
vior LRET.

to a chain whea!
Patcoted in the

that when malted almits the
steom and water ig Mig Tellee
throgrh the roncsable tabe
iotn the Jiee ber.  Patentod in
the vear §A5T.

Cowlure’s Alawe Fustble Plogs,
that when melted admits the
water fn the lailer thracgh
the mwmuvalde lube inbo the
fire box, Fatented io Lae Fear
1867,

tented in the Fesr 1647,
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Fig. §01.

Fenyno'n Almrm Safacr Yalro sl
Apparatuz, izade the Twiler,
sensistinge of & tube secured to
the fire Lux, battog 8 vaire oo
tLe tap ®ith 4 laTger tule: wn-
nected ta & lever dheat woil coun-
terbaluoeey the Tiftley of the
wilve petruits the witer to [= :
ealer the fima boz,  wtented
Io the rear 1867, FIRE  HOX I

lingh's Alarm Ssfarr Valve sad Apparoton, conslatiar of A lover
wolght sty volve nad, ales w diroct undachung walghe valva,
1T w!ighl 'L.Eillg i Lhe Lisiler aad the vl ju counection wich a
lover float aod councerbalaoce, and wheo (Tat vilve 35 Jiftad by
the lever ot che water in the boilar flows Vhvoagl thy pipes
into the firo bow,  Deteuted 3o the veoe 1869,

Fig. 976, ﬂ

——

Binsan's Alarm Safety Valve Waler Fipe, cvnsiskinz of & pipe verctealio the baller and horizental ontaide,
with a bollow ball in sounection with u Jever waighted zafoty Tolve, which vises when the water ia ont
of the pipe, tr indiowte the water is low Lo Lbe bailer. Yatented in the year 18965

¥ig 904, mi? Fig, 043,

LT BT F O
M RE

Fara Ricd

Tmrrewm mien

Hughs Alarm Zafoty Valve aod Appavatus cousistiay of & valve
a0d tox, noderhone weizht dont lever wod cogeterhalaore, aod I

alurne watce ptpea. L'atonied in the yeur 1869,

Fir. DO,

ratln Alarm Valve Whistle, Water Globe,
and Hatety Valve cobined: 2 quaniity
of wator (o the Loller, being iw counetioa
with thy water in the glilie, rogmlites the
pielion of the snfily valve amd whistle.
ileeted 1o che yuur 15T

¥l 005,

Blenall’s Alaroa wod B istle Fuont
Apparalug, albuatel oukside the
boilsy froac; 1be ileat rlas and
falls ws the water in the bailer
et s whiea the stenm ralve is
afied. Patuented in t11\:]'QJ1L'1|370. 1

Fig 000, =% o

Langlet's Alnrm ¥alve, Weight Lewer, uod
ent, fustle $he Leiler; the lowecing of b

FIFE BOX

<)

the flant guofed vaire ta descend and 1l
wioatn ro peed oot thrangh the coing pipe.
Pateotad io the peur 1570,

Nopkinsan's Alatm an;tlj Valve Appacstas,
ersishing of twe

ve oplimlus wil

Aednmse’s Aunn dafety Valve Apparntus, consisting of

weirhts sanrronnding the Juper paris aod o
central valva with o huog welshl io the
boiler, thers, in coomectisn wich & lever
Auat nul voweterhalance, tha vontral valve
Iz Tifted Ty the lovar when the witer 33 low
ir the hni{e.-. Futeneed ba the year LATO.

wue valve eylipder with weights surraundiog the
lower part and a crnkmal valve with n lgug weishl,
in the bwiler, there, 1o coonertion wids a lever dloal
wod conotorbalaneey the caniral Talve iz lifted br
the Auat Jever when the water 35 low in the Leiler,
Faleatad io the yonr 1371,
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Tz, 410, Fig. 911.

cand 8 eettbal eureed valve woderhung
with a weight 1i acnncative with & Lever,
Cowlons Alwrm Safety Valoe aod flunt, und coumterbalates. Futontod in the
Apparatos, luside the fuiler, eon- year 1671,
sisting of a divect preighted valve
in gponaction wich a Mgt lever and

“HIILER FLFIE

Dalanen; the Jowering of the float 2
%685 to nuse the valve, Patented . Rirk’s dlazm Valve szd Flaat In Nercoryy tha ex-
in the year 1871, punsivn of tbe merenry cagzses the fae 1y Lt the
. vilve, mud the stpun blows the whidle aluve,
g Patented {u the year 1871,
i V)
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APPENDIX C:

RECONSTRUCTION OF SAFETY VALVE

The attached DVD provides a photographic chronology showing the reconstruction
of Xantho’s safety valve from start to finish (Table C-1). Although labour intensive
the reconstruction of this device was critical for understanding how Xantho’s
propulsion machinery operated. This object is on permanent display in the
‘Steamships to Suffragettes Gallery’, located at The Western Australian Museum

(WAM) Shipwreck Galleries, Fremantle.

Also included is the de-concretion of the isolating valve recovered from the wreck
site in June 2012 (Table C-2). This device will be consolidated with the safety valve

once it has been desalinated and stabilised.
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Table C-1 Photographic chronology of safety valve (XA339) reconstruction.

Date CD folio | No. of Description of work undertaken
reference | images

January 10, 01 1 XA339 safety valve as recovered from wreck site, prior to

1994 de-concretion

June 24, 02 10 Removal of valves from remnants of casing

2010

July 13, 03 15 XA3309 rebuilding valve casing in an upside down position.

2010 Treatment of fragments with rust convertor ‘Rusticide’.to
stabilise iron fragments

July 14, 04 7 XA339 rebuilding valve casing using masking tape to hold

2010 pieces in place until B44 adhesive cured

July 20, 05 15 Use of wooden supports to hold flanges in place until B44

2010 adhesive cured

July 22, 06 2 Use of metal support frame to hold underneath of flange

2010

July 23, 07 14 XA339 rebuilding of casing and flange

2010

July 25, 08 7 XA339(i) Lever weighted valve after treatment with

2010 ‘Senson Full Spectrum’, a vinyl-copolymer in an
isopropanol base with vapour phase inhibiters

July 27, 09 6 Fitting heavy duty wooden support frames to hold steam

2010 flange in place

August 2, 10 6 XA339F Oblong deadweight before reconstruction

2010

August 5, 11 16 XA339 during reconstruction

2010

August 10, 12 4 XA339 rebuilding of casing and flange

2010

August 20, 13 6 XA339 rebuilding of casing and flange

2010

August 22, 14 18 XA339 rebuilding of casing

2010

August 25, 15 2 XA339D circular deadweight before reconstruction

2010

August 25, 16 2 XA339E oblong deadweight before reconstruction

2010

August 25, 17 3 XA339C circular deadweight before reconstruction

2010

August 26, 18 1 XA339C circular deadweight during reconstruction

2010

August 26, 19 6 XA339 rebuilding of casing and flange

2010

August 26, 20 2 XA339E oblong deadweight during reconstruction. Use of

2010 tape to hold pieces in place
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Table C-1 Photographic chronology of safety valve (XA339) reconstruction

(continued).
Date CD folio | No. of | Description of work undertaken
reference | images
August 27,2010 | 21 4 XA339 reconstruction of flange
September 2, 22 2 Workshop where treatment and reconstruction was
2010 undertaken
September 2, 23 4 XA339 reconstruction of blow down flange
2010
September 4, 24 9 XA339A boiler mounting flange before treatment
2010
September 5, 25 8 XA339D circular deadweight before reconstruction
2010
September 6, 26 5 XA339D circular deadweight during reconstruction
2010
September 8§, 27 6 XA339 during reconstruction. Use of tape and wooden
2010 supports to hold pieces in place
September 22, 28 31 XA339 during reconstruction. Photographs XA339-21-22
2010 September 2010 and XA339-22-22 September 2010 show
curator Michael McCarthy with artefact.
October 1, 2010 | 29 5 XA339 during reconstruction
October 4, 2010 | 30 6 XA339 during reconstruction
October 5,2010 | 31 10 XA339 during reconstruction
October 11, 32 10 XA339F oblong deadweight after reconstruction
2010
October 11, 33 8 XA339E oblong deadweight after reconstruction
2010
October 11, 34 6 XA339D circular deadweight after reconstruction
2010
October 11, 35 5 XA339C circular deadweight after reconstruction
2010
October 18, 36 1 XA339 lifting off table to place artefact in an upright
2010 position
October 18, 37 29 XA339 testing to see how artefact fits on support saddle
2010 designed and manufactured by Don Cockrell
October 19, 38 2 XA339B replication of gasket for safety valve plate
2010
October 19, 39 20 XA339B safety valve plate before reconstruction
2010
October 19, 40 2 XA339C, XA339D, XA339E, and XA339F deadweights
2010 returned to Maritime Archaeology for accession numbers to

be written on artefact
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Table C-1 Photographic chronology of safety valve (XA339) reconstruction

(continued).

Date CD folio | No. of | Description of work undertaken

reference | images
October 21, 41 6 Manufacturing of template for testing theory how safety
2010 valve was fitted to steam dome
October 21, 42 4 Testing installation theory of how safety valve was fitted to
2010 steam dome
October 28, 43 7 Painting of support saddle
2010
October 28, 44 6 Staining of support saddle
2010
November 1, 45 16 Staining of support saddle
2010
November 1, 46 11 XA339B safety valve plate after reconstruction
2010
November 3, 47 10 XREF tested areas on valves
2010
November 5, 48 7 XA339 on display in artefact preparation room
2010
November 6, 49 1 XA339 on display in artefact preparation room
2010
November 7, 50 13 XA339A rebuilding steam dome safety valve mounting
2010
November 8, 51 4 XA339C, XA339D, XA339E, and XA339F replication of
2010 deadweights out of light foam
November 8, 52 34 XA339A during reconstruction
2010
November 9, 53 5 XA339A during reconstruction
2010
November 12, 54 7 Replication of lever weighted arm
2010
December 31, 55 11 XA339 after reconstruction with replica weight in artefact
2010 preparations room
February 4, 56 10 XA339 moving safety valve to Xantho Gallery
2011
February 21, 57 13 XA339 safety valve on display in Xantho gallery
2011
July 25, 2012 58 9 XA260 steam pipe from engine before reconstruction
August 15,2012 | 59 4 XA339(i) deadweight safety valve after treatment
November 6, 60 11 XA339G XA339H oblong deadweight after desalination but
2012 before reconstruction.
November 6, 61 12 XA339H oblong deadweight after desalination but before
2012 reconstruction

174




Table C-2 Photographic chronology of isolating valve (XA5758) de-concretion

process.
Date CD folio No. of | Description of wok undertaken
reference images
June 10, 2012 62 37 XA5758 isolating valve as recovered from wreck site,
prior to de-concretion.
August 15, 63 10 XA5758 isolating valve during de-concretion
2012
August 30, 64 12 XA5758 isolating valve after de-concretion
2012
September 6, 65 7 Dismantling of steam pipe
2012
September 7, 66 53 Dismantling of steam pipe
2012
September 27, 67 17 Amalgamation with safety valve
2012
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APPENDIX D:
BOARD OF TRADE RULES

The documentation presented in this appendix has been extracted from Seaton and
Rounthwaite (1894 260-267) and refers to the Board of Trade rules for the use of

safety valves on steam-ships.
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The Board of Trade Rules referring to Safety-Valves are
as follows :—

. 128. The Engineer Surveyor shall declare, amongst other things, the
limits of the weight to be placed on the safety-valves ; that the safety-
valves are such, and in such condition as required by the Act, and

that the machinery is sufficient for the service for the time he tixes,
and is in condition for that time.

The locked-up valves, i.e., those outof the controlof the engineer when
steam is up, should have an area not less, and a pressure not greater,
than those which are not locked up, if any such valves are fitted.

Cases have come under the notice of the Board of Trade in which
steamships have been surveyed and passed by the Surveyors, with pipes
between the boilers and the safety-valve chests. Such arrangement is
not in accordance with the Act, which distinctly provides that the
safety-valves shall be upon the boilers.

The Surveyors are instructed that in all new boilers, and whenever
alterations can be easily made, the valve chest should be placed directly
on the boiler ; and the neck, or part between the chest and the flan
which is bolted on to the boiler, should be as short as possible, and
cast in one with the chest.

The Surveyors should note that it is not intended by this instruction
that vessels with old boilers which have been previously passed with
such an arrangement should be detained for the alterations to be
carried out.

Of course, in any case in which a Surveyor is of opinion that it is
positively dangerous to have a length of pipe between the boilers and
the safety valve chest, it is his duty at once to insist on the requisite
alterations being made before ting a declaration.

If any person place an undue weight on the safety-valve of any
steamship, or in the case of steamships surveyed under the Act,
increase such weight beyond the limits fixed by the Engineer S8urveyor,
he shall, in addition to any other liabilities he may incur by so doing,
incur a penalty not exceed?i?ng one hundred pounds.

124. The area per square foot of fire grate surface of the locked-up
safety-valves should not be less than that given in the following
Tables opposite the boiler pressure intended, butin no case shoul
the valves be less than two inches in diameter. This applies to
new vessels or vesseéls which have not received a passenger certificate.

‘When, however, the valves are of the common description, and are
made in accordance with the Tables, it will be necessary to fit them
with springs having great elasticity, or to provide other means to keep
the accumulation within moderate limits ; and as boilers with forced
draught may require valves considerably larger than those found by
the Tables, the design of the valves proposed for such boilers, together
with the estimated coal consumption per square foot of fire-grate,
should be submitted to the Board for consideration.

In ascertaining the fire-grate area, the length of the grate should be
measured from the inner edge of the dead plate to the front of the
bridge, and the width from side to side of the furnace on the top of
the bars at the middle of their length.

In the case of vessels that have not had a passenger certificate, if
there is only one safety-valve on any boiler, the Surveyor should not
grant a declaration without' first referring the case to the Board for
special instructions,
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262

BOILER MOUNTINGS,

Safety-Valve Areas (Board of Trade).

Area of Valve Ares of Valve Area of Valve
Boller square Boiler per square Boller square
{Pressnre. foot of Pressure. foot of Pressure. foot of
.| Fire-grate. Fire-grate. te
15 1-250 b4 543 93 847
16 1-209 55 ‘635 94 ‘344
17 1171 56 628 96 ‘340
18 1136 57 *520 96 ‘337
19 1102 58 513 97 ‘384
20 1071 59 506 98 *331
21 1-041 60 " +500 99 ‘828
22 1:013 61 *493 100 326
23 *986 62 487 101 ‘323
24 ‘061 63 *480 102 320
25 ‘9387 64 474 103 317
26 ‘914 65 *468 104 3156
27 892 66 462 105 312
28 872 67 457 . 106 ‘809
29 ‘862 68 451 107 307
30 ‘833 69 *446 108 ‘304
31 ‘815 70 ‘441 109 ‘302
32 ‘797 71 436 110 *800
33 781 72 *431 111 297
34 766 78 ‘426 112 295
35 750 74 421 113 202
36 785 75 ‘416 114 290
87 721 76 412 116 288
38 707 77 407 116 286
39 ‘694 78 403 117 284
40 ‘681 79 *398 118 281
41 ‘669 80 ‘394 119 279
42 ‘657 81 *390 120 Q77
43 ‘646 82 ‘386 121 275
44 ‘635 83 382 122 273
45 625 84 378 123 271
46 614 85 875 124 269
47 ‘604 86 371 125 267
48 595 87 ‘367 126 265
49 - 6856 88 *364 127 264
50 576 89 360 128 *262
51 ‘668 90 357 129 260
b2 5569 91 ‘353 130 268
b3 651 92 360 131 *266
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SAFETY VALVE AREAS~—BOARD OF TRADE. 263

Safety-Valve Areas (Board of Trade)—oontinued.

Boiler Area of Valve Boil Ares of Valve - Aresa of Valve
Pressure. pettoo.?:ﬁ“ Preu::e lwftoo.::l ?f“ Prennrro pe{wlg%:n
Fire-grate. Fire-grate. Fire-grate.
132 255 1556 *220 178 194
138 253 158 219 179 ‘198
134 251 157 - *218 180 ‘192
135 250 1568 216 181 ‘191
136 ‘248 1569 215 182 ‘190
137 246 160 - 214 183 *189
188 245 161 213 184 ‘188
189 ‘243 162 211 1856 ‘187
140 241 163 210 186 *186.

- 141 240 164 *209 187 ‘185
142 238 1656 208 188 ‘184
1438 237 166 207 189 *183
144 235 167 206 190 ‘182
145 234 168 204 191 ‘181
146 232 169 *203 192 181
147 231 170 *202 198 180
148 *230 171 201 194 ‘179
149 228 172 200 195 178
150 227 178 ‘199 196 177
151 225 174 ‘198 197 ‘176
152 ‘224 176 197 198 ‘176
153 223 176 ‘196 199 ‘175
154 221 177 ‘195 200 174

125. The Surveyor, in his examination of the machinery and boilers,
is particularly to ({u-ec t his attention to the safety-valves, and whenever
he considers it necessary, he is to satisfy himself as to the pressure on
the boiler by actual trial.

The Surveyor is to fix the limits of the weight to be placed on the
safety-valves, and the responsibility of issuing a declaration before he
is fally satisfied on the point is very grave. The law places on the
Surveyors the responsibility of ‘‘ declaring” that the boilers are in his
jm'ilg;ment sufficient with the weights he states.

he Surveyor is to examine the whole of the valves, weights, and
springs at every survey. :

The responsibility of seeing to the efficiency of the mode by which
the valves are fitted so as to be out of the control of the engineer
when éteam is up rests with the Surveyor, as long as it is efficient,
and the method adopted is approved of by the Board of Trade.
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264 BOILER MOUNTINGS.

The safety-valves should be fitted with lifting gear, so arranged
that the two or more valves on any one boiler can at all times be
eased together, without interfering with the valves on any other
boiler. e lifting gear should in all cases be arranged so that it can
be worked by hand either from the engine-room or stoke-hole.

Care should be taken that the safety-valves have a lift equal to at
least one-fourth their diameter ; that the openings for the passage of
steam to and from the valves, including the waste-steam pipe, should
each have an area not less than the area of valves required by clause
124 ; and that each valve box has a drain pipe fitted at its lowest part.
In the case of lever-valves, if the lever is not bushed with brass, the
pin must be of brass; iron and iron working together must not be
passed. Too much care cannot be devoted to seeing that there is
proper lift, and free means of escape of waste steam, as it is obvious
that unless the lift and means for escape of waste steam are ample,
the effect is the same as reducing the area of the valves or putting on
an extra load. The valve seats should be secured by studs and
nuts.

The Surveyors are, as far as in their power, to make the opinion of
the Board on these points generally known to the owners of passenger
steamers.

126. When the Surveior has determined the amount of pressure he
is to see the valves weighted accordingly, and the weights or springs
fixed in such a manner as to preclude the possibility of their shifting
or in any way increasing the pressure. The limits of the weight on the
valves is to be inserted in the declaration, and should it at any time
come to a Surveyor’s knowledge that the weights or the loading of the
valves have been shifted, or otherwise alterelg, or that the valves have
been in any way interfered with, so as to increase the pressure, with-
out the sanction of the Board of Trade, he is at once to report the
facts to the Board of Trade.

127. If the following conditions are complied with the Surveyor need
raise no question as to the substitution of spring loaded valves for
dead weighted valves :—

(1.) That at least two valves are fitted to each boiler.
(2.) That the valves are of the proper size, as by clause 124.

(8.) That the springs and valves are so cased in that they cannot
be tampered with.

(4.) That Erovision is made to prevent the valves flying off in case
of the springs breaking,.

(5.) That the requisite safety-valve area is cased in and locked up
in the usual manner of the Government valves.

(6.) That screw lifting gear is provided to ease all the valvés, as
by olause 125.
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SAFETY VALVE AREAS —BOARD OF TRADE, 265

(7.) That the size of the steel of which the springs are made is in
accordance with that found by the following formula :—
s /e xD
e - d:
s = the load on the spring in lbs.
D = the diameter of the spring (from centre to centre of
wire) in inches.
d = the diameter, or side of square, of the wire in inches.
¢ = 8000 for round steel.
¢ = 11,000 for square steel.
(8.) That the agonngs are Srotected from the steam and impurities
issuing from the valves.
(9.) That when valves are loaded by direct springs, the compres-
sing screws abut against metal stops or washers, when the
loads sanctioned by the Surveyor are on the valves.

(10.) That the springs have a sufficient number of coils to allow a
compression under the working load of at least one quarter
the diameter of the valve.

128. In no case is the Surveyor to give a declaration for spring-loaded
valves, unless he has examined them and is acquainted with tbe details
of their construction, and unless he has tried them under full steam,
and fall firing, for at least 20 minutes with the feed-water shut off and
stop-valve closed, and is fully satisfied with the result of the test.
In special cases, or when the valves are of novel design, the results of
the tests under full steam should be reported to the Board, but if the
Surveyors are fully satisfied with the results of the tests they need not
delay the gr;ntintg of the declaration for the vessel subject to approval
of the Board. If the accumulation of pressure exceed 10 per cent. of
the loaded pressure, he should not give his declarstion without first
reporglilf; the case to the Board of e, accompanied by a sketch,
;1;5 perticulars of the trial and the strength pressure of the

ers.

129. In the case of valves, of which the principleand details have
already been passed by the Board of Trade, the Surveyor need not require
plans to be submitted so long as the details are unaltered, of which he
must fally uﬁsf{lhimself; but in any new arrangement of valves, or in
any case in whic h&ny det:»,ilbtl)lf1 spp;oved valv;:s is altered, he should,

ore assuming the responsibility o ing them, report particulars,
with a drawin 81:0 sea.le?oto the m%tde. Hepo can make this
drawing himself from the actual of the valves fitted, but in order
to save time, and to facilitate the survey, ‘the owners or makers of
engines may prefer to send in tracings of their own, before the valves
are placed on the boiler, If they %Bo tbis the survey can be more
readily made, and delay and expense may be saved to owners, as the
Surveyor will not then have to spend his time, and delay the ship, in

preparing drawings and comparing them with the valves. -
e tracings of new safety-valve designs should, if possible, be
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266 . BOILER MOUNTINGS.

transmitted to the Board of Trade for consideration before the con-
struction of the safety-valves is commenced. . :

In some spring valves the accumulation of pressure has reached cent.
per cent., and therefore if the Surveyor had not required a trial, he
would have passed valves which would have caused a pressure on the
boiler double that intended by him. And in some cases in which the
increase of pressure has not been great, defects that would have
rendered the valves highly dangerous have been discovered on an
examination of drawings,

The Surveyors should arrange with manufacturers so that the
Surveyors may have the designs of valves which the manufacturers
intend to use. An easy method of facilitating this matter is for the
manufacturer to leave in the local Surveyor’s office a plan or plans of
his valve or valves when once agreed to, and then afterwards to inform
the Surveyor that the valves fitted are according to drawing A, B, or
C, as the case may be. By this means, when once a design has been
agreed upon, and is adhered to, all subsequent questions and delays
will be prevented.

181. It is clearly the duty of the masters and engineers of vessels
to see, in the intervals between the surveys, that the locked-up
safety-valves, as well as the other safety-valves and the rest of the
machinery, are in proper working order. There i8 no provision in the
Merchant Shipping Act, 1854, exempting the owner of any vessel, on
the ground that she has been surveyed by the Board of Trade
Surveyors, from any liability, civil or criminal, to which he would
otherwise be subject. The Act of Parliament requires the Government
safety-valves to be out of the control of the engineer when the steam
is up; this enactment, far from implying that he is not to have
access to them, and to see to their woxgxing, at proper intervals when
the vessel is in port rather implies the contrary; and the master
should take care &(;t the engineer has access to them for that pur-

se. Substantial locks that cannot be easily tampered with, and as
ar as possible weather-proof, should be used for locking up the
safety-valve boxes.

132. In witnessing. the .hydraulic tests of boilers, &c., and in
witnessing ' all safety-valve tests for accumulation of pressure, the
Surveyors are to use the pressure gauges supplied by the Board of |
Trade for the purpose. The steam gauge should not be nsed without
a syphon filled with water between 1t and the boiler, and in all cases
in which the Surveyors have to adjust the sa.feti-vu.lves of passenger
steamships they should state in the Remarks column of their
declarations which of the Board’s gauges was used in making the -
adjustment of each set of valves.

The rules relating to feed check valves and feed pipes have already

been iiven at the end of the section on ‘‘ Feed pumps, &c.” (page 143),
and those relating to blow-off cocks and pipes at end of section on
“‘ Sea valves ” (page 192). '
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LLOYD’S RULES RELATING TO BOILER MOUNTINGS. 267

Lloyd’s rules relating to boiler mountings, &c., are as follows: —

17. Two safety-valves are to be fitted to each boiler, and loaded to
the working pressure in the presence of & Surveyor. In the case
of boilers of greater workin e’sl‘essm'e than 60 lbs. per square inch,
the safety-valves may be 1 to 5 lbe. above the working pressure.
If common valves are used, their combined areas are to be at least
half a square inch to each square foot of grate surface. If improved
valves are used, they are to be tested under steam in the presence of
the Surveyor ; the accumulation is in no case to exceed 10 per cent.
of the working pressure.

B 18. An approved safety-valve is also to be fitted to the super-
eater.

19. In winch boilers one safety-valve will be allowed, provided
itatfarea is not less than half a square inch per square foot of grate
surface.

20. Each valve is to be arranged so that no extra load can be
added when steam is up, and must be fitted with easing gear which
lifts the valve itself. safety-valve spindles are to extend through
the covers, and are to be fitted with sockets and cross handles, so that
the valves can be lifted and turned round in their seats, and their
efficieney tested at any time.

21. Stop valves are to be fitted so that each boiler can be worked
separately. .

22. Each boiler is to be fitted with a separate steam gauge, to
accurstely indicate the pressyre. .

23. Each boiler js to be fitted with s blow-off cock, independent of
that on the vessel’s outside plating. ,
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APPENDIX E: MATERIALS SALVAGED FROM SS XANTHO

This compilation of newspaper articles from The Inquirer & Commercial News and
The Herald provides a comprehensive listing of materials salvaged from Xantho by
agents operating under the direction of Charles Broadhurst. Most of these items
appear to have been salvaged from locations above deck, perhaps indicating how
difficult it was to work at the site. With the exception of the ‘copper hose branch’
believed to be the blow down pipe connected to the safety valve, little of Xantho’s
propulsion system was salvaged. Although the engine and boiler eventually were put
to auction, they failed to gain much interest from prospective buyers and ultimately

were abandoned.
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~Sale by Awuction.
Wedissday, Sth February..
S. Xantho.

yaid, topsail yard; fore
bot;n_ -and gaf, " with

" " Winch -do.
2 Boats Davits
1 Fist do.
2 Life Buoys =~ .

“ "9 Boata Covers

Manilla 3in. Line
Coir Warp
Aneroid Barometor
92 Thermometers
3 Salinometers

thead and Side Ljghts
4 Cork Fenéi::s .
gging Scrow

1 Cof g:n‘ Pump

1 . Hose Branch
Assorted Blocks :
Gun, Cartridges_and Blue

Lighte

Large Ship's Bell
Portable Forgs, Auvil, &c.
Ayemuth Compass & Triped

2 Steeriuio()ompusses

.1 Patent Log
-Engine, Room Tools
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English Flag and Jack
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&ﬂ»y &o. &e.
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Source: The Herald, January 25, 1873

Time of 8ale, 12 o'clock.
© Public Auction,
For the beneft of all ennserne
DAVID B, FRANCISC(

sinstracted to vell by public auctio
at the Seuth Jeity Platform, o
SATURDAY pest, the 1ith inst.
l'Hl:‘. wieek of the XANTHO,
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.\Im.-ADChO”, ("hatng, 8?”
nd 1wy Pumps, now at Fremantl
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an be regovered with but little Iabe
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NO RESERVE.

Source: The Inquirer & Commercial News, November 12, 1873
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