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Learning Service Achievement
Our Engineering Heritage

F N STACE
BE (Elect Mech) BE (Mech) FIEE FIPENZ
formerly Technical Publications Ltd, New Zealand

SUMMARY When adopting a motto the New Zealand Institution of Engineers (now the Institution of Professional Engineers
New Zealand) drew from the example set by its foundation members and "Learning Service Achievement” became part of the
Institution’s heritage. This paper considers the professional careers of its founder and eight other long deceased members who
all personified learning, service and achievement in order that present day members may emulate their example and so preserve

and enhance the Institution’s heritage.

1 INTRODUCTION

Lives of great men all remind us
We can make our lives sublime
And, departing, leave behind us
Footprints on the sands of time
- Longfellow

From the early 1940s for about a quarter of a century the
author worked closely with most of those remembered below,
All of them, now deceased, gave exceptional and
distinguished service to the engineering profession in New
Zealand. This year (1994) the author studied the life of
William Ferguson who died in 1935 and who is regarded as
the founder of what is now the Institution of Professional
Engineers New Zealand.

The following does only scant justice to nine Institution
members whose lifetime contributions bequeathed to the
engineering profession its heritage of learning service and
achievement.

2 THE CATALYST - WILLIAM FERGUSON
Learning was an early priority for William Ferguson.

After completing his mechanical engineering apprenticeship
in Dublin in 1873, for the next 10 years, while engaged
diversely in mechanical and hydraulic design, waterworks
and railway extension schemes (and working for up to three
employers concurrently), Ferguson was at the same time
acquiring arts and engineering degrees with distinction at
Trinity College! As well, during the final two years, he not
only assisted his engineering professor but, with the

professor’s death, took over all his duties for the last six
months before sailing to New Zealand.

From 1884 for the next 40 years outstanding service was to
be Ferguson's contribution. First as engineer, secretary and
treasurer, and later consultant to the Wellington Harbour
Board for 25 years, he made the port of Wellington the best
equipped in the southern hemisphere. Next as managing
director of the Wellington Gas Company for eight years he
had completely new works built. Then from 1916 to 1920 he
devoted himself to war work as the government appointed
honorary chairman of the National Efficiency Board. In
addition during all this time he was made available by his
employers for a host of diverse activities. Ferguson advised
on land reclamation, sewerage, river silting, proposed canals,
ironworks, health problems, tramway systems, railway
extension and freezing works, as well as harbours in
Australia and New Zealand. Indeed for a period of 20 years
until ill health in 1925 forced a curtailment of his activities,
William Ferguson was the inevitable choice for any

engineering inquiry.

In the context of this paper, however, his greatest
achievement was in 1914.

As a member of the Institution of Local Government
Engineers, William Ferguson led with wisdom, urbanity and
skill the negotiations that resulted in the formation of the NZ
Society of Civil Engineers and then the merging of the local
government engineers into the new body now the Institution
of Professional Engineers New Zealand. His catalystic action
entitles William Ferguson to be regarded as that body’s
founder as well as its first honorary secretary from 1914 to
1918, its president in 1919 and 1920 and a member of its
council until 1924.



Yet despite all his achievements William Ferguson died
unhonoured in 1935 after 10 years of ill health.

3 THE GRAND OLD MAN - F W MACLEAN

111 health never bothered the spritely 80 year old who in 1938
came bounding up five floors - he always scorned the lift -
to see ’this young graduate who has gone into the literary
side of engineering.” That’s when I met F W MacLean.

Born in Boston, USA, MacLean had been taken to Scotland
at an early age and educated there, gaining first-class honours
in engineering from Edinburgh University. Then he was a
railway engineer in Northern England before joining the New
Zealand Railways in 1884, serving finally as chief engineer
from 1916 to 1924.

A foundation member of the NZ Society of Civil Engineers
he was its president 1921-22. A foundation member of the
Engineers Registration Board in 1925, he served on that
board until 1943.

At the time of our meeting MaclLean was regarded as the
‘grand old man’ of the Institution, and he continued to be so
regarded until his death in 1951, aged 93.

MacLean took a kindly interest in me, and his eminence and
his energy were always an inspiration, so that I was delighted
to be asked by the secretary of the Institution for ideas for a
suitable award to commemorate MacLean’s outstanding
contribution to his profession. But the secretary pointed out
that a medal or similar award was not favoured by his
council because ’the Institution already has enough of these
with the Fulton gold and silver medals, the occasional special
award for papers, and the newly established Furkert Award.’
(These three have now grown to 13!)

As an avid reader of American professional engineering
journals I suggested a citation, but then had to explain just
what that was. Eventually the Maclean Citation was
established for presentation, from time to time, to persons
who have rendered ’exceptional and distinguished service to
the profession.’

4 THE FIRST MACLEAN CITATIONS

Naturally the first presentation of the MacLean Citation was
a most significant occasion. At the 1954 conference the
president (N L Vickerman) highlighted MacLean’s career
after which the incomparable L. B Hutton declaimed for eight
minutes in heroic couplets on the life and work of Frederick
Templeton Mannheim Kissel, who responded by saying that
he too could exaggerate and be a bit of a liar!

Nevertheless except perhaps for F W Furkert, who had died
some five years earlier, no more appropriate person than

Kissel could have been cited. His career with electric power
development in New Zealand was unparalleled.

After his graduation from Canterbury College in 1905 that
career first encompassed railway and water engineering
before the pioneering Lake Coleridge development, and
finally the whole of New Zealand’s electrical development,
as chief electrical engineer of the Electrical Branch of the
Public Works Department from 1922 until his retirement in
1948 as the first General Manager of the State Hydro-electric

Department.

A foundation member of the NZ Society of Civil Engineers
in 1914, the following year Kissel presented one of its first
two papers. He was president 1932-33 and later, in 1937, he
successfully promoted the change of name to the New
Zealand Institution of Engineers.

Like Maclean a foundation member of the Engineers
Registration Board, Kissel served on that board for 23 years,
and he continued his engineering interests long after his
retirement (with a well deserved ISO) as a director of various
companies. Indeed he too outlived most of his contemporaries
and died in July 1962 at the age of §2.

Outwardly Kissel was rather gruff and certainly he was
uncompromising. But I found him kindly, conscientious and
informative as censor of the NZ Electrical Journal throughout
World War II during which he held the positions of
Electricity Controller and Lighting Controller - the latter a
job he said he detested.

In 1957 William Langston Newnham became the second
recipient of the MacLean Citation, not long after he had been
elected a Fellow of the Royal Society of Arts, London.

Newnham, who joined the Public Service in 1906 as a cadet,
worked mainly in the field until 1921 on survey and
construction for such projects as the Otira tunnel, the North
Island Main Trunk, the Rimutaka deviation and the
Featherston and Trentham military camps. He then joined the
Public Works Department design staff, became design
engineer in 1929 and was Engineer-in-Chief and
Undersecretary of the department from 1941 until his
retirement in 1946.

Like MacLean, Newnham was part of the first Engineers
Registration Board in 1924, but as its first registrar and for
many years its chief examiner. He became a full board
member in 1940 and was chairman 1945-65.

After his retirement from the Public Works Newnham served
on the Soil Conservation and Rivers Control Council, being
chairman 1952-57. He was also chairman of the Standards
Council 1953-57. His CBE was well deserved.

A foundation member of the Wellington Branch of the
Institutionin 1920, Newnham won a special Institution award
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in 1935 for a paper on the protection of structural steel. For
18 years he served on the Institution education committee,
mostly as its chairman.

During his presidential term (1945-46) we met by chance in
Auckland’s Queen Street and laid the foundation for the
Institution’s participation in New Zealand Engineering to be
launched in April 1946,

Perhaps Newnham’s most memorable contributions - and
certainly the most onerous ones - were his editing (over three
years) of Early New Zealand Engineers from an incomplete
manuscript left by the late F W Furkert, and his compilation
of the Institution’s golden jubilee publication Learning,
Service, Achievement: Fifty Years of Engineering in New
Zealand begun in 1953 and published in 1971, three years
before his death at the age of 85.

He is commemorated by the annual Newnham Lecture and is
remembered as ’'kindly and courteous, one who was
respected with affection.’

But told once that he was ’too soft’ in taking on too much,
Newnham replied that during his 50 year engineering career
he hbhad experienced and survived the aftermath and
repercussions of two world wars, numerous flood disasters,
the Murchison, Napier and Wairarapa earthquakes, and Bob
Semple (Labour’s first Minister of Works) and Jack Fletcher
(NZ’s first construction tsar) not listed in any descending
order of magnitude.

And that Newnham was ‘kindly and courteous’ I personally
confirmed when he remained friendly and uncomplaining
after I had edited out 40% of his manuscript for Learning,
Service, Achievement!

A prolific writer who needed minimal editing was Leslie
Bertram Hutton, in 1959 the third receipient of the MacLean
Citation.

Several years prior to his death in 1972 Hutton even prepared
his own obituary which was published substantially as he
wrote it. Few engineers could emulate Hutton in his reading,
writing and speaking in the English language, and none in
Latin, or in Roman or Greek mythology.

Hutton’s articles were historical or political, often
controversial rather than technical, although in 1935 he won
a special award from the Institution for a paper on lightning
and electrical distribution systems. For his presidential
address in 1948 his title was 'Of ye and me, my leamned
friends’ which continued the theme of a 1936 presidential
address to the Electrical Supply Engineers Association
entitled *An Engineer’s Leisure.’

Nearly 60 years ago Hutton advocated continuing education
and in 1936 exhorted his fellow supply engineers to so
regulate their leisure that some of it might be devoted to an

organised advancement of their knowledge of electricity, also
to make a special and continuous study of some important
branch of their work, but as the same time to read write and
talk on other than strictly technical subjects - advice always
carried out by Hutton to his customary standard of

perfection.

Hutton was another of those engineers who pioneered
electricity supply, first at Lake Coleridge, then in the
Waikato and later in Southland, before coming to Wellington
in 1937 for 17 years with the city Tramways and Electricity
departments, 10 of those years as general manager of both.

For countless years Hutton worked on key engineering
committees, often as chairman, most notably in the fields of
education, publications, awards and standards.

During World War 1 Hutton had served overseas as a
company sergeant major (before being commissioned and
winning an MC). Yet much later when Hutton chided it was
usually more amusing than abusive. 'Some engineers in this
room can neither read nor write,” he once remarked at an
engineering conference. And the chief culprit cherished the
remark, well deserved for much unanswered, as well as
unactioned correspondence about an unwritten engineering
history.

History, maintained Hutton, must always be recorded before
it is too late and he practised to the full what he preached.

The next MacLean Citation, in 1965, was rather unusual
because Francis Malcolm Corkill had spent most of his first
10 postgraduate years away from New Zealand and most of
the next 40 or so in New Zealand’s most remote city.

After completing an outstanding scholastic career - dux at his
secondary school, a junior and then a semior university
scholar, then winner of the engineering travelling scholarship
after completing the degrees of Bachelor of Engineering and
Master of Science with first class honours - Corkill joined the
NZ Expeditionary Force in the Corps of Engineers. After his
demobilisation in 1919 he took an appointment with the
Public Works Department of the Federated Malay States
where he continued also to take an active interest in military
affairs. In fact for over 40 years he maintained active or
territorial service.

On his return to New Zealand in 1923 Corkill was engineer
to the Opunake Harbour Board for two years, then Egmont
county engineer for three years. In 1928 he was appointed
city engineer, Invercargill, a position he held until his
retirement in 1952. After that he practised in Invercargill as
a consulting engineer until his death in 1970.

President of the Institution in 1944, Corkill was a man of the
highest integrity, always maintaining and demanding the
highest standards of professional conduct. Perhaps he was
influenced by his long friendship with F W MacLean who



characteristically had taken an interest in Corkill on his
return to New Zealand. In his turn Corkill befriended many
younger engineers and kept in touch with them even though
their meetings might be only at the Institution’s annual
conferences.

As well as wide professional interests, particularly in
municipal, water, and road engineering, Corkill had a
diversity of other interests including the University
Association of Southland, the Royal Society of New Zealand,
the Southland Aero Club and the NZ Alpine Club.

Although situated a long way from the Institution
headquarters in Wellington, Corkill was always an active and
loyal member of it. He served on its council for 13 years
and was twice chairman of the Southland Branch.

For his exceptional and distinguished service he received a
well merited CBE in 1966.

For sheer volume of Institution activities few could have
emulated Charles Stephen Plank, in 1967 the fifth recipient
of the MacLean Citation.

In 1950 Charles Plank was elected honorary treasurer of the
Institution; he was a member of the finance, house, public
relations and rules committees at the same time. Having
served five years as honorary treasurer, he then served a
further five as honorary secretary-treasurer and then two
more years as an ordinary member of the council. In all
Plank served continuously on Institution committees over a
period of 20 years.

As honorary secretary-treasurer Plank was an ex-officio
member of the administration committee, the council, and the
three executive committees and, after his retirement from the
position of divisional engineer, Post Office, in 1962, Plank
attended inter alia all their meetings and consequently on
occasions was more informed on their views than either the
Institution secretary or his deputy, who shared between them
the meetings of some of the major committees. Plank’s
continuously up-to-the-minute knowledge of committee views
plus his knowledge of meeting procedure and his financial
acumen made it hard to challenge his views successfully,
impossible to overrule him and incredibly difficult to get
approval from him for some expenditure items. At one time
he even suggested that to cut costs the Fulton gold medal
might be made of some baser metal! As for rules, Plank
almost single-handedly during a six month period completely
revised the Imstitution's rules, at the same time as he
compiled its examination and professional interview
regulations.

He could be both an invaluable ally or am implacable
opponent, sometimes both at the same meeting, but during
the mid 1960s no one could deride or emulate the enormous
amount of work he put into the Institution finances, including
its new building Molesworth House, its rules and its

examination requirements.

In a different sphere Charles Plank did as much for the
Karori Tennis Club, holding at some time every
administrative position in that club. He also played a major
part in the management of the Lawn Tennis Umpires
Association and was deeply involved with the Victoria
University Council up to the time of his death in 1970.

The sixth recipient of the MaclLean Citation - Cyril John
Mulley Choat - always known as Bill* Choat, was a modest
friendly and true gentleman. Perhaps because he was so
unassuming little has been recorded about his work and he
was certainly not a great presenter nor discusser of technical
papers.

After a "middle group’ education and training in the United
Kingdom Choat, aged 25, emigrated to New Zealand in
1926. Following brief periods with British Pavements and the
New Zealand Railways he joined the Shell company as a
draughtsman in 1927. Twenty five years later, as a
professional engineer, he was admitted to corporate
membership of both the NZ Institution of Engineers and the
Institution of Mechanical Engineers, London. He achieved
the position of chief engineer for Shell New Zealand before
his retirement in 1962.

Then he was able to be more active in Institution affairs and
became chairman of its Wellington Branch in 1964 and a
member of the council of the Institution for several years.

The Institution’s Dobson Lectures to secondary school
students, initiated in 1961, were proposed by Choat and were
modelled on the Leonardo da Vinci lectures run by the
Institution of Mechanical Engineers.

Probably because he had come up 'the hard way’ Choat was
always interested in education and training, particularly for
middle group engineers. Therefore his appointment in 1962
by the Minister of Works to the newly formed Engineers and
Associates Registration Board was appropriate and most
successful. Choat chaired the board for its first 12 years and
served on it for another four years until his retirement in
March 1978. Then in his 77th year he was still outwardly as
spry as F W MacLean whose citation he received in 1971.

Always coupled with Choat’s concern for education was his
feeling for human needs - particularly hospitality and
friendship - and an example of this trait was given when, as
one of the directors planning the Institution’s golden jubilee
conference in 1964 he realised that visiting dignitaries from
overseas might appreciate guidance in unfamiliar
surroundings. Consequently he provided ’ghosts” for each
dignitary, hand picked hosts who were always unobtrusively
in the background ready to offer hospitality, help or advice.

At his funeral in December 1982 another facet of this
unassuming man’s ability was revealed. He was a skilled
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craftsman with wood who in his spare time had specially
made for his church some of its most treasured objects.

5 THE INDOMITABLE F W FURKERT

In the year of his death (1949) Frederick William Furkert
had been chairman of the Institution’s publications committee
for five years and, as one of its members during that period,
I can confirm that his vigour and ability were still evident.
Had Furkert lived another five years and achieved his 78th
year, he would surely have been the first recipient of the
MacLean Citation. Fortunately he is commemorated with the
Furkert Award and by his book Early New Zealand
Engineers.

Furkert could himself become the subject of a book - or
books - with such titles as:

"From PWD cadet to Engineer-in-Chief and

Undersecretary” (1884 to 1920)

"Pioneering New Zealand’s Transport Systems” (4

Volumes)

Vol 1: Rail (North Island Main Trunk 1908-1918)

Vol 2: Road (Chairman, Main Highways Board
1924-32)

Vol 3: Sea (Chief government adviser on marine
engineering)

Vol 4: Air (Member of New Zealand’s first Air
Board)

"Trying for Active Service in Two World Wars (2

volumes)

Vol 1: World War I (Appointed to command NZ
Tunnelling Company but held back in NZ
and put in charge of military camp
construction at Trentham, Maymomn and
Featherston)

Vol 2: World War II (In Fiji as adviser on flying
boat bases and government agent for
defence construction and purchasing)

For all this only a CMG in 1926 seems a paltry award.

Furkert served the Imstitution equally fully and well:
Foundation member in 1914, president 1923-24, contributor
of several papers and, for long after his retirement in 1933,
prodigious committee work. For example in 1938-39 he was
honorary secretary of the Institution, chairman of the
publications committee, member of the house committee, the
finance committee, the Centennial Engineering Congress

Ln

executive committee (and chairman of its programme,
publicity and papers sub-committees) a trustee of the Fulton
bequest and honorary secretary of the Benevolent Assoc-
ciation!

Ten years later Furkert was still a potent force and thinker
ahead of most of his contemporaries. For instance, when 1
was presenting to the 1949 conference a plan for a public
relations campaign, there were comments from senior
members who "deprecated making themselves prominent’ and
as engineers did not want ’anything that savoured of self
advertisement’ nor ’seeking economic benefits.’

Then Furkert (himself a previous convener of the public
relations committee) came in with: "He who whispers down
a well about the goods he’s got to sell, will never reap the
gleaming golden dollars like he who climbs a tree and
hollers.” The motion for the adoption of my report was then
carried without further dissent.

5 CONCLUSION

Ferguson, Maclean, Kissel, Newnham, Hutton, Corkill,
Plank, Choat and Furkert between them spanned 100 years
of engineering in New Zealand from Ferguson’s arrival in
1883 to Choat's death in 1982. As one who knew all but the
first of them and who worked with most of them I realise
that this paper barely does justice to their diverse
achievements.

Four of these nine men were foundation members of the
Institution and seven of them became presidents of it. Three
established well deserved reputations as historical writers but
only two of them received awards for papers and not one of
them the Fulton gold medal! Perhaps that was because they
were all fine administrators who encouraged those below
them to write and make names for themselves.

All of them fulfilled Hutton’s dictum that they must not only
continuously update their professional knowledge but must
also devote some time to pursuits other than professional
engineering. All of them excelled not only in their profession
but in at least one other activity. And historical writing,
project evaluation, Latin and Greek mythology, sports
administration, territorial military service and wood
craftsmanship are as diverse as could be imagined!

All of them added to our engineering heritage of learning,
service and achievement.
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C.Y. O’Connor — Public Works Engineer 1843-1902

R.D. GRANT BE FIPENZ, Retired, former District Commissioner of Works,
Public Works Department, New Zealand.
A. MOULDS Mk Aust, Chairman, National Committee on Engineering Heritage,
The Institution of Engineers, Australia.

SUMMARY The paper deals with C.Y. O’Connor’s career, his years of maturing experience in New Zealand, where he rose from
an assistant engineer’s post in Canterbury Province, in 1865, to become Under Secretary for Public Works, and his period subse-

quently as Engineer in Chief in Western Australia,

It draws parallels between O’Connor’s work in New Zealand and Western Australia, in the construction of harbour works, pioneer

railways and hydraulic schemes through difficult terrain.

INTRODUCTION

Charles Yelverton O’Connor was said by his contemporaries
to be a man ahead of his time, an engineer of genius. His liv-
ing monuments in Australia are the inner harbour at Fremantle
and the Eastern Goldfields Water Supply Scheme; both are
acknowledged as national engineering landmarks. He also pre-
sided over the Western Australian Government Railways during
a period of unprecedented growth.

This paper traces O’Connor’s career, his years of maturing
experience in New Zealand, where he rose from an assistant
engineer’s post in Canterbury Province, in 1863, to become
Under Secretary for Public Works, and his period subsequently
as Engineer in Chief in Western Australia.

The paper draws parallels between O’Connor’s work in New
Zealand and Western Australia, in the construction of harbour
works, pioneer railways and hydraulic schemes through diffi-
cult terrain.

At times the ‘old ways’, brought from the motherland, were
found inappropriate in a frontier setting.

It draws parallels also between the growth in size and profes-
sionalism of the Public Works Departments of both countries,
in which O’Connor was instrumental; from his selection in
1871, as one of a hand-picked group of young and highly com-
petent engineers which formed the first Department in New
Zealand; to the rapid evolution of the Works Department in
Western Australia, following his arrival in 1891.

A CAREER IN NEW ZEALAND

A member of the Anglo Irish Gentry, Charles Yelverton
O’Connor was articled in 1859 at age 17 to Dublin Railway
Engineer, John Chaloner Smith who at that time was Resident
Engineer to the Waterford and Kilkenny Railway. Smith later
entered into partnership with a Mr Bagnell as railway
contractors and O'Connor received an excellent grounding in

surveying, draughting, contract estimation, and management
and not least, in the management of men.

Economic conditions in Ireland were deteriorating and in 1865
he forsook that country to seek his future in New Zealand, Just
why he chose New Zealand is not entirely clear. A relative by
marriage, Foster Goring was Secretary (o the Executive Coun-
cil of New Zealand, a position of some importance and may
have influenced O’Connor in his choice. Certainly Goring
found him some surveying work in the Waikato on his arrival
but this could not have occupied him for very long for in Sep-
tember 1865 he commenced employment with the Canterbury
Provincial Council as an assistant engineer on the construc-
tion of the West Coast Road between Canterbury and the
Hokitika goldfields.

The goldfield had been prospected from 1862 onwards but it
was not until mid 1864 that good returns from the Greenstone
Creek near Hokitika revealed the richness of the ground. The
goldfield was proved to extend considerably north and south
of the Hokitika River and the new township and port of Hokitika
became established. By early 1865 diggers from all over the
South Island converged on the field while in April the first
miners from Victoria arrived by sea at which time 7000 men
had arrived. This was to swell to 20,000 before the end of the
year.

The West Coast of Canterbury Province was for practical pur-
poses cut off from Christchurch not only by the mountains of
the Southern Alps but also by the untouched subtropical rain
forests, swamps and fast flowing rivers on the western slopes.
Diggers straggled along rough foot track over Harpers Pass
between the Hurunui and Teremakau watersheds but for the
most part they came by sea to the risky rivermouth harbours of
the Hokitika and Grey Rivers. Supplies also came that way,
locally from Nelson and directly from Melbourne. Canterbury
interests looked for a share of this wade and the Canterbury
Provincial Council determined on the construction of a dray
road over the Southern Alps to the diggings.



CY.0'Connor

Gibson’s Quay, Hokitika, 2 March 1868. Photo by D L. Mundy, courtesy of Canterbury Museum, Christchurch, N.Z. (ref. 1401)

The route adopted was via Arthurs Pass. Edward Dobson, the
Provincial Engineer put the work in hand with extreme rapid-
ity. Some forty miles of road from Christchurch to Springfield
already existed. Overall control of the project, though initially
in the hands of George Thomton, was by George Dobson, the
Provincial Engineer’s elder son. Three resident engineers were
each responsible for the detailed location and construction of
their particular sections; Walter Blake from Springfield over
Porters Pass to the Bealey; Blake’s brother Edwin over the
main divide and down the Otira and Teremakau Rivers and
Alexander Aitken over Kawhaka Saddle through the goldfields
and on to Hokitika. O’Connor, when he arrived was assigned
to assist Edwin Blake. Construction was by contract, notable
contractors being William White and E.G. Wright.

O’Connor’s initial work was in the detailed location and con-
struction of the Otira Gorge section where work was already
in progress when he arrived. The route through the defile was
being blasted out of the rock by E.G. Wright. In places space
was so cramped that the road had to be cantilevered out from
the rock wall on timber beams. The route, while improved, is
that which is in use today.

The first coach to travel the full 147 miles from Christchurch
to Hokitika did so in March 1866, a mere ten months after the
adoption of the route, a tremendous achievement by the stand-
ards of any time. While it was a triumph of pioneer engineering
organisation it was far from a commercial success. Little other
than stock on the hoof and the mails travelled that way. Mel-
bourne merchants supplied most of the goldfields needs and it
was to Melbourne that the gold bullion was despatched. Risky
harbours or no, the seaborne trade continued undiminished.
George Dobson, shortly before this had been appointed Dis-
trict Engineer for Westland but had hardly taken up his
appointment when he was murdered by bushrangers. Edwin
Blake as Resident Engineer, West Coast Road continued with
the bridging and the completion of the work with O’Connor as
Assistant Resident Engineer. O'Connor’s salary in 1867 being
£20 16s 8d per month.

The roadwork being largely complete, O’Connor was then or-
dered to make a reconnaissance survey for the transalpine
railway. This was to leave the projected Great Northemn Rail-
way of Canterbury at Horseley Downs, near Hawarden and to
go by way of Lake Sumner and the Hurunui River over Harp-
ers Pass, thence down the Teremakau, over Kawaka Saddle 1o
follow the south bank of the Arahura River before reaching
Hokitika. It was not an easy route, there being three lengths
where grades of 1 in 12 had to be resorted to. These were
intended to be worked on J.B. Fells centre rail traction system,
Fell’s initial line over the Mont Cenis Pass then being under
construction. Costs were given by Edward Dobson as £6000
per mile.

In August 1867, following a reorganisation of the Provincial
Council staff, O’Connor was appointed as an Assistant Engi-
neer Lands and Works Department at Hokitika. Much of his
time was to be spent on the original triangulation surveys be-
tween the Grey and Mikonui Rivers to the requirements of the
District Surveyor.

A greater contrast of the countryside of Westland and that of
Ireland would be hard to imagine. The forest cover was so
tangled with vines and undergrowth that it was extremely dif-
ficult for a man to travel more than a few hundred yards in an
hour equipped as he may have been with a machete to slash
out his way. The riverbeds were the routes but the channels
were often deep and dangerously quick to rise during rain.
The sea beach piled as it was with driftwood and intersected
by rivermouths and steep bluffs was the main north-south route.

Before the gold rush, a small number of Maoris, the Poutini
Ngai Tahu, survivors of raids by Te Rauparaha, inhabited small
sparse settlements at the river mouths. Early explorations had
shown that the West Coast was a forbidding forest-covered
mountainous country difficult if not dangerous to travel through
Apart from the existence of some coal seams it seemed of lit-
tle use for farming or any other economic activity.

By November 1867 there were almost 30,000 miners in this
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wilderness. Part was administered by Canterbury Province,
while the land north of the Grey River was part of Nelson
Province. The towns of Hokitika and Greymouth were shack
and tent cities as were the mining settlements themselves.

The Provincial Government having concentrated on the con-
struction of the overland road from Christchurch considered
that it had spent enough. The formation of local horsetracks
between the settlements was left to the local miners and store-
keepers, The province gave the trackmakers the right to levy
tolls and guaranteed protection from competition for a period.
Along the busier routes, wooden railed horse tramways plied
for passengers and freight. They were granted similar protec-
tion and also the right to levy tolls on those pedestrians, horses
and stock using the tramway as a road. Hokitika harbour had a
substantial breastwork wharf in Gibsons Quay but the ever
shifting harbour entrances at both Greymouth and Hokitika
were often traps for unwary and unfortunate sea captains. The
larger Melbourne ships anchored in the roadstead off Hokitika,
being tendered to and from shore by paddle tugs.

Initial mining methods were simple enough. The gold had been
deposited by alluvial process, the metal itself generally lying
below shingle above a pipeclay layer, the washdirt. Individual
claims, usually 50 feet by 50 feet were hand excavated by
sinking shafts to the washdirt. Gold was recovered by water
separation methods, by washing the washdirt.through a min-
ers cradle or on a larger scale, through sluice boxes — in both
cases the gold was saved by being caught in matting or cloth
surfaces as the water sluiced the lighter material by.

To work the deeper fields the cooperation of all claimholders
was necessary. Experienced Californian or Otago miners con-
structed water races not only to supply water to the sluice boxes
but also to operate overshot water wheels to wind out exca-
vated material and to dewater the mines by Californian pumps.
Where a suitable drainage fall was available the overburden
was sluiced away. A high level water race was brought onto
the claim by tapping or damming a stream at an elevation above
the claim. As the race was brought down to the claim, head
was. maintained and where necessary trestle flume viaducts
some up to 100 feet high crossed the intervening gullies. At
the claim, the flume terminated in a vertical iron pipe, the
elevator, down which the water flowed to concentrate its force
and velocity through a nozzle mounted on an adjustable swivel,
the monitor. The monitor operator could direct this high pres-
sure water jet at the excavation face, demolishing it
spectacularly. The larger material was disposed of while the
finer gold bearing material was turned to the sluice boxes, the
gold being caught in the washcloths lining the lower end of
the boxes. The water races were some miles in length and en-
gineered to deliver a given quantity of water. More often than
not the race was the property of a water company that sold the
water to the individual claim holders.

The Province, which administered gold mining through its
wardens and a system of mining rights and claims, collected a
duty on all gold mined and encouraged gold mining. In July
1868 O'Connor, now on the District Engineer’s staff was
appointed Mining Engineer. While we have no schedule of his
duties it is clear from his reports that he was to assist the warden
and among other things to provide what amounted to an
engineering consulting service to mining parties where it was
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deemed to be in the overall interest of the miners of the district.

Numbers of inadequate water races had been allowed to sprawl
over the goldfields with little if any overall coordination. Most
miners held a water right but few had a regular supply of wa-
ter. Draining the water away (00 was a continuing problem
such that much of the mining ground could not be adequately
worked for lack of drainage. This chaotic situation could only
be resolved by the Province taking a coordinating hand in plan-
ning races, storages, sludge, channels and drainage outfalls to
adequately serve the field. Control and ownership of such works
was initially intended to remain in private hands but the over-
all engineering proposals were to be completely prepared by
the mining engineer. It speaks a great deal for O’Connor’s
powers of persuasion and competence in hydraulic work that
the 5% mile 35 head Hohonu Water Race was constructed by a
private company on this way particularly as existing water
rights had to be extinguished by agreement before construc-
tion. He put together similar proposals for the Mikonui (184
miles — 40 heads) and Kaniere (15 miles — 40 heads) water
races and comprehensive water supply proposals for the
Waimea and Maori Gully Fields.

These works were put in hand by the Westland County Coun-
cil (later Westland Provincial Council) which in 1868 was
separated from Canterbury following general dissatisfaction
over the lack of roading and other public works.

In December 1869, James Rochfort, the County Engineer, re-
signed to become Provincial Surveyor of Hawkes Bay.
O’Connor was appointed in his stead. He now had responsibil-
ity for all public works — not only roads and water races but
also the harbours of Hokitika, Greymouth and Okarito and all
public buildings. Following separation from Canterbury, a much
more active programme of road construction and harbour im-
provements followed while in its facing up to coordination of
miners interests on the goldfields, the council constructed and
administered many of the major mining water races. As is the
manner of mining, inevitably comes the long slow decline.
While gold mining was to continue to be important for an-
other 50 years or more, revenue was dropping.

From 1852, New Zealand had operated a federal system of
government with each province being responsible for its own
public works programme. The revenue necessary was collected
from customs duty on goods imported. The system initially
worked reasonably well giving a local control of works neces-
sary to the then isolated settlements while the need for
communications between them remained minimal. Progress,
such as it was, related directly to prosperity of each of the nine
individual provinces between which there was little coopera-
tion. During the late sixties economic conditions declined for
a number of reasons, among them the fall in gold revenues
and unrest due to the Maori Wars. New Zealand lacked a reli-
able export base and had no adequate system of internal
transport on which to build a united economy. It was plain to
some politicians but by no means all that the General Govern-
ment must plan and execute a properly coordinated plan of
public works to such an end.

Julius Vogel, the Colonial Treasurer on 28 June 1870 put for-
ward such a plan to the Government. It was an ambitious
scheme to open up the country with extensive public works,
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particularly roads and railways all to be under the control of
the General Government, rather than the Provinces and also to
attract settlers by assisted immigration. It was to be financed
by borrowing £10 million over a period of 10 years. The re-
sulting Immigration and Public Works Act became law on 12
September 1870 and little time was lost in setting up the Pub-
lic Works Department of New Zealand. An undersecretary, G.S.
Cooper, was appointed and John Blackett, the very well re-
garded Provincial Engineer of Nelson was appointed acting
Engineer-in-Chief pending the recruitment and arrival of an
engineer experienced in railway building. This latter was to be
John Carruthers, well experienced in railway construction in
Canada, United States, Russia, Mauritius and Egypt as well as
in irrigation works in India. He took up his duties in June 1871,
Blackett continuing as Assistant Engineer-in-Chief.

Blackett had made a most extensive tour through both islands,
both to get an appreciation of provincial works in hand and of
the basic requirements to achieve Vogel's plan. He arranged
for control of the works on a district basis and commenced
appointing District Engineers each being responsible for works
in his district technically to the Engineer-in-Chief and admin-
istratively to the Undersecretary. O'Connor, aged 28, was
appointed as District Engineer, Westland on 15 July 1871 with
headquarters at Hokitika. Much of the public works responsi-
bilities of the provinces under the new Act became the
responsibilities of the General Government but the scope was
to be much wider.

The great Public Works era had commenced. Ten years after
the passing of the Act, 1267 miles of railway were open for
traffic; arterial roads connected all centres of any importance.
Major harbour works were in progress while the basic system
of lighthouses round the coasts was in place. Gold and wool
were the main sources of export eamnings so it is not surprising
that gold mining water races were constructed in the Thames,
West Coast and Otago goldfields.

The very speed and economy of construction required owed
much to standard practices promulgated by means of a very
complete series of standard drawings and technical memoranda
which covered most situations. Just exactly how these came
about is a story yet to be told but the combined experiences of
Carruthers, Blackett and others of pioneer engineering towards
eventual unified systems would surely guide thinking towards
such a solution. No longer the highly individual one-off draw-
ings for each creck to be crossed. True, some particular sites
called for special designs as Mr Jones' paper to this confer-
ence points out.

Further, the designing and constructing experience had been
recruited to this end. Engineering staff were not only engaged
locally, particularly from the Provincial Councils, but also from
overseas on the recommendations of well regarded English
consulting engineers. This added up to a tremendous reservoir
of experience. A high professional standard was expected from
the outset.

The standard drawings covered a variety of fields, railway
equipment from points and crossings, level crossing furniture,
coal stages, water vats, windmill pumps, staff cottages and
houses, engine sheds, goods sheds, station buildings from the
smallest shelter shed and the class 5 station with its tiny one

man office to the class 2 station for the larger provincial towns.
Standard plans for bridges covered short stringer spans and
culverts followed by a range of standard composite timber and
wrought iron truss spans ranging from a 20 feet pony truss to
the deep 140 feet spans used for the major deep flowing rivers
in difficult foundation conditions. They were used singly or in
multiple for both rail or road bridges, indeed many early bridges
catered for both traffics. They continued to be built well into
this century and some are still with us today.

O’Connor was to remain at Hokitika until December 1872 only.
Canterbury Province while wanting all the benefits of the Vogel
Scheme was reluctant to surrender any sovereignty. There were
two schools of engineering thought. The province did have a
number of works, notably the Lyttelton Harbour and the local
broad gauge railway system, to which it could point with jus-
tifiable pride. They were well but expensively built works.

The Vogel proposals were of necessity economical in outlook.
The railways were to be built to the narrow 3 feet 6 inches
gauge. Initially light inexpensive construction was to be pre-
ferred, the object being to construct as many miles as finance
allowed. Improvements could follow as the country served
developed and traffic increased.

As often occurs in such circumstances some unhappy compro-
mises followed. The broad gauge was allowed to extend even
though branch lines feeding it were to be narrow gauge,
Thornton, now Canterbury Provincial Engineer was to remain
in control of some general government works and it would
seem only conferred with the Government Engineer when he
wished to do so. Two Government Engineers in succession
found the situation intolerable; Bray and then Tancred, resigned
in turn. O'Connor transferred to Christchurch to fill the gap.

Broad gauge railway extensions were in progress both north
and south of Christchurch. The contractor for the mile long
Rakaia River Bridge, White, appears to have made the most of
the situation by playing off one engineer against another while
he went his own sweet way and left out much of the bracing
and used substandard timber. The bridge and the railway was
opened in mid 1873 but had to be closed in late 1874 for re-
building. Whether it settled the question of the Canterbury
Railway gauge or not is open to doubt but the bridge reopened
to the narrow gauge and the conversion of all the broad gauge
to narrow followed rapidly.

O’Connor, having married in the meantime, returned to
Westland as District Engineer in December 1874. FH. Geisow
had kept matters moving there in the meantime and the dis-
trict was extended to include Westport and the Buller district.
The General Government Programme of Public Works on the
West Coast was now well underway.

The potential of the Grey and Buller coalfields had been early
recognised. Railways from Greymouth to Brunnerton and
Westport to Mount Rochfort along with coal wharves and staiths
at both ports were in progress. The Greymouth Harbour had
been studied by E.O. Moriarty, New South Wales Engineer-in-
Chief for Harbours, who had been engaged to design the works.
His proposal was to stabilise and deepen the main channel by
a stone ftraining wall projecting out into the ocean from the
south bank. Major improvements were also proposed to the
Buller River channels at Westport. The PWD was to construct

-
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Mawhera Quay, Gre_v}noum, 1875-6. Photo by Alexander Tait,

these works. Improvements to Hokitika harbour too, while not
part of the Government scheme was a consulting responsibil-
ity of O’ Connor to the Westland County. Roads north to Reefton
and south to Ross and beyond were put in hand while mining
waler races with their intake dams, tunnels and flumes contin-
ued to be a major PWD item. One of these the Nelson Creek
water race, 18 miles long from the intake dam at Lake
Hochstetter included some miles of tunnelling and 144 miles
of fluming including five flume trestle bridges each straddling
the gullies they crossed by over 100 feet in height. The Waimea
race a 16 mile, 40 cusec race served the country round Staf-
ford while a later extension of 30 cusec capacity continued for
a further 5 miles. It has been estimated that by 1885 that there
were some 1200 miles of water races on the West Coast gold-
fields, though most of these were small privately owned races.

The original works programme was based on the forward think-
ing of the Provincial Councils as reviewed in the light of the
usefulness to New Zealand as a whole. The District Engineer
would arrange for detailed surveys, engineering drawings and
estimates. Where major works were involved either Carruthers
or Blackett would visit the site and discuoss the project fully
with the District Engineer before approving the plans. Once
plans were approved (by the District Engineer on the water
race and roading works) and provision had been made in the
Parliamentary estimates it was up to the District Engineer to
get the job done, usually by contract or a series of contracts.
For the larger works there was a Resident Engineer in local
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courtesy of Canierbury Museum, Christchurch, N.Z. (ref. 16326)

charge who took his orders from and reported to the District
Engineer who personally kept in touch with works on the sites.
Where railways yet remained to be built, that meant much of
one’s life was spent on horseback, by coach or coastal steamer.

O’Connor’s letier books for a period covering 1877-79 are now
held in the National Archives, Christchurch, They give an ex-
cellent idea of how a PWD District Office worked then — in
fact very little different from the workings and ‘command and
staff” principles that successfully guided the Department’s staff
until the rise of the specialist divisions from the nineteen six-
ties onwards.

O’Connor’s salary at that time was £700 p.a. plus forage and
travelling expenses of £100. (All engineers were expected to
be competent horsemen.)

F.W. Martin, who was to succeed O’Connor as District Engi-
neer, Hokitika and to continue his association with him in
Western Australia, was O'Connor’s deputy and chief assistant
with particular responsibility for South Westland. Eugene
Mainwaring with the rank of Resident Engineer (and a salary
of £325 plus £75 forage allowance) was what we would call
today the office engineer, keeping control of the expenditure,
the draughting room, surveys and the general running of the
office.

The Nelson Creek water race construction was under the con-
trol of Assistant Engineer H.A. Gordon (£275 + £75). Gordon
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Headworks, Nelson Creek water race, Lake Hochstetter. Photo by W.H. Perkins, courtesy of Canterbury Museum,

Christchurch, N.Z. (ref. 2023)

was later to become Inspecting Engineer of Mines, a post he
fulfilled with distinction. John Gow, Inspector of Works, at 5
guineas a week plus 30 shillings, was in charge of the Waimea
race construction. There were two engineering cadets at sala-
ries of £120 while three overseers of works on the Christchurch
Road, the Bowen to Okarito road and the Greymouth area had
charge of those road construction works. The construction of
Government buildings at Greymouth, Reefton, Kumara and
Hokitika were under the control of two Inspectors of Works
(Colonial Architects Branch).

The Greymouth harbour works and its associated Brunner
Railway was the charge of Engineer R.J. Johnston. At this time
the railway was largely complete and operating, Thos Ronayne,
a locomotive engineer by profession and later to become a
most able and notable General Manager of Railways being the
local manager. The wharves. coal staithes and coal handling
gear was practically complete while a start had been made
with the river training works towards the mouth, the quarries
being in the process of being opened up. The training walls
and moles were based on the designs of Mr Moriarty in 1874
and considerably added to and amended by Carruthers and
O’Connor. The railway, being on the south bank of the Grey
River, with the Brunner coal mine being on the north bank,
was approached by a suspension bridge over which horses were
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to haul the railway coal hoppers. During erection in 1876 this
300 feet suspension bridge collapsed before the cables had
been grouted and the whole lot tumbled into the gorge. The
cause was faulty cast iron anchors which broke under load —
one of the very few construction accidents of the public works
era.

At Westport was Resident Engineer Arthur Dobson (later Sir
Arthur) (£500 + £100), G.C. Hill, Assistant Engineer (£250 +
£75) while A.R.W. Fulton (£150 + £50) later to be Engineer
and Traffic Manager of the Wellington and Manawatu Rail-
way Co was engineering cadet. The wharves, coal staithes and
the railway to Waimangaroa were practically complete —
T.A. Peterkin, another locomotive man being Railway
Manager. Coal traffic was light, the Wellington mine being
the only one operating. The Westport Coal Coy’s Denniston
incline to the high level mines on the Mount Rochfort coal
plateau was not built until 1878-79 after which the Westport
area became New Zealand's major source of coal for many
decades thereafter.

The telegraph was used as we used the telephone in our day.
All outward telegrams were copied into the letter book. Ques-
tions and answers would exchange between District Office,
Head Office or the outlying engineers and inspectors and be-
fore the end of the day the final decision would be telegraphed.
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Brunnerton Bridge, circa 1886. Photo by James Ring, courtesy of Canterbury Museum, Chrisichurch, N.Z. (ref. 2179)

O’Connor would by the same means keep in close touch with
Hokitika as he travelled to Greymouth or Westport. One soon
realised why there was a messenger on the payroll!

Several items from the letter book are worth mentioning. There
is a glorious two page ‘rocket” in O’Connor’s own handwrit-
ing to the overseer Christchurch road. The coach from
Christchurch got trapped between slips about the Arthurs Pass
Zig Zag in a heavy downpour one afternoon. The driver and
passengers trudged on to Otira, got no sense out of the road
gang, went back with shovels and gear and finally got the coach
and four into the Otira Hotel at 2.00 am, the road gang mean-
while sleeping on! O’Connor left them in no doubt as to their
responsibilities.

A real curiosity is a very full ‘Report on Roads for the Impe-
rial Government’. Every road and horse track on the West Coast
is fully described, its width, how many soldiers could march
abreast, fords, bridges (very few), wire foot bridges are all
described as are suitable camp sites, natural strong points and
how these could be defended. Were all District Engineers
throughout the empire reporting thus to Her Majesty’s Gov-
ernment in Whitehall? Was some harrumphing colonel in the
War Office collating all this?

Sir John Coode visited Westland in April 1878. Coode was the
most notable British harbour engineer of his day, having first
gained prominence in the construction of Portland Harbour.
He was consulted worldwide on harbour works and in 1877 he
was invited to New Zealand to advise on a number of our har-
bours where developmental problems were apparent. Coode

accompanied by Carruthers and Blackett met O’Connor and
his staff at Hokitika, Greymouth and Westport. For some days
current proposals, sea, tidal and riverine characteristics were
discussed and observed, Coode leaving detailed instructions
with O’Connor as to the surveys and detailed information he
would require before reporting fully. At this stage wharves had
been in use for some years but the real questions over effec-
tive channel improvement works to enable larger ships to enter
in safety had still to be solved. The works to his instructions
subsequently carried out at Westport and Greymouth served
the coal mining industry well right through the days of King
Coal. Hokitika, by then declining as a port, could afford to put
only part of the works in hand thereby ensuring their eventual
failure as such.

Up to 1877-78 there had been little political interference with
the workings of the Public Works Department. The energy and
speed with which works were commissioned alarmed an Op-
position concerned that loan repayments might be unaffordable.
That South Island agriculture and commerce had greatly ex-
panded and prospered with the construction of the railways,
made little difference to its concerns. Gold field returns were
diminishing while country districts were still the domain of
large sheep stations, runholders being well represented in the
General Assembly. In their opinion too much was being spent
on public works. Some of the railways were not paying as well
as was expected though, indeed, some that the department had
not recommended on economical grounds had been added to
the programme by political pressure. Certainly much of the
proposed infrastructure was by then by this time in place or
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arranged for. A slow down was inevitable. A new Government
took office in October 1877.

James Macandrew, the new Minister of Works, became respon-
sible for a number of reforms; one desirable one being to pass
the operation of completed railways from the Public Works
Department to a newly formed Railways Department. What in
retrospect was undesirable was the decision to decentralise the
Public Works Administration by dispensing with most of the
head office staff and creating separate organisations for the
North and South Islands.

W.N. Blair, District Engineer, Dunedin was to take charge of
the South Island, while Blackett was to occupy the North Is-
land position. The post of Engineer-in-Chief was to be
abolished, Carruthers being offered a post at a reduced salary.
He resigned and returned to England in 1879 to commence
practice as a Consulting Engineer while Blair took up his du-
ties as Engineer in Charge, Middle Island (as the South Island
was known) from about June 1878. Carruthers had been un-
ceremoniously pushed aside!

While Blair was a most able and energetic engineer, one can-
not help thinking that his appointment may have owed
something to the fact that both he and Macandrew were from
Dunedin and well known to each other. His headquarters re-
mained in Dunedin. The Undersecretaryship was still situated

14

in Wellington. John Knowles, who had occupied the position
from April 1871 remained in place in what was now the key
position. With the engineering staff thus divided, he was the
only person in the department concerned with all its activities
and being based in Wellington he had easiest access to the
Minister.

O’Connor continued as District Engineer at Hokitika but al-
most immediately the confident professional inter-relationship
previously experienced with Carruthers and Blackett changed
with Blair’s appoiniment. Blair, while a well regarded Engi-
neer in the Otago District, seemed to have little confidence in
the competence of O'Connor. Whether this also applied to
Blair’s other District Engineers [ do not know.

All plans and proposals now had to be submitted to Dunedin
for approval. Often alterations were made and it would seem
not always for the better. Decisions that both Blair and
O’Connor had discussed and concluded during O’Connor’s
visits to Dunedin were sometimes countermanded by Blair
sometime after, possibly for political reasons.

A diversion of the Buller River above Westport had been dis-
cussed and agreed during Carruther’s and Coode’s visit. The
intention was to promote a larger tidal flush and hence greater
depths through the harbour area. O’Connor’s scheme involved
the excavation of a pilot cut which the frequent river floods
would develop to the full depth and width required. Thus the
grade of the bottom of the cut was a series of steps intended to
create turbulence such that the fine material would be scoured
away. Some £20,000 worth of excavation would be induced
naturally for an outlay of £5,000. The method had been used
successfully on the Waimakariri River in Canterbury.

The plans came back from Dunedin, with the pilot cut rea-
ligned and the steps omitted, a straight (and flatter) grade being
substituted. Excavation costs would now be only £3,500.
O’Connor’s opinion was that the chances of the channel de-
veloping successfully were severely prejudiced by the
amendments; in fact, if the subsequent floods turned out to be
minor freshers only, the probability was that the pilot channel
would silt up. His letter of 9 December 1878 to ‘“My dear Blair’
and marked ‘private’ pointed this out and concluded ‘I hope
you will see your way clear to approving the old line’.

O’Connor had little sympathy for political posturing. Doubt-
less this brought about his political downfall both in New
Zealand and Western Australia.

Richard John Seddon, storekeeper and miners advocate, was
Mayor of the gold rush town of Kumara. He clashed with
O’Connor several times over such matters as the siting of the
Dilmanstown Bridge over the Teremakau River. The shorter
site at Dilmanstown had been preferred by the PWD to the
much longer site at Kumara. Another bone of contention was
the proposed route of the Greymouth-Hokitika Railway. It fol-
lowed the direct water level route along the sea coast in
preference to a much longer route via Kumara.

The mining water race through Kumara was an open channel
and Seddon raised the matter with the Colonial Government
in Wellington demanding that it be covered.

On 13 December 1878, O’Connor wrote to Blair on the sub-
ject. ‘I consider the allegations of the Town Clerk and Mr



e T e T e O T Y O O O N T R R T R R T T |

P

-~ ~ "~ ~ "~ "~ "~ "~ ~

Seddon to be overstrained and scarcely borne out by the facts
of the case. I do not, therefore, see any reason to alter my
previous recommendation on this subject and think that it is
very probable that the Government will not hear much more
about the covering in question, Mr Seddon’s term of office
having expired and a new Mayor, who is a common sense sort
of a man, has been elected in his stead.

Had Mr Seddon continued in office however, it would prob-
ably have been as well to give in at once however ridiculous it
might be to do so, as he is proverbially one of those men who
would stick to their point even if it is for years until they wear
the other side into compliance’.

The Government was to hear a great deal more of this and
many other matters from

Mr Seddon for he was elected to Parliament as member for
Hokitika on 5 September 1879 and very quickly became a most
influential member whether in Government or in Opposition.
He had an elephantine memory and never forgave an enemy.
He became Minister of Public Works in the Ballance Ministry
on 24 January 1891 and Premier in 1893, reigning as the prag-
matic and flamboyant ‘King Dick" until his death in June 1906.

In the series of letters, O'Connor comes through as a very
strong-minded and forthright character, not given to suffering
fools gladly. He expected a very high standard of committal
from his staff but was generous in his attempts to better the
position of those who met his exacting standards. He was ruth-
less in the correction of those who did not.

In 1880, O’Connor was appointed Inspecting Engineer, Mid-
dle Island. that is Blair’s roving assistant with headquarters in
Dunedin. The times were not exciting for engineers. Few new
works were started and many of the PWD staff were dispensed
with. New Zealand was in the grip of a depression.

Undersecretary, Knowles, retired in March 1883 and was not
replaced immediately. Benzoni, Knowles”™ Assistant, was ap-
pointed as Acting Undersecretary only, with no-one in real
charge of the department. This was a most uneasy interreg-
num until in November, Blair’s Assistant, O’Connor was
appointed, the first time an Engineer had been considered for
this up to now entirely administrative position. The new Un-
dersecretary fully understood the power of the position. What
Blair thought of this is not hard to imagine. A power struggle
developed between the two. To make things worse, it was a
time of Government instability, there being four successive
Minister of Works appointments over the next twelve months.
Then in 1884, the Atkinson Government reconstituted a single
central Public Works Department with the appointment of
Blackett as Engineer-in-Chief with Blair as his deputy.

At this stage the two men were confronted with O’Connor,
both administratively and technically competent and yet pro-
fessionally their junior. There is no evidence that Blackett found
this difficult. Cordial relations between Blackett and O*Connor
dated back to their respective neighbouring Provincial Engi-
neer days. Blair was a different matter.

In March 1889 Blackett resigned from the position to become
Consulting Engineer to the New Zealand Government in Lon-
don. For a time no-one was appointed to the position partly
because the department was about to be abolished and partly
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because of the apparent struggle between Blair and O’Connor.
Which of the two was to be preferred was finally resolved by
Thomas Fergus, Minister of Works on 10 March 1890. It had
been decided that Blair should take up the joint position of
Engineer-in-Chief and Undersecretary. O’Connor was to be
released from his duty as Undersecretary and, if he wished,
could take up an offer to be Marine Engineer to the colony. Up
to then (and since) this latter position was regarded as a part-
time responsibility of the Assistant Engineer-in-Chief.
O’Connor had no alternative but to take it or look elsewhere.

Blair was to live only a short time. It has been suggested that
his death in May 1891 was hastened by the struggle. Because
he had been ailing some months, W.H. Hales, District Engi-
neer, Wellington had been appointed in January to be Acting
Engineer-in-Chief and Acting Undersecretary. Seddon, no
friend of O’Connor, had in the meantime become Minister of
Works. Under his stewardship was clear that Hales would suc-
ceed Blair as Engineer-in-Chief and Undersecretary.

O’Connor, his ambitions thwarted, resigned his position in April
1891 1o leave New Zealand for Western Australia. A great deal
of ill feeling between officers of the department had been cre-
ated by the struggle. It was to linger for many years thereafter.

When O’Connor arrived in Western Australia in June 1891 to
take up his post as Engineer in Chief he was immediately faced
with Premier John Forrest’s programme for development, a
programme full of public works, including the pressing prob-
lem of providing a port for the Capital, Perth.

This was not his only problem, for he found there was only a
tiny Works Department with virtually no professional staff and,
omitted in the previous correspondence from John Forrest.
While he was in New Zealand he had been given an additional
responsibility — management of the Government Railways.
There were also acute shortages of skilled labour and funds
for public works.

A PORT FOR THE CAPITAL

The problem of an all weather port was a vexing one. From
the very first days of the Colony shipping had suffered the
strong onshore winds and winter gales which sweep in from
the Indian Ocean and batter the exposed western coastline.
However, the mouth of the River Swan leading up to Perth
was blocked to all but the shallowest draught of boats by a
solid outcrop of limestone known as the rock bar. Thus in the
early years of the Colony ocean jetties were constructed adja-
cent to the mouth of the river to provide berthing facilities for
shipping. The jetties provided little protection from the weather,
the boats alongside frequently suffering damage. As a result
most ships anchored offshore, and the cargo handling was car-
ried out by lighters, with ensuing delays and high cost.

Fremantle gained an unenviable reputation in maritime cir-
cles and many ships including the mail steamers avoided calling
there, preferring the protected King George Sound at Albany
as the port of call, much to the resentment and inconvenience
of the residents of the Capital some 250 miles to the north.
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Fremantle Outer Harbour

The Colony engaged the world renowned consulting marine
engineer, Sir John Coode to solve the problem. Coode made
two reports, the first in 1877, based on data sent to him from
Western Australia (which was subsequently found to be mis-
leading) and the second ten years later, after visiting the Colony
to inspect the site himself.

In preparing his 1877 report Coode was given to understand
that there was evidence of significant sand travel. These were
the days before the introduction of the suction sand dredger,
and the risk of incurring large recurring expenditure for dredg-
ing was to be avoided. His proposals therefore allowed for the
unimpeded movement of sand along the foreshore and were
similar to those he submitted at that time for Timaru in New
Zealand, where the shingle travel was the largest he had met
with up to that date.

Coode proposed two alternative schemes, both calling for con-
struction of open timber viaducts out to sea and terminating in
solid breakwaters. However it was beyond the capacity of the
Colony to finance either scheme and the proposals were
shelved.

At the request of the Colonial government Coode visited West-
emn Australia for five weeks during the winter of 1885. His
subsequent report, received in 1887 was, in part, based on the
results of borings he had requested be taken in the submarine
Success and Parmelia Banks. From these logs, showing the
banks consisted totally of marine sands, Coode concluded they
were fed by the southerly movement of sand along the coast.

Coode’s report discounted the viability of works in Cockburn
Sound, echoing the vested interests in Perth and Fremantle
which feared that the Sound was too far south for the harbour,
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and also because of the alleged sand travel. An inner harbour
in the river with an outer harbour formed by solid works con-
nected with the shore was also deemed undesirable partly on
account of the sand travel and also because of river sediment
silting up the inner harbour. For Coode there remained only
one alternative. and he confirmed his earlier design concept of
an outer harbour of solid concrete breakwaters connected to
the shore by an open viaduct. He estimated however that in
order to construct such a harbour to accommaodate the mail
steamers in all weather conditions would require expenditure
of almost one million pounds in total. This was enough to shelve
the scheme again.

Despite this setback, the newly elected Premier Forrest was
still most anxious to establish a port close to the Capital which
would attract the mail steamers of the P & O and Orient Lines,
and to this end he now believed that this might best be achieved
at Owen’s Anchorage, south of Fremantle.

Before O'Connor arrived, Forrest had asked Coode to look at
the practibility and cost of opening and maintaining a passage
through Success Bank and into Owen’s Anchorage with the
objective of berthing the mail steamers there. Coode responded
in August 1891 with estimates of cost for dredging a channel
through Success Bank and a suggested channel through
Parmelia Bank also, as a precaution to give a more sheltered
approach to the anchorage during northerly gales. He estimated
the cost of dredging the channels at £214,500 plus a further
£77,000 for dredging plant. Dredging the channels would take
up to five years.

On his arrival O’Connor was instructed to prepare a draft plan
and estimates for the Premier of what would be needed to con-
nect the Owen’s Anchorage berthing facilities to Fremantle.
Forrest set a cap on the expenditure at £150,000 — ‘all that
the Colony could afford’.

While doing this O’Connor began studying the earlier propos-
als for development of Fremantle Harbour, in particular he
carefully studied Coode’s proposals, and the pre-occupation
with the problem of sand travel. O'Connor was familiar with
Coode’s work and had met the marine engineer in 1878 when
Coode had visited the harbour works at Hokitika, Greymouth
and Westport. He now made his own inquiries and gradually
came 1o the conclusion that there was little real evidence of
significant sand travel and that the fears of Coode and others
about sand travel were misfounded.

O’Connor’s estimates showed up what meagre facilities an
outlay of £150,000 would provide at Owen’s Anchorage, which
included the need for three miles of railway to connect with
the Fremantle rail terminus. He concluded that to ensure a
first class harbour at Owen’s Anchorage a sum of £400,000 to
£500,000 would be needed.

Meanwhile he was increasingly forming the opinion that an
inner harbour had great advantages and could be developed in
the river mouth. Forrest was not convinced, but O’Connor was
undeterred. He continued with his proposals and in December
1891 presented a report to the Minister for Public Works, Harry
Venn, recommending strongly for a harbour at the mouth of
the Swan River. He advised that he was convinced there was a
negligible problem with sand travel and dismissed the possi-
bility of a newly dredged harbour in the river mouth silting up.
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Fremantle Harbour. Pictorial view of proposed works, June 1894.

O’Connor’s estimate of cost for the full scheme was £800,000.
A first stage to meet the foreseen requirements for several years
could be carried out for £560,000 and the full scheme was
capable of further development in the future.

The proposed works included construction of breakwaters up
to 3000 feet long at the river outlet, blasting out the shallow
rock bar at the river mouth, dredging an outer channel and
inner harbour to a depth of 30 feet with a turning basin capa-
ble of taking the largest mail steamers in use, and the provision
of extensive timber wharves on the north and south sides. The
first stage would take five years to complete, the full scheme
would require a further three.

Minister for Works Venn was quick to realise the implications,
and upon receipt of O’Connor’s estimates for Forrest's outer
harbour scheme at Owen’s Anchorage he told Forrest that for
such a sum, *. .. an almost perfect landlocked harbour could
be made at the mouth and in the river itself for all vessels
drawing certainly not less than 30 feet’. Clearly, O’Connor
had already convinced his political boss that he could success-
fully achieve what other engineers had considered a risky plan.

For the breakwaters, O’Connor’s experience in New Zealand
and his own assessment of local shore conditions convinced
him that random tipped stone, the ‘pierres perdue” method,
would provide adequate strength. This choice had the advan-
tages of economy and flexibility to accommodate design
changes, and it utilised the adjacent resources of limestone.

Forrest was impatient, and concerned at what he saw as a dif-
ference of opinion between Coode and O’Connor on the inner
harbour, and particularly on the vexed question of sand travel.
He went to Parliament in December 1891 with his outer har-
bour scheme but the motion was defeated. A Parliamentary
Select Committee was set up in January 1892 to examine once
again the question of harbour works at Fremantle.

The Select Committee was composed entirely of laymen and
was generally antagonistic to the new Engineer in Chief. How-
ever O'Connor had faced this type of situation before and
fielded the committee’s questions with skill, confidence and
patience, despite concerted attacks on his professional compe-
tence, In the event, the Committee came down firmly in favour
of the inner harbour scheme, and the scheme was endorsed by
Parliament in March 1892. Construction on the North Mole
commenced officially with stone tipping starting on
16 November 1892.

For O’Connor it was a triumph. In view of the multiplicity of
alternative plans in evidence when he arrived in the Colony
barely eighteen months previously, the extent of opposition to
the ‘newcomer’s” scheme and the shortage of funding, the
works were commenced in an impressively short time.

Construction of the scheme was to take eight years, as
O’Connor had predicted. By mid 1894 the North Mole pro-
vided sufficient protection to permit the South Mole and
dredging to start. The South Mole was completed to the planned
length by August 1897. On 4 May 1897 the first coastal steamer
arrived and finally in August 1900, the RMS Ormuz entered
the new harbour.

O’Connor’s evaluation of the sand travel was shown to be com-
pletely vindicated. No substantial problems resulted nor did
siltation require any dredging over the years. Financially the
harbour has paid its way from the beginning.

GROWTH OF THE DEPARTMENT

O’Connor found on his arrival that the colony effectively had
no public works department, there was no professional staff of
surveyors and engineers, no support staff. no system of re-
cruitment and training — it had no public works tradition.
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Professional men would have to be recruited from outside the
Colony.

In order to act quickly he sought out engineers whose quality
and expertise he knew. James Thompson, an engineering gradu-
ate of Dublin with experience in Britain and Victoria came to
join O"Connor. By 1893 three experienced engineers from New
Zealand, where employment conditions had continued to de-
teriorate, had also joined him: Francis W Martin, with a full
range of experience of harbours and railways on the west coast
and who had taken over from O’Connor as District Engineer
at Hokitika; William W Dartnall, versed in railway construc-
tion; and Arthur W Dillon Bell, with wide experience in both
Britain and New Zealand. Between them they formed a small
staff, closely knit by mutual trust and loyalty. ‘Between us,’
said Thompson, ‘we had to do everything.”

In 1891 the Works staff numbered 9 and the Railways, 33. By
1896 the public works policy of the Forrest government was
in full swing and the number of staff in the Works Department
alone had grown to over 400; by the end of 1897 it had peaked
at almost 900.

The volume of work was increasing rapidly with about
£650,000 expended from loan in 1895/96, the greatest propor-
tion of which went to railways and harbour works, and £639,000
expended from consolidated revenue, principally on public
buildings, water conservation works in the goldfields areas and
the railways. The total expenditure for 1895/96 was up 70%
on that of the previous year. Expenditure in the following year
was up 76% more.

Fremantle Harbour was part finished with some wharves in
use, and design work had commenced on the Coolgardie Wa-
ter Scheme. The Eastern Railway reached Coolgardie in March
1896 and was immediately continued on to Kalgoorlie; the
railway from Fremantle to Perth and Midland was under du-
plication.

At O’Connor’s request the Government decided to split the
works organisation into two departments, “Public Works' and
‘Working Railways and Tramways'. The engineering depart-
ment was organised into separate branches, partly to relieve
the pressure on the Engineer in Chief. On 1 July 1896 the
branches and their heads were as shown below:

{Under Secretary for Public Works) M.E. Jull
ENGINEERING DIVISION
« Engineer in Chief C.Y. O'Connor
+ Engineer in Charge of Roads and Bridges, Harbours

and Rivers, Sewerage and Water Supply for Towns  T.C. Hodgson
+ Architectural Division, Assistant Engineer in Chief  G.T. Poole
+ Engineer in Charge of Railway Construction J. Thompson
+ Engineer in Charge, Goldfields Water Supply M. Hector
+ Engineer in Charge, Fremante Harbour Works J.A. McDonald
+ Inspector of Surveys, Engineering Surveys Branch  J. Muir
« Stores Accountant, Stores Manager’s Branch 1.H. Rogers
= Consulting Engineer, London J. Carmuthers

O’Connor and his staff were responsible for many innovations
in those early years and are credited with establishing practices
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and traditions which survived in the Western Australian Public
Works Department for over ninety years until the department’s
demise in 1985.

A system of training engineers by admitting suitable candi-
dates as cadets was introduced into the department about 1894
and was formalised by regulations signed by O’Connor as
Engineer in Chief in January 1897. A cadetship was of four
years duration, three and a half of which were spent in the
field on surveys and works under the engineers of the Depart-
ment.

Registering of plans of 1891 origin, along with the daily plan
output of the drawing office, commenced with plan PWD WA
1100 on 22 June 1891. Maurice Morley, in a meticulous essay
on the origin of the PWD Plan Journal, considered that re-
sponsibility for the introduction of the journal probably rested
with George Temple Poole, O’Connor’s predecessor, who may
have seen the need for an orderly plan system with the im-
pending arrival of the new Engineer in Chief.

Following O’Connor’s arrival, a new format for contract draw-
ings for construction of government railways was introduced
and continued in the same style until the PWD Railway Con-
struction Branch was disbanded in 1930. This set the pattern
for all subsequent Public Works drawings.

Imperial sized lithographed prints were bound into books. The
title of the particular contract plus identification as the Book
of Drawings, a contents list of drawing number, title and sheet
number of the prints in the book and the PWD WA Plan Number
for the contract drawings, were printed on the face of the front
cover.

The PWD plan number allotted to the contract drawings was
generally used for the component plans for that railway — the
locality plan, plan and section, cross sections of the formation,
block plans of stations, etc. Each classification was given a
Drawing Number consecutively from No. 1 and, for multiple
sheet content for a particular classification, Sheet Numbers
were also allocated sequentially within relevant Drawing
Numbers.

Standard Drawings were introduced at this time also. For rail-
ways these included cutting and embankment profiles,
permanent way rails and fastenings, points and crossings, level
crossings, fencing, structures, buildings, etc. When bound into
the books of drawings they retained their original PWD plan
number and, as before, were given Drawing numbers and,
where applicable, Sheet numbers.

The contract drawing book of plan and section was sometimes
amended for design change during construction or to accom-
modate topographical or site peculiarity. After completion of
the project, the cover of one set of Book of Drawings was
endorsed ‘AS CONSTRUCTED" .

RAILWAYS

O’Connor took up the appointment as acting General Man-
ager Railways on his arrival in 1891. His own Works
Department was responsible for the construction of new lines
and upgrade of existing lines, while a separate Railways De-
partment was responsible for maintenance of the operating
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lines. As General Manager he was responsible for the overall
management of the government railways, duties which he car-
ried out until the reorganisation of the Works Department in
1896 and the formation of a separate railways construction
branch.

O’Connor brought with him from New Zealand ample experi-
ence of building railways for a small population in widely
scattered settlements in wild country, as well as decided views
on railway policy suitable for a developing colony. He insisted
that public works had to be economically justifiable, with re-
turns which would cover not only their construction, operating
and maintenance costs, but the interest incurred on the capital
loans and sinking fund as well. Public works must be able to
pay their way.

By 1891 the government railway system had not developed
far and principally connected the main agricultural centres of
the inland Avon valley, including Beverley, to Perth and Fre-
mantle. A privately built line, opened two years previously,
ran from Beverley some 250 miles south to Albany. Another
privately built line to connect Perth with Geraldton, a coastal
town and port some 265 miles to the north, was just starting up
and was to take a number of years to complete.

The government lines, all narrow gauge, had been built on a
shoestring, with consequent low design standards: maintenance
costs were high and destined to increase. Of particular con-
cermn were the steep grades and tight curves on the Eastern
Line, between Midland and Mount Helena, on the Darling
Scarp, which with underpowered locomotives and poorly built
rolling stock were a recipe for continuing trouble; incidents
and derailings were frequent.

Shortly after his arrival O"Connor inspected the existing lines
and assessed the working of these lines and the inadequate
provision for maintenance and repairs, and finally examined
the railway accounts. O’Connor made it clear in his subse-
quent report that to provide betier service with greater safety
and economy, three major changes were urgently necessary.
In order to carry traffic with safety and efficiency the poorly
surveyed Eastern Line, the key line in the colony, should be
rerouted and upgraded with heavier duty rails. The govern-
ment railways should have better designed locomotives and
rolling stock suited to Western Australian conditions, and fi-
nally; the existing locomotive and repair shops in Fremantle
should be upgraded and eventually replaced by new workshops
on a more suitable site.

Q’Connor set John Muir, newly arrived from Victoria, the task
of finding a more suitable route for the railway up the Darling
Scarp. a granitic escarpment up to 900 feet high in places,
lying to the east of Perth. Muir was an experienced railway
engineer and licensed surveyor with a fine eye for grade and
contour. He finally investigated three routes in detail, recom-
mending a deviation through the valley cut by Deep and
Mahogany Creeks. The Mahogany Creek deviation included
Western Australia’s first and only railway tunnel, 16.5 chains
long, with some significant cuttings, embankments and trestle
bridgeworks.

Despite O’Connor submitting the proposal early in 1892 it was
almost another year before Parliament sanctioned the funding
for the deviation and for relaying the Eastern Railway with
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heavier rails. The rail relaying was accomplished by late 1893
and heavier locomotives were purchased, but the deviation and
tunnelling contract ran into trouble and was not completed
until 1896.

Muir was subsequently to complete a number of significant
surveys for O*Connor, including work on the Goldfields pipe-
line route, and in 1908 as Inspector of Surveys was to head the
team which would survey the Western Australian section of
the transcontinental railway.

The first railway workshops had been built near Fremantle at
the time of the Eastern Railway in 1881, some years before
the decision to develop a harbour in the river mouth. O’Connor
realised in 1891 that before very long the Fremantle work-
shops would get in the way of the new harbour work and
proposed to build new workshops on a much larger site else-
where. This proposal was resisted strongly by the residents
and traders of Fremantle because the workshops employed a
considerable number of tradesmen who lived in the Fremantle
area.

Despite this the Government acquired land for new workshops
further up the line at Midland Junction and appointed Allison
D. Smith, Locomotive Superintendent of the Victorian Rail-
ways to review O’Connor’s proposal. Smith had recently
supervised construction of locomotive workshops in Victoria
and had long experience of railways in New Zealand and Vic-
toria. He quickly came to the conclusion that the Midland
Junction site was well suited to construction of the new work-
shops.

However, Parliament was undecided and in 1893 a Commis-
sion was appointed to examine the question. The Commission
called many witnesses including O’Connor, J.A. Wright (the
previous General Manager of Railways), C.T. Mason, FEW.
Martin and others, but returned a split decision. The matter of
the new workshops was to drag on until 1905.

O’Connor was so deeply involved with the major projects of
his public works activities that he found it necessary to resign
from the position of acting General Manager Railways in mid
1895; but his resignation was not accepted until January 1897.

O’Connor took the opportunity to study developments in the
design of railway workshops while in England in 1897. He
sought the advice of J.A. Aspinall who was then Chief Engi-
neer of the Lancashire and Yorkshire Railways. Aspinall
produced a design for the workshops in Midland Junction and
his plan was submitted to the Working Railways, but no action
resulted.

A new Chief Mechanical Engineer, T.E. Rotherham then pre-
pared another plan for the workshops, the seventh received by
the Government. A Select Committee was appointed in 1901
but it was January 1905 before the transfer of operations to the
new Midland Workshops was completed, fourteen years after
O’Connor’s first recommendation.

Another pressing problem to be tackled was the extension of
the Eastern Railway inland to Southern Cross and the Yilgarn
Goldfields. The decision as to which of the three competing
towns in the Avon Valley should be the starting point for the
further extension eastwards was a politically loaded question.
There was the need also to secure permanent supplies of water
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for the railway as it progressed into increasingly more arid
country.

O’Connor initiated the first systematic examination of the sur-
rounding country for permanent water when the survey of the
route of the Yilgam line was undertaken in 1892. However the
problems of providing sufficient water to keep the railway
operating and to avert the recurrent menace of water famine to
the people on the eastern goldfields would be solved only when
O’Connor’s plan to provide a permanent supply of fresh water
was finally implemented some eleven years later.

Construction of the eastward extension from Northam started
in 1892. Under intense demand for access to the goldfields,
the line was taken over for traffic in July 1894, although the
works were not entirely completed. By the time the line was
completed to Southern Cross a decision had been made to ex-
tend the line to Coolgardie, 115 miles further east, which was
reached twenty months later in March, 1896. The terminus did
not remain long at Coolgardie and was already being extended
the extra 24 miles to Kalgoorlie and points beyond to serve
the eastern goldfields. However, it was to be another 16 years
before a start would be made under the authority of the new
Commonwealth Government on extending the railway further
east as part of the transcontinental railway.

O’Connor’s tenure as General Manager coincided with a pe-
riod of tremendous growth in railway traffic and, with growth
rates at times in excess of 25% a year, the following decade
saw the construction of something like 1000 miles of railways.
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GOLDFIELDS WATER SUPPLY

The discovery of gold in the 1880s and 1890s was a turning
point in the affairs of Western Australia, bringing people. de-
velopment and jobs.

By 1890 gold was being mined in small but rich quantities in
the Kimberley, Pilbara, Murchison, Ashburton and Yilgarn dis-
tricts. Expectations were raised much higher by the discovery
of a bonanza at Bayley's find at Coolgardie in 1892. Hopeful
prospectors ranged far and wide from Coolgardie and in the
following vyear the Kalgoorlie ‘field’ was found.

Men flocked to the eastern goldfields. Spurred on by the glint
of gold and almost regardless of hardship the prospectors went
deep into waterless country, with every additional man further
taxing the meagre water supplies that came to hand.

By January 1893 Minewarden Finnerty, reporting on the new
find at Coolgardie and the ensuing rush stated, ‘Much diffi-
culty was experienced by those persons in obtaining a
sufficiency of water even for drinking and for washing none
was obtainable . . . The price of water at Coolgardie, where in
a short time about 700 men had collected, averaged one shil-
ling a gallon.’

However the wells, soaks, rock catchments and carted water
could only supply a small population in such an area of low
and uncertain rainfall.

By mid 1895 the idea of a pumping scheme from a higher
rainfall area near the coast was becoming widely accepted. By
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Coolgardie Water Supply: Pipe caulking machine specially invented for the scheme.

that October O’Connor’s staff were well advanced in prepar-
ing estimates for such schemes. In all 31 alternative schemes
were examined and three were short-listed for placing before
the Government. All three schemes involved pumping from a
reservoir in the Darling Ranges just to the east of Perth with
water pumped in successive lifts to Mount Burges, north of
Coolgardie. Two Victorian Engineers, T.C. Hodgson and W.C.
Reynoldson joined the Department. Reynoldson worked with
Muir in examining the potental reservoir sites.

The dry winter of 1895 caused a water crisis in Perth and an
even more desperate situation inland. Premier Forrest visited
the goldfields in November and December 1893 to see condi-
tions first hand. By this time the alluvial gold was waning and
milling at the mines had stopped for want of water. There were
desperate pleas for government assistance with water supplies.

Fortuitously, Forrest had a plan prepared by his Engineer in
Chief. This scheme proposed the construction of a large dam
on the Helena River and a succession of nine (later reduced to
eight) steam-powered pumping stations with water delivered
to the goldfields 320 miles inland through a steel pipe of 30
inches diameter. The work was estimated to cost £2,500,000
and, if used to its capacity, water would cost five shillings per
1000 gallons.

In the circumstances of the colony — its paucity of develop-
ment, small population and mounting public debt, and given
the ephemeral nature of mines — O’Connor and his advisers
were fully aware of the boldness of the engineering solution
they offered.

O’Connor realised also the political value to be had from an
independent assessment of the proposals. In March 1896 he
wrote to his friend from New Zealand days John Carruthers,
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by then the consulting engineer used by the Agent General’s
Office in London, for his opinion of the scheme. At O"Connor’s
suggestion, Carruthers set up a committee of eminent engi-
neers in London to advise on the practicability of design aspects
of the scheme.

After a protracted and sometimes stormy passage Forrest’s Loan
Bill to raise £2,500,000 for a Goldfields water supply scheme
was passed in that same year.

O’Connor left for England in January 1897, primarily to meet
the committee of engineers in London. He returned in
September, bringing with him an interim report of the com-
mittee which supported the scheme proposals as being entirely
feasible.

However, the initial effort to raise the first stage of the loan
had been unsuccessful despite the committee’s interim report,
and O’Connor found that little progress on the project had been
made while he was away.

It was to be another year before the Coolgardie Goldfields
Water Supply Construction Bill was passed, but in the mean-
time the shortage of loan funds caused the retrenchment of
many expenienced men, which added to the pressure on those
remaining.

Constructed between 1898 and 1903 the work is recognised as
an engineering achievement of international significance.

The completion of construction by January 1903, in less than
five years and within estimate, speaks for the success of those
in charge — and the efforts of a large workforce. Yet
characteristically, O'Connor and his team were not averse to
adopting the latest technology and encouraging innovation.
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Coolgardie Water Supply: On the pipe track, 1902. Photo courtesy of Battye Library.
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All cement, steel and machinery was imported from Europe or
America, over six weeks by steamer or 90 to 100 days sailing
time distant; pipes were manufactured locally using American
and German steel plate, adopting the revolutionary locking
bar patent of the Victorian, Mephan Ferguson. The dam was
the largest in the southern hemisphere and the length and rise
of the pipeline unprecedented. The pump duty obtained was a
record for pumping engines of the duplex class.

There were also numerous setbacks to the scheme and in addi-
tion O'Connor had to endure almost constant criticism in
sections of the Press and resist continual political pressure and
interference.

In early 1902 a Select Committee was appointed, followed by
a Royal Commission, to investigate aspects of a major con-
tract for work on the scheme and allegations of corruption
against some of O’Connor’s staff. A campaign of personal vili-
fication against O’Connor conducted over a number of years
by Perth newspaper, the ‘Sunday Times", was also at its height
and attacks by many Members in Parliament were particularly
worrying. O'Connor had met criticism of his professional opin-
ions in the past and was not unduly worried by it. However,
this was an assault of a new dimension which overtly attacked
not only his professional skill but also his personal integrity.

Despite his vears of overwork and bearing the stress of his
office, researchers have been unable to establish what finally

C.Y. O'Connor

made him succumb to the pressure; but O’Connor committed
suicide on 10 March 1902.

To quote John Pollard, in his brief biographical sketch —

‘New Zealand politicians had ill-used an outstanding engineer,
Australian politicians destroyed him.’

In his book, from which I have borrowed freely, John Le Page
gives a thoughtful and very fitting reprise (p 304):

Although O'Connor is remembered first and foremost for the
Coolgardie Water Supply Scheme it may be that his other great
triumph at the Fremantle Harbour was the greater professional ac-
complishment. At that time he was new to the Colony and had an
extremely tiny departmental staff. His proposal was quite contrary
to the advice of a world famous harbour engineer in Sir John Coode.
It may be said to have been O'Connor’s scheme almost in entirety.
Every departmental project of comparable magnitude since that
time has been achieved by team effort although certain individu-
als have almost always carried out leading roles.

Such was the case with the Coolgardie Water Scheme. Although
C.Y. O’Connor’s guiding hand was always on the tiller there were
a number of competent engineers associated with the task from
the beginning such as Hodgson, Reynoldson, Muir, Robertson,
Pidgeon, Leslie and others, not forgetting the committee of engi-
neers in London. This is not to deprecate O’Connor’s role in the
Water Scheme but rather to elevate his role with Fremantle Har-
bour to its rightful place.
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Issues in Heritage Management of a 19th Century Provincial New
Zealand Town - Oamaru: A Case Study

HELEN STEAD
Guest Lecturer, Heritage Management, Department of Management Systems, Massey University, New Zealand
Former Board Member, New Zealand Historic Places Trust. Former Councillor, Oamaru Borough Council.

SUMMARY: Hall & McArthur (1993) believe that ‘heritage can only be preserved for future generations if appropriate management
policies and processes are developed and implemented’. This paper will examine Oamaru’s establishment as a town in the 1850s in
relation to heritage management issues and the retention in the 1990s of much of the town’s distinctive 19th century limestone heritage.

Recent global enthusiasm for ‘green’ issues has been matched with national and local initiatives developing and promeoting New Zealand’s
eco-heritage resources for commercial and tourist purposes. The call is made for a more holistic approach to heritage management. Using
the Oamaru Case Study as an example sirategies are recommended which will ensure the integrity and sustainability of that heritage.

1. INTRODUCTION

The heritage of Oamaru and the surrounding Waitaki district rests
heavily on two aspects of its geophysical character; plentiful
supplies of quality limestone for use as a building material; and
quality soils for food and agricultural production.

Cumulating twin benefits of location came with the discovery of
gold in Otago in 1861 and the New Zealand Govermnment'’s
expansionist immigration and public works policies of the 1870s.
Similarly Oamaru’s location almost equal distance between New
Zealand’s two most economically and politically powerful
provincial towns of that time - Dunedin and Christchurch - was
a vital contributing factor.

As a local decision-maker who later had some responsibility for
national heritage protection, and who for more than a decade has
been developing and running eco-heritage education programmes
and tours for schools, polytechnics, universities and special
interest groups, the author of this paper seeks to stimulate
discussion about heritage management as a process.

For Oamaru the management strategies of the 19th & 20th
century can be roughly divided into two broad types; local and
distant decision-makers. Local decision-makers from Oamaru (and
Otago) drove Qamaru’s establishment for the first two 1o three
decades from the late 1850s. In the 20th cenmry the
decision-makers for Oamaru became increasingly distant from
Oamaru and Otago. From being a town with a future it
increasingly became a town with a past.

The difference between local and distant decision-maker became
much more marked in the late 1970sfearly 1980s. Local
decision-makers respected the QOamaru stone 19th century
character of their town, simply by continuing to use and re-use
buildings. On the other hand, the distant decision-maker not only
ignored the town's character, they often did so against the

prevailing attitudes of the local decision-makers. This trend
escalated with the restructuring of the public and private sector
and the formation of State Owned Enterprises in the late 1980s.

The trend away from local to distant decision-making has become
more pervasive with national concern to relieve unemployment.
Local heritage and conservation projects have proliferated
throughout New Zealand, mostly relying upon subsidies and
lottery board money. The concept and intention of these
programmes is endorsed, however there are fundamental flaws
from the heritage management point of view. Theories of heritage
protection are stated yet questions remain about outcomes,
methodology, commitment, accountability and most important of
all, sustainability of the heritage resource as a result of running

such programmes.

The 1991 Resource Management Act promotes sustainable
management yet no guidelines or standards exist for the operation
of government community employment programmes. Little to no
formal consultation takes place between government and the
wider community. Finally there is considerable concemn that
‘heritage” has been relegated from ‘Matters of national
importance’ to (e) ‘Other matters’ under the Resource
Management ActL

The Oamaru Case Study notes the shift away from ‘local fire
fighting’ on single issues to commercially driven broadbased
interventionist eco-heritage tourism development and government
employment programmes. Recommendations are made for
heritage management policies and processes which can be
integrated and implemented locally and nationally.

2. BACKGROUND
2.1 Location: Oamaru is located beside the Pacific Ocean some

ten kilometres below the 45th parallel on the east coast of the
South Island of New Zealand. The catchment area serviced by



Oamaru stretches in an elongated triangle to the Waitaki River in
the north, the Kakanui Mountains to the west, then south to the
Pacific coast near Palmerston, Otago.

The climate varies from inland with cold dry winters and hot dry
summers; to the coast which has a more equable climate. ‘Nor
westers” blow down annually from the Southern Alps
exacerbating drought conditions which in tum affect demand for
water for hydro energy, irrigation, for stock & Oamaru’s town
supply. The type and quality of soils when combined with water
produces a fertile area which was early recognized as being most
conducive for animal and grain farming. Bereft of its pre-historic
forest cover the dominant characteristic of the rolling hill country
surrounding Oamaru is limestone.

Figure 1: Map showing Oamaru’s location
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2.2 Maori Rock Art: Limestone has double heritage value for
Oamaru and the Waitaki Valley. The same limestone outcrops
available as a building material for European settlers had also
provided shelter for Maori some 900 years earlier. Evidence of
Maori occupation exists not only from archaeological material
found at the mouth of the Waitaki River but from the rock
drawings and carvings to be found in almost every limestone cave
on both sides of the Waitaki.

‘While mention is briefly made here, the issue of how the culrural
heritage of the Maori in the Waitaki district is managed is outside
the scope of this paper.

3. EUROPEAN SETTLEMENT & USE OF LIMESTONE

For the newly arrived European settler the ready availability, ease
of working, consistency of colour and quality meant that Oamaru
limestone was soon used for building throughout the district.
Local demand was met by individual property owners who simply
quarried the stone from the hillside for sale, as well as for home,
fence or farm buildings.

The first stone structure in Oamaru was built in 1860 indicating
early commercial demand. Accompanying the growth of Oamaru

was growth both in the number of quarries and amount of
material extracted. Accuracy in stating the number of quarries or
the origin of stone is difficult since supply was usually through
architects, contractors or carriers.

Demand during the 1870s and 1880s was particularly high. There
was some concern about quality at this time from outside
markets, but it was not until after WWI that the indusiry
undertook self-regulation. One quarry ‘Parkside’ produces the
total amount of stone today, supplying local and overseas
markets.

4. OAMARU’S GROWTH PATTERNS - 1850s TO 1990s

Generally speaking Oamaru has only had two main growth
patterns. Rapid growth to the mid 1880s, then slowing and
sometimes declining growth rates to the present day.

As an indicator, Oamaru in 1878 had a population of 4,927 and
was the ninth largest town in MNew Zealand, ranked behind
Dunedin, Christchurch, Wellington, Auckland, Nelson,
Invercargill, Thames and Napier. Just over a century later the
1986 census showed Oamaru’s population as 14,247 and listed it
as the ninth largest of secondary urban areas, i.e. populations of
less than 25,000.

The socio-economic changes of the 19th Century were primarily
associated with rapid and sometimes erratic growth, particularly
when associated with the demand and price for agricultural
products. Oamaru continued in its role as a distinctive rural
servicing town and retains this character to the present day.

Table 1. Socio-economic factors affecting Oamaru’s growth in
the 19th century

1. The Otago Goldrushes of the 1860s

2. Vogel’s expansionist Public Works and Immigration
programmes in the 1870s

3. Development of the frozen meat industry in the 1880s

4. Liberalising land legislation breaking up the large estates in
the 1890s

Two other positive factors outside Oamaru affected its growth.
Firstly was the absence of land wars in the South Island which
had both a restrictive and a debilitating effect on growth in the
North Island. Secondly the changes taking place on the other side
of the world, particularly in Britain and associated with
agricultural ‘reform’ and the Industrial Revolution helped drive
New Zealand's and Oamaru'’s early colonization.

Oamaru, with its above average agricultural producing capacity
attracted numbers of farm labourers and, like Dunedin it also
attracied artisans and craftspeople displaced by industrial change
in Britain. In Oamaru there was soon plenty of work building
‘buildings of stone of the utmost brilliance’ (McDonald 1962).

Socio-economic changes of the 20th century, such as rural
depopulation; the drift north and to the larger cities; associated
urbanisation and suburbanisation; growth of the servicing and
manufacturing sectors combined with external national and
international factors all resulted in further decline and slow
growth for Oamaru.
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Table 2. External factors affecting Oamaru’s growth patterns in
20th century

1. Changing markets for agricultural products post EEC

2. Global oil crisis of the 1970s and resulting ‘Think Big’
policies in New Zealand

3. Industrial unrest, inflation, devaluation of the New Zealand
dollar

4. Restructuring and de-regulation of public and private
sectors in 1980s and 1990s

5. Continuing and contiguous technological and industrial change

especially in agriculture

Oamaru and North Otago’s reputation for agricultural innovation
started with development in 1874 of a new breed of sheep, named
Corriedale after a local property. Population growth and economic
stability came with two more ideas in the 20th century. North
Otago pioneered a system of low cost, low technology,
community based rural water schemes which allowed dry land
farming the opportunity to diversify as markeis at home and
abroad changed or contracted. Retail mumover in the town has
always been affected adversely under drought conditions.

The second change came with development of the Lower Waitaki
Irrigation Scheme in the mid 1970s. This ability to control water
on the soil increased production as well as allowed further
diversification particularly into dairying. Another development
based on the Waitaki River impacted upon Oamaru three times
during the 20th century - hydro electric energy development. The
Waitaki Dam was built in the 1920s, Benmore and Aviemore in
the 1960s, Upper Waitaki in the 1970s.

Surprisingly no socio-economic assessment has been done in the
Waitaki Region on the impact of large-scale national energy
development. When it is recalled that New Zealand’s original
Social Security system started on the Waitaki Hydro Scheme the
lack of attention to this issue is a sad irony.

Issues of bio-diversity, land quality and sustainability are further
areas for research insofar as how land use patterns interact with
national and local development. Innovative dry land management
practices currently being developed in the Hakataramea Valley (a
ributary of the Waitaki) are likely to be of considerable
significance when viewed historically.

Two final factors impacted upon the population level and
economy of Oamaru. These are education and tourism. Three
secondary schools with attached boarding establishments bring
over 2000 teenagers into the town each year. Tourist activity has
in the past mostly been confined to stopovers between
Christchurch and Dunedin. Overseas visitors invariably include
the geologically and culturally interesting Moeraki Boulders
twenty minutes south of Qamaru on their itinerary. Domestic
visitors are more likely to bring a fishing rod or a boat 1o the
Waitaki Lakes, Waitaki River or one of its tributaries.

Oamaru’s location within the quadrangle of Queenstown,
Dunedin, Mount Cook and Christchurch sees potential tourist
traffic mostly fly, bus or drive past the town or the district. More
recent promotion and publicity about Oamaru’s colony of little
blue penguins and its 19th century limestone built heritage is
attracting locals, domestic and overseas visitors.

5. ‘BUILDINGS RISING IN STONE OF THE UTMOST
BRILLIANCE?

5.1 The 1850s: Oamaru Town Survey by J T Thompson:
May 21 1858 is known as the date of Oamaru’s birth as a town.
On this date John Turnbull Thompson (1821-1884), Chief
Surveyor for the Otago Provincial Government, made ‘notes and
sketches preliminary to the layout of a town reserve’ (McDonald
1962).

Suitability of the site for a new town was contested by Moeraki
which had grown as a whaling station after 1836. Moeraki's
extensive Maori connection reaching back some 900 years
reinforced its location, especially as a sheltered port, however
drinking water supplies were found to be brackish. Local
availability of fresh water swung the pendulum in favour of the
Oamaru site. Oamaru’s suitability as a harbour was to be long a
bone of contention.

Pastoral settlement of the Oamaru district came with Otago's
early settlers from 1848 onwards. Johnny Jones, whaler turned
farmer, of Waikouait had however, been farming at Waikouaiti
since 1840 and his northern boundary came to Palmerston. The
population of North Otago in 1854 was 107 with only 48 shown
as living in the Waitaki district. Few people lived in the town at
that time. Most of the land surrounding Oamaru was taken up by
1860 but few buildings had been built. Speculation in land was
high, deals often taking place in Dunedin or back ‘home’ in
Britain.

Consideration of Maori land issues such as how fair the purchase
of 20 million acres (most of Canterbury and Otago) in 1848 for
two thousand pounds, was a management matter left to simmer
for a few more generations.

5.2 The 18605 - Wool, Grain and Gold: The first stone
structure in Oamaru was a bridge with a 24 foot span and 18 foot
roadway over the Oamaru Creek on Thames Street opening in
December, 1861. Designed by John Roy (1823-1864) the
Provincial Engineer for Otago, it not only allowed extension of
the town to the north it also improved access to the harbour from
the rural hinterland which was a vital factor for shipping wool
and grain.

In 1861 the Oamaru Town Board was established, the Tyne Street
sewer was built and a survey of streets was done by
J.5.Brooking. That same year, gold was first discovered in the
Lindis Pass and then in Central Otago. Miners poured through
Oamaru by the hundreds, on their way to the goldfields.

Table 3. Limestone structures built 1860 to 1870.
An * indicates structure stands in 1994,

1860 - *Thames Street Bridge
1861 - *Casa Nova House, Alt Street

- *Stables for Star & Garter Hotel
1863 - *Shrimski & Moss build Oamaru House

- First Courthouse built
1864 - *Dalgety, Rattray & Co store (now Scottish Hall)

- Cargill & Co (later Cargill & McLean)

- *‘The Homestead’, Awamoa

*(Qamaru Post Office (W.H.Clayton (1823-1877)

1865 - First St Paul's Presbyterian Church built (William



- *Anglican Church (W B Armson (1834-1883)
supervising architect) completed 1913,
- Bank of New Zealand - *single gale-post remains.
1866 - *Maheno Valley Roller Flour Mills built
1867 - *First Presbyterian Manse in Perth St (R A Lawson)
- *Star & Garter Hotel (R A Lawson)
- *Bank of Otago in Tyne Street
- James Hassell erects eight storey windmill Severn St
1868 - *Totara Estate Farm buildings & Homestead built (4,000
sq.ft for NZ & Aust. Land Co - cost £2,000)
- *Windsor Park Farm buildings & Homestead built
1869 - *Cave Valley School (Weston) built (July 9)
- Oamaru Gaol Demolished 1921. *Stables remain today.
- *Finch & Co Wine Merchants - also served as Colonial
Bank of New Zealand 1875-1878 built in Tyne St
- *Meek’s flour mill (Severn St) built
- Customs wing added to 1864 (Clayton) Post Office

Between 1864 and 1867 the population doubled. By 1867 the
Oamaru electoral district statistics showed there were 3,691
persons living in 779 houses of which 160 were of stone, the
highest proportion of any town in New Zealand at that time
(McDonald 1962). Agricultural statistics (McDonald 1962)
reinforced the farming nature of the local economy. 7,256 acres
of ground sown in oats, 4,668 in wheat, 612 in barley and 5,654
in sown grass. There were 303,701 sheep, 7,800 cattle and 1,872
horses.

There was the odd bad year when the price of wool slumped.
Runholders could either sell some land to new settlers or move
into grain and milling. For the townspeople the revenue from
wool and grain through the stores or on board ships provided
work and a steady income.

5.3 The 1870s. Wool, Grain and Vogelism: The New Zealand
Government's acceptance of Premier and Colonial Treasurer Sir
Julius Vogel’s financial plan to borrow ten million pounds over
ten years for Public Works and Immigration was to have a
profound and compounding effect upon Oamaru.

With a Provincial system of Government in New Zealand until
1876 it is not surprising that central government politicians were
under considerable pressure from economically and politically
strong Otago and Canterbury.

With land wars soon to finish in the North Island, pressure was
now on from both the North and South Island for further
development. Ports and railways were considered the greatest
need. Oamaru was no exception with a growing list of wrecks,
reaching thirty by 1872, giving the town a bad name (Furkert
1953). Oamaru guickly took advantage of Vogel’s scheme and
borrowed heavily overseas specifically to develop a safe harbour
for its constantly growing exports and imports. Immigrants
arriving in OQamaru in the 1870s were likely to find work first on
port development, then railways and at the um of the decade,
building the town’s water race.

The Oamaru Breakwater, started in 1871 was, along with four
new wharves, finished by 1884, all at a crippling cost of nearly
£300,000. The port was soon affected by rail waffic with the first
train from Christchurch arriving in 1877. The next year (1878)
saw the first through train from Christchurch to Dunedin with ten
trains daily using the Oamaru Railway Station, built in 1873.

1878 was to be the pinnacle for the Port of Oamaru. Over
£100,000 worth of exports went out that year; £61,000 worth of
imports came in. There were thirty vessels from overseas, mostly
from Australia with coal and hardwood, or 1o Britain with wool
and grain although passenger traffic of migrants in and out, is
well reported in local newspapers. A total of 451 ships came into
QOamaru in 1878. Such a number was never to be seen again with
the port officially closing to all but fishing and recreational boats
in 1978. (McDonald 1962).

The population of Oamaru in 1878 was young with more than
half under the age of twenty-one. Of nearly 5,000 Oamaru
residents, only 67 were aged over sixty years. Of persons aged
over twenty-one, the next largest age groupings were in their late
twenties (467), and late thirties (455) (McDonald unpub MS).

5 .
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Photograph 1: Oamaru Harbour with Breathwater c1884. Dredge ‘Progress’ (R) and Kinnaird steam crane in (L) foreground
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The first building site in the Harbour Board Block, on the west
side of Tyne Street was sold in 1874. Within three years every
site was built on. All were substantial limestone business
premises of single and double storeys. Business boomed. A few
went bust. As an indication there were 42 bankruptcies registered
in Oamaru in 1877 and 31 in 1878 (McDonald 1962).

The speed of growth is best exemplified by the expansion of the
Thames Street bridge in 1876 to 40.24 metres in width with a
span of 7.32 metres. Status as the widest main street bridge in the
Southermn Hemisphere was claimed by the bridge until 1932 when
the Sydney Harbour Bridge was opened. A rough count of
structures built from 1871 to 1880 excluding the breakwater,
wharves, railways, homesteads and private residences produces
thirty-four church, state, civic and business buildings of stone.

Visiting Oamaru officially in 1878 Sir George Grey, Premier of
New Zealand, coined the phrase thart is most fondly recalled by
Oamaruvians. Wondering aloud about what name might be given
to Oamaru he said

‘From her youth I will call her a maiden, she has youth
and beauty. Then as I looked at your buildings rising in
stone of the utmost brilliance, of a kind I have never seen
before thought, Oamaru is a fair maiden who sits beside
the sea. When I thought of the harbour you have created
here. I said that this fair maiden holds a hom of plenty in
her hand....” (McDonald 1962)

5.4 The 1880 & 1890s - Agricultural Innovation: Buildings
‘in stone of the utmost brilliance” continued to be built in the
early 1880s, partly because of the cheapness of labour but mostly
continuing the momentum of the previous decade. Grain growing
gained in importance with contemporary reports stating that
‘Oamaru flour was quoted at £1 per ton higher than that of
Dunedin, and in like manner Dunedin flour is estimated to have
a higher value than that of Christchurch by about the same
amount’ (McDonald 1962).

An early Oamaru historian WHS Roberts (undated) reported that
in January 1882 ‘no fewer than 31 buildings were in the course
of construction’. Two of Oamaru's largest grain stores were under
construction at that time. They were the three storey NZ Loan &
Mercantile’s building (capacity 100,000 sacks) and J & T Meek’s
five storey Elevator building which used the wvery latest
‘American style’ handling technology, a system of worm gears
and elevators carrying grain to 36 storage bins..... each 54 feet
deep. (McCarthy 1975)

The Architect for Meek's Grain Elevator building was Thomas
Forrester. His output over nearly iwenly years was prodigious,
both as architect and as Engineer overseeing the development of
the Breakwater and wharves. His buildings built in the 1880s
nearly all have 2 NZ Historic Places Trust Category 1 grading.

Table 5: Limestone buildings built by Forrester & Lemon after
_ 1880. An * denotes building still stands in 1994,

1881 - *John Bulleid's Drapery store, Thames St
- *Sumpter’s Grain store, Harbour St
- *Connell & Clowe's Grain store, Tyne St
- *Queens Hotel, Cnr Thames & Wear St
1882 - *Athenaeum, Cnr Thames & Steward St

- Emmanual Congregational Church, Wansbeck St
- *Neil Brothers’ store, Harbour St

1883 - *Qamaru Courthouse, Thames St
- Public Hall, Cnr Thames & Coquet St
- *Columba Presbyterian Church, Wansbeck St
- *Waitaki Boys' High School, Main bldg & Rectory
- *Meek’s Elevator building, Tyne St

1884 - *Oamaru Mail Office & Hodge & Jones Saddler
- *Customs House, Tyne St
- *0Oamaru Chief Post Office, Thames St

1886 - *NZ Refrigeration Co’s Freezing works

The completion of the Oamaru borough water race in 1883 was
the last big civic project to be undertaken. The engineering feats
involved with bringing the water in an open race twenty-five
miles from the Waitaki River, across valleys and through hills
was indeed considerable. Insurance against fire for the town’s
buildings was now readily available.

The 1880s were important also for the start of New Zealand's
frozen meat industry. Technology for freezing meat was already
in use in other parts of the world. New Zealand had to follow or
lose its position as a commodity exporter, particularly to Britain.
The New Zealand and Australian Land Company owned over a
million acres in New Zealand and Australia. On their Totara
Estate eight miles south of Oamaru they successfully killed stock
for what was in February 1882, the first shipment of frozen meat
to leave from New Zealand.

Dramatic changes occurred over the next eight years. By 1890
there were twenty-three freezing works scattered throughout New
Zealand. Rail and shipping transport systems grew in tandem.
With the establishment of New Zealand's frozen meat industry
came a demand for smaller holdings, particularly from migrants
attracted to New Zealand by Vogel's schemes.

A staunch advocate of the small farmer, politician Sir John
McKenzie of Palmerston backed Oamaru’s efforts to break up
some of the district’s large land holdings. The level of interest in
farms divided from the Ardgowan Estate which lay on the
outskirts of Oamaru was high. In May 1896, it took two days to
call seven thousand names in the ballot for sixty-four farms.

From frozen meat and the breaking up of the large estates there
was a consequent rise in demand for fencing wire and farm
machinery. However, the days of high wool, grain and meat
prices were now limited. There were now recessions; gluts at
home or abroad. Other problems were more insidious such as
overcropping, drought and rabbits. Early settlers’ enthusiasm for
recreating the British lifestyle rebounded on them when they
consciously brought or inadvertently allowed four-legged
‘immigrant killers® into New Zealand. A fact that continues to be
a major problem to the present day. (King 1984)

The new century arrived. The town and district settled into a
pattern of less dramatic activity as events moved overseas with
two world wars, to larger urban areas and north, especially to the
north of the North Island.

6. MANAGEMENT OF OAMARU’s 19th CENTURY
HERITAGE IN THE 20th CENTURY

Management of Oamaru’s 19th century heritage in the 20th



century has two characteristics. One relates to the laissez-faire
manner in which local and district decision-makers operated. The
second factor is interwoven with the first in that philosophical
and ethical debate about how best to preserve Oamaru’s character
was split and stifled by political or economic considerations.
Alternatives were difficult to support without conservation
guidelines or standards.

Oamaru's 19th century heritage mostly remained intact until after
WWII when earthquake and planning legislation brought two
changes.

Oamaru’s limestone buildings were largeted as earthquake risks
in the late 1940s/early 1950s. Balustrades and other unreinforced
structural or architectural features on buildings were removed by
Ministry of Works personnel for public safety reasons. Heritage
aspects were not considered although local opposition to the
possible demolition of the clock tower on top of Oamaru’s Chief
Post Office was sufficiently strong to reverse the decision.

Nor were heritage aspects considered when Council by-laws were
changed in the 1950s for car parking requirements. All verandahs
were 10 be free-standing and tied back by bracing to the front of
each building. Not only was the requirement haphazardly
observed, not all buildings lent themselves easily to the tying
process. Streetscapes lost their harmony and assumed a jumbled
appearance with some verandahs and posts removed and not
replaced, and some replaced with a different design and angles.

Opportunity existed to remedy this situation when the town’s first
District Scheme was drawn up in 1968. Unfortunately the effort
was a mechanical exercise with chunks of the Town and Country
Planning Act taken out and ‘peppered’ with names of Oamaru
streets and places (Stead 1978).

However it was government earthquake regulations that had the
greatest impact upon the town’'s heritage. New buildings were
built in other than Oamaru stone and existing educational and
departmental buildings were increasingly under siege. The
demolition of Waitaki Girls" High School Senior Block and the
threatened demolition of Waitaki Boys® High School Main
Building in the early 1980s became catalysts for action.

Table 6. Impact of earthquake regulations upon Oamaru’s
19th century limestone heritage.

1. Unreinforced architectural features removed

2. Older unreinforced buildings not maintained, left empty or
demolished

3. New buildings built in other than Oamaru stone (usually
concrete, but alse wood & aluminium)

4. Pre-fabricated and re-locatable buildings used

Local opinion surveyed in 1978 (Stead) produced strong evidence
of local people’s appreciation of their 19th century heritage. Fifty-
four heritage buildings were named, many in the 19th century
CBD (Harbour/Tyne Street) as well as in Thames Street, today’s
commercial centre.

Over the next decade a number of local buildings were
successfully upgraded to meet earthquake standards yet no effort
has been made to research and use these examples as a base for
national heritage management guidelines.
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Table 7. Local examples of existing heritage buildings upgraded
to meet earthquake standards

National Bank - upgraded own buildings

Forrester Gallery - prev Bank of New South Wales
Waitaki Electric Power Board - upgraded own building
Waitaki County Council - prev. Farmers Mutual building
Waitaki Boys” HS Main Building - upgraded own buildings
Waitaki District Council - prev Oamaru Chief Post Office

Shiln fuola by

In the mid 1980s the Oamaru Borough Council promoted a
Scheme Change requiring developers and owners of buildings in
the historic part of town to ‘respect the Oamaru stone built
character of the town’. Opposition was strongest from Wellington
and included the Minister of Works, banking (not the National
Bank) and the insurance industry. Faced with this opposition the
Council withdrew the Change.

Two final examples are given of how the local community was
divided down political and economic lines and how local and
distant decision-makers became polarized when debating heritage
preservation.

They were a proposed new cement works as part of central

government's ‘Think Big’ policies in the 1970s; and the sale of | |

Oamaru’s Chief Post Office and the setting up of State Owned
Enterprises in the late 1980s.

A $5100m cement works was proposed at Weston, on the outskirts
of Oamaru which would utilize the district’s substantial lime
reserves. The project included the possible reopening of the
Oamaru harbour at a cost of ¢c$10m to service cement barges.
Combined the project was expected to bring eighty new jobs to
the district once operating. Discussion on the short-term impact
of the construction workforce clouded the issue of what the long-
term impacts were. Without proper research on which to base
decisions local discussion became polarized and divided along
party political lines.

Al the built heritage level the possibility of cement trucks
travelling to the port through Oamaru streets at the rate of one
truck every six minutes for ten hours a day, six days a week was
reluctantly accepted by a number of local decision-makers as a
fair cost to pay for more jobs. Implicit too, in the design for
re-opening the port was installation of nine storey high cement
silos sited in the harbour basin. The project has not gone ahead.

The second controversy involving Oamaru’s Chief Post Office in
the mid 1980s was initially the predictable pattern of the building
being either an earthquake risk, unsuitable or too big for one or
other of the recently established State Owned Enterprises,
Telecom, Postbank and NZ Post. Without consulting either the
Council or the community the SOEs relocated or built new
buildings in four different parts of town. Local opinion was
united in its opposition to the building being sold. Public
meetings, a 5500 signature petition, requests under the 1982
Official Information Act, and finally to the Ombudsman were all
to no avail. The building was eventually sold to an out of town
consortium for less than $100,000, a figure believed to be less
than ten percent the government valuation of the building.

National and local concern about NZ Post’s lack of accountability
remains. Ombudsman John Robertson cited the Oamaru case in

-,



Il ol ol ol ol ol ol ol ol T ol T T o T T T R S N T T T S T T T T T

his ‘10th compendium of case notes published last year’ noting
‘NZ Post’s refusal to supply details to a local action committee,
"frankly ... none of their (Oamaru’s) business” he quoted NZ Post
saying. When ordered by the Ombudsman to release the
information, NZ Post complied - ‘after it had stalled long enough
for the sale to be completed’ he said (Listener 1994).

Photograph 2: Oamaru’s 1864 (L) and 1884 (R) Post Offices

As a foomote the Waitaki District Council purchased the building
in 1993 and are curmrently strengthening and upgrading it for
Council Offices. Oamaru ratepayers were not pleased to have to
pay twice the alleged price paid to NZ Post for a building the
town considered belonged to them as taxpayers.

Table 7: Heritage development and management initiatives taken
by Oamaru since the 1980s

1. District Scheme Review following Oamaru Towntalk 78
incorporates heritage aspects

2. Frozen meat centennial and setting up of Totara Estate
Centermial Park by the NZ Historic Places Trust - 1982,

3. Conversion of Bank of New South Wales into Forrester
Gallery at cost of $250,000 - opened 1983

4. Local branch of the NZ Historic Places Trust established 1984

5. Establishment of North Otago Heritage Fund early 1980s. First
in NZ with funds lent at low rate of interest to maintain, &
upgrade heritage buildings.

6. Expansion of North Otago Museum and building of Archive
- $180,000 - opened 1986

7. Harbour/Tyne Street feasibility study completed. Area to be
conserved & developed for tourist & commercial use

8. Oamaru Whitestone Civic Trust set up in 1989

The debilitating and frustrating experience of backing or opposing
these ‘one off’ national development schemes is considerable.
Oamaru initatives developing and managing its own heritage is
likewise considerable. Existing resources like Oamaru's limestone
19th century heritage have been dramatically affected by change
yet no research or impact assessment has been done. The Oamnaru

3

Whitestone Civic Trust's conservation programme for
Habour/Tyne Street relies heavily upon Lottery Board funding
and NZ Employment Service subsidised work schemes. This
raises all the issues of sustainability detailed earlier. Oamaru is
but one programme among thousands throughout New Zealand.

This paper raises philosophical, ethical and practical differences
between local and distant decision-making affecting Oamaru.
Debate on the sustainability and integrity of New Zealand
heritage resource management systems is evolving. The heritage
management processes recommended below seek to encourage
universal effort ensuring New Zealand’s and Oamaru’s ‘heritage
is preserved for future generations” (Hall and McArthur 1993).

7. RECOMMENDATIONS

Table 9: Heritage management policies, processes and stralegies
for eco-heritage protection.

1. All government and community programmes o
1. Meet sustainability requirements of the Resource
Management Act.
2. Adopt professional standards for skills and research.
3. Provide participants with recognisable gualifications and
marketable skills.
4. Provide opportunities for skill and kmowledge exchange
across cultures and generations.
5. Be accountable nationally and locally, within and between
public and private sectors.
2. Eco-heritage management information, guidelines and advice
be developed for all types of property ownership.
3. Eco-heritage tourism industry visitor interpretation information
and tour guiding standards be developed.

Acknowledgements: Photographs; North Otago Museum
(copyright): The Oamaru Mail & Anthony McKee. Comments on
Draft by Joarme Cheyne Buchanan appreciated.
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Engineering Heritage of the Rocks - Sydney

Austin Chapman BE MIE (Aust)
Austin Chapman and Associates Pty Ltd

SUMMARY

The Rocks area of Sydney is now well known as a major tourist attraction but for those who have not visited, a background is

appropriate.

When the First Fleet landed in Sydney cove in 1788 the convicts went to the “rocky” ground on the western side of the Cove.
The Governor, his staff, soldiers and freemen went t the Eastern sid_e.

Over the years the Rocks developed as a "tough" area centred on the maritime trade of the port. In 1900 it was the seat of the
bubonic plague in the Colony. From 1930 a series of committees, commissions, enquiries were held to determine its future. One
scheme almost came tofruition in the late 1950's - fortunately the "almost” applied. In 1970 following recommendations by Sir John

Overall the Sydney Cove Authority was established.

The author was appointed as Professional Services Manager and held the position until leaving the Authority in 1986. The

experiences from the basis of this paper.
INTRODUCTION

As is my want I found from the dictionary that "Heritage" is
what we inherit. Not being of great use I found to "inherit"
was to "receive by legal descent or succession”. So I have
highlighted those "things" which we found, were able to find
traces of which I feel engineers would find of significance as
an inheritance from our forebears. These things range from
Cadmans Cottage, through Circular Quay, the Argyle Centre,
the old overform sewers through the Harbour Bridge,
Campells Storehouse, the Overseas Passenger Terminal to the
cobbled streets, ramtracks, roads and the modern buildings of
the present era. All are part of what we have "inherited" and
what we leave for our successors.

Unfortunately we cannot lay physical claim to the Opera
House but we had a marvellous view of it particularly as the
sun set in the west and the shadow of the bridge with its
traffic movements was imprinted on the white sails.

This is not a technical paper. As a soldier and management
engineer, I have rejoiced in my profession, which has taken
me on many a wonderful journey. This journey is through the
Rocks.

Water Supply

Aqua vitae - I believe the Scots have a better product but
nevertheless the Colony needed water. The early supply came
from the tank stream which ran into Sydney Cove from the
south rather on the present line of Pitt Steet. It is now
confined in a tunnel from which on odd occasions it seeks its
freedom. This source quickly became polluted and a series of
wells were dug. We found one.

An area south of the Cahill Expressway was the chosen site
for the first major Hotel - The Regent. From our historical
maps we knew it was also the site of the first jail. The
goalkeeper stated that he could "hang seven at a time - five
comfortably”. The drawing you will see on the screen was
what we had. The Department of Planning and Environment
said when any excavation started we would have to stop when
we found the well. We decided to excavate first. We did and
found the well. It had been filled in with a brown gravelly
soil for some depth. The excavation was being observed by
the DPE staff. The Minister was coming down on a Monday.
They asked if they could continue working over the week-end
and "guess what they found - some convict shackles and leg
irons". I must admit to some suspicion that "the mine had
been salted”. We continued excavating "brown gravelly soil”
for another week until we reached the bottom.

Power

In 1902 a new DC Power Station was built in the Rocks. It
was never used as such because AC took over. The building
including a brick chimney 220 ft high still stands today as is
an exhibition centre for Mining and Geology. I must say that
for an engineer somewhat disingenious when it comes to
heights that my quinquennial inspection with the aid of
steeplejacks was inclined to be traumatic - but the view was
fabulous.

When we arrived in the Rocks we still had three lifts operated
by hydraulics. The pumping station was some distance away
towards Darling Harbour. The system leaked like a sieve and
the service was discontinued around 1975. About that time
the last of the DC lifts also went out of service.



On the harbour side of Campbells Storehouse you will see
some of the basic hydraulic systems.

Also there is a single cylinder gas engine. We found that in
a basement in 1976 restored it and placed it in a public area
in Campbells Store. The name plate is fascinating and here
it is on screen.

Wharfage

The two heritage items would be Circular Quay and the
Overseas Terminal.

Circular Quay was originally called Semi-Circular Quay and
you will see its form from the reproduction. Built by Colonel
George Barney RE we (the Authority) caused a memorial to
be erected to him. The funds for this were provided by the
Royal Engineers and the Royal Australian Engineers. Barney
was the first, and only, Governor of Northern Australia (now
Queensland) and anything else "to the North".

The Overseas Passenger Terminal enables ships from four
masted to the QEII to tie up in the heart of Sydney. These
few slides show some of these ships. The terminal was
completed around 1951 and was built along the lines used to
construct the Mulberry Harbour for the D Day landing at
Normandie. Large concrete caissons were constructed on the
Parramatta River, floated into position, sunk in place and
filled with rubble. The illustrations show how this was
achieved.

Roads

The original roads were little more than bullock tracks. When
roads were laid down in the early 1800s they were named
after the Dukes of England - Argyle, Gloucester, Clarence,
George, York, Cumberland. The high ridge between the
eastern and western sides of the Rocks and hence the wharves
necessitated a long journey around Millers Point. It was
decided to cut through the ridge at the line of Argyle Street.
It was started with convicts but because of the lack of
progress was completed by free labour. Naturally little of the
original road remains. However the Argyle Courtyard with its
cobbles is a tourist attraction.

When we carried out the work on the Rocks Square in
1979/80 we found the cobbled road to the west of the
Coachhouse and "brought it to the surface”. We also found
a section of cobbled road leading to an area where Francis
Greenway was reputed to have lived. Such works bring
"modern problems” as cobbles are very slippery when wet,
can cause injuries and hence have legal implications.

‘When excavating in Playfair Street we found evidence of the
old convict road. Unfortunately much of the photographic
evidence which we carefully accumulated has not been
retained in a readily acessible form.

The old tram tracks are still in place under parts of George
Street.

Building Heritage

We were fortunate to have examples of building construction
from the early 1800s. Cadman's Cottage was built around
1806. George Cadman was the Governor's boatswain and
lived in the cottage with his wife and two step-daughters. In
1972 we undertook its restoration. The work was directed by
Phillip Cox - now deservedly one of Australia’s best known
architects - then making his mark in the restoration field. The
cottage was completely stripped out. One original window
remained and some of the timbers were still sound. At
ground level the removal of plaster exposed the sandstone
block with GR III cut in it - a memorable day.

The method of making lime by crushing seashells and burning
was quite obvious in the mortar used with little pieces of shell
grit still visible.

Other building practices were not so welcome. View Terrace
was to be retained as a facade for a two storey office
building. The terrace turned out to be a piece of "1880s" spec
building. It cost $110,000 in 1981 to keep the facade - we
used steel hairpins, braces and ended up making modern
“testudos” to work under. I'm sure it would have been
cheaper to rebuild but alas not authentic.

We were fortunate to have examples of construction through
the 1800s up to 1950. The Archives building which we put
up in 1976/77 was the first building since the 1950s. In fact
the 1950 building was for the Maritime Services Board now
the Museum of Contemporary Art. The building was
designed in 1936 and built after the war. To me it was
always very "Germanic" and seemed out of place on the
harbour foreshore.

The Rocks was typified by its lanes and stairs leading up to
the heights of Cumberland Street. Such name as

Bakehouse Place Greenway Lane
Surgeons Court Kendall Lane

Nurses Walk Foundation Park

Suez Cananl Custom Officers Stairs

All evoke pages from history. Some are old, some are new
but all carry a story. The slides tell the tale.

Dawes Point

Dawes Point was the site of one of the gun batteries to defend
the colony. Very little remains today with the park
overshowed by the Harbour Bridge.

The Harbour Bridge

1 do not propose to elaborate on this "national” icon except to
say that the punt location on Hickson Road can still be seen

as of course the southern "pin" of this two pin arch.

The construction of the bridge with its associated approaches
effectively cut the area into the Rocks and Millers Point.
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In 1950 the establishment of the Cahill Expressway
effectively cut off another piece of the Rocks and isolated
what was left from the city.

It is interesting to see how history moves. There is now talk
of pulling down the Cahill Expressway and one wonders
whether there will be an outcry from "heritage”. One cannot
help wonder how anyone could perceive this monumental
blockage of a city foreshore as anything but an ugly,
monstrous desecration of a magnificent view. One has to
wonder what Captain Phillip would say afterall "Gentlemen
and ladies to the left" and "convicts to the right". The latter
went up onto the rocky ground on the western side of Sydney
Cove.

Campbells Storehouse

This building was originally called the Old Metcalfe Bond
Store and had its origins with Robert Campbell, the Colony's
first merchant trader.

The building is a series of two storey stores with pitched slate
roofs. The construction whereby the dividing walls went up
through the roof space thus isolating each section was the
building method devised after the great Fire of London where
the fire "raced" through the ceiling spaces.

We had a visit from Customs Officers who told us we were
breaking the law by using the words "Bond Store". Not
wishing to visit Long Bay, we obliged by changing the name.

The building was heavily attacked by rising damp and salt.
Continuous rendering had only drawn the salt higher. The
task was to insert a damp course. The first attempt was to
use a technique developed in the work on the Temple of
Dawn in Thailand using a sawing technique but this was too
severe on the structure. I recalled my time with Worthington
and high pressure pumps used for cleaning tube stacks in
refineries. So we tried high pressure water at 3500 psi ( I am
still in the old school of psi) and cut our way through the
joint. We found their was two "walls" of stone with a rubble
core. We then inserted aluminium pieces with a claw on one
side and a bulb on the other so they locked together along the
line of the saw cut - a shot of waterproof grout and we had it
a workable damp course.

Getting the salt out of the stone above the dampcourse was
another story - we tried everything, sacrificial render, you
name it. In the end just plain water worked ok.

We had to reslate the roof - some kind people around 1929 -
1932 had done the reslating using galvanised nails, God bless
them - my successors and assigns will find the copper nails
of 1976/77 still in place.

We would have liked to drop the level of the road in front of
the Storehouse on the harbourside. However the Electricity
Commission wanted a "few million" to lower their cables so
we desisted.

35

Opera House

Across the bay was the great wonder and tribute to
engineering. I delighted during autumn to look out my office
window at the Opera House with the sun dropping behind the
big coathanger and seeing the shadows of the buses, trains
and cars pass across the white sails of the new Sydney Icon.

People of the Rocks

What a wonderful group they were. From people who had
seen the plague in Sydney to a very special coterie of so
called "derelicts' who delightfully each had a story to tell and
a "place to live". As we renovated each building we inevitably
turned up a "pied-a-terre” of one of our friends.

Then there were people like Dolly Bonette - born in No 1
Atherden Place, grew up in No 3, married in No 5 and retired
to No 2. Sadly I last saw her in 1993 and when I called
recently she had passed away. She told me some fascinating
stories of the Rocks which are better in the telling than the
writing.

After all history is people and without them their is no
history.

Well this paper has been short on technicalities and long on
an historic journey. It was a great privilege to serve history
- I trust you enjoyed the journey.

Thank you for your time .
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Claremont: A Case Study of Engineering in Building Conservation

J.W. Jordan, FIEAust
Bill Jordan & Associates, Consulting Engineers, Newcastle NSW.

SUMMARY

Claremont is a two storey Georgian residence in Newcastle, NSW dating from c.1840. Its conservation and adaptation for re-use
involved many engineering challenges in order to provide necessary strengthening while causing least disturbance to the existing
fabric. Requirements included underpinning and strengthening of the whole building to resist earthquake loadings. The paper de-
scribes the work carried out, including technical aspects of the engineering design and relates the work to the principles of the
Burra Charter of ICOMOS, used as a basis for the IEAust Engineering and Heritage Guidelines.

1., INTRODUCTION

1.1  History

The site of Newcastle, New South Wales, was first discov-
ered in 1797 and settled permanently in 1804 with the estab-
lishment of a permanent convict camp and military garrison
with the object of mining coal. Commercial mining was
commenced by the Australian Agricultural Company in
1830, when the population was about 300, and this pro-
moted the town's growth.

The origins of the building known as "Claremont” or
"Claremont House" are uncertain, but it is known that the
land was first sold to a Richard Read in 1835 and that a
building did exist by 1838. It is possible that this building
forms the basis of the present Claremont. It is definitely
known that the building then known as Claremont was occu-
pied by Alexander Brown and his family in 1846 and that he
is recorded as having "built Claremont”. Alexander Brown
went on to be a prominent figure in Newcastle's mining
history.

Figure 1: Claremont in 1924.
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1.2  Description Of Building

As it presently exists, Claremont consists of a two-storey
brick building 13.8m wide by 9.9m deep. It has sandstone
block footings founded on sand and has a hip roof. The sym-
metrical floor plan consists of four rooms of equal size on
each floor with a central hallway. A two-storey verandah is
built along the front and early plans show that it had a wing
for the kitchen and other services at the rear.

Original fabric was retained throughout the building thanks
to its not having been altered in any significant way since ac-
quisition by its present owners after World War I. Examples
of some of the important retained fabric include:
timber shingle roof intact under the corrugated steel
sheeting,
adzed paper-bark (Melaleuca sp.) log floor joists on the
ground floor,
pit-sawn hardwood first floor joists,
original lime plaster internal finishes on walls and
ceilings,
original hardwood timber flooring in most rooms,
original cedar (Toona Australis) joinery and window
shutters,
Georgian/early Victorian cast iron fire grates.

It has been suggested that the survival of so much early fab-
ric makes the building one of the most important early colo-
nial buildings in Australia.

In 1879 the building was "Victorianized" by the addition of
a two-storey front verandah with cast-iron lace balustrades.
Services were installed progressively throughout the build-
ing's life, not always sympathetically to the fabric. Found
during conservation were lead waste piping, remains of an
early electric door bell and the wires and pulleys of an inter-
nal servant signalling system.

The building was connected to the adjacent new building as
the new owners took control in the 1920's and was then used
as part of the owner's premises.



1.3

Many aspects of the buildings structure are of interest and
indicate a level of building skill which is rare for the period.
In particular, the hipped roof structure in hardwood timber
is notable for having a system of ceiling joists, running par-
allel to the rafters above, which are tenoned and pegged to
tie the structure together in both directions. The building
alsp has an articulation joint in the side and central walls
which coincides with the probable position of the cut/fill
line on the site. Even some present day builders seem to be
unaware of the need to counteract roof spreading forces at
hip ends and are very loath to articulate brickwork.

Structural Niceties

2 CONDITION OF THE BUILDING
2.1 Before the Earthquake

After acquisition by the present owners, the building con-
tinued in residential use without change for many years.
Some restoration was carried out in the early 1960's which
included replacing the external render with a more water-
proof cement-based render and re-sheeting the roof. After
that time the building was mainly used for storage and staff
amenities until deterioration became too great.

Termite infestation was the dominant problem in the period
up to the Newcastle earthquake of December 1989. This
mainly affected the first floor where many joists were com-
pletely destroyed and the floor only stayed intact by being
held together by the flooring. During conservation work the
nest was found located within the first floor structure.

No termite damage was found in the roof structure and only
a small amount in the ground floor structure. Very little of
the cedar joinery was affected.

2.2  Earthquake Damage

Earthquake damage to the building was extensive, but rela-
tively minor, consisting mainly of minor (less than Smm)
masonry cracks and loss of plaster. The southern wall had
bowed outwards in the middle. Survival of the building is
considered to be due to:
the strong roof structure holding the building together at
the top and
the ability of the soft masonry to absorb energy without
major deformation.

The need for conservation training of engineers is illustrated
by the divergent opinions given by those who inspected it
soon after the earthquake: recommendations ranged from
minor repairs to early demolition.

The owners were placed in an almost impossible position.
The potential insurance cover to repair the earthquake dam-
age did not appear sufficient to put the building back into
use, yet they were prevented from demolishing it by heritage
requirements. Moisture ingress from cracking in the walls
was leading to accelerated deterioration of the brickwork and
delay could have led to structural instability.

To add to the problems, the Newcastle earthquake led to a
re-evaluation of building requirements in Newcastle which
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included the need to provide strengthening for earthquake
resistance as part of any repair or restoration. In the end the
impasse was resolved by a grant under the Australian Gov-
ernment's Heritage Properties Restoration Programme
which, together with the insurance settlement and the
owner's own funds was sufficient to conserve the building
properly and return it to use.

3 THE AUTHOR'S INVOLVEMENT

The author was first asked to give an opinion on the building
in early 1992 when it became apparent that conservation in
some form was the only option available to the owners. Up
to that time opinions had been obtained from three different
firms of consulting engineers, two architects and a reputable
builder with the majority seeming to be of the opinion that
demolition was the only viable option. In the first instance
the engagement involved providing information used in
making and assessing the insurance claim. Following noti-
fication of the Government grant the author's then firm,
Hughes Trueman Ludlow Engineers, was engaged to project
manage and provide engineering services for the conserva-
tion and adaptive re-use of the building.

4 GEOTECHNICAL INVESTIGATION

It was readily apparent that foundation movements had con-
tributed to the earthquake damage and that the building had
also either moved or been expected to move early in its life
as provided for by the articulation joints. The first stage of
the project was therefore to undertake a geotechnical inves-
tigation of the foundation soils to determine:

whether the foundations could carry the loads likely

during its proposed use, and

whether further movements were likely during future

earthquakes.

The investigation consisted of a series of augur holes, pene-
trometer tests and geological mapping of the site, followed
by laboratory testing of recovered materials. The site was
found to consist of loose to very loose sands up to 3.2m
deep overlying dense indurated sand. Nobody would con-
template putting a lightweight framed building on such a site
today, yet a solid masonry building had stood there for 150
years with very little foundation movement.

The geotechnical report concluded that "The 1989 Newcastle
Earthquake may have caused some densification and settle-
ment of the soils beneath the foundations which would cause
or contribute to the observed structural distress. Further
earthquakes and other sources of ground vibration could
cause similar effects if the foundations remain in their
condition. "(1)

It was clear that the foundation conditions would have to be
improved in order to meet the new earthquake resistance
requirements.

It is interesting to note that, in general, insurance companies
did not consider that foundation conditions were insurable
and that any underpinning of a building was an expense that
should be borne by the owner. In this case, however, it was
accepted that the statutory requirement to strengthen the
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building for future earthquake loading extended to the
foundations.

5 CONSERVATION PLAN
5.1 Basis

Under the terms of the relevant legislation and planning re-
quirements, preparation of a conservation plan was the next
step in the process to commence work on the building. It
was prepared by a firm of Architects(2) on behalf of the
author's firm and in accordance with the recognized pro-
cedure in Australia set out in J.S. Kerr's "The Conservation
Plan"(3).

It is useful to quote from Kerr's book as it explains the pro-
cedure which followed:

"...a conservation plan is a document setting out what is sig-
nificant in a place and, therefore, what policies are appropri-
ate to enable that significance to be retained in its future use
and development. "(4).

Note the implication, more fully explained in Kerr's book,
that conservation is not a process which excludes modern de-
velopment but one which assists that development when it
encompasses historic works. Conservation certainly does not
imply, as many believe, that heritage works are only suitable
for preservation and to be a continung drain on scarce
TESOUICES.

In turn, the procedure set out in Kerr is based on the "Burra
Charter” of Australia ICOMOS. This document has more re-
cently been set out in full in "Engineering Heritage & Con-
servation Guidelines” of the Imstitution of Engineers,
Australia(5).

5.2 Procedure

In the first phase of preparing the conservation plan, a pro-
fessional historian was engaged to prepare a history of the
building which was essential in establishing its cultural sig-
nificance. This involved obtaining information from primary
sources such as colonial land transaction records and news-
papers of the time. It was instructive to note the differences
between the properly researched history and the otherwise
"known" history of the building: the original owners, Read
and Brown, had not been previously recorded and the age of
the building was up to ten years greater than previously
thought. The significance of the building was also increased
by this knowledge.

The building's owners wished to use the conserved building
for meeting rooms and accommodation and so the next phase
of the conservation plan involved the architects in preparing
designs for adaptive re-use which allowed the new use with-
in the original fabric and as sympathetically as possible.
Luckily, the proposed use was very similar to the building's
original use which appeared to have comprised bedrooms,
sitting rooms and dining room, the kitchen and bathroom
having been in the long demolished annex at the rear.

The accommodation requirements included the provision of
attached bathrooms. This was accomplished by the architect

by the provision of a new link building between the rear of
Claremont and the remainder of the owner's premises and
the placement of the bathrooms in the link building. Not
only did this make it unnecessary to include a use not previ-
ously located in the building, but it did not require the major
modifications and inevitable compromises associated with
providing plumbing in an old building. The link building
also provided the necessary fire safety egress from the upper
floor and allowed the original staircase to be retained with-
out modification. Preliminary design for these facilities
comprised a necessary part of the conservation plan.

I S |

Figure 2: The Architect's solution on the first floor,
from the Conservation Plan.

5.3 Engineering Input

Engineering input to the conservation plan was the first
quantitative engineering that was done on the building. Pre-
liminary calculations showed that:

+  quite apart from the likely movement of the foundation
sands from vibration as mentioned in the geotechnical
report, the footings were not of sufficient size to spread
the required dead and live loads from the proposed new
use;
the roof was adequate for current design code loadings
but needed more positive tie-down to the walls;

- the walls required support and strengthening to satisfy
wind and earthquake loading requirements;
even discounting the termite damage, the first floor joists
were below currently accepted sizes.

6 ENGINEERING SOLUTIONS
6.1 Commencement of Work

Conditions of the government grant included a requirement
that the work was to be effectively finished in nine months.
This was at a time when documentation had been scarcely
commenced and neither development approval nor building



approval applications had been made to the City Council.
The owners therefore accepted the recommendation that the
work be carried out by project management using a number
of smaller preparatory contracts in the lead up to the main
building works contract. This allowed time for documenta-
tion to be completed and the necessary delays between vari-
ous phases of the work could be used by the approvals
Processes.

Separate contracts were awarded to:

- remove all joinery and floor boards with careful position
recording and their placing in safe storage,
restoration if joinery with the contractor being nominated
as a sub-contractor for re-installation in the subsequent
building contract,
foundation stabilization,
provision of a damp-proof course and, finally
a major building contract to complete the conservation
including adjacent new works.

Removal of the floor boards at this early stage had a number

of advantages:

- the archaeological investigation could be carried out
more easily and the underfloor areas proved rich in small
items;
injection of the foundation stabilization material could be
carried out inside as well as outside the building;

a thorough structural inspection of the floor could be
carried out prior to preparing building contract
documentation.

6.2 Foundation Stabilization

The standard method used for underpinning a building is to
dig under the footings and extend them in concrete or ma-
sonry to satisfactory underlying bearing material. Alterna-
tively, the work is sometimes carried out by placing piers or
piles beside the walls, either straight or skewed, and then to
transfer the building load to the piers by transfer beams or

"needles”. Neither of these common methods was considered

suitable as:

- the existing footings were made from small unbonded
sandstone blocks and did not have sufficient stiffness to
carry the walls over a temporary excavation of any size;
the soft crumbling wall masonry may have been damaged
badly by the work necessary to construct beams through
it to transfer loading to new piers;
the mechanical process used to install the piers may have
caused wall damage.

The geotechnical investigation had shown that the sands be-
neath the building were relatively porous and so it was con-
sidered that some form of in-situ strengthening of the sands
by liquid injection was possible. This method was also the
one least likely to disturb the building during installation.

Specialist firms were contacted and, after confirming the
feasibility, tenders for the strengthening were invited from
three experienced firms. The tender documents were drawn
up on a quality assurance basis and with the requirement that
the contractor provide a certificate of adequacy at the end of
the work. This was considered necessary as proprietary

products were to be used and the consultant team had little
direct experience in the process.

The contractor used a system which injected catalysed
sodium silicate. The work commenced with the conduct of
trials near the building to determine the viscosity reguire-
ments of the injected material: too high and it could not be
pumped into place, too low and it would spread instead of
building up under the footings. The mixture also had to be
adjusted slightly for the different sands on the site.

The test areas were cored and tested by the geotechnical con-
sultant and, after some minor adjustment to the installation
procedure all foundations of both internal and external walls
were stabilized, creating in effect, a large platform with the
bearing capacity of soft sandstone (300kPa or more com-
pared with as low as 30kPa unstabilized).

6.3 Damp-proof Course

The building fabric, particularly the walls, was being dam-
aged by rising damp as well as moisture penetrating the
walls. The foundation stabilization was expected to worsen
this problem as the building site would not drain as easily
once the sand foundations had been made less porous.

Considerations in choosing a damp-proof course for a heri-
tage building have been discussed elsewhere by the
author(6). In this case it was decided that an injected ma-
terial was most appropriate and a licensed contractor for a
proprietary process using a siloxane compound was engaged.
In addition, a subsoil drain was installed during the later
building works to carry away any groundwater trapped by
the "dam" formed by the foundation stabilization.

6.4 Wall Strengthening

The walls presented the most challenging aspect of the en-
gineering required to conserve the building. They were built
using soft sandstock bricks with lime mortar: the bricks did
not appear to have been fired at very high temperamre and
the lime mortar contained much unaltered shell indicating
poor preparation of the lime.

An attempt was made to carry out a bond wrench test(7) to
determine if the brickwork had any flexural strength: all
bricks could be removed by hand with very little effort. It
was therefore reluctantly concluded that the walls had no
flexural strength except to the extent that any tensile bending
stresses were less than the compressive stresses induced from
loads above. This meant that, providing the brickwork was
adequately secured to the first floor and that the floor was
strong enough to transfer the loads, the ground floor exter-
nal walls could resist the design wind and earthquake loads
but the first floor walls needed strengthening.

Two methods of strengthening the first floor walls were con-
sidered, the insertion of reinforcing bars into the masonry
and the provision of a reinforced skin on the face of the
masonry.

Reinforcing bars in the walls were rejected because of the
likelihood of causing serious damage to the brickwork
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during drilling and the problems of anchoring the reinforce-
ment at the top and transferring the load to it.

The design of a reinforced skin was complicated by the need
to retain the original internal plaster finishes, alluwmg only
the external face to be reinforced.

At this stage a careful re-assessment of the dead loads was
made to ensure that the calculations took full account of any
compression in the brickwork: the presence of the original
shingles in the roof and the thick lath and plaster ceilings
were of considerable assistance in this. The resistance of the
building to lateral loading was also assisted by the attach-
ment of the full length and height of the rear wall to a new
structure. Calculations then indicated that adequate lateral
resistance could be given to the rest of the building by rein-
forcing the base coat of the external render (The external
walls were finally finished with coats of lime render to
match that of the period as closely as possible.). Calcula-
tions in a case such as this can not be precise and a good
deal of engineering judgement was required in the final
assessment.

The building is located less than 500m from the coast so re-
inforcement corrosion was of concern. Afier investigation of
the alternatives, it was found that a polypropylene reinforce-
ment would give satisfactory results.

6.5  Floor Structure
6.5.1 Requirements

Problems that had to be solved in conserving the first floor
structure were:
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the extensive termite damage,

its large span to depth ratio compared with current
standards and

the need to have it act as a diaphragm to stabilize the
masonry.

The floors in each of the rooms of the first floor were the
same and independent of each other. The short span floor in
the hallway was of no structural concern.

6.5.2 Termite damage

Despite the termite damage, the ceiling in the ground floor
rooms was relatively intact and had to be retained if at all
possible; the joists and joist fragments which were intact
were also of historical significance. It was decided to leave
all existing materials in place and place additional joists
alongside them.

6.5.3 Floor strength

If the work had been carried out strictly in accordance with
current building codes it would have been necessary to either
increase the depth of the floor or use a stiffer material than
hardwood timber for the joists. Increasing the depth of the
floor would not have been easily possible as it would have
affected so many other parts of the fabric. Galvanized cold-
rolled steel joists were considered but rejected as being
prone to corrosion where bearing in the external walls.

A consideration of the design requirements for the floor
joists was made from first principles. Hardwood joists
would have the strength to carry the loads required by cur-
rent loading codes, but their deflection would not be in



accordance with current expectations. The likely service
loading was considerably less than those laid down in the
SAA Loading Code.

It was firstly determined that the conserved ceiling would be
able to cope with the deflections and then the whole situation
was explained to the owner who was willing to have a
slightly "bouncy” floor. In the finished building the move-
ment in the floor helps give the building character and does
not seem to be objectionable to occupants.

Second-hand hardwood timbers were obtained of the same
section and laid alongside damaged joists.

6.5.4 Diaphragm action

It was necessary to strengthen the floors to act as a dia-
phragm and connect the walls on all sides. This was done
using chemical masonry anchors in a manner developed for
strengthening buildings following the Newcastle earthquake
and described in an earlier paper(8).

The buti-jointed floor boards were not able to resist racking
loads that would be imposed in transferring loads through
the floor. The floor structure was therefore braced with a
system of braces made from galvanized steel strapping nailed
to the top of the joists before the flooring was re-laid.

6.5.5 Ceiling

The ground floor ceiling was secured to the upper floor
joists using an acrylic resin in a procedure now common in
similar conservation projects.

7 THE BURRA CHARTER
7.1  Application

Work on a place such as Claremont involves application of
most aspects of the Burra Charter. Many of the engineering
decisions were controlled by Charter principles and a de-
scription of some of the considerations will provide a fitting
conclusion to this paper.

Of particular note is the hierachy of measures implicit in the
Charter This can be briefly set out as:
preservation is the first choice,
restoration is only appropriate if it reveals cultural
significance and bearing in mind that the contribution of
all periods should be respected;
reconstruction should be limited to what is necessary for
survival of the place;
adaptation is acceptable where conservation cannot
otherwise be achieved,;

Readers are referred elsewhere for the Burra Charter in full
(3)(5). In particular, the definitions of the terms used should
be considered carefully as they are more precise than for the
same words in common use.

Figure 4: Claremont following conservation.

7.2  Examples

7.2.1 In the examples which follow, "Article 2" etc. refers
to articles (sections) of the Burra Charter.

7.2.2 Article 2

The whole project, including negotiations to ensure adequate
finance, was aimed at providing for "its security, its main-
tenance and its future.”

7.2.3 Amricle 3

As examples of measures to "involve the least possible
ph}'SlCBl intervention” to the existing fabric:
existing floor joists were left in place, however damaged,
and supplemented by new ones;
the first floor was not strengthened to meet current
deflection requirements;
the internal plaster finish was retained rather than
replacing it to make wall strengthening easier.

7.2.4 Article 4

"Techniques employed should be traditional but in some cir-
cumstances they may be modern omes.....". Examples
include:

the use of fibre reinforcement in the base coat of the

external render;

the use of chemically bonded masonry anchors;

the use of acrylic resin to reinstate the ceiling adhesion.
7.2.5 Article 11

Preservation of much of the fabric of Claremont was con-
sidered appropriate because of its significance. It was also
fortuitous that the preserved fabric was adequate to continue
its function.

7.2.6 Article 12

Stabilization of the existing fabric by strengthening the ma-
sonry with the reinforced render and securing it to the floors
was a part of preservation and did not distort the cultural
significance.
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7.2.7 Articles 13 to 15

Little restoration was necessary (or possible) at Claremont.
However the procedure used to remove floor boards, for
example, allowed their restoration in accordannce with Ar-
ticle 15: all were carefully marked and restored to the same
locations.

7.2.8 Article 16

The decision to leave the building in the Victorian style
rather than attempt to return it to the original was an
example of respecting all periods in the history of the place.

7.2.9 Articles 17 to 19

The inclusion of scribing in the new external render to
represent stonework was an example of reconstruction. It
was based on evidence and helped reveal the cultural signifi-
cance of the whole.

7.2.10 Article 20

Adaptation of a building is always necessary for an owner to
obtain worthwhile use of it. At Claremont this was made
easier by the proposed uses of the rooms being very similar
to original uses. Attention to design detail by the architect
ensured that the adaptation had minimal affect on the fabric,
especially:
- the location of all facilities requiring plumbing outside
the building;
- the disguising of air conditioning units as items of
furniture;
the use of string-pull light switches;
the concealment of electric power outlets behind hinged
sections of skirting.

8 CONCLUSIONS AND RECOMMENDATIONS

Use of the Burra Charter for the conservation of buildings is
not a hindrance to the engineering solution but leads the en-
gineer along a path of discovery and innovation. The final
result can give professional pride and satisfaction which is
often missing from engineering practice when dealing with
small scale works.
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An Historic Bridge Lives On.

J. A. INCE, City Engineer (retired) Christchurch, New Zealand.

Christchurch was established in 1850 when the first English settlers arrived in Lyttleton. By that time the Canterbury Company,
which was responsible for founding the city, had decided the location of Christchurch and had surveyed the layout of the new city.
The site on the eastern edge of the Canterbury Plains was close to Lyttleton but was beset with swamps and two small rivers. One
of these, the Avon, ran through the centre of the city and its presence was to become a challenge to the citizens as they attempted
to go about their daily business. Bridging the river was vital to providing access both within the boundaries and also to the
hinterland from which Christchurch was to derive its wealth. The Victoria Bridge which is the subject of this paper was the first
permanent bridge to be built by the pioneers and provided a vital link across the Avon River to the north west settlement of

Papanui and farmland beyond..

1. INTRODUCTION.

The bridge which is the subject of this paper is located in
Victoria Square, two blocks north of Cathedral Square and
identified by a circle in Fig. 1. Along with several other
bridges in central Christchurch it is classified by the Historic
Places Trust and listed in the City Council District Scheme
as a structure of historic importance. Significantly this bridge
is the oldest of those listed and has been selected for special
treatment.

In the young city, Victoria Street and the bridge over the
Avon River were part of a vital link to the north-west to
Papanui. Victoria Square was called Market Square at that
time and the activities in the square seem to have created a lot
of traffic on the bridge. A survey undertaken one day in 1862
records that

10 bullock drays with 58 bullocks, 51 horse drays
with 60 horses, 36 carts with 51 horses, 199 saddle
horses, 20 cattle, 204 sheep, one solitary donkey &
cart and 1000 foor passengers (used the bridge) (4)

This was a busy place.

Since the 1960’s the streets surrounding Victoria Square have
experienced great change. The first evidence of this change
was the construction of the Christchurch Town Hall in 1974
on the north side of the Avon River and adjoining the bridge.
Next came the Park Royal Hotel. For that to proceed Victoria
Street was stopped between the bridge and Durharmn Street and
the route to Papanui which had served for 120 years was
gone.

As a final stage of rebuilding the block bounded by Durham
Street, Kilmore Street, Colombo Street and Armagh Street,
the City Council stopped nearly all of the remaining streets
within the block and undertook a complete reconstruction of
Victoria Square. Although no longer needed for traffic, the
bridge was retained as a focal point of this new design. A
number of ideas had been advanced for incorporating the
bridge in the landscape design for the square but what was
selected was an opening of the bridge deck to show the
structural components and the river below. The designers
elected to surround the opening with a replica of the fine cast
iron balustrade which was erected when the bridge was
widened in 1885. The replica is cast in aluminium and
although the style is the same as the original, the section is
thinner. Sufficient of the below deck structure remains to
show the uninformed public and the informed engineer
something of the art of the 19th century engineers.

Figure 1 Christchurch: Swamps & Vegetation 1856 (from Drainage Board Black Maps)
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2. THE BEGINNINGS.

A glance at the old black map (Fig. 1) of Christchurch as it
was in the 1850's shows that much of the land chosen for the
settlement was swamp. Certainly the city was to be located
on a tussock covered gravel island with Cathedral Square
somewhere near its centre. But even this bit of high ground
was crossed by a river which we now know as the Avon.
Other watercourses crossed the present city centre so that
movement must have been quite a problem. The city as
founded was entirely within the four belts which are now
known as Bealey Avenue and Moorhouse Avenue, forming
the north and south limits, and Fitzgerald Avenue and
Rolleston Avenue forming the east and west limits. The city
could not survive on its own internal economy so there was
obviously an immediate need for access to the hinterland.

In particular the early settlers needed to have an all weather
route to the north west to gain access to Papanui which in
1850 was a source of timber (from the Papanui Bush) and to
the plains farmland beyond. The road to Papanui had as its
first obstacle to cross the Avon River. The first bridge was
known as Papanui Bridge and to those early settlers it was on
Whateley Road. The bridge was built in 1852 and was a three
span wooden bridge of one cart width.

No doubt the wooden bridge was built of local materials of
unproved quality for by September 1863 the Provincial
Council declared that it was unsafe.

3. THE PERMANENT BRIDGE.

Because of the regional significance of the route, and probably
also because the newly formed City Council and its residents
were strapped for cash, the provision of funds for the new
bridge was the responsibility of the Canterbury Provincial
Government. Even presuming that the Provincial
Government had the cash the building of a permanent
structure was no simple matter. No doubt memories of their
homeland influenced the settlers to look for a style which
would remind them of where they had come from. This must
explain why they elected to build in stone and cast iron with
the latter being imported from England. Not the easiest of
materials to choose but one which has provided a lasting
memorial to the pioneers.

How they selected the manufacturer is not recorded but the
difficulties were formidable. No telephones, no fax, just sea
mail by sailing ship. That means between ten and twelve
months for a reply! Early in 1863 an order was despatched to
Messrs Fox & Henderson, iron founders, in England for an
iron bridge. Again there is no record of how the size of the
girders was arrived at. Probably the manufacturers were left to
decide what to do to suit the span that must have been fixed
in Christchurch. Perhaps the letter just said

"Please supply an iron arch bridge suitable for a span
of fifty feet and dispatch by ship to Lyttleton, New
Zealand at your earliest convenience. The bridge will
be used by cart traffic and should have a width of 30
feet.”

The following report of events was part of an article by
R.E.Green (2). He was present at the opening of the new
bridge in September 1864.

These girders were each cast in three pieces with stout

flanges to be bolted together to form one span. They
were very massive and strong. When they were ready
to be shipped the agent condemned a lot of the parts of
the castings which were found to be faulty. This
caused much delay. However in the meantime the
Council decided to call tenders to build the bridge so as
to get on with the stonework. The tenders were called
for on September 23 and were to be in by October 20.
They were not considered satisfactory, and it was then
decided to hand over the building of the bridge to the
City Council on the understanding that the total cost
did not exceed £3000. This sum was to include the
ironwork which was to cost £605 landed on the spot.
On November 5th 1863 the Provincial Secretary wrote
to the Ciry Council to that effect and added that the
City Council could have free of charge all the stone
required from the Provincial Council yard, opposite
Government Buildings in Durham Street.

The plans were handed over to Mr F. W. Moore, the
City Surveyor, who altered them. They were afterwards
approved by the Provincial Council, which on
December 3rd, called fresh tenders to be in by
December 14. Four tenders were received. The highest
was that of W. H. Barnes, £4875 --- Barnes had a
Sfoundry in Durham Street just south of the Devonshire
Arms now the Gladstone Hotel. The lowest tender was
that of E. G. Wright --- £2375. This was accepted and
on January 11th 1864, the City Surveyor reported that
the erection of the iron and stone bridge was in the
contractor’s hands. On that date the Papanui Bridge
passed out for ever.

While the new bridge was being constructed, businessmen and
citizens alike had to make other arrangements for a period of
eight months. This meant using one of the quite inadequate
bridges nearby. An early photograph shows the stonewark
under construction (Fig 2).

Figure 2. Building the Bridge Foundations 1864
- Dr A.C.Barker (courtesy Canterbury Museum)

The ironwork was eventually dispatched to New Zealand on
the Amoor which duly arrived in July 1864 after a quick
passage. Unfortunately the ship rolled badly for most of the
voyage causing the cargo to shift and roll from side to side
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making matters very uncomfortable for the passengers. That
the ship did roll was evident by the state of the cargo and
when the ship did arrive it transpired that three of the girders
were badly cracked. Another extract from Green’s article tells
the story.
However the ironwork arrived in the first week of
August and then mountains of trouble were manifest.
It was landed on the ground in dire disorder and it cost
£150 before each part was cleaned and assigned to its
place. This was only the beginning of the greater
trouble. It was found that three of the girders were
cracked and otherwise damaged. They were absolutely
useless as they were. However, Mr John Anderson
took the repairs in hand, and by riveting wrought iron
plates on each side of the cracks and otherwise
strengthening the girders, they were made as strong as
ever. This entailed an expenditure of over £300.

The John Anderson mentioned was, of course, one of the
founders of the well known Christchurch company of
Anderson Bros. which contributed to the industrial strength of
Christchurch for over a century. Evidence of the quality of
John Anderson's work comes from the uneventful working
life of the bridge. The photographs in Fig. 3 & 4 show the
rough but effective way in which this work was carried out. It
seems that as well as the substantial plates bent over some of
the web stiffeners at the end of the cast sections and smaller
web plates covering cracks, John Anderson added exfra iron on
both top and bottom flanges of the girders. Some of this
work may, however, have been done in 1882,

stone bridge was a last ready to be opened for traffic.
The cost was already said to be £3410, but other
charges had to be added ro this, which brought the cost
up to quite £4000.

The new bridge would have been a permanent structure if it
had not been for the subsequent need to increase the width.
Given that the population at that time was between 2000 and
3000 it was a creditable effort.

For those who are interested, several pictures of this first
stone bridge are shown in Old Christchurch in Plates 100,
101 and 131 (3).

4. THE NINETEENTH CENTURY CHANGES.

Two widening jobs were done before the final width was
reached. The first of these jobs commenced on February 16th
1875.

The work of widening Victoria Bridge was commenced
this morning

the council was informed at its weekly meeting. Evidently
progress was rapid so that by May 31 1875 the council heard
that

If we are favoured with three or fours days fine
weather, the Victoria Bridge footpath and roadway will
be finished this week.

Figure 3. 19th Century Repairs.
Green continues:

The contractor was well ahead with the stone work,
and when the iron work came to hand, he pushed on
with all speed, and by the second week in September
he had practically finished his contract. The whole of
the bridge surface was covered with asphalt, something
uncommon for that period, and a footpath was formed
on each side. On Monday September 26 1864 the
City Surveyor reported to the council that the iron and

Figure 4. 19th Century Repairs.

By June 28th the Press reported that it was now finished
except for the painting.

The cast-iron arch members evidently continued to give
problems as on April 17th 1882 the City Surveyor reported

1 find that two of the iron girders in the Victoria Street

bridge are fractured and will require some measures
being taken to prevent the damage extending. I do not

47



imagine it will be a very expensive affair and I hope
to be able to repair it without taking down the bridge.

The second of the 19th century changes to the bridge occurred
in 1885 when a loan of £1400 was raised to widen the bridge
to 66ft overall. The work was undertaken by W.B.Scott who
was also building the Worcester Street bridge at that time.
Fig. 5 shows one of the plans for the work signed by
W.B.Scott on April 24th 1885. He experienced problems
with the supply of stone but completed the job in September
1885. The source of the extra cast iron girders is not recorded
but could well have been Anderson's foundry.

5 VICTORIA BRIDGE TODAY.

The plaque on the south east abutment tells the story.

A wooden bridge “Papanui Bridge™ was erected on this
site in 1851. That bridge was reconstructed in 1855 -
56 to a width of 16 feet.

. The cast iron and stone “Victoria Bridge” was built in
1863-64. It had a width of 27ft. 6in. and was reputedly
the first such bridge in New Zealand.

In 1875 the bridge was widened by the adding of wing
piers and wooden outrigger footpath. A further
widening in 1885 brought the bridge width to 66ft.
and saw the bridge in its present form.

he present form did not in fact survive for long after the
plaque was erected in 1985 as changes to Victoria Square and

the closing of Victoria Street resulted in yet more changes to
this much altered bridge.

“Victoria Bridge” was closed to traffic in April 1988
prior to the commencement of Stage I Redevelopment
of Victoria Square.

The deck was opened up in June 1989 as part of the
Stage II Redevelopment of the Square.

As part of this opening up a new balustrade was cast in
aluminium to protect the central void. This is the same
pattern as the original cast iron balustrade but has a reduced
thickness. Inside the void can be seen four of the cast iron
segmental arches which supported the deck. These show quite
severe cracking which as the above history tells were a
consequence of the rough sea trip in 1864. Close examination
discloses a variety of strengthening plates applied to both
webs and flanges of the cast iron members. This must be a
fine early example of Kiwi ingenuity!

When the bridge was widened additional arch segments were
added. Two of these may be seen under the concrete deck to
the north and south of the opening. These arch members are
of slightly different design and do not show signs of damage
OT repair.

The bridge had a hard fill and asphalt deck supported by iron
plates two of which have been left in place at the east end of
the opening. Lateral bracing was also provided but was
removed when the bridge was altered in 1989.

Figure 5. The 1885 Plan for Widening.
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Figure 6. The New Balustrade.

To commemorate the occasion of completing Victoria Square
and converting the bridge to its present form the City Council
gave it a new name.

The Hamish Hay Bridge

This historic bridge was renamed by the Christchurch
City Council on December 18th 1989 to honour the
distinguished service to Christchurch by

Sir Hamish Grenfell Hay.
Mayor of Christchurch 1974 - 89
City Councillor 1959 - 74
Chairman Christchurch Town Hall Board 1962 - 89

Just below the name plaque is another plague explaining the
reason for some tram rails let into the deck at this point.
When the Author first inspected this bridge in 1960 and
noticed the extent of repair to the cast iron girders the obvious
conclusion was that this had been brought about by the heavy
tram traffic. It is clear from comments in section 2 that this
is not the case. The early designers built a strong bridge
which carried loads that they could not have envisaged.

Trams across the Bridge.

The rails below commemorate 74 years of public tram
service in Christchurch and mark the Papanui and
Fendalton routes. First operated by steam locomotive
then horses. Electric services began in 1905. Trams
crossed this bridge from June 1880 until Sept. 1954.

6. CHANGING ROUTES.

To citizens of 1860 the importance of routes like Victoria
Street / Papanui Road and High Street / Ferry Road must
have been quite obvious. The roads ran south east - north
west across a city which was laid out with predominantly
north south and east west streets. But the diagonal routes
went where people wanted to go so it was not surprising that
these were the sites of the two most remembered of the early

——

Figure 7. The River and Bridge.

bridges, Victoria Bridge and Ferrymead Bridge. The preference
for these roads was made very obvious with their use as tram
routes for the Papanui and Sumner trams respectively. After
the demise of the tramway system in the mid 50's the bus
service continued to use the same routes. Not surprisingly the
motorists coming and going from the city also preferred the
traditional routes. The need to bring some order to motor
traffic in the 70's and 80's has seen dramatic changes to
popular routes with both Papanui Road and Ferry Road
falling out of favour with the growing pressure of traffic.
Today High Street has become a pedestrian mall over some of
its length and Victoria Street has vanished between the
Armagh/Colombo intersection and the Durham/Kilmore
intersection. What would the pioneers say if they found an
international hotel in the middle of their favourite street?

7. CONCLUSIONS

The Papanui Bridge, the Victoria Bridge, the Victoria Street
Bridge or the Hamish Hay Bridge all refer to the same historic
structure which is a lasting feature of Christchurch's heritage.
As an engineering work it has stood the test of time and the
burden of modern traffic. Subtly changed as part of the
Victoria Square development the bridge now provides visitors
with a glimpse of 19th century engineering as well as
forming an attractive backdrop to other river activities (Figs.
6 &7).

The Author acknowledges the assistance of the Christchurch
City Council in the preparation of this paper.
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RAKAIJA GORGE BRIDGE - THE TRUSS THAT ISN’T

G M JONES

B.E. (Hons,) MICE, MNZIPE Retired

SUMMARY

New Zealand’s historic Rakaia Gorge Bridge has long been known and described in the literature and on local signs as a Bollman
Truss, the second surviving one in the world, and the only one still in everyday use.

Investigations by the Author have shown that although geometrically of Bollman shape it does not follow the Bollman Patent and
should not therefore be described as a Bollman Truss. It is, however, a most interesting and historic bridge, in good state of repair,
and should be preserved as an important part of New Zealand’s Engineering Heritage.

INTRODUCTION

Engineering legend in New Zealand has long held that the
Rakaia Gorge Bridge is one of only two surviving Bollman
Truss bridges in the world. The other, designated a National
Historical Civil Engineering Landmark is at Savage,
Maryland near Washington, DC USA.

The Civil Department of the School of Engineering in
Christchurch used to have a great collection of bridge
models, not least of them a 2.4 metre (8 ft) Bollman deck
truss in varnished wood. Students, the author included, grew
up in the knowledge that our local bridge, completed in 1882
was an example of this somewhat unusual US invention. In
later years, when a walkway was opened beside the Rakaia
river, engineering advisers ensured that the information
boards erected by the Department of Conservation drew
attention to the novelty and rarity of the bridge design.

In 1988 the author suggested that the bridge warranted some
form of IPENZ plaque. The IPENZ 1990 plaque programme
was no more than an idea at that time but the Bollman
association would make it one of the first choices. There was
only one problem. The IPENZ Engineering Heritage
Committee had suggested to ] H Stephens, Editor of the
Guinness Book of Structures, that the book’s statement that
there was only one surviving Bollman truss in the world was
not correct. There was a second in daily use across a New
Zealand river. The letter had been backed with photographs
to confirm the bridge's existence. Stephens wrote back with
an opinion that he could not classify it as a Bollman Truss
bridge, it was a girder bridge.(1) An initial follow up
indicated that the bridge's design history was indeed
complex; its claim to heritage fame extended well beyond
a Bollman association, true or false as that might be. It was
agreed to defer putting a case for an [PENZ Heritage plaque
until the whole history had been researched. This paper and
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the plaque to be awarded at the Heritage Conference are the
outcome of that decision.

THE NATURE OF THE BRIDGE SITE

The South Island of New Zealand, approximately 800 km
long and of average width of perhaps 200 km has a major
mountain chain running for almost its entire length rising to
a height of some 3,700 metres and lying in a N-E direction.
This mountain chain intercepts the prevailing moisture laden
westerlies with resultant strong winds and heavy precipitation
in the Alps. Most South Island rivers commence in these
Alps and run laterally to the sea. From an engineering
standpoint they bring very big floods and ferocious Foehn
winds can roar down their valleys.

In Canterbury the largest of these rivers is the Rakaia. It
rises on the Main Divide and flows in braided channels along
the high-sided valley left by the last glacial retreat. Just
before it reaches the Canterbury Plains there is a narrow
barrier of foothills. Here the river has cut a gorge which
itself divides just before bursting out from the rock bluffs to
ramble across the alluvial gravel plain. The southern minor
gorge has become no more than a flood channel and
normally the whole river flow goes through the equally
narrow northern route. Between the two is a rock remnant,
Goat Island. Above and below the gorge the river bed is
very wide with the water flowing in unstable braids. The
gorge area is therefore the logical crossing place for
travellers but one subject to floods of up to 6000 cumecs.
The rock walls and Goat Island offer firm foundations for
bridges but the height above the water is some 17 metres and
designers must also contend with wind velocities in excess of
160 km/hr. Figure 1 shows the location of the Rakaia Gorge
in relation to Christchurch, the Southern Alps, Arthurs Pass
and the South Island Main Trunk Railway Line.
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Figure 1

The importance of the Rakaia Gorge crossing was recognised
in the early 1850’s when it formed part of the route to inland
Canterbury taken by drovers and early settlers. At the time
the way up the river from the gorge and thence over the
Browning Pass was considered one of the best prospects for
a direct cattle and dray route to the West Coast. It did not
eventuate; the road went over Arthurs Pass.

The Phillips family built an accommodation house at the
mouth of the gorge in 1851 and a ferry was established soon
after. John Bryan was an early ferryman; he and his wife
built a second and much superior accommodation house
nearby which lasted until it burnt down in 1874. The first
mention of a railway crossing the river was in 1863 when the
route of the main south railway line from Christchurch
southwards was being considered. It was suggested the
railway should deviate inland and cross the Rakaia River at
the gorge, mainly because of fears of problems nearer the
mouth due to shifting shingle in the unstable river bed and
the length of the bridge needed. However, a Commission in
1864 recommended that the gorge route be abandoned and
the direct route be chosen even if it meant building the
longest bridge in the Southern Hemisphere. In fact the
railway did cross the Rakaia on the direct route in 1873 and
still does. (The adjoining multispan highway bridge has a
length of about 1.7 km - the longest in New Zealand.)

PROPOSALS FOR THE RAKAIA GORGE CROSSING

Following continuing agitation from local landowners on the
need for a bridge or bridges near the gorge, the Provincial
Engineer examined in particular two sites, one at Goat Island
(the present crossing) and one further upstream. There was
much correspondence between the Canterbury Provincial
Engineer, Central Government officials in Wellington, the
politicians and local landowners as to where the bridge
should be, and what it should be capable of carrying. Should
it be pedestrians and sheep only or carry stock, drays and
even light locomotive traffic; whether it should be a
suspension bridge or an iron bridge or bridges. As ever the
problem, confirmed by pencil notes on the back of the

internal reports and correspondence, was cost. Doubtless,
too, the whole issue was complicated by the very existence
at that time of two tiers of Government, Provincial and
Central.

Provincial Engineer Thomton in 1875 responded to an
instruction from the Secretary of Public Works in Wellington
and forwarded a design, estimated to cost £15,000. This
comprised two iron bridges and a cutting over the island.
The northern bridge over the main channel was to be 61
metres (200 ft) span and the southern flood channel span 47
metres (154 ft) with both capable of carrying light
locomotive traffic.(2). No plans or details of the proposal
have been found. However, in fact, a sum of only £5,000
was placed on the estimates for a footbridge for pedestrians
and sheep.

One of Thornton’s assistants, W G Bull, examining the
feasibility of a suspension bridge set on the site upstream
from Goat Island, reported that it would be "blown clean
away from the towers before six months were over” and that
"taking all circumstances into consideration we may dismiss
from our mind the practicality of bridging the river at this
point"(3).

In Wellington the Public Works Department’s Engineer-in-
Chief, John Carruthers, reported to his Minister on
27.7.1876 that he agreed the island was the best site but felt
that a suspension bridge (so effective in other parts of New
Zealand) was not in his opinion a good design for the site.
The span was too short "for the advantages of that style of
construction to become available®(4). Instead he suggested a
pier in mid river in the main channel and an embankment to
close off the flood channel to eliminate one bridge.
Obviously he had not seen the site nor appreciated the true
problems of the river crossing. Figure 2 shows the gorge
mouth with Goat Island and the flood channel and the
proposed embankment.

RAKAIA
FLOOD RGE
CHANNEL BRIDGE

PROPOSED
EMBANKMEN
OVER FLOOD
CHANN EL

Figure 2 Goat Island and Rakaia Gorge
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Further to Carruther’s suggestion, Thornton on 24.10.1876
wrote to the Secretary of Public Works stating that
Carruthers’s proposal to put in an embankment in the flood
channel and a pier in mid river would result in flooding of
the flat where the accommodation house was sited. He also
felt the cost of the bridge would be increased by having a
centre pier which would be liable to be damaged and
probably destroyed. Thornton ends his report "I can only add
that had he (Carruthers) seen the site I feel sure he would
not have recommended either the pier or the closing up of
the flood channel® (5).

Nearly 70 years later there was an amusing sequel to the
proposals to close the flood channel. Around 1942 when the
Japanese military forces were moving south in the Pacific
there was concern about military attack. It was known that
the existing wooden bridge over the flood channel would not
carry a Matilda Army Tank (it was estimated a 5 ton axle
load was its limit) and urgency was given by the War
Cabinet to the design and construction of a new reinforced
concrete bridge over the flood channel to replace the old
wooden truss. As a temporary expedient, big concrete
culverts were laid in the channel with a causeway to Goat
Island. No sooner done than the lot disappeared in a flood.
The crossing was restored only again to suffer the same fate.
No photographs of these culverts have been located and the
author has "reason to believe" that the Army checked the
locals to ensure none survived.

The wooden flood channel bridge was built in 1884 by a
contractor Daulby and had a main span of 36 metres (120 ft)
and three smaller side spans. It was replaced by the present
reinforced concrete arch bridge in 1945. There is a story
relating to the width of this bridge. After letting the contract
the War Cabinet instructed that the carriageway be doubled
to 7 metres (24 ft). Credit for this decision has been
attributed to a duck shooting crony of the then Minister of
Public Works, fiery Australian-bred Bob Semple. His friend
had convinced him a one way bridge would be like a full
choke shotgun so there was a ministerial instruction that the
width be doubled.

SOUTH ISLAND CENTRAL TRUNK RAILWAY

It has been said that 1870 was the year that set New Zealand
on its path to nationhood for it saw the start of Julius
Vogel's great railway and public works programme. To
carry it out a Public Works Department was created with
John Carruthers as Engineer-in-Chief. The stage was set for
the astonishing development of the 1870’s which saw New
Zealand’s 7.2 km of railways (nearly all in Canterbury) grow
to 1900 km within the decade (6). As a part of the
programme the Canterbury Provincial Council lost to the
Central Government the right to construct its own railways
but fortunately liability for the provision of the Rakaia Gorge
crossing was accepted by the Central Government when the
Canterbury Provincial Council was abolished in 1876.
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A late fantasy of the Vogel era was a Main South Island
Central Trunk railway. This was to run along the foothills of
the Southern Alps from Oxford to Temuka. (See Figure 1)
The Oxford-Sheffield section including the Waimakariri
Gorge Bridge (1877) was indeed eventually constructed
(1884).

It is this railway to which Carruthers refers in a report to his
Minister in 1877 on the progress of the Rakaia Gorge
Bridge. He reports "this (bridge), like the Waimakariri
Gorge Bridge, is intended to eventually carry a railway. No
work has yet been done but plans for an iron bridge are now
in the draughtsman’s hands and will be completed by the end
of July” (7).

This proposed railway may also have been in George
Thornton’s mind when he prepared his iron bridge proposal
in May 1875.

The depression of the 1880°s killed the concept of what
would have been a very extravagant railway. Fortunately the
crossing was completed by that time and the load carrying
capacity of the iron bridge is one of the few relics of Vogel’s
grandiose scheme.

DESIGN OF THE RAKAIA GORGE ERIDGE

It is not known definitely who conceived the design of this
structure nor how it came to have a strong affinity with
Bollman's American patent.

Various articles on the bridge have stated that the design was
prepared in the USA but there is absolutely no evidence of
this and the author considers it most unlikely. Another story
is that the bridge was built for India but eventually came
here. This is obviously incorrect. Such stories have also been
heard in relation to other bridges but commonsense
engineering economics renders them all most improbable.

This much is certain; the design was prepared under the
direction of John Carruthers and Carruthers was surely
familiar with the work of Bollman.

Although born and educated in Scotland, Carruthers began
his professional engineering career with the Great Western
Railway of Canada. He subsequently worked on the survey
and construction of raillways in Michigan, Illinois and
Minnesota and later in Russia and Mauritius. He could
therefore be expected to be familiar with American railway

bridging practice especially as, having been born in 1836,
his sojourn in the USA was probably around the 1860’s
before he went to India in 1866 and to New Zealand in
1871. The period 1850-1860 may be regarded as a watershed
in the history of American bridgebuilding, for the designing
then came into the hands of trained engineers and rational
design really began; the time when the bridges designed by
Fink and Bollman first came into use.
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Figure 3 Outline Plan and Elevation Rakaia Gorge Bridge
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WENDEL BOLLMAN AND ALBERT FINK

Born 1814, son of German parents, Wendel Bollman was a
self taught Baltimore civil engineer and the first to "evolve
a system of bridging in iron to be consistently used on an
American Railroad becoming one of the pioneers who
ushered in the modern period of structural engineering”(8).
The story of Wendel Bollman is inextricably interwoven with
that of the Baltimore and Ohio Railway for he was employed
by them for some 29 years and later contracted to them.

The "B and O" was in every respect a truly pioneer
enterprise. It was the first practical railroad in America, the
first to use an American designed locomotive and the first to
cross the Alleghenies.

Bollman joined the B and O as a carpenter about 1829 and
participated in the laying of its first track, this was about two
years after its establishment. He was later made foreman of
bridges. By intense self study he eventually came to assist
the Chief Engineer, Benjamin H Latrobe (one of the sons of
the great architect/engineer) in bridge design. The other
bridge designer trained by Latrobe was one Albert Fink,
German born and trained and who started as a draughtsman
in Latrobe’s office. Bollman's bridges were chiefly used on
the older eastern portion of the original main line while
Fink’s were constructed on the western extension in the
region of the Ohio Valley.

The first impulse given to the general adoption of iron for
railroad bridges in America had been given by Latrobe and
when the extension from Cumberland to Wheeling was begun
he decided to use this material in all the new bridges. In
1851 a span of 38 metres (124 ft) upon the Bollman plan was
completed at Harpers Ferry and about the same time three 62
metres (205 ft) spans over the Monogahela River upon the
Fink plan were built. Both these styles of bridges were
different developments of the trussed beam.
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Figure 4

This figure shows a simple beam of 50 foot (15 metres) span
with three independent trussing systems. Bollman's use of
this method of support led to the development of his bridge
truss. This drawing is of a temporary span used after the
timber bridge at Harpers Ferry was destroyed during the
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Civil War (B and O collection, Smithsonian Institution
Washington D.C.)

1t has to be recorded that other designers had been building
iron bridges in America since the first iron truss of a kind by
Earl Trumbull in 1840. In 1840 Squire Whipple, a US civil
engineer built his first iron bridge - a bow string truss. He
took out a letters patent for this in 1841 and a large number
of bridges on this plan were built. He also published in 1847
a "Work on Bridge-building" which marked the beginning of
rational bridge design in the US.

Robert Vogel, formerly of the Smithsonian Institution feels
that Bollman’s career with the B and O is of particular
interest because he was the most successful and probably the
last of the self taught engineers. He may be said to be a true
representative of the transitional period between intuitive and
exact engineering (8).

BOLLMAN’S PATENT

The Bollman truss was the subject of a patent in 1852, This
claimed it to be "a mode of bracing bridges and constructing
trusses by which I carry the whole load upon the bridge at
any given point in the centre or either side thereof directly
back to the abutments and at the same time retain all the
forces of thrust and tension within the truss frame, resting
the weight merely upon abutments or piers without any
anchors or other similar devices..."(9).

 QAdvocate, Sohuday, Flugust 11, 1835,
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Figure 5 Advertisement in the Railroad Advocate, Aug 1855




Patapsco River Crossing of B and O, Maryland, Bollman through truss ¢, 1869 (photograph B and O collection Museum of History

and Technology Snithsonian Institution, Washington D.C.).
EVALUATION OF THE PATENT

Although the Bollman truss components were simple to
fabricate it was inefficient in the use of materials and had
other problems with unequal deflections.

The American Railroad Journal of January 1855 published a
letter from Whipple which reads:
"Bollmans Patent Iron Bridge

A kind of structure thus designated having attracted a degree
of public attention, the question of its value and originality
becomes a legitimate subject of investigation, for any who
take sufficient interest therein.

It appears that Wendel Bollman of Baltimore, has obtained
a patent for a sort of mongrel bridge, something between a
Suspension and a Truss bridge and partaking in a measure of
the character and qualities of both. Its general characteristics
are shown in Figure 1; and; as there represented, it is more
properly termed a Truss bridge. But remove the top thrust
piece (ak), and the five posts that support its intermediate
positions; and substitute guys, or back stays, running back
from a and k, and anchored into the earth, to secure those
points from being drawn inward by the suspension rods (ac,
ad, etc) it becomes strictly a Suspension bridge; differing
from Suspension bridges as commonly constructed but in
principle precisely like the plan shown in plate 5 of my
Treatise on Bridge Building printed in 1847, some years it
is believed, previous to the date of Bollman’s patent.”

After a detailed discourse on the greater amount of material
required for a Bollman design the letter continues ... "It
appears then that this famous ‘Bollman Truss’ the invention
of which Mr Vose considers ‘the great step of the age’, in
the advancement of the science and practice of bridging, is
the mere fossil of one of Whipple’s discarded principles, dug
up, and probably considered original and valuable by Wendel
Bollman, and here attempted to be thrust into the first rank
in the order of merit among iron truss bridges applicable to
openings of 200 feet." The letter is signed S Whipple 7th
January 1855.(10)
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Figure 6, Whipple Letter, Figure 1
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Figure 7, Part of Whipple's Plate V

However it appears that Bollman was still profitably erecting
his bridges as late as the competitive early 1870's, perhaps
indicating that the harsh criticism of Whipple was not
entirely justified.

Ironwork Rakaia Gorge Bridge
DESCRIPTION OF THE RAKAIA GORGE BRIDGE

The bridge is a deck truss and has the geometrical shape of
a Bollman Truss, as shown in the photographs and figures.
It is of wrought iron with a span of 55 metres (180 ft), is 17
metres (55 ft) above the river level and with a 4 metre (13
ft 6 in) wide deck. The main girders are of rivetted
construction using plates and angle irons and are
approximately 1 metre (3 ft 6 in) deep. They were shipped
out in 7 metre (22 ft 6 ins) lengths. The ties are anchored at
each abutment by massive concrete anchors tunnelled into the
rock walls of the gorge. Iron pins connect the anchors, ties
and columns. The two main girders supporting the roadway
are propped at mid span and quarter points by the columns
and at one end sit on rollers while the other end is
restrained. The timber deck has been replaced at intervals.
Around the year 1890 the bridge was damaged in a very
severe gale and additional wind bracing installed. The
drawings for this work are signed by P S Hay, one of New
Zealand’s most notable bridge design engineers.
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CONSTRUCTION OF THE BRIDGE

Tenders were called for the ironwork of the bridge in Britain
in January 1878. It is not known who was the successful
tenderer but by September 1879 the ironwork had arrived at
the railhead at Coalgate. Tenders for foundation and erection
were called three times in all. The first time the successful
tenderer declined the job, the second time no tenders were
received. The third time of calling was more fruitful and a
contract was let to W H Bames on 5 November 1880 for
completion in 18 months for a price of £3,619 (ironwork
supplied). Due to delays with consequent penalties Barnes
ended up with receiving only £3,313. The bridge was
completed November 1882 but has never been used for rail
traffic.

Ties and pins - Rakaia Gorge Bridge
(Photograph - J.S. Pollard)



WHAT IS THE HERITAGE OF THE GORGE BRIDGE

The influence of the better technically qualified Fink on
Bollman's ideas is an unknown question. Fink often
apparently referred to Bollman as "the wheel barrow
man"(10).

Even if the Bollman truss was not an entirely successful
form it did give profound impetus to the development of the
metal bridge. According to Vogel (8) its influence was even
greater than that of two more original and daring forms
represented by Robert Stevenson’s tubular iron bridge and
Roebling’s Niagara suspension bridge. Whereas the B and O
adopted the Bollman truss and began replacing its timber
spans, the suspension form was never again used by the
railroads and Stevenson's only once more.

In all over 50 Bollman trusses appear to have been
constructed; a figure which includes replacement spans on
the same site, for some which were blown up by the
Confederate forces in the Civil War - a hazard of the times!

It is obvious that the Rakaia Gorge Bridge does not "retain
all the forces of thrust and tension within the truss frame ..."
and therefore cannot properly be described structurally as a
Bollman truss even if it has the visual geometry of one. At
best, in the words of Robert Vogel of the Smithsonian
Institution, "It clearly is Bollmanesque..."(8).

Perhaps Carruthers owed a debt to all three, Bollman, Fink
"and Whipple. (10) And if so he did what generations of New
Zealanders have done since; take an overseas idea, pick out
the essentials and adapt it to their country’s own peculiar
needs. In doing do he selected a very effective design for a
difficult site.
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APPENDIX A

Notes on the New Zealand engineers associated with the
Rakaia Crossing. (Abridged from "Early New Zealand
Engineers”, 1953, F.W. Furkert, A.H. and A.W. Reed,
Wellington and the Institution of Civil Engineers, Proc., Vol
198, 1913-1914.) (Carruthers).

A.D. Austin

W.G. Bull

John Carruthers

1839-1903, Educated in England and
came to New Zealand in 1855.
Appointed District Engineer,
Christchurch 1878 in charge of all
development work. Retired 1887 due
to ill health.

An engineer with the Canterbury
Provincial Council.

1836-1914, Scottish born with world
wide railway experience. Came to
New Zealand in 1871 as Engineer-in-
Chief of the newly formed Public
Works Department. During his eight
years in this position he organised
and trained a staff from among the
youth of the Colony to carry out the
great public works policy of Sir
Julius Vogel. It included some 1600
km of railways with feeder roads,
land drainage, water races, harbours
and public buildings. In 1893 he was
Consulting Engineer to the
Government of West Australia and in
this capacity advised on the design
and construction of the Coolgardie
water supply.

P.S.Hay

George Thoraton

G.P. Williams

1852-1907, Scottish born Hay arrived
in New Zealand with his parents in
1860. Graduating as the first B.A.
from Otago University to be followed
by M.A. with first class honours in
mathematics. Joined the Public
Works Department as an engineering
cadet and became a talented designer
of engineering structures. He
designed the major viaducts on the
North Island Main Trunk Railway.
His signature is on the drawings for
the stiffening required on the Rakaia
Gorge bridge after wind damage
about 1890,

1829-1914, Thornton was appointed
Assistant Provincial Engineer for
Canterbury 1863 and became
Provincial Engineer in 1874. He was
involved in many public works
projects in Canterbury including
water schemes, bridges and railways,
etc. He was later in private practice
with Bull in Christchurch.

1847-1909, Williams was educated
Cambridge, England where he took
his B.A. He arrived in New Zealand
in 1869. Resident Engineer for the
Christchurch-Rakaia railway and later
carried out much civil engineering
work in Canterbury. He was
involved in the Rakaia Gorge flood
channel surveys.
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Great Lake, Tasmania and Waddamana
Hydro-electric Power Development,
First (1916) and Second (1923) Stages
an Engineering Heritage Perspective

H.H. McFie, MC, FIEAust, Retired Civil Engineer

Hydro-Electric Commission (1946-83)
Past Chairman National and Tasmania Committees for Engineering Heritage

SUMMARY: Situated on the Central Highlands at about 3,340 feet above mean sea level (SL) with a surface area of about 40
square miles, the development of the large, shallow, Great Lake for its potential hydro-electric (h-¢) energy was inevitable and after
controversial promotion and Government approval (1909) work commenced in Aug. 1911. With 49 MW installed capacity (1923)
under 1123 feet static head Waddamana was the fifth and largest h-e development in Tasmania, being preceded by "Duck Reach -
The First Significant Hydro-Electric Power Development in Australasia. (1895)" (1); Mt Bischoff (1907); Moorina (1909) and Lake
Margaret (1914). Their total installed capacities was 63,000 KW, compared with Victoria's thermal 94,000 KW. (1924/5), the
populations being 219,000 and 1,625,000 respectively” (1) It became the foundation of the Government's Hydro-Electric Depariment
(HED - 1916), Commission (HEC) from 1930, which has investigated, designed, constructed and operated 30 h-e power stations,
10 major pumping stations the, 240 MW Bell Bay thermal station and several small diesel stations. The System now has 2,519
MW installed and 1,157 average output. Its high load factor, c. 70% is unique as was c. 85% in the 1920's, with electrolytic loads
still dominant.

The paper describes some aspects of the investigation, promotion, design and construction of the development of Great Lake and
the headwaters of the Ouse River to Waddamana power station in the deep Ouse River valley. Dimensions are given their historical
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values, mainly Imperial Units,
1. INVESTIGATIONS

The first recorded visit to Great Lake was by John Beamont
(1817) who on 6 Dec ..."came to the border of a large Lake
... from this Lake the Shannon R. has its source” (p588) and
in answer to Commissioner Bigge (p344) "Q. Did you make
the circuit of the Lake yourself. A. I did not, but a man who
was with me .. Jones, said he had been 5 days going round
it."(2) Beamont was Private Secretary to Lt Gov., Colonel
Davey (1813), Naval Officer in charge - Van Diemens Land
(Tasmania) (1818) and Provost Marshall (1819). He was
buried (1872) at St Johns Park cemetery, Hobart but his
elaborate lead-lined casket was subsequently re-buried at
Miena dam (1963) and relocated on a nearby knoll (1970)
with an inscribed monument after the raising of the storage by
No3 dam. His coffin was kept in the Poatina power station
store for several years whilst the legal aspects were resolved
. Thomas Scott's map of Tasmania (1824) shows the Shannon
River and an outline of about the Southern third of the Lake.
The first detailed survey with soundings was made by
Kingsmill & Legge, ; Drg No H7, (17Nov 1911} "Soundings
taken by Messrs. H. Kingsmill, MA; & Col. W.V. Legge, RA
- March 1903". "Width 8, length 17 & perimeter 98mi1 max
depth 22ft (3)

The Lake was successfully stocked with introduced brown
trout, Salmo trutta Linn (1870) and became a mecca for hardy
anglers and fly fisherman, "A.D. Wall (1898) in one day
caught 18 fish .. a total of 148.5lbs” One of the biggest fish

to come out of Great Lake caught (1897) by Mathew Seale
was a 25.5Ib. brown trout. (4) The Lake's fame continued
when 53 brown trout taken by three rods (11-12 April 1912),
averaged 91bs. with the largest 17.51bs; that is from the natural
lake.(3)

There were a number of reports of possible h-e power
developments of Great Lake and other sites from the late
1800's. The Engineering Inspector of the Central Board of
Health, A. Mault, advised the Minister for Lands & Works,
Parliamentary Papers (PP) No. 59 - 22nd Oct. 1897, inter alia.
“that in connection with the Great Lake alone (ie. excluding
Ouse River) Tasmania possesses capabilities that if utilised
would put her into the front rank of industrial communities
employing the most economical of all sources of motive
power - water (5).

In 1901 K.L. Rahbek, a Danish civil engineer advised the
Government of water power sources, including St. Clair, Echo
& Great Lakes, indicating potential power outputs of 46,000,
4,000 & 27,000 horse power (hp) respectively as basic run-of-
river values without storage works.

Other projections of 100,000 hp from Great Lake were
theoretical, ignoring the physical requirements and site
location. (PP No. 29 of 1901). G.E. Brettingham Moore,
MICE, (arrived Tasmania (1899) after service in Indian
railways, MHA (1903-9)) who later fixed the power station
site, recognised that schemes and dreams are relatively cheap,
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but that their realities required bold men, materials and money
as his evidence to the Parliamentary Select Committee (1909)
indicated. "Ten years ago ... there was not the slightest
chance of doing anything by way of applying the power
commercially . the engineering side .. looks wery
favourable. The fall however was ... far removed from any
centre like Hobart ... what are we going to do with the power
when it is generated ... as soon as I fixed that in my mind, 1
entered into communications with wvarious experts,
metallurgists and others”. The answer was provided by Gillies
(qv) and the engineering knowledge & management by Butters
(qv) who brought the project to its successful completion
(1923).

2. PROMOTION

James Hyndes Gillies of Sydney, then of Melbourne (1906)
and his Gillies Sulphide Concentrating Company had been
experimenting with the Flotation process and the electrolytic
deposition of metallic zinc. His success with the latter was
assessed by an independent mining and metallurgical engineer,
James Taylor, "The zinc is solid and compact in character and
has been produced regularly during the numerous trial runs
made in the course of my investigation ... the full quantity of
zinc practically attainable having been deposited ... The ores
being treated contained zinc, lead, copper, gold, sulphur, iron
and a small quantity of silver" (5) The commercial
application of the process required a large block of cheap
power which was only available from h-e sources. "Indicated
costs of Mainland steam power were 50-75 pounds per hp-
year, the major contracts with the HED in the 1920's were 2
pounds and 2 pounds 10 shillings” (1)

Gillies visited Tasmania (1908) and after examining various
proposals, including the Pieman River and Great Lake had
discussions with the Premier, J.W. Evans, Government
Officers and others. In 1909 more detailed site work and
surveys confirmed the levels required to divert the Ouse River
and to bring waters from Great Lake to Waddamana. Gillies
obtained a statutory franchise for his Complex Ores Co. of
1908 and the Complex Ores Act 1909 passed through both
Houses of Parliament on 10th Dec 1909. This autherised his
company to develop the potential energy of Great Lake, but
with restrictions which subsequently proved crippling.

These financial and management difficulties which eventually
denied Gillies the fruits of his inventiveness and enterprise are
too lengthy to be included here. They are well described and
documented by his son in A.J. Gillies (1984) "Tasmania's
Struggle for Power" (5)

3. FIRST STAGE (1911 - 1916)

The Great Lake concession was assigned to Gillies' subsidiary,
the Hydro-Electric Power and Metallurgical Co. Ltd. and work
commenced with Butters as chief engineer (Aug 1911) W.
McK. Jeffrey, civil engineer with experience in South Africa
with the Victoria Falls Power Co., and Leslie Butler, surveyor.
There was plain summer accommodatZion at Miena, the
damsite, with a poor access road and track which was

impassable in winter. From the rail terminus at Apsley, a
coach service was provided by A. Batt to Bothwell (8mi) and
one vehicle per week ran to The Steppes (20mi).
Subsequently, Dunkley Bros., contractors kept the road open
to handle the many motor lorry loads for the works.

Since there was no access road to the power station site at
Waddamana all stores and machinery were transported by
horse-drawn bogies on wooden rails and timber tressle bridges
for the last 17mi from Red Gate, North of Bothwell.. It was
completed (1912) and teams of up to 15 draught horses
averaging seven ton loads, completed the return trip each two
days. Surveys including the then and future perimeters of the
Lake, setting out the works, timber clearing, the tramway plus
work at the Miena dam, canal, penstocks and power station
occupied the first two years. A road (6mi) was built from
Waddamana to "Kanna Leena" the Company's field
headquarters near the canal intake. The station's capacity was
increased, 6,000 to 8,100 kVA, but the inability of the
Company to raise additional funds in London and the
exceptionally severe winters caused a shut down (1912)
forcing it to seek financial support from the Government.
When this was not given the Company offered the works-in-
progress to the Government, which engaged E. Parry, BSc,
MIEE, AMICE., of New Zealand to report on the works and
their value.

He commended them as well designed and built and they were
acquired, Hydro-Electric Purchase Act 1914-1915, George V.-
No.4; which provided "immediate arrangements for the
establishment of the HED and . recommencement of
operations ".

Butters was retained as Engineer-in-Chief and General
Manager and in his first report (1914 - 1915) to the Minister
for Lands & Works, he stated, inter alia, that "Messrs A.
Dickenson & Co. English Consulting Engineers ... inspecting
the machinery before leaving the manufacturer's works - on
17 Dec 1914, advised that practically the whole ... was
completed and awaiting shipment ... from England during Jan
1915 or thereabouts, except certain small, but important items
which were interned in Germany."(3) Despite these delays the
completion of the First Stage resulted in the Governor
General, Sir Ronald Crauford Munro-Ferguson (later Viscount
Novar) switching on the output, firstly at Waddamana (6 May
1916) and at Hobart, (pop, 27,000-1916) at a public meeting
of about 3,000 people on 8 May. Commercial operations
began on 15 Aug 1916 to some 2,000 consumers in Hobart
plus its tramways. The national importance of the project is
indicated by those present on the 5th May during the
inspection of the works by the official party. The sluice gates
at Great Lake were opened by Hon. John Earle, MHA, former
Premier ; Hon. W.H. Lee, (later Sir Walter) MHA, the
Premier diverted this outflow from the Shannon River into the
canal and subsequently the Governor of Tasmania Sir William
Ellison-MacCartney opened a valve at the Penstock Lagoon to
the penstock.( a pressure pipe which supplies water to a water
turbine). Horses were a major means of travel and a
photograph of the inspecting party shows 18 horsemen abreast.

(3)
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The layout consisted of a small diabase (dolerite) masonry
dam (No 1) 12ft 6in high and 11ft to spillway crest. The
outlet sill of the 10 sluice gates was RL 3334.1, now SL
3343.56 which is also that of the outlet of No 2 dam (1923).
The 300ft long dam was built across the natural outflow from
Great Lake at its southern end, that is the Shannon River a
tributary of the Ouse River in the deep valley of which the
Waddamana power station was built, with some 1,150ft net
head (RL 3,005 at forebay and RL 1,852 at turbine nozzles.)
The discharge from the Lake continued in the Shannon River
for 5 miles to a rockfill and puddled clay weir and intake to
the 3.4mi (270ch) 280 cubic feet per second (cfs) canal. A
series of drop structures or masonry weirs (ripples) to control
the canal velocities and consequential scouring were built
since the hydraulic gradient would otherwise be excessive. A
natural lagoon of half a square mile in area was enlarged by
three earth dams to provide Penstock Lagoon and the forebay
at the pipehead and its volume provided for several hours of
peak output. The concrete entrance chamber included
extensive trash screens and walkways to permit cleaning and
the removal of ice which occurred frequently in the winter.

The low head upper half of the two mile penstocks consisted
of the Australian Wood Pipe Co's 48 inch ID oregon pipe
branching at 150ft head inte 2 x 38 inch ID welded steel pipes
supplied by J.O. Boving London and manufactured by Ferrum
of Kattowitz, with average internal diameters decreasing from
950 to 850 to 750mm in three sections each 1300ft long. At
about 3,000ft the penstock was c.50ft below the static
hydraulic gradient and for governing and safety reasons
butterfly valves, stand pipes, pressure relief valves, air inlets
and large concrete anchors on the steep lower sections,
transitions etc, were installed. The steel framed and
galvanised iron clad power station was built on sound rock
and concrete foundations and two horizontal Boving pelton
wheel turbines were installed rated at 4,900 bhp, jet velocities
260ft-sec and 375rpm; coupled to 4,050kV A, three phase 50
cycles, 6,600V alternators manufactured by British
Westinghouse of Manchester and installed under the direction
of their representatives. Qutput was 7,000kW and static head
1,123ft. The concrete tunnel under the turbines discharged the
spent tailwaters via the concrete lined tailrace to the Ouse
River. (Nol) transmission line was carried 65 miles to Hobart
on 589 galvanised steel lattice towers about 68ft tall, providing
the initial requirement of 8,100kW (but designed for expansion
to 40,000hp). It crossed the Derwent River at Bridgewater
with one tower 160ft tall, span 1,180ft and 100ft clearance
over the navigation channel and terminated at the New Town
sub-station, later at Risdon, pressure was 88kV and distributed
at 6.6kV(3)(5)(6).

During the First Stage the labour force varied considerably
due to the extremely cold winters, long delays with overseas
equipment and the financial problems. It reached 450 men,
but when Gillies returned from London (June 1912) as
managing director and pipes were being erected to the power
station and the adzed bedlogs for the woodstave penstock were
complete only some 230 men were employed, whilst in Nov-
Dec 1912 the works were closed down for several months.
Butters stated (Annual Report to the Minister 1914/15) "I

desire to bring to your special notice ... staff, who have been
untiring and loyal ... C.C. Halkyard.."(MCE; MIEAust;
AMIntCE; Asst. Engineer; Engineer-Hydraulics Designs;
Hydraulic Engineer; Asst. Deputy Chief Engineer (1912-
1925)..."who as Resident Engineer has had local charge of the
whole of the works from the power station to the dam; A.
Grigg, Supt. of Transmission Lines and E.A. Bennison, ... of
Transport”. "He also included a number of foremen. In June
1920, Halkyard presented the first paper to the Tasmanian
Division IEAust. Notes on Large Water Power Pipe Lines.
Transactions Vol 1pp 248

In addition to the contracts to supply the Hobart City
Corporation; including trams and the Hobart Gas Co., a
contract was being negotiated with Gillies Co. for 3,500hp
with a further option up to 10,000hp (later 20,000hp) for their
carbide works and the first stage of electrolytic refining of
zinc from complex ores and concentrates. Additional loads
were sought by advertising, contacts with Australian and
Overseas industries to foster such industries in Tasmania and
emphasising its very low power prices. An electrical
exhibition was held at Hobart.

4. SECOND STAGE

However Amalgamated Zinc (De Bavay) Ltd. had been
encouraged by the Commonwealth Government and
particularly by the Prime Minister Hon, W.M. Hughes to assist
the War effort by producing spelter with strong financial
support from the British Government. The newly elected
Tasmanian Government also offered very favourable
conditions which resulted in a contract between the
Government and Amalgamated Zinc including the lease of the
50 acre site at Risdon which Gillies had selected, but was
refused because of objections by the Corporations Health
Officer; forcing his Company to locate 17 miles South of
Hobart and pay for the additional transmission line.
Amalgamated Zinc established the Electrolytic Zinc Co. of
Afsia Ltd which contracted. to receive 4,000hp from May
1919 with rights to an additional 26,000hp for 20 years and a
third block of 20,000 i.e. a total of 50,000hp at 2 pounds
hp/yr. At a dinner in Melbourne in honour of Hughes, W.L.
Baillieu concluded, "Mr. Hughes' utterances were flying round
the world like an electric torch, and finding an echo in all our
breasts" (5) Reactions to these proposals in the Tasmanian
Parliament were similarly mixed, but Gillies' company was
forced to abandon its electrolytic proposals.

The Electrolytic Zinc Co. set up an experimental pilot plant at
Risdon to produce 10 ton/day of zinc; increased to 100vd
(1920); now 220,000 tonnes per annum, with HW. Gepp
(1877-1954) later Sir Herbert, manager (1917). He had joined
the Zinc Corporation (1905) and worked on its development
of the flotation treatment of complex ores and their sulphide
problems, in which Australia was World leader and is said to
have made one of the greatest economic contributions to
international metallurgy by resolving the treatment processes.
He was manager of De Bavay's Treatment Co. Ltd. (1907).

Due to the increasing electrical load and the Zinc Co.
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exercising its option (1919), the HED obtained Government
approval (1918) to increase Waddamana's capacity to
52,000hp continuous and 63,000 half hourly demand (peak).

With W.H.R. Nimmo (later Sir William) engineer-in-charge of
the Ouse River "Conservation Works" the headwaters were
diverted into Great Lake by the 450cfs (later 650) Liawenee
canal, consisting of a concrete diversion weir; reinforced
concrete tied flume, unlined canal and rock cuttings. In total
about 5.5 miles long plus about 2mi from the tail-weir to the
Lake via a natural creek-bed. The upstream 180ft of flume
was built initially in trapezoidal section in timber to allow for
the design of an automatic intake control based on subsequent
hydrological data and hydraulic measurements. Subsequently
Edward Rowntree, DFC; BSc; BMechE; FIEAust; designed an
adjustable orifice contol and skimmer plate which
automatically regulated the inflows to the flume by converting
velocity head to static-a fine example of low cost hydraulic
engineering for a remote, unmanned area (3). "Canal Creek"
to the Lake became a major spawning run and has provided
an Inland Fisheries Commission site for stripping, measuring
and monitoring the trout population and more recently a
laboratory. The Ouse R. Conservation Works were completed
in 1923.

The Lake storage was considerably increased by the
construction of No2 dam 100ft downstream of the Miena
masonry dam. Some five years earlier American work had
shown that multiple-arch and buttress dams had cost and other
advantages for sites with difficult and uneven foundations and
or with high costs of materials, including concrete and labour.
The Miena Multiple Arch dam (1920-22) designed by
Halkyard (qv) was the first to be built outside USA and the
longest in the World. It was 40ft high (35ft storage) 27
arches each 40ft wide plus small gravity abutments and total
length 1,180ft and was of international interest. After initial
delays with supplies immediately after the Great War and a
tight programme to meet the EZ Co's supply contract, work
was continued under difficult conditions. "The Winter of
1921 (with excavations in full swing) was exceptionally
severe. The Lake was a sheet of ice .. men played football on
it and storms were frequent and furious. Working just below
the old dam .. depths up 50ft below Lake level .. necessitated
heavy pumping. Fortunately the gangers were experienced
miners from the West Coast .. only one accident is a
testimony to their vigilance and skills”. The risks of tapping
major inflows from the Lake with its then ¢.500 square mile-
feet volume resulted in no blasting in excavations close to and
below its level, massive support timbers and much bar and
hand work (8).

The foundations averaged 6ft deep to good rock, but the W.
Rift was - 32ft and E. Rift - 52ft where the arches and
buttresses were carried down to solid rock. (When the third
raising of Great Lake was being investigated the depth of
these rifts and related uncertainty led to the decision to build
a separate (No3) rockfill-clay blanket dam (1967) downstream
of No2).

The arches and buttresses were heavily reinforced and

stiffened with edge beams including crest beams and the
works were well designed and managed, eg. both aggregate
and water was heated in cold weather, fresh concrete covered
with tarpaulins and warmed with fire-pots with no concreting
at -34 degrees F. Sieve analysis and testing of concrete,
mortar and cement cubes were regularly carried out with 6" x
6"cubes cast each 2nd day of pouring and sent to the
University after curing for testing (8). The result has been
leak-free dense concrete with only minor weathering such as
ice and frost effect on flat surfaces and the loss of surface
fines due to water action over some 70 years. Due to the long
Northerly wave fetch and the extrados slope of 60 degrees to
horizontal, considerable run up with up to 1,000cfs crest spill
has occasionally occurred when the Lake was near full supply
level, but with minor damage only and gunwhale type fillets
were fitted to the arch junctions ¢.1925. When construction
reached 25ft height storage behind the new No2 dam
commenced. Since the Lake inflow is 100% regulated no
spillway was provided. The batching and mixing was done in
an 80ft high x 120 ton (loaded) mobile tower which contained
2 x 30 cu-yd aggregate and 1 x 175 cu-ft cement bins, the
batch being delivered from its 1/2 cu-yd mixer via articulated
and crane supported chutes. The outflow was controlled by 4
CI bell-mouthed outlet tunnels and hand-operated sliding gates
(Qmax 2,000 cfs) protected by upstream fish and debris
screens. They .."were made in a Hobart foundry .. and a very
credible piece of work." (8) Construction power was supplied
from Waddamana at 6,600V, 3 phase AC at 415/240V and
night lights were used.(8)

The intake to Waddamana canal 5 miles down the Shannon
River was extensively altered to consist of a 4ft high rock and
puddled clay weir armoured with dolerite spalls and controlled
by 6 sluiceways. A needle dissipator or fall and extensive
concreting and rock protection was installed to eliminate
scouring. The canal capacity was increased to 600cfs by
widening and providing extra freeboard. This work was done
with the older canal in operation and loop diversions were
added at two rock cuttings to avoid blockage of the existing
canal during blasting. Concrete and rock weirs (drops or
ripples) with reduction in canal width and reinforced concrete
and rock protection to sides and inverts were provided to
reduce hydraulic slopes to 3 and 4ft/mi.

Additional concrete chambers were built at the forebay and the
screens, cleaning walkways and freeboard increased with twin
reinforced concrete chambers each serving two pipelines.

Three additional 60" dia woodstave pipelines were installed,
parallel to Nol 48" dia oregon (1916); two karri and a second
of oregon; A rnivetted steel surge tower, 69'H x 15'dia was
built about 3,000ft from Penstock Lagoon.

Due to War-time restrictions on the supply of boiler quality
steel plate, one of the 49" dia. woodstave pipelines was
continued about 2,300ft to 390ft head, requiring special one
inch flat bands and special shoes by Aust Wood Pipe Co., the
contractors. It was considered to be the highest head in the
World applied to a woodstave pipeline of its diameter.(7)
Below the major anchor block at the end of the low head
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hilltop pipelines, the 5 penstocks were Nol line welded steel
2x38"0.D., Nos3&4 rivetted steel 2x54"; plus the woodstave
(No2) continued as No3. At the high head transitions Nol
line continued as three welded steel pipelines, 24"+2x785mm.
No2 (the woodstave) joined a steel welded line 51" decreasing
to 48" O.D. Of special note was the use of Mephan
Ferguson's Patented Lockbar pipes (M. Ferguson was a
Director of Gillies' Complex Ore Co.) with Nod4 penstock
continuing in 51" O.D. (Lockbar) and then bifurcating to 36"
Lockbars. The construction of the penstocks and appertenant
waorks for the First Stage was done with steel tram and steam
driven winch to approx 830ft above the power station level,
and wooden tram and horses serviced the low pressure hilltop.
Drilling was by hammer and tap with hand mixed concrete.
For the Second Stage two steel ramways and electric drive
was used plus a steel tram and electric winches at the low
pressure sections. The buspipes were parallel and adjacent to
the station with valves to isolate any section. C.I tees and
crosses at 750mm for the new 7x8,000hp turbines and 600mm
for the 2x4,900hp (1916) machines fed the jets.

The First Stage power station was extended on solid rock
foundations and included three concrete lined tunnels, the
tailrace plus one each for cooling air and hot exhaust air from
the alternators, the latter two regulating temperatures for the
m/c's and the station and eliminating m/c noise. The
superstructure was extended with steel frames and galvanised
wrought iron cladding. Seven additional turbines were
installed of the same type, make and speed, but with twin jets
and 7,050kVA alternators from Australian General Electric
Co. The m/c sets plus the auxiliary units were all of high
quality design, fabrication and performance and their
efficiency remained high throughout their 40-50 years service.
The turbine wheels and buckets were cast steel and their
casings cast iron. Boving patent deflected-jet governors and
Johnston-Boving patent inlet valves were installed. The
installed capacity was 66,000hp. The transformer yard
6,600/88,000V and switchyard adjoined the station which
remains complete, with blackwood timber panelling to the
office areas and the whole well maintained as the HEC Power
Museum, available to the public.

The station was taken out of service (June 1965) after 50
years of operation when the Poatina Power Development was
completed, the Great Lake having been further augmented
from adjacent catchments and diverted via a single tunnel and
a banded steel penstock to Poatina Power Station 600ft
underground at the foot of the Northern escarpment with
300MW installed. With 2,720ft static head at minimum
operating level it was the 6th highest in the world.

The transmission lines were increased; (88kV, distributed at
6.6kV) Nos 1 and 2 supplying Hobart and the 1916 No 1
terminus changed to a switching station for the Electrona line
which was built with wooden towers ¢.40ft tall. No 2 line
carrying two conductors and No 3 one conductor to
Launceston, were commenced in 1921 and completed in late
1922. No 2 continued on the East bank of the Derwent River
to the EZ Co Risdon Works where it crossed on towers 136'-
6" and 171" - 6" tall, providing 155 ft shipping clearance.

Major sub-stations were built at Hobart (Risdon), Launceston,
Electrona and Bridgewater (3)(6).

The level of interest in the development is indicated by the
extensive coverage in newspapers and technical journals.
Also, separate small ceremonies were held at which each m/c
set was started up by Tasmanian notabilities, Nos 3 to 7 came
into service on Nov. 1919, Dec. 1922, Feb. May and Nov.
1922 respectively and No. 8§ April 1923. They included Sir
Francis Newdigate-Newdegate (Governor), Hon. J.B. Hayes
2(Premier), Sir Walter Lee (Premier) and Sir Elliott Lewis
(Past Premier). Hon. W.M. Hughes (Commonwealth Prime
Minister) also officiated. However the Official Opening was
held on the completion of No. 9 m/c on 19 January 1923. after
H. E. the Governor-General, Lord Forster and Lady Forster
had previously travelled from Deloraine to Breona at the
Northern shore of the Lake, then in very rough weather by
launch; "Governor Newdegate" to Miena at the Southern end
where the sluice gate was opened. The party rode on
horseback to the station inspecting the canal and pipelines en
route. The Hobart "Mercury" printed several (broadsheet)
pages on these events complete with photographs and
considerable detail.

However a reporter wrote ".......the accommodation provided
by man for his horses is frequently more pretentious than .. for
himself..... the same cannot be said of the stabling for the
electrical hp of the State. The structure housing.the
magnificent aggregations of machinery is ... .outwardly
indistinguishable ... from .. a .. cow barn".

5. BIOGRAPHICAL NOTES

Only a few of the many engineers, technicians and workmen
who contributed to these projects can be referred to here.
Photographed "Staff" (6-p65) are Butters (q.v), Halkyard (q.v)
and H.A. Curtis, AMIE Aust; A Am IEE, Power Station Supt;
Chief Operator; Engineer for Electrical Construction, Acting
Chief Engineer (1916-24)(ie. to date - published 1925) and
first Commissioner, HEC (1930-d.1933). Six others are
briefly described as follows, F.M. Nicholl, M.LE.Aust;
Electrical Engineer, Asst. General Manager, (1919-21); Major
R.V. Morse, D.5.0., AMIE Aust; ML.Mech.E; Engineer for
Electrical Designs (1920-22); (Morse - War Mining Notes on
the Western Front, was the second paper read to Tasmania
Division IEAust. (1920). He died Jan. 1925) A.H. Bastow;
MA; MCE; M. InstCE; AMIE Aust, MIME, Engineer for
Hydraulic Construction (1919-22); N.V.S. Wilton, MIEAust,
Engineer for Sub-Station Construction, ditto Electrical Designs
(1915-22); W H Nimmo, qv; BCE, AMIE Aust; A M Inst.
CE; Resident Engineer (RE) Ouse Diversion; F.A.
McCormick, RE Waddamana Civil Construction; W.E.
MacLean, A Soc. CE, RE Great Lake Dam construction;(HEC
Commissioner 1933-1946) A.P. Binns, B.Sc; AMIEAust,
AMIEE; Hobart District Enginee6r (1918); H.A. Child, BE,
AMIE Aust; Country Districts Engineer (1923) G.H. Lofts,
AMIEAust; Manager Hobart District (1917).

However, Gillies & Butters were outstanding in their
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contributions, but were very differently rewarded. James
Hyndes (ADB incorrectly "Hynds") Gillies (1861-1942) was
born in NSW, studied at the Sydney School of Mines and
worked to develop processes to recover minerals from
complex ores. He held patents in USA, Germany, Belgium,
Mexico and Australiasia (1907) for the electrolytic treatment
of refractory zinc ores and subsequently initiated the h-e
power development of the Tasmanian central highlands and
directed it until c1914 as already described. He was strongly
and unfairly attacked particularly by E. Mulcahy and other
Tasmanian Parliamentarians who hobbled his company with
conditions which eventually destroyed it. He died a poor man
although on two occasions the Lower House of the Tasmanian
Parliament voted him a small pension, (Resolved, nemine
contradicente) the Upper House rejected both proposals
without debate or explanation.

He was granted an annuity of 350 pounds in 1935. Butter
wrote on 6th November 1957 (5) "You are quite correct in
crediting ] H Gillies with the enterprise of trying to get the
treatment of zinc ores introduced into Tasmania. I always
thought he should have been officially recognised, either by a
honorary degree at the University or a decoration and went so
far as to suggest it to some of the powers that be, but could
not stimulate any interest".

John Henry Butters (1885-1969) studied at Hartley University
College, South Hampton for 3 years and received a University
of London B Sc (Engineering) and a Ist Class Electrical
Engineering Certificate (Hartley).  After training with
Thornycroft & Co he joined Siemens Bros Dynamo Works
Ltd at Stafford, then assistant engineer at their London Head
Office (1908). He was transferred to Australia (1909) as their
chief engineer and advised Waihi Gold Mining Co. NZ; on its
h-e station at Hora Hora - Waikato R.; the Adelaide Tramway
Trust and was consultant to Gillies Complex Ores Co Ltd. In
August 1911 he was appointed engineer and manager of its
Tasmanian subsidiary and visited England and USA (1911) to
order the machinery and equipment for the First Stage. His
role in it and the HED has already been briefly described
herein, he was made MBE (1920) and CMG (1923). He
sought overseas service having joined the Australian Royal
Engineers (1909) but was refused and served as Staff Officer,
Engineers at Hobart (Major 1919), and at Army H.Q. (Hon.
Lt. Colonel (1927)

Butter was President, Tasmanian Institution of Engineers
(1918) and Chairman Tasmanian Division and
Commonwealth Councillor (1920) L.E Aust. In January 1925
he commenced a five year appointment as Chief
Commissioner and full time executive of the Federal Capital
Commission on 3000 pounds pa (HED - 1500) to complete
Canberra, Parliament House and all related services, schools
(13 by 1925) buildings etc. before the planned opening (1927).
He was chosen from more than 100 applicants and fully
justified his selection by achieving the Governments targets
under very difficult and highly criticised conditions. The
workforce peaked at 3000 men. He was created knight by the
Duke of York (later King George VI) during the opening of
the new Parliament on 9th May 1927, but refused an extension

of his appointment and left Canberra for Sydney (Oct-1929)
having been inaugural chairman, Canberra Division L.LE.A. and
Commonwealth President (1927/28) As an engineering
consultant until c1954, Butters continued his very active
professional career, but also devoted much energy to honorary
roles and served on the boards of numerous industries and
organisations (9).

His view (1925) was farsighted; "The fact however remains
that water power schemes whether economic at present or not,
must some day be developed on account of the rapid and ever
increasing depletion of the Worlds' supply of coal and oil."6
He had earlier convinced the Tasmanian Government(s) that
with a small population and no large power industries it was
necessary to attract to the State those who required large
blocks of very cheap power and that "Tasmania's industrial
future necessitated something really big being done ... to turn
an unimportant electricity supply system into an undertaking
of national importance”. (Notes on the Development of the
Power Resources of Tasmania; J.H. Butters, Paper Nol, Vol
VII, 1926; [EAust.)

6. CONCLUSIONS:

The development was described as the "first major works of
this type in Australia" (1) and steps are now being undertaken
to designate it a National Engineering Landmark, but more
importantly it provided a very large increase with a continuing
multiplyer in Tasmania's economy, the affects of which have
continued to the present. It also provided work experience for
a large number of engineers, technicians and workmen and the
development of their capabilities which were subequently
applied throughout Australia. For example, Sir John Butters
in Canberra and elsewhere, Sir Willam Nimmo in
Queensland, Sir Herbert Gepp in major industries and Federal
Government service, E.J. Rowntree's technical investigations
for Proposals to Divert the Snowy (1950) and his subsequent
appointment to Snowy Mountains H-E Authority and C.C.
Halkyard as chief engineer for Humes Ltd. The 75th
anniversary of IEAust. (21st Oct 1994) is a reminder that
c.40% of the foundation members of Tasmania Division were
employed by HED, as were the majority of those employed by
EZ Co.

The reinforced concrete tied flume for Liawence Canal and its
remote intake control; Miena Multiple Arch dam; penstock
designs and construction, particularly the woodstave pipelines
under 390ft head and the Lockbar pipelines; power station
construction and fit-out are items of historic engineering
heritage. They are now memorials to the bold initiatives and
professionalism of the Workforce and their perserverence
against harsh working conditions, financial and delivery
problems, particularly during the First Stage. Also after the
initial public and parliamentary opposition to Gillies proposals,
to successive Governments' acceptance and support for the
proposal put before them. It is of interest to note that some
of the strongest parliamentary critics were subsequently HED
supporters.
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Great Lake, initially developed South to Waddamana, but now
North to Poatina with a beneficial factor of 2.5 times, has
been and still is the "Goldmine that never runs out of Gold".
It and the Waddamana Power Development provided a low
cost solid base to the subsequent growth of the Tasmanian
hydro-electric power system.

"Wherefore praise we famous men
From whose bays we borrow
They that put aside To-day -

All the joys of their To-day -

And with the toil of their To-day -
Bought for us To-morrow”

Kipling "A School Song" (1899)
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FIG. 2 High Pressure Steel Penstocks, Waddamana Power Station, Tailrace, Village & Ouse R. (c. 1923 - looking South).
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FIG. 3 Waddamana Power Station, work-in-progress. (1923 - looking South).
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Water for Ipswich

Em. Prof. Ray Whitmore, Hon. F.I.LE.,Aus., B.Sc., Ph.D., D.Sc.

SUMMARY Settlement began in earnest in Queensland after its official proclamation as a British colony in 1859. A basic need
of all its townships was a reliable supply of clean drinking water, and the Imperial government was able to provide considerable
assistance in developing suitable schemes. Unfortunately the tried and true technologies of the motherland did not always work
out in the alien Queensland climate, resulting in systems that often required extensive on-the-spot modifications. Ipswich was the
first Queensland township to adopt a pumped river-water supply and the paper describes the scheme, the difficulties that it met with,
and the methods that were adopted to keep it in operation for some 45 years. The physical remains of the scheme are described

and illustrated.
1. INTRODUCTION

It is widely accepted that a primary requirement for the
well-being of a healthy community is a reliable supply of
clean, reticulated water. Without it the inhabitants live under
the constant threat of disease and sustained growth becomes
impossible. In 1859 at the time that the colony of
Queensland was established by its separation from New
South Wales, even the major town - Brisbane - had no piped
water, the residents relying for their supplies on shallow
wells and run-off. There, the construction commenced almost
immediately after Separation of a dam at Enoggera some 10
kms away, from which water could be piped to a reservoir in
the town and then reticulated beneath the main streets but
other communities had to wait much longer’.

The townships of Ipswich, Rockhampton, Toowoomba and
Maryborough were officially proclaimed as municipalities in
1860 and there was an immediate undercurrent of concern
from their newly-elected councillors about the quality of the
water. Indeed, the first resolution passed by Rockhampton's
town council was that it should apply to the colonial
government for a grant for a water supply facility at the
nearby Yeppen Yeppen lagoon’. The Ipswich council
directed that a preliminary survey be made of the
practicability and cost of bringing water from the Brisbane
River’. In 1865 there was a petition from Maryborough for
a grant towards the cost of developing a water supply, while
Bowen - and even tiny Clermont - applied to the government
for help®.

The government realised that it had 4 problem and in July
1865 it made the Engineer of Harbors and Rivers, Joseph
Brady, responsible for provincial water supplies’. Brady,
who was 36 years of age at the time, was an experienced,
British-trained, civil engineer who had been involved in water
engineering in Victoria for at least six years and had
previously been Engineer to the Brisbane Board of
Waterworks®, At the government's request he prepared
full-scale plans for water supply systems for Ipswich,
Rockhampton, Maryborough and Bowen and preliminary
plans for Gladstone, Mackay, Toowoomba and Dalby. To
assist him in this work he acquired the services of a young
engineering assistant, William Highfield’.
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In July 1866 Queensland was suddenly faced with an
economic and political crisis. A bank through which the
government had been negotiating a loan of ilm collapsed
and the Governor refused to accept the remedial measures
proposed by the Legislative Assembly. The Premier
protested that the Governor had exceeded his powers and
resigned, and there was a fortnight of confusion and political
turmoil®. When calm finally returned the promises about
water for provincial towns were forgotten, Brady and
Highfield were dismissed and the waterworks section was
disbanded’.

Three years later, in 1869, the government introduced a water
supply bill into the Legislative Assembly in which it
proposed establishing a colonial water board, operating along
similar lines to the Brisbane Water Board but the reaction
was lukewarm and the bill was dropped!®. Water became a
relatively low-priority item, and three years later the colonial
secretary was able to claim that the government had not
introduced a new water supply bill in that session because of
the amount of other business on the agenda''.

2. IPSWICH

The city of Ipswich stands on the Bremer River (Figure 1)
and by the late 1860s its population had grown to about
5,000". Its importance lay in the fact that it was at the limit
of inland river navigation for transport between the mouth of
the Brisbane River and the Darling Downs: Queensland's
first railway opened in 1865 and it reinforced the importance
of Ipswich by running from Ipswich to the Darling Downs.
The town's drinking water which was drawn from the Bremer
River or from springs or wells was of indifferent quality, and
in 1871 the Ipswich Town Council appointed a water supply
committee to reinvestigate the scheme that Brady had
proposed in 1866". His plan had involved drawing water
from the Upper Brisbane River to the north of Ipswich,
pumping it to a service reservoir on a nearby hill and then
piping it to the town under gravity.

Queensland rivers are notorious for the fickleness of their
flow and Brady had proposed to control the height of the
water at the intake by building a low masonry dam across the
river. The water was to be led down a tunnel driven in the
south bank of the river to the foot of a well where a couple



of steam-driven combined lift-and-force pumps would raise
the water 70 metres (230 feet) to the service reservoir. The
condensing engines, each nominally of 30 horsepower, were
large enough to permit the pumps to handle 91,000 litres
(20,000 gallons) of water per hour, and either engine was
sufficiently powerful to supply the town with water (if run
for 10 hours per day) until the town population exceeded
10,000", Brady had costed the proposal at £32,464 but the
water supply committee, fearful of the expense, pared it back
to £21,119 by eliminating the dam and one of the engines'*.
The council then applied to the government for a loan of
£22,000 but it was rejected, the government suggesting that
a scheme relying on drawing water from the Bremer River
could be built for half the price'®. The council refused to
accept the suggestion and allowed the matter to drop.
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Figure 1 Modern map of Ipswich, showing Highfield's plan for the
location of the waterworks and the reticulation system.

Rockhampton was still persevering with its scheme, where
Brady had planned to draw water from lagoons and filter it
because of its high vegetable-matter content. Even after
eliminating the filters and minimising the size of the engines
Brady had been unable to reduce the cost below £25,000 and
it was clear that the government was not interested in lending
the council anywhere near that amount of money". Finally
the council's surveyor, Thomas Burstall, pared the scheme
down to £10,000 and in 1873 the government granted a loan
of £10,500 to carry out the project'®, The local gas engineer,
William Smith, was made responsible for the detailed design,
and site work site commenced in February 1874.

Ipswich had been closely watching Rockhampton's progress
and by 1873 the council had resigned itself to abandoning the
Brisbane River scheme and drawing the town's reticulated
water supply from the Bremer River because it would
cheaper’®. The government offered the council a loan of
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£12,000, and the Under-Secretary to the Public Works
Department (who doubled as the Commissioner for Railways)
instructed his engineer, John Thornloe Smith, to carry out a
survey™. In December 1874, at the suggestion of the
Toowoomba and Ipswich councils, the government appointed
Highfield to the position of Engineer-in-Charge of
Waterworks, making him responsible for the construction of
all provincial waterworks in Queensland®.

Highfield, born in Italy of British parents, was later referred
to by the Premier of the day, John Douglas, as "a gentleman
of professional ability" although the only evidence of it was
the self-styled C.E. (civil engineer) which he placed after his
name®. His experience in hydraulic engineering before
emigrating to Queensland in 1864 appears to have been
restricted to acting as resident engineer for works connected
with the supply of water in Cheshire™. An energetic,
stockily-built man with light brown hair and hazel eyes, he
was 35 years of age when he accepted the government
appointment™,

Smith published his survey at the end of 1874, putting the
cost of his Bremer River scheme at £17,759, but when
Highfield turned his attention to the matter he told the town
council that his estimate of the cost of the Brisbane River
scheme when he had been employed as Brady's assistant had
been only £15,500, although it might be higher now because
of an increase in the price of iron™®. When he re-estimated
the cost at £21,500 the council thankfully grasped the
opportunity of reinstating their favoured scheme®. The
government finally agreed, made a loan of £23,000 available,
and in June 1876 the Public Works Department began calling
construction tenders”.

3. THE PLAN

Brady had chosen a place for the pumping station on the
Brisbane River where there seemed to be a constant stream
of water flowing over a bed of gravel; it was there that he
had proposed to build a masonry dam?®. "Owing to the great
height to which floods rise at this place” he wrote,” special
precautions are necessary to guard against damage to the
works; and instead of pumping direct from the river, it is
proposed to erect machinery at about one hundred and thirty
yards (120 metres) from the south bank, and one hundred and
eight feet (33 metres) above the bed of the river; a well shaft
to be sunk in this position and connected with the river by a
short tunnel". Highfield, however, eliminated the dam and
placed the pumping station nearer to the river; this reduced
the cost of the scheme by reducing both the length of the
tunnel and the depth of the well®. To guard against
innundation in times of flood the pumps were erected in a
second well, sunk close to the first and connected to it by a
pipe which could be closed off if necessary.

For the engine, boilers and pumps, Highfield drew up short
specifications defining in general terms the nature of the duty
required and including a cross-section of the territory to be
traversed by the rising main. It was then sent fto
Queensland's Agent General in London who called for
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tenders. The tenderers submitted their own designs and the
government consulting engineer in England selected the
successful contractor”. The contract was won by Appleby
Bros. of Emerson Street, Southwark, London SE and a
cross-section of the equipment is shown in Figure 2. It
differed from Brady's proposal in replacing the two
reciprocating lift-and-force pumps by four small single-acting,
lift pumps. The vertical pump rods were connected to cranks
keyed to two horizontal shafts running across the top of the
shaft and driven through clutches and bevel gears from the
main engine crankshaft which carried a flywheel 4.25 metres
(14 feet) in diameter. The crankshaft was powered by two
horizontal, high-pressure, single-cylinder engines although
only one was initially installed®. The four pumps, situated
7.5 metres (25 feet) above the bottom of the well, could be
operated simultaneously or in pairs.

Figure 2 Cross-section of the well, pumps and pumping engine, taken from
Appleby's 1880 catalogue

Brady's proposal to install three Cornish boilers was
discarded in favour of two water-tube boilers and the size of
the air vessel on the water-delivery line was reduced. The
pumping station, built in two bays and made of corrugated
galvanized sheeting attached to a hardwood frame measuring
18 metres by 14 metres (60 feet by 46 feet), was lit by glass
windows on one side and louvres on the other. The diameter
of the rising main running from the pumping station to the
service reservoir was reduced from 250 mm (10 inches) to
225 mm (9 inches) and the capacity of the reservoir increased
from 1.36 to 1.82 megalitres (300,000 to 400,000 gallons).
The reservoir was excavated out of the native rock, lined
with brick, and the space between the lining and the rock
filled with concrete™.

The whole scheme was completed in June 1878 and
Highfield officially handed it over to the Ipswich town
council two months later. It cost the Ipswich Town Council

£31,000 in government loans, or £9,500 more than
Highfield's estimate but the council seemed satisfied and
commended him on the "choice of the source of the water
supply, the manner in which the works had been designed,
and with the faithfulness with which their construction has
been carried out"®. It proudly named the engine Millie
Francis after the mayor's daughter”. Figure 3 shows the
completed station.

Figure 3 The completed pumping station

The government's wisdom in undertaking the design and
construction of the Ipswich waterworks seemed to be
confirmed by the experience of Rockhampton where the
locally-designed system was completed in June 1875 but was
a failure. Highfield, who already had the responsibility for
the waterworks at Toowoomba and Warwick, was put in
charge of Maryborough'’s scheme but in 1879 the government
had second thoughts as to the wisdom of taking responsibility
for building waterworks. Legislation was enacted that
allowed the local councils to plan and implement their own
water supply schemes and the responsibility for advising
town councils on water supply matters was transferred from
the Department of Public Works to the Colonial Treasurer's
office where John Henderson was made Engineer-in-Charge
of Waterworks and Highfield was told that his services would
not be required after the end of the year®. Shortly before
that time he was accused of misappropriating public funds,
found guilty, and imprisoned in Brisbane gaol for 12 months
with hard labour. Subsequently he was banned from
participating in any work connected with government
contracts although the ban was not rigorously applied.

4, THE AFTERMATH

Within a year of Highfield's removal his section had been
disbanded and the staff dismissed. The Warwick and
Toowoomba councils reacted predictably to Highfield's
departure, complaining bitterly that they had been
overcharged for their waterworks. and asking the government
to scale down t