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NATIONAL HISTORIC ENGINEERING LANDMARK NOMINATION

COOLGARDIE GOLDFIELDS WATER SUPPLY

FOREWORD

Western Australia made little progress in the first sixty years
following foundation in 1829. 1In 1881 the population was less
than 30,000 persons, yvet by 1911 it had increased to 282,000
with the bulk of the population increase being in the Eastern
Goldfields area. The stimulus came from gold mining.

Following the granting of Responsible Government in 1890, the
future of the colony lay in the hands of the pastoralists in
the north, some gold mining in the Murchison, and in the
eastern "desert" where a modest gold mining enterprise was
being carried out at Southern Cross.

On September 17, 1892 the township of Southern Cross emptied
following the news of a rich strike by Bayley and Ford at Fly
Flat, (later to become Coolgardie). This first rich field drew
prospectors from all over the world and more particularly from
the eastern States, to be followed by the strike by Paddy
Hannan on June 17, 1893 from which developed one of the richest
goldfields of all times centred on the "Golden Mile" between
the twin towns of Kalgoorlie and Boulder.

Water had always been a scarce commodity in this arid inland
area and its lack took many lives; and typhoid and other
epidemics spread. A contemporary account reads "The
seriousness of the problem can be gauged by the usual prices
paid for water ---- 25 shillings per 1000 gallons when the
occasional rains filled the tanks ---- and £4 per 1000 gallons
when only water condensed from wells and shafts was available®.

By mid 1895, the Government of the day concluded that a large
comprehensive scheme would be necessary. A report and
recommendation was prepared under the instructions of the
Engineer-in-Chief, Mr C Y O'Connor. His report to the Minister
discloses a studied effort to examine punctiliously the gamut
of alternatives.

O'Connor's occupation of the senior appointment from 1891 had
been singularly successful, yet he was already the butt of
ignorant and mean criticism. He was to be plagued by enguiries
until his tragic end. It was left to posterity to applaud his
sound judgement and professionalism.

In the circumstances of the colony - its paucity of
development, 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. This envisaged works estimated to cost £2.6M
(say $160M in present currency) and included a concrete gravity
dam 100 feet in height; 324 miles of steel pipeline to deliver
5.6 million gallons per day: and in all 8 steam-driven pump
stations with associated reservoirs.
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The completion of construction by January 1903, in less than
five years and within estimate, speaks for the success of those
directing - and the large work force contributing. The spced
of construction of the pipeline for instance was remarkable.
The project was built when the State lacked tertiary and
technical educational facilities; and yet the proponents of the
Scheme were meticulous in adopting the latest technology and
encouraging innovation.

All cement, steel and machinery were imported from Europe or
America, over six weeks by steamer or 90 to 100 days sailing
time distant; timber was imported from the United States; pipes
were manufactured locally using American and German steel
plate, adopting the locking-bar patent of the Australian,
Mephan Ferguson. The dam was, on completion, the largest in
the Southern hemisphere and the pipeline length unprecedented.
The pump duty obtained was a record for pumping engines of the
duplex class.

The pipeline construction developed the use of thin walled
steel pipes, using the locking bar principal, for water supply
to remote areas typical of Australian conditions. A reliable
water supply for the mining settlements and the railway ensured
permanent settlement in the arid eastern goldfields and the
viability of the gold mining industry there. This was the
first great boost in the development of Western Australia.

O'Connor's 1896 report had highlighted the benefits of a water
service to the towns and the railway on the pipeline route.
The main conduit has been reconstructed since, above ground,
continuously welded, and enlarged over the years to service
abutting wheat and sheep properties. Significant enlargement
of the Scheme took place again following World War II, when
large areas of agricultural land were supplied with domestic
and stock water, and a nickel mining industry was serviced in
the Eastern Goldfields. To cope with the duty imposed., the
Mundaring Weir has been raised and the pumping stations
electrified., along with other substantial improvements. It is
noteworthy that when the steam plant was phased out, after 50
years of operation, it was performing to the duty as warranted
by the makers. Those engineers involved in the raising of
Mundaring Weir in the 1950's were impressed by the quality of
the original concrete work, uncovered in the process, and of
the iron work. 1TIn the raising of the wall the design ensured
that the external features of the wall were maintained, so as
to preserve this monument to our heritage. So too is No. 1
Pump Station, at the damsite, which has been converted to a
public museum.

The City of Kalgoorlie honours the Scheme as its inheritance,
with commehorative tabletg in itsg maln thoroughfare of Hannen
Street. As &0 Western Australians generally, the work is
enshrined in the history of the State.

H.E. HUNT BE., FIE(Aust)




1 - EVENTS LEADING UP TO CONSTRUCTION =*

The genesis of a public work of the magnitude and importance of
the Coolgardie Water Supply is easy to chronicle. Western
Australia astonished the world when she launched the bold
scheme to pump water from the coastal districts a distance of
353 miles inland. It is a work of hydraulics which has no
parallel, and, great as has been the responsibility undertaken
by the high officers of State in committing the people to its
cost, there is to-day. on the eve of its successful opening,
every reasonable hope of it not only being a monument to the
brain that conceived and originated the plans upon which it has
been constructed, but there will be given to an energetic and
hopeful people a service that will more than pay for itself.

What the Asscuan Barrage on the River Nile is to Lower Egypt,
the Coolgardie water-pipe is to 40 000 people on the Eastern
Goldfields, and the great gold-yvielding mines which have turned
out over 200 tons of gold, worth, say. £20 000 000.

In the summer of 1893-94 there had been such a rush of people
to the goldfields, in consequence of marvellous developments at
Coolgardie and the vicinity - and the rainfall that year was so
much more scanty than it usually is- that a dire need arose to
supply human consumption, quite apart from the demand for the
mines and for livestock. Extension of the railway system
beyond Southern Cross, towards the new Eldorado, accentuated
the necessity for a greater and surer water supply than rain
catchment and condensing. It was only by the exercise of
energetic measures and the expenditure of very large sums of
money that the Government, in supplying alleviating works of a
temporary character, averted what would have proved a great
calamity for the goldfields people.

The question forced itself upon the attention of the
Administration of Sir John Forrest, and the experts of the
Public Works Department were engaged in the latter part of 1894
and the early portion of the following year, in obtaining data
for an adequate and permanent supply. The Government were at
this time thus earnestly considering how the difficulty could
be overcome. Then occurred the astounding but practicable
proposal to pump water from the Darling Ranges inland through a
veritable desert.

The Coolgardie Water Scheme, in its originality and object, is
a masterpiece. The cynic aforesaid dismisses the work of great
brains, manual labour, and skilled mechanism somewhat in this
fashion: "When you can surpass them, you will have something to
boast of.*"

*BExtracts from an article appearing in "The West Australian®, January 23,
1903.




It will be long before there is an irrigation reservoir of
greater capacity than Lake Moeris, in Egypt., which accepting
the figures of an eminent engineer, Sir R H Brown, R.E., held
11 800 million tons of water, or roughly speaking 2 643 200
million gallons, between high and low level marks. The Helena
Vale Reservoir has a capacity for impounding power of 4 619
million gallons after due allowance for evaporation, soakage,
etc. The goldfields in the Eastern districts, therefore, are
assured of a supply throughout the year equal to five million
dallons every 24 hours.

The pipeline from the Helena Reservoir to Kalgoorlie used

90 000 tons of steel, which was manufactured into pipes in the
State; a most valuable consideration when the employment of
local labour is considered by those who have pledged the
country's credit for the safety and success of the scheme.

RIVER PROPOSALS

There were many proposals put forward to pump water from the
coast. In December 1894, Mr Jobson, a Government water supply
official on the goldfields, made a report in regard to the
necessity for a supply beyond what the condensing plants could
give.

It was in the middle of 1895, that Sir John Forrest asked

Mr C. Y. O'Connor to prepare data for a sheme to pump water
from a reservoir at the Darling Ranges. Seventeen valleys in
the Darling Ranges were examined, after which it was advised by
the engineer that the Helena Valley offered the best site and
catchment. In April, 1896 Mr W. R. Wilson. a Melbourne
capitalist, who had had experience in waterworks at Broken
Hill, addressed a proposal to the Government, to bring water to
Kalgoorlie and Coolgardie from a catchment 90 miles north of
Menzies.

Another feature of the want of water and one that helped to
decide the Government upon its course of action, was the
opinion expressed that artesian water obtained by boring, would
never strike a supply above a trickle. to respond to the demand
that would be made upon such a source. Boring to a depth of

3 000 feet at Coolgardie, demonstrated the truth of the opinion.

THE GOVERNMENT'S PROPOSAL

In the Governor's speech, at the opening of Parliament, on
July 7, 1896, the Government's intentions were first

announced It was stated that a proposal would be placed
before the Legislature to supply water by pumping to the summit
of Mount Burges, near Coolgardie, from a reservoir in the
Darling Ranges at an estimated cost of £2 500 000, for a supply
of five million gallons per diem. ©On July 17, 1896, the
general report of the Engineer-in-Chief was completed, and was
presented in Parliament, on the introduction of the Bill
authorising the raising of a loan of £2 500 000 for this
scheme, that being the sum estimated by Mr. O'Connor to
complete the work.




Mr O'Connor, in his report to Parliament on the Loan Bill
authorisation for the scheme, dwelt clearly and exhaustively
upon the artesian bores aspect of this question. Quoted the
observations of eminent authorities on bores in Queensland and
plainly showed that as the summit of Mount Burges was only

2 500 feet above sea level water could be carried at easy
stages of 300 feet by the pumping stations "en route" to the
fields. The Helena Reservoir, in his opinion was the only
proposal capable of being applied to meet an extremely
difficult problemn.

Inside and without the Houses of Parliament, the proposed water
supply was described by some people as a maniacal project. The
answer to that criticism was the opinion of many competent
engineers, who considered the work a practicable one.

A STUPENDOUS PROPOSAL

How stupendous seemed the scheme when it was launched will be
gathered from the fact that the population of Western Australia
was only 12 000, and the State's public debt was £4.5 million.
The proposal was to spend upon a single work a sum equal to
more than half of the loans then raised, increasing the debt to
£7 million. The population has almost doubled during the
progress and completion of the scheme, and the public
indebtedness had gone up to £15 million.

Another bearing upon the usefulness of the work was the benefit
that would accrue to that long stretch of country between
Northam and Coolgardie as the greater portion of the land in
the vicinity of the railway and pipe track should attract
settlement.The motion adopted on October 10, 1894, by the
Legislative Assembly , on the initiative of Mr C. Harper,
member for Beverley, when the House affirmed its opposition to
private speculations exploiting the scheme, was referred to by
the Premier, as evidence of the will of members, the
Legislature declining to hand over a great national work to a
private company.

Another remarkable circumstance on the fields was, that so long
as miners were deprived of an adequate water supply for
domestic use, they refused to bring their wives and families
from the Eastern States.

On August 4, 1896, the Premier laid on the table of the House a
memorandum by the Engineer-in-Chief which was read. But

Mr O'Connor in his document, declined to disclose the names of
the engineers who had advised him upon the pumping scheme, as
it was considered improper, for those gentlemen, if consulted
publicly, would be entitled to receive their fees. Further, he
said, written reports and opinions from English engineers could




be obtained, if the proper times were allowed. Mr Simpson, in
criticising the proposed work, urged the obtaining of
well-founded expert opinion outside the State engineers. The
cost, according to the member for Geraldton, was a mere
bagatelle compared with the importance of the scheme. He
instanced the lack of public enthusiasm at Kalgoorlie, over the
work proposed, but he admitted that a public meeting was held
in favour of the scheme.

Mr C J Moran, the member for Yilgarn, ably and adeqguately
championed the cause of the goldfields people. The amendment
was negatived on the voices, and the motion was adopted
unanimously without the House going to a division. On August
6, a motion by Mr C. Harper, to refer the Bill to a Joint
Committee of the two Houses of Parliament was negatived, twelve
votes to seven.

In the Upper House the Bill was entered for the first reading
on Augqust 12. The second reading was moved the following day
by Sir Edward Wittenoom, Minister for Mines, and a long debate
ensuing, it was carried on September 2. A proposal to refer
the Bill to a Select Committee was defeated, and on September 3
the measure passed through the remaining stages.

The goldfields people busy and feverishly excited over the
Kalgoorlie and Coolgardie developments, had no time to think it
over except to take it for granted that Sir John Forrest was
pledged to give them water, that was all sufficient. As a
whole the people of the goldfields, however, gave no assistance
to the project. On the contrary it may be said a very hostile
" spirit prevailed. On the Loan Estimates for 1896-7 a sum of
£290 000 exclusive of departmental charges was provided: but,
as the work in connection with the enterprise was chiefly
departmental, the only money actually expended for construction
purposes was a trifle from the allocation for reservoirs.
Early in August 1896 in reply to statements uttered in
Parliament doubting the gquantitiy of water required by the
goldfields, Messrs Bainbridge., Seymour and Co. wrote offering
to take 5 000 000 gallons per day at 3s.6d per thousand gallons
for twenty vears, provided the Government would not compete
with them in price. At this point plans were prepared for
submission to and consideration of a Commission of Engineers in
England that it was proposed should be appointed in accordance
with paragraph 56 of the Engineer-in-Chief's report that had
been placed before Parliament. It was decided that the
Engineer-in-Chief should, if possible, proceed to England at an
early date to confer with the Commission in regard to the
general details of the work, and to be able to give them advice
on any local gqguestions that might arise. 1In December 1896 a
cablegram was received from the Agent-General stating that he
proposed with the sanction of the Government to appoint
Mr Carruthers, the Consulting Engineer for the colony. together




with Professor Unwin (a great authority on transmission of
power) and Mr G. F. Deakin the engineer of the Liverpool Water
Supply as a committee to consider the Coolgardie Water Supply
with authority to appoint another Commissioner if necessary.
On the 31st December, 1896 the Government signified its
approval of these appointments by cable.

MR O'CONNOR'S VISIT TO ENGLAND

On January 22nd, 1897, after all preliminary investigations had
been completed, the Engineer-in-Chief left Western Australia
for London arriving there on the 25th February. Mr O'Connor
was constantly present at the deliberations of the Commission
and with them visited many manufacturing centres and industries
in connection with appliances, materials and machinery that
might be required for the carrying out of the great project.

With other members of the Commission, Mr O'Connor proceeded to
Paris to inspect some patent steel and cement ("Sidero-cement")
pipes manufactured by M Jean Bordenave, largely used in Paris
for sewerage works, and had been suggested for the Coolgardie
pipe-line. On August 3, the Commissioners presented an interim
report, and a few days later - Auqust 14- Mr O'Connor left
England on his return journey to Western Australia, visiting
Krupp's Steel Works, at Essen and Magdeburg, Germany, together
with other steel foundries and manufacturies in Europe.

Upon Mr O'Connor's return, work was slowed down in consequence
of large outgoings from loan funds on large public works in
hand, and a difficulty which arose in placing loans
satisfactorily. For that reason it was decided not to press
too quickly the Coolgardie Water Supply proposals. Otherwise,
the pipes contract could have been let in England in August,
1897. The Governor's Speech at the opening of Parliament, in
October 1897, contained the following paragraph: "My Ministers
regret that, owing to the large works already in progress from
loan funds, which it is impossible to interfere with, some
little delay must occur before this great work (the Coolgardie
Water Scheme) can be undertaken; but while regretting the
necessity for so great an expenditure on this work, they are
more than ever convinced that no other means are available for
providing a certain cheap, and good supply of pure water for
the Coolgardie goldfields". From that day forward, up to
within a few months of the completion, the scheme generally
became the subject of considerable criticism in a section of
the Press.

In May 1898, M.Burgigli was informed by the Premier that the
Government were not prepared to accept his offer, as they
intended to proceed with the work forthwith themselves, and
that, besides that, it would be impossible for the Government




to enter into treaty with any private individual for the
carrying out of so large work of the kind, except with the
special approval of Parliament.

THE TENDERS FOR THE PIPES

Early in 1898 the final report of the English Commission was
received, and in January of that year the Government gave
instructions for tenders to be called for the supply of pipes.
During the time that the specifications for pipes were being
considered Mr Ferguson's patent locking-bar pipe (which had in
rather an imperfect state been already considered by the
Commission of English Engineers, who were always favourably
disposed towards it) was perfected and designed, and again
brought under the notice of the Engineer-in-Chief.
Simultaneously with the cable for tenders to pipe manufacturers
in the British Isles, a similar cable was sent authorising the
Agent-General to call for tenders for pumps, the power of the
pumps to be as recommended by the Commissioners.

During the early part of 1898 not much actual work was done in
the State in connection with the scheme; but the railway line
between Mundaring Station and the Helena Weir site was
commenced in January and completed in August and the
excavations for the foundations of the Helena Weir were started
in April. On the 23rd August, tenders for pipes were received
in Perth and on the same day a cablegram from the Agent-General
quoted the tenders received in London. The Engineer-in-Chief
on 3rd September, reported to the Government dgenerally in
reference to the tenders received that the lowest tenders
received in England were from Messrs Buchner Blageo and Co of
Portland U.S.A. for 246.75 miles of riveted pipes and from
Messrs Piggott and Co (with Stuart and Menzies) for 81.25 miles
of welded pipe (for which tenders had been called) making in
all 328 miles of pipe at a total cost of £1 255 308. The lowest
tenders received in Perth were for the riveted pipes as
above-mentioned from Messrs G & C Hoskins, of Sydney, and (in
lieu of the welded pipes) for pipes of the locking-bar type
from Mr Mephan Ferguson, making a total of £922 694. 1In view
of Messrs Hoskins and Ferguson both being Australian firms,
their tenders, together being lower than the others received
and also as the Engineer-in-Chief considered it would be
advisable to adopt for the whole main, pipes of the locking-bar
type and that type of pipe being considered distinctly better
than riveted pipes, it was suggested that Messrs Hoskins and
Ferguson be asked, if possible, to coalese and to submit a
joint tender for the whole.




After a considerable amount of negotiation, and a fresh
contract being drawn in the State, on the basis of the ones
prepared in England, the coalition was agreed upon. The
Government acquired the patent rights of Mr Ferguson, with the
right to manufacture the pipes, and arranged a contract for the
supply of half of the total quantity required, with each of the
two firms. Before, however, the tenders were actually accepted
a notice of motion was tabled by Mr Holmes, in the Legislative
Assembly, discussed on September 14 that no tenders for the
supply of pipes be accepted without the approval of the House.
During the lengthy debate that ensued thereon, Mr Morgans moved
an amendment, practically to strike out the whole of the
motion, and to insert, "That it is advisable, in the interest
of the colony, that the Coolgardie Goldfields Water Supply
Scheme should be proceeded with at once, and this House urges
the Government to do all things necessary to expedite the
work." The amendment was carried after debate. Mr Walter
James proposed a further amendment, to be added to Mr Morgans's
amendment as follows:- "And to provide that such works, as far
as possible, be carried out by day labour, employed on the
eight hours system." That amendment was, however, lost. The
two contracts, each for half of the supply of pipes were signed
by the contractors Messrs G. and C. Hoskins and Mr Mephan
Ferguson, on October 18, 1898, the contract price for the pipes
totalling £1 025 124. The supply of joint rings was also
included in the contracts at a schedule rate of one pound two
and sixpence in addition to the price for pipes. The tenders
for the locking-bar pipes were some £230 000 less than riveted
pPipes the same thickness, and it was possible, therefore, with
the locking-bar pipes to give an extra one-sixteenth of an
inch, and thus ensure more economical maintenance.

THE CONSTRUCTION BILL

On September 20, 1898, the Goldfields Water Supply Construction
Bill was introduced by the Premier in the Legislative Assembly,
and read a first time. The Bill passed its second reading in
the Assembly on September 29, and was read a third time on
October 4. The only amendment that Wwas made in Committee of
any importance was that any claim for compensation for damage
done in connection with the work, unless settled by agreement,
should be referred to a Court of Arbitration, consisting of a
Joint Select Committee of both Houses of Parliament. The
Legislative Council altered that provision and amended the Bill
so that the clause relating to compensation read that three
Judges of the Supreme Court, sitting without a jury, were to
assess the damages, in lieu of the Joint Select Committee of
Parliament previously passed by the Assembly.

The tender of Messrs. James Simpson, for Worthington pumps., was
accepted. During 1899, active preparations were pursued at
Helena Weir. In June of 1899, Messrs Couston and Finlayson
made an offer to




supply patent caulking appliances, which they had invented, to
caulk by machine instead of by hand. After considerable
negotiations had been carried on, and improvements to the
machines made by the patentees, in April, 1900, Messrs Couston
and Finlayson made a definite offer to sell their patent rights
of the machine to the Government, and finally, in August, the
purchase of the patent rights was arranged for the sum of

£7 500 and also for the supply of a number of caulking
machines, together with the necessary oil engines, etc. Early
in 1902 a proposal was made by Messrs Couston and Finlayson to
complete the work of laying and jointing by contract. Mr C. H.
Rason, Minister for Works. submitted the proposals to the
Legislative Assembly on January 22. The proposals caused a
lengthy discussion, and the member for Beverley (Mr Harper)
moved that the matter be referred to a Select Committee.

SELECT COMMITTEE AND ROYAL COMMISSION

The motion was carried, and on the 17th February an interim
report was presented in order that the investigation should be
continued, a Royal Commission was appointed on 26th February,
consisting of Mr Harper, Mr Nanson, Mr Daglish, Mr George
Lefroy and Mr W Atkins. Simultaneously with the discussion of
the caulking contract in the Assembly a motion was moved by the
late Mr Crowder, in the Upper House that the Government should
call on the Works Department to concentrate their energies on
the completion of the first section of the pipe line of the
Coolgardie Water Scheme with a view of providing a test of the
working conditions before the prorogation of Parliament.

The scope of the Roval Commission was somewhat extended in
order that a thorough inguiry should be made into the whole
undertaking.

POST SCRIPT

The uncertainty as to whether economy was being exercised by
the Public Works Department provoked most ungenerous and
unjustifiable attacks in a section of the Press, upon the
Engineer-in-Chief and his assistants. Mr O'Connor's death came
just as the work was emerging from a cloud of difficulties.

His last written message contained the words "The Coolgardie
Scheme is all right."® The truthfulness of that statement has
been fulfilled. Mr O'Connor advised the Government in his last
message to get a good man to carry on the work implying
apparently that an eminent engineer from abroad should be
appointed, but the Minister for Works appointed Mr O'Connor's
subordinate, Mr C. R. S. Palmer, an engineer of considerable
attainments and experience in hydraulics to the Government of
India, to finish what had been so ably commenced and in great
part completed.
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One result of the Commission was the marvellous progress of the
pipelaying, for in 1902 346 miles of pipe had been distributed,
practlcally the whole of the trench excavated and 324 miles of

pipes laid and joined.

Pumping started at No. 1 station on March 31, 1902, the water
reached Northam on April 18, Cunderdin on April 22, Merridin on
August 22, Yerbillon on September 30, Southern Cross on
October30, Ghooli a few days later, Gilgai on December 21,
Coolgardie on December 22, and Kalgoorlie on January 16.
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2 ~ DESCRIPTION OF THE WORKS *

Before proceeding to describe in this Paper the design and
construction of the works undertaken for the water-supply of
the Coolgardie district of Western Australia, it is necessary
to touch briefly upon the history and topography of the
district.

Since the discovery of the great inland goldfields of
Coolgardie in 1892, the career of the State of Western
Australia, which previously had made but slow prodress, has
been uniformly successful; for the resulting mining population
created a profitable market for the agricultural and pastoral
produce of the well-watered coastal country, which was
therefore rapidly settled on as railway facilities were
afforded. The town of Coolgardie is situated about 350 miles
from the west coast and about 259 miles from the south coast;
and, although along the sea-shore and for a considerable
distance inland this part of Australia is well watered, the
portion - say. 300 miles by 250 miles - of the elevated
tableland in the interior of which Coolgardie may be regarded
as the centre is among the driest of the countries of the
globe, the rainfall having been as little as 3 1/2 inches in a
year. Moreover, the surface soil generally is very porous and
so excessively saline that, except in rock-holes after rain,
really fresh natural water is practically unknown, although
repeated boring has proved the existence here and there
underground of small quantities of fairly potable water.

About £400,000 has been spent on smaller waterworks of every
description, the exceeding dryness of the climate being soon
made manifest by the poor result of each small but costly work
carried out. It was thus proved that for any large supply of
fresh water a source should be searched for elsewhere than on
the surface or in the subsoil of any portion of this tableland.

The seriousness of the problem can be gauged by the usual
prices paid for water in later days. Even after completion of
these smaller works, the prices were:- 25s. per 1,000 gallons
when the occasional rains filled the tanks which formed one
class of the works, and £4 per 1,000 gallons when only water
condensed from the extremely salt fluid obtained in wells and
shafts was available.

* Taken from “Coolgardie Water Supply"” by Charles Stuart
Russell Palmer, MICE - (Paper No. 3516 - March 28, 1905)
THE INSTITUTION OF CIVIL ENGINEERS, Proceedings.
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Yielding to the pressure of popular opinion, the Government
spent several thousand pounds without result, in a bore-hole
more than 3,000 feet deep in solid granite; various schemes for
condensing on a very large scale, at the salt lakes situated in
the goldfields, were abandoned on proof of the excessive
salinity of the water of the lakes, the difficulty and cost of
obtaining a sufficient supply of even this water, and the high
price of fuel; and then two proposals for conservation, with
sources comparatively near to the goldfields, were considered
but abandoned, as the low rainfall rendered it more than
questionable whether the yield would be sufficient. By a
process of elimination, therefore, there was reached the
accepted solution of the problem, namely. a source in the
Darling Ranges bordering the well-watered west coast. This
scheme had the additional advantage that all intermediate
townships, as well as the adjacent Government railway, could be
supplied from the main conduit, the railway being especially
benefited in its course through about 250 miles of arid country
wherein railway water-supply was known to have cost as much as
£60,000 in a single vear.

By the middle of 1895 the Government of Western Australia had
decided that some large comprehensive scheme would be
necessary; and, orders for report and recommendation having
been issued, there were prepared, under the instructions of the
late Mr. C.Y. O'Connor, C.M.G., M. Inst. C.E., the Author's
late chief and predecessor in the position of Engineer-in-Chief
of the State, thirty-one alternative proposals, from which,
after study, three were chosen to be placed before the
Government. The source of supply in each case was to be an
impounding-reservoir in the Darling Ranges, whence the water
was to be pumped in successive lifts to Mount Burgess, north of
Coolgardie: thence it was to be reticulated to the various
mining-centres, of which Coolgardie was one. 1In Mr. O'Connor's
Report, (Appendix) the three schemes were stated, for
comparative purposes, to be as follows:-

"The result of ... calculations went to show (as for steel pipes, that, for
one million gallons daily, the cost would be from, say, £700,000 to
£1,000,000 (depending on the size of the pipe), and with the cost of
delivery varying from 5s. 6d. to 8s. 6d. per 1,000 gallons; while, for five
million gallons daily the cost varied from, say £2,200,000 to £2,700,000
(depending similarly upon the size of the pipe), with cost of delivery
varying from 3s. 5d. to 6s. 7d. per 1,000 gallons; and that, for ten million
gallons daily, the cost varied from, say, £3,500,000 to £4,600,000
(depending similarly on the size of the pipe), with cost of delivery varying
from 3s. to 5s. per 1,000 gallons*.

The scheme adopted was for a daily supply of 5 million gallons,
at a probably capital cost of £2,500,000, and a selling-price
of 3s. 6d. per 1,000 gallons, after allowing for interest and
depreciation. The consumption of the water provided by this
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scheme, which is still in its infancy, has not yet amounted to
more than one-fourth of the gqguantity allowed for: and the
Author reported to the Government, soon after becoming
responsible, that until much greater development of mining
occurs, the consumption is not likely to exceed one-half of
that allowed for. It is therefore due to those originally
responsible to point out that when the proposals were
inaugurated, and, in fact, up to the time when the works were
opened, no information and no authoritative opinion outside the
Public Works Department could be obtained as to the probable
consumption; while, on the other hand, there were the greatest
expectations in the public mind of more extensive working of
low-grade mines, when comparatively cheap water should be
available. These expectations were not confined to the general
public: for, some doubts having been expressed in Parliament as
to the probability of so much as 5,000,000 gallons being used
daily on the goldfields., a well-known firm offered to take that
quantity daily for 20 years at 3s. 6d. per 1,000 gallons,
provided that the Government would not compete with them in
price. In September, 1896, Parliament sanctioned the raising
of a loan of £2,500,000 for the construction of a
storage-reservoir of about 5,000 million gallons capacity, a
30-inch line of steel main throughout, and a series of eight
pumping-stations, with the necessary receiving-tanks and
distributing-reservoirs.

In January, 1897, a Commission of English engineers -
consisting of Mr. John Carruthers (the Consulting Engineer for
the State, in London), Dr. George F. Deacon and Professor W.C.
Unwin - was appointed to inquire into and make recommendations
as to the kind, thickness and size of pipe to be employed;
whether it should be placed above or below ground: and the
number, positions and power of the pumping-stations and
engines, and the pumping and break-pressure reservoirs.

Mr. O'Connor, who was then Engineer-in-Chief to the State,
personally placed all available information before the
Commission, which issued two reports. (Appendix) In the first
or interim report nine pumping-stations were recommended. 1In
the final report the Commission submitted an alternative
arrangement, with eight pumping-stations in lieu of nine: and
in the adopted scheme the locations of the pumping-stations
differ but slightly from those of the first eight stations
proposed by the Commission in their interim report: but it was
possible to omit the ninth pumping-station, as it was decided
to deliver the water into a large service-reservoir at R.L.
1630, near Bulla Bulling instead of on a high hill near
Coolgardie, and to increase the lift at each of the last four
stations by such small amount as would enable this to be
accomplished.
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The detailed description of the works will be divided under the
following heads:-

I. The storage-reservoir.

II. Construction of the weir.

III. The pipe-line.

I1V. The pumping-machinery.

V. The pumping and service-reservoirs, reticulation, etc.
VI. Cost of the works.

The following general outline is given here to facilitate a
clearer understanding of the details.

General outline of Scheme - A daily supply of 5,600,000 gallons

was provided for, of which 5,000,000 gallons was for use in the
goldfields, and the balance for waste and consumption en

route. The supply is obtained from an artificial reservoir,
having a capacity of 4,600 million gallons. From this
reservoir the water is pumped through a steel conduit, 30
inches in diameter, by a series of eight pumping installations,
to the main distributing reservoir at Bulla Bulling, 308 miles
from the main storage reservoir and 1,290 feet above the lowest
outlet-level of the latter. From the Bulla Bulling
distributing-reservoir the water gravitates for 21 miles to the
Coolgardie service-reservoir, and thence to the Kalgoorlie
service-reservoir, a further 23 1/2 miles, the total length of
the conduit from the supply reservoir being 351 1/2 miles.

The first pumping station is located on the right bank of the
Helena River and 650 feet down-stream of the
storage-reservoir. The pumps draw their water from a
stand-pipe 4 feet in diameter, which is placed immediately in
front of them and is fed by a 30-inch steel main, which,
beginning at the outer valve-house passes under the
boiler-house before entering the stand-pipe. The pumps here
lift the water a net height of 415 feet, through 1 1/2 mile of
pipe, and deliver it into a concrete receiving-tank having a
capacity of 468,000 gallons and a depth of 15 feet of water.

The pumps at Station No. 2 draw their water from this receiving
tank, the maximum suction-1lift being 11 1/2 feet, and deliver
it into a concrete requlating-tank at Baker's Hill, 22 1/4
miles from Station No. 2, the net 1lift being 340 feet. From
the Baker's Hill regulating-tank, which is 15 feet deep and has
a capacity of 500,000 gallons, the water gravitates to the West
Northam requlating-tank, 12 miles distant. This tank is
similar in construction to that at Baker's Hill, having the
same capacity and depth.

The net fall is 94 feet from Baker's Hill to West Northam,
whence the water gravitates to the Cunderdin reservoir, a
further 41 miles, thus making a total length of 75 1/4 miles
between Stations 2 and 3. The Cunderdin reservoir has an
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available capacity of 10 million gallons. No. 3
pumping-station is located about 3/4 mile from this reservoir,
and the pumps draw their water from a stand-pipe, similarly to
those at No. 1. The section between Stations Nos. 3 and 4 is
62 3/4 miles in length, the net lift at No. 3 being 215 feet.
The water is delivered into a circular concrete tank at No. 4,
having a capacity of 1 million gallons and a depth of 15 feet.
From Station No. 4 the water is lifted a net height of 333
feet, and delivered through a section 32 1/2 miles long into a
rectangular concrete receiving tank 20 feet deep, with a
capacity of 1 million gallons. At Stations Nos. 5, 6, 7 and 8,
the arrangements are similar to those at Station No. 4, and the
receiving tanks at Nos. 6, 7 and 8 are similar in design to
that of No. 5, having also the same capacity and depth. The
net lifts at Stations Nos. 5, 6, 7 and 8 are respectively 52
feet, 106 feet, 56 feet and 183 feet, and the corresponding
lengths of section 46 miles, 31 3/4 miles, 45 miles and 12 1/4
miles. From Station No. 8 the water is delivered into a main
service reservoir at Bulla Bulling, of 12 million gallons
capacity. Thence the water gravitates to Coolgardie, and from
Coolgardie to Kalgoorlie. These towns are provided with
circular concrete service reservoirs, that at Coolgardie having
a capacity of 1 million gallons and that at Kalgoorlie of 2
million gallons.

Early in 1898 the first work on the scheme, namely,
construction of the branch line of railway to the weir, was put
in hand, and was completed in the following August. 1In April
of the same year, excavation for the foundations of the weir
was started: concreting was begun in February. 1900, the first
pumping took place in April, 1902, and the weir and subsidiary
works were practically finished in April, 1903.

Contracts for the pipes were let in October, 1898, and for the
pumps in March, 1900. The excavation of the pipe-trench was
begun in March, 1900. The laying and jointing of the pipes was
begqun in March, 1901; about 90 miles were completed that vear
and the remaining 260 miles (including the extension to
Kalgoorlie) in 1902. The water reached Kalgoorlie in the
middle of January. 1903, and the works were formally opened on
the 26th of that month. The whole period of construction had
thus been less than 5 years, although it was necessary to
import all material for construction of the pipes. cement,
valves and specials, lead for jointing, pumping machinery., the
iron work in the weir., and much other material.
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I. -~ THE STORAGE-RESERVOIR.

When the scheme was first propounded, and, in fact, until
shortly before the construction of the weir was begun, there
were no river-gaugings available: consequently, in judging of
the probably inflow into a reservoir, it was necessary to base
calculations on results obtained in other countries. About
3,000 square miles of the Darling Ranges having been examined,
and thirteen possible sites surveyed in a preliminary manner,
it was finally decided to place the reservoir at Mundaring on
the Helena River, where the cost of construction per million
gallons of storage would be least.

The rainfall for the year 1902 may be taken as typical of the
rainfall generally. During that year the total rainfall, as
recorded at the Helena weir, amounted to 27 1/2 inches, the
total number of rainy days being 81; i.e., the average
precipitation per rainy day was only 0.34 inch. The maximum
rainfall in any one day was 1.41 inch.

The unusual variations in the yield are due, in the Author's
opinion, to two other causes, whose effects in new countries
where records are scanty require much experience and
consideration for their correct estimation. The first is that
the rainfalls of York and Mundaring, which are all that are
available, require to be greatly discounted, owing to a rapid
rise of the country for several miles inland from Mundaring.,
and then a fall to the tableland of the interior: and it 1is
therefore probable that the rainfall on the reverse slope of
the Darling Ranges., and on much of the tableland adjoining, is
less even than that at York. The second cause is that on the
tableland, where the rainfall is smaller and the country is
more absorptive than on the ranges, a large and more or less
definite amount should be deducted from the rainfall before any
estimate of the off-flow can be made.

It was early evident that much of this difficulty would be
obviated by placing the weir lower down the river, and thus
including a larger proportion of quick-shedding catchment.
This, however, would have given a worse reservoir-site and
would have entailed extra expense, both capital and annual, on
account of the greater pumping-1lift: the site higher up-stream
was therefore adhered to. The startling results of 1902,
however, could not be foreseen; and as, in the Author's
opinion, the available records of rainfall render it more than
doubtful whether, when the full estimated daily consumption is
reached, even the 2 years' storage capacity will be sufficient
to tide over bad seasons, the responsibility was incurred by
him of recommending any necessary additions to the works. It
was not considered advisable to raise the reservoir wall -
although it is strong enough to bear some additional static
pressure - since the limit of economy of the site has already
been reached: and it has therefore been recommended that so
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soon as the demand warrants that course, catch-water drains
should be extended into the well-watered and quick-shedding
country draining into the Helena below the present weir.

By this means, for an expenditure of about £45,000 (only 1 1/2
per cent of the total cost of the scheme), enough extra
catchment area could be included to ensure a yield from the
present reservoir of 6 1/2 million gallons daily - say 50 per
cent more than what is now a certainty.

Evaporation and Loss from Reservoir - As will be explained later,
the site of the weir was so badly fissured, and the basin of
the reservoir so extensively crossed by basaltic dykes, that
competent geological authorities believed that extensive
stopping with concrete might be necessary. It was a matter of
great interest, therefore, to ascertain what loss, if any, from
the reservoir might result from this fractured condition: for
it was decided that, except as regards the fissure across the
site of the dam, no precautionary measures should be taken in
the first instance. Between the lst November, 1901, and the
28th February, 1902, no water at all was drawn, and a
favourable opportunity for testing the probable annual loss was
thus afforded. The total loss is at the rate of only 4 1/2
feet of depth per annum - which is not much more than the
evaporation alone should amount to - the danger of building
where similar basalt dykes occur can be seen to be not
excessive. The point is one of the greatest interest in
Western Australia, not only because the location generally of
the streams in the ranges seems to have been determined by the
greater ease with which these basaltic dykes have been
disintegrated and eroded, but also because practically the only
site available for the reservoir of the ultimate gravitation
scheme for the West Australian metropolitan area, lately
reported on by the Author, is even more fissured than that at
Mundaring.

Quality of the Water - Except in a few tracts where salts have
been leached out of the soil by heavy rainfall, even the
surface waters of Western Australia generally., although soft,
contain a comparatively large amount of dissolved mineral
matter, chiefly common salt. High chlorine results have
therefore to be expected on analysis, and this test of possible
contamination of the sources of supply, whatever its value
elsewhere, is inapplicable; but as the catchment is so large,
and as much of the area was alienated before the scheme was
inaugurated, and would cost an excessive sum to buy back,., a
small amount of habitation on the catchment is inevitable.
Moreover, except in these small patches, the land is covered
Wwith forest and scrub; and, with a small ratio of off flow, the
decaying vegetable matter would be expected to result in high
ammonia figures on analysis of the water. Although this woulad
in itself be harmless, it was recognized that the presence of
the dissolved organic matter might be accompanied, on occasion,
by dangerous bacteria of decomposition; and, as filtering
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before delivery is not included in the scheme, it was
determined to institute periodical analyses in the first
instance, and, later on to make also regular bacterial
examinations.

Disposal of Surplus Flood Waters - Althoudgh when the scheme was
inaugurated there were no gaugings by which the probable total
inflow into the reservoir from year to year could be arrived at
Wwith certainty, there was ample evidence to show that the
Helena and other streams similarly situated were liable to
heavy floods: and as at the site chosen for the weir the valley
through which the Helena runs converges abruptly, being in fact
a deep gorge flanked on both sides by high hills, the width at
the bed of the river being only 15 feet, and at 100 feet above
the bed 750 feet only from solid rock to solid rock, the usual
method of disposing of flood-waters, namely, by means of a
by-wash, was precluded by its cost. It was therefore decided
to pass all floods over the weir crest, notwithstanding that
calculation showed that for safety as much as 5 feet in depth
over the whole length of the weilr would have to be allowed

for. Although, so far as the Author is aware, the weir is the
highest overflow-weir in existence, this depth was not
considered excessive, because no debris whatever is brought
down in floods, which, even when of the heaviest, could not be
of very long duration. 1Indeed, the whole flow of the river
lasts less than half the year at most, so that sufficient time
is afforded for repairing any damage done to the weir-face and
footings. 1In order to facilitate the descent of the water, the
profile of the weir-crest was approximated to a parabola, and
the form of the curve follows very closely that of the Holyoke
Dam, in the United States, which was determined by experiment.
The reservoir overflowed for the first time during the rainy
season of 1903, and, for about 2 weeks, 6 inches of water
flowed over the crest without doing any damage to the wall.

The water clung perfectly to the whole wall-face while
descending. The same result is not to be expected when the
depth over the crest is much greater; but obviously some
departure of the deeper flowing water from the wall would not
matter much. The downstream face of the dam is broken by three
guide-walls which prevent any scour at its foot by the spill
water, which would otherwise have run along the toe; and where
the wall is highest, a spill-water basin or water-cushion has
been provided, from which a wide channel, excavated in the
river-bed and lined with stone, carries all flood-water rapidly
away clear of the dam and of the pumping station below it.

The loss by evaporation and percolation has proved to be very
small, and the overflow and draw-off arrangements of the
reservoir have worked most satisfactorily.
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IT - CONSTRUCTION OF THE WEIR

The governing factors of the design were that the maximum
pressure on any portion of the wall should not exceed 8 tons
per square foot, and that the centres of pressure should be
well within the middle third, both with the reservoir empty and
when 5 feet of water was flowing over the crest.

Preliminary Works - The reservoir and the first pumping station
are situated at the bottom of a deep valley some miles from the
nearest railway, and as all material, except stone for the
concrete of which the Weir was built, had to be brought from a
distance, the first work put in hand was the construction of a
tram-line, to the standard railway-gauge of the State, starting
from Mundaring station on the existing line of railway. The
next question was the provision, at a comparatively waterless
spot, of a permanent supply of water fit for the use of the
many men to be employed. as well as for the works. The
requirements were met by constructing, in the bed of the future
reservoir and about 9 chains above the weir wall, a temporary
concrete dam impounding about 20 million gallons, and by
forming, from the by-wash with which this small reservoir was
provided, a channel capable of carrying away 100 million
gallons per diem. The channel was formed for the most part of
open cut, but a timber flume carried the flood-waters across
the weir site.

Foundations - Generally speaking, the country at the reservoir
site is very rocky, consisting largely of undecomposed granite,
traversed by intrusive basaltic dykes whose direction is mostly
at right-angles to the course of the river. At the site of the
welr, however, the granite showed out particularly clearly, and
the few trial-shafts, put down where the rock was shattered,
reached solid granite at no great depth, the deepest of the
shafts being only 20 feet deep from the ground surface. On
opening up the foundations, however, it was discovered that the
rock was nothing like as solid as surface indications and
trial-pits promised:; for on the right bank a large portion of
what at first appeared to be bed-rock was found to consist of
an immense boulder with a large cavity below it:; and under the
bed of the river the granite was very badly fissured over the
full width of the foundations. It was not possible to vary the
site, as the disruption was found to extend both up and down
stream for a considerable distance: and there was no
alternative but to follow the fissure down, which was done
until a depth of 90 feet below river bed was reached. At this
level the filling material in the fissure was found to be so
compact that it was but slightly eroded by a jet of water
discharged under a pressure of 250 lbs. per square inch. It
having been seen that the fissure had a northern underlay, a
vertical boring was now made on the north bank of the river,
which cut the fissure at about 165 feet below river bed, and
was continued for a further depth of 52 feet. The bore was
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then filled with water, and the material in the fault was
subjected to a hydrostatic pressure equivalent to a head of 690
feet, which was maintained for 4 hours, during which time the
foot and hanging walls of the fissure, and the line of fissure
at the bottom of the excavations, were all carefully examined:;
but no signs of moisture could be detected. It was concluded
that the material in the fissure, at the depth which the
excavations had then attained, was impervious to water, and
that it would therefore be safe to erect the weir thereon.

Where the wall would be highest, that is, where the fissure
occurred in the foundations, the excavations were carried down
about 15 feet from the building-line in a vertical direction on
the up-stream face; but as one of the basaltic dykes crosses
the valley a short distance away on the down-stream side, it
was considered necessary to remove the whole of the material
between the hanging wall of the dyke and what would otherwise
have been the toe of the weir. The concrete filling of
foundations was carried up to bed level on the up-stream face,
but on the lower side the mass filling was stopped 18 feet
below bed-level and the wall proper was begun to the designed
section. The granite beds, or floors, were deeply chased in
longitudinal rows about 6 feet wide and 3 feet deep. and the
toe of the wall-batter, where it met the granite floor, was
channelled the whole length to key the concrete in.

The great inequality in the depth of the foundations, and their
apparent doubtfulness for a work of this magnitude, have not
appreciably affected the weir: for although very fine vertical
lines, such as invariably occur in the concrete lining of
service reservoirs in hot countries, have made their appearance
here, they have not extended, and any slight sweats have taken

up.

Drawing-off and Scouring Arrangements - The reservoir is provided
with two valve-towers constructed of concrete. The inner
tower, situated on the reservoir side of the weir, was built
into, and concurrently with, the main wall, being approximately
semi-circular in section. The outer valve-tower is rectangular
in section, and is situated 175 feet down stream from the
centre of the weir-wall, being connected therewith by a
viaduct, which carries the outlet and scour-pipes, all solidly
bedded in concrete, as far out as the outer valve-house.
Ingress to the inner valve-tower is obtained by means of a
steel gangway running over the crest of the weir, and supported
thereon by granite cut-water piers 52 feet apart between
centres.

Provision is made for drawing water from the reservoir at three
different levels, namely, at 25 1/2 feet, 53 feet and BO feet
below full supply level, by means of 24-inch cast-iron
bell-mouthed pipes, passing through the valve-tower wall into a
cast-iron stand-post. Each draw-off inlet is provided with a
stop-valve placed in the valve-chamber, from which valve-rods
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are carried up to bevel-geared headstocks, all placed on the
upper valve-tower floor, which is 1 foot 9 inches above maximum
flood-water level of the reservoir.

Over each inlet are placed screens which can be removed for
cleaning by means of chains worked by winches carried on an
outer platform running round the valve-tower, and supported
therefrom by brackets. Two 24-inch cast-iron spigot-and-faucet
outlet-pipes pass from the stand-post, at 80 feet below
full-supply level, through the weir-wall to the outer
valve-tower. Each outlet is provided with a stop-valve in the
inner valve-tower, and these are regulated similarly to the
valves on the reservoir-inlets.

A 30-inch scour-pipe, leading from a fore-bay 90 feet below
full supply level, runs through the inner valve-tower, and
through the weir-wall into the outer valve-tower. It is
provided with a stop-valve in the inner tower, which is worked
by a worm-geared head-stock placed on the upper floor. From
the outer valve-tower the scour passes into the river, where it
has its discharge. Both the outlet-pipes and the scour-pipe
are provided with valves in the outer valve-tower, which will
be brought into use only in the event of accidents to the
regulating-valves in the inner valve-tower. Any water soaking
through the wall of the inner valve-tower is led into a sump,
whence it can be lifted into the scour-pipe by means of a
water-ejector, supplied with pressure-water from the lowest
inlet. At the outer valve-tower, the two 24-inch outlet-pipes
junction into a 30-inch pipe, which runs to the stand-pipe in
front of the engines at No. 1 station.

The details of all the ironwork used in the construction of the
welr were drawn out in the State, and all ironwork was obtained
from Great Britain. It speaks well both for the accuracy
displayed in the preparation of the drawings, and for the care
exercised in the manufacture of the various appliances, that
when being grouped together as the work progressed, all parts
fitted correctly into their respective places, without any
alteration whatever.

The site of the reservoir, about B00 acres in extent, was
grubbed and cleared, and all fallen timber and decaying
vegetable matter was taken out of the river-bed and burned:
later on the suckers and scrub were again cut down and burned.
About 20,000 acres of the lower catchment-area was ring-barked
with the object of increasing the inflow.

A concrete-lined spill-water basin, about 150 feet long by 100
feet wide, is constructed in the bed of the river, at the toe
of the wall, with a depth of water of about 10 feet. The water
is confined by a mound across the river-bed constructed of
rubble faced with concrete.




The excavations for the foundations were begun in May, 1898,
and on their completion in January. 1900, the building of the
wall was started, and was carried on both day and night until
completion in June, 1902, an electric-lighting plant and eight
arc-lamps placed at points of vantage affording ample light for
operations by night.

Cement and Concrete - In the construction of the weir-wall

76,418 casks of cement were used, and a further 1,090 in the
spill-water basin and other subsidiary works, or a total of
77,508 casks, of which 19,767 casks were of German manufacture
and the balance British. The German cement was chiefly used in
filling the deep excavations made in sinking on the fault in
the bed of the river.

The length of the average passage by steamer from London to
Fremantle was more than 6 weeks, and by sailing vessel 90 to
100 days: and as on arrival in the State the cement was
received into storage-sheds where it lay at least 1 month, but
generally for a longer period, during which time tests were
made preliminary to its despatch for use, the cement had some
chance of losing any "freshness" which it might have had when
first placed in casks., and needed comparatively little

slaking. A cement which did not demand much slaking before use
was especially necessary in connection with the smaller
scattered works of the scheme, distributed as they were over
350 miles, and mostly in country whose dry atmosphere would not
tend to satisfactory, or, at any rate, speedy., slaking. 1In
these smaller works, the cement, having passed the necessary
tests, was used direct from the casks, because to slake and
then repack it would have entailed incommensurate expenditure:
but at the weir provision was made for slaking fully all cement
requiring it.

The tests, which were of an exhaustive character, were directed
not only towards determining the qualities of each batch of
cement, but also to so ascertaining those qualities that after
slight treatment in the State parcels which seemed at first to
be doubtful might be used without hesitation. Situated, as the
works were, at such a distance from the source of supply. this
was essential. Taken altogether, the cements received were
very satisfactory, and as the long-date tests become due, and
the samples are examined and the briquettes broken, the results
confirm the good qualities adjudged after the shorter tests.

One feature in the relative rise in temperature on hydration of
slaked and unslaked cement is worthy of notice. On several
occasions samples taken straight from the casks showed a
comparatively small rise in temperature, yet the same cement,
after exposure to the air, registered a considerable rise. For
the purposes of closer examination a long series of experiments
was made with the same shipment of cement air-slaked under
three different conditions, namely:-
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(1) Under the corrugated-iron roof of a shed.

(2) Under the wooden floor of the same building, spread in
thin layers on a large tarpaulin and turned over daily; and

(3) Under the same floor, but placed in a box covered with wet
bags, passages for currents of air being left between the
cement and the bags, which were wetted and turned daily.
It is difficult to assign reasons for the maximum rise in
temperature shown in the results. However, the results
obtained from long-date tests of this same consignment,
show satisfactory increase of strength.

The effect of slaking on subsequent expansion was also the
subject of a long series of tests. Ordinary glass test-tubes,
6 inches by 1 inch, were filled with stiff grout, and placed in
cold-water baths after the cement had set. The tubes usually
cracked after 3 days or more when filled with fresh cement,
showing a high rise of temperature on hydration: but as slaking
proceeded, so did the energy of the cement decrease. Further,
there was apparently renewed activity after months of
quiescence, tubes being cracked although the cement core itself
remained hard and sound and, so far as the eye could detect,
absolutely unharmed.

Except about 1,000 cubic yards of sharp, coarse-grained sand
obtained from the river about 1 mile below the weir-site, the
whole of the sand was brought from either Lion Mill or
Bayswater, distant 8 miles and 22 miles respectively, by
railway. That from the former was of quartz, and very
fine-grained, yielding even and good results in the
testing-room. The quarry, however, required heavy stripping of
mould, and the sand itself required screening and thorough
washing, to cleanse it from vegetable and earthy matters. This
entailed the erection of a sand-washing plant. The sand from
Bayswater was of a much better class, and required but light
washing to free it from all earthy material.

About 30,000 cubic yards of spalls, for crushing to concrete
size, were selected from the material obtained in the
excavation of the foundations. For the plums and the balance
of the spalls required, a gquarry was opened on the north bank
of the stream, below the weir, and about 70 feet above
river-bed.

The weir and all accessories were built of concrete, but in the
former, large rough granite blocks, just as quarried, were
introduced into the concrete. It was originally intended to
build the wall with 50 per cent of these large blocks: but
without proper plant, which was not available, handling would
have been very expensive. The concrete consisted of 5 parts by
measurement of granite crushed to 2 1/2 inch gauge, 2 parts of
cleaned sand and 1 part of Portland cement. $So long as the
wall remained below the level of the mixing-house, the mixture
was conveyed to the work on an endless conveyor working in a
trough, with travelling boards secured by ropes and spaced
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2 feet apart, thus ensuring that the heavier aggregate was not
separated from the matrix on the way. Later, the concrete was
conveyed on a trolley-line in skips, to a large derrick-crane,
which lifted the skips on to temporary tram-lines on the
growing wall: they were then pushed by hand to a travelling
steam-crane which lifted each skip in a bridle, overturned,
emptied, and returned it to its carriage. The concrete was
spread and rammed by hand, the various layers being broken up
so far as the width of wall would allow, in order to break bond
in both beds and joints; and in addition, the large rough
blocks, up to 2 cubic yards in volume, were deposited and
thoroughly bedded and grouted, in order to key the
bedding-planes together.

For the first 10 feet the batter was lined and the concrete
retained by rubble masonry, but above this level wooden framing
was substituted.

Rendering of the face was not desired or found necessary, as
great care was taken, when depositing the wet concrete in
contact with the moulding-boards, to keep all stone well back
with straight spades, and a good finished face resulted on
stripping. The valve-tower and viaduct, which were carried up
Wwith the main wall, were similarly built between
moulding-boards, the frames inside and out being formed of
upright studs, cross silled and lagged with 4-inch by

1 1/8-inch tongued and grooved Oregon boards fixed vertically.
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II1 - THE PIPE-LINE

The points on which the Commission of English engineers were
asked to advise were, as regards pipes and main generally -

{fa) “Whether the pipes should be laid in a trench and covered in, or left
exposed to view."

{b) “Whether it would be safe to rivet up the whole line of pipes, or
whether joints, to allow for contraction and expansion, are necessary;
the kind of joint most suitable, should they be necessary."

fc) “Material and method of manufacture of pipes, whether welded or
riveted, and whether welding and riveting shall be square or spiral."
The use of cast iron being prohibited by the cost and the difficulty
of freight both by sea and by land, the Commissioners were not to take
it into account.

{d) "The diameter and thickness of pipes, and method of protecting."

As regards (a), the Commissioners were informed that there were
possibly deleterious salts in the soil of a large part of the
district through which the aqueduct would pass; and, for this
reason, and also in order to avoid pressure on the empty pipes,
to save the expense of trenching, and especially to facilitate
detection and suppression of leakage, they recommended that the
pipes should be laid above ground, uncovered, with
expansion-joints.

The Commission recommended that the pipe should be of steel
throughout, supported on bolsters, and riveted up in lengths of
about 110 feet, with expansion-joints at these intervals, and
anchor joints midway, fixed to masses of concrete or piles, in
order to prevent the pipes from creeping. The minimum
thickness was fixed at 13/16 inch; and the pipes were to be
longitudinally riveted where the pressure was such that the
thickness of shell for riveted pipe was not required to be
greater than 1/4 inch, and welded for all higher pressures;
with a minimum thickness of 1/4 inch.

Tenders for the pipes were accordingly invited from Australia,
Europe and America. Tenderers were at the same time invited to
submit alternative prices for any other kind of pipe which they
desired to put forward. The lowest of the tenders received
were as follows, the prices being for delivery in the Colony at
a point 22 miles inland:-
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Lowest Tenders received in

Class of Pipe Europe | Australia
£ £
Riveted pipes 782,708 682,827

Locking-bar pipes in lieu of

welded pipes 239,868

|
|
} l
e e e e e e .. ]
Welded " - . | 472,600 |
I |
| |
| |
Total | ]

1,255,308 922,695

The locking-bar pipe, for which alternative tenders were
received, had been considered by the Commission and favourably
commented on, but was not recommended for so large a scheme,
because proof of its successful manufacture and use on any
considerable scale was not then available. Subsequently,
however, and before receipt of the tenders, 10 miles of main,
25 1/2 inches in diameter, had been laid in South Australia.
It had been found that pipes made from 1/4 inch plate and fresh
from the closing machine would withstand a pressure of 400 1lbs.
per square inch - or nearly twice what would be alloweed
continuously in practice on pipes of this thickness of plate -
without a weep:; and, moreover, all pipes which did not stand
the test could be passed back to the closing-machine to be
reclosed, instead of being subjected to the usual
caulking-processes so injurious generally to the plates and
jointings. Practical use on a fair length of main also showed
that the jointing could be successfullly accomplished, thus
leaving only questions of comparative cost and comparative
usefulness to be considered in deciding whether the new pipe
should or should not be used in place of welded and riveted
pipes.

Taking first the Australian prices for locking-bar pipes and
contrasting them with those for welded pipes, the saving is
seen to be very marked, being within a few pounds of 50 per
cent. Moreover. the price of locking-bar pipes was but little
more than that of riveted pipes. The lowest tenderers were
therefore asked to consider the matter again, and they quoted
prices for the locking-bar pipes which contrasted as follows
with those received for the riveted pipes:-
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Thickness of

Metal in Pipe. Riveted Pipe. Locking-Bar Pipe.

I I I |
| | | |
| | | |
| Inch. | £ S. d. | £ S. a. |
I I | I
| 3 I I |
| 16 | 12 12 9 | 13 10 o |
| | | |
| 1 | | |
| 4 | 16 5 o | 16 15 o |
I | | I
I 5 I I I
| 16 | 20 3 6 ] 21 o o |
| L | I

Making a deduction of 1/16 inch from the thickness of the plate
to allow for corrosion and contingencies, and assuming a safe
working-pressure of 7 1/2 tons per square inch of net section
of metal, the safe head of water on pipes of these thicknesses,
and 30 inches in diameter, is shown by the following Table: -

| Thickness | | |
|of Metal | Safe Working-Head |
|Metal in Pipe. | Riveted Pipe. ] Welded Pipe. |
| | I |
| Inch. | Feet. | Feet. |
| | I |
| 3 | I !
| 16 i 220 | 323 |
| | I |
| 1 | I |
| 4 | 340 | 485 |
| | I I
| 5 | | I
I 16 | 458 1 647 |
| | | |

The locking-bar pipe being as strong as welded pipe., it would
be possible to effect considerable economy by using 3/16-inch
and 1/4 inch locking-bar pipes, in place, respectively, of the
1/4 inch and 5/16 inch riveted pipes which had been specified
"originally; but it was recognized in the State. when pipes of
so small a thickness as 3/16 inch were included in those to be
tendered for, that great care would be required in handling
them, in order to prevent damage; and one result of the
favourably low tenders was that a minimum thickness of 1/4 inch
was provided throughout, thus greatly increasing the probable
life of the main in the every portions where the soil is worst,
and the variations in temperature greatest. Moreover, by
having one thickness and one diameter throughout, the
contractors were induced to make a further reduction of 5s. per
pipe., so that the whole length of main was laid with pipes
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30 inches in diameter, thus effecting some saving in the
capital cost of the pumps, as well as in the cost of pumping.

As the adoption of locking-bar pipes obviated the serious and
continuous loss of water which was to be anticipated from a
pipe having multitudinous rivet-holes, the question was
considered whether the soils in which the pipe would have to be
laid would tend to shorten its life, and if so, to what
extent. As already mentioned, the natural water obtainable on
the goldfields is highly mineralized; moreover, it often
contains free acids. Therefore thin unprotected pipes in
contact with this water could not have any lengthy life -
conclusion which experience has confirmed; but careful analysis
of the soils along the pipe-track showed that, where mining
operations did not entail distribution of such water on to the
s0il in which the pipes might be buried, this soil has been so
much leached as to have lost many of its harmful properties,
except, of course, in the salt-impregnated beds of the
so-called "lakes". It was decided, therefore, that in the
latter situation the pipes should be laid on trestles above
ground, but covered with a low roof of galvanized iron: and
that in the remainder of the section they should be buried,
thus obviating any necessity for expansion-joints anad
permitting, in fact, the use of ordinary lead jointing.

The Coating - In determining the composition of the coating to

be used, wide extremes of temperature had to be allowed for.
The fierce and continuous heat of the goldfields summer, when
the temperature in the sun attains 1509 to 1709F., 1is
sufficient to render even block asphalt plastic. On the other
hand, the frosts of winter would injuriously affect too hard a
coating; and, moreover, as experiments showed, the extreme
dryness of the soil at certain seasons, together with the heat,
would very likely cause some loss of essential oils. As the
result of a large number of tests of mixtures, made both at the
pipe-works and at the head office, the coating used consisted
of one part of asphalt and one part of coal-tar applied as
described later, and freely sprinkled with sand while still hot
and soft, to reduce the risk of the coating running when
exposed 1n hot weather. ©No doubt the latter object could have
been brittle and more liable to flake off the pipes. Even the
coating used ran to some extent when exposed for many days to
the hot sun; but all exposure of metal, owing to this and other
damage, was systematically made good just before the pipes were
buried. The inside of the pipes was similarly coated - except,
of course, that no sand was applied; but, as the water passing
through 1is soft. although containing 20 dgrains of solids per
gallon, and as vegdgetable acids are absent, much corrosion of
the interior surface is not anticipated: and where the pipes
have been emptied and opened 12 months after water started to
pass continuously through them, the interior has appeared to be
as clean and good as when they were first laid.
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Joints - A simple sleeve joint was adopted, the ring being 8
inches wide, and 1/2 inch larger internally than the pipe
externally, to allow for slight variations in the ring, and to
permit of the use of lead filling throughout. For
working-heads of 320 feet and less, the weight of ring used was
126 1lbs: but for heads of more than 320 feet a stronger formn
was used, the weilght per ring being 160 lbs. The finished
jointing has proved very effective, the loss through leakage
being small. From the pipes alone, on Sections 1-5, it was
found to be 343 gallons per mile per diem. From the whole
length of 295 miles between the storage-reservoir at Mundaring
and the last pumping station it was found to be 480 gallons per
mile per diem, over 10 months' working. This figure includes
losses due to evaporation and percolation from nine pumping and
break-pressure reservoirs of contents aggregating 16 1/2
million gallons. As a direct line from the Helena reservoir to
Coolgardie does not deviate far from the railway already built
to the goldfields, it was resolved that from Northam eastward
the pipes should be laid parallel with the railway and at a
distance of 45 feet therefrom; thus gaining the great
advantages of easy carriage and, subsequently, of easy supply
of water to the railway:; but between the weir and Northam the
railway was deviated from, in order to shorten the distance,
and also for the purpose of traversing higher country and thus
reducing the pressure on the pipe.

Where salt lakes or their beds occur, the main is carried on
timber trestles, the pipes being surrounded by an insulation of
saw-dust, which is kept in place by galvanized corrugated

iron. This arrangement has been quite successful, no movements
at the joints having taken place. Across the Avon River the
pipe is duplicated, sunk beneath the bed of the river, and
embedded in concrete. At railway and road-crossings, the pipe
is also protected by a shield of concrete.

At intervals of about 5 miles, stop-valves are inserted, the
diameter of the main being reduced by cast-steel reducing
pieces to 21 inches. Where long rising gradients occur,
reflux-valves are placed, the pipe being similarly reduced.
Scour-valves are provided where required at both stop-valves
and reflux-valves. The stop-valves are actuated by slow motion
gearing, and, on sections where the water hammer was likely to
be considerable, small by-passes were introduced, and so
controlled that the water was brought to rest very slowly.
Air-valves of the Glenfield pattern were placed at all summits,
a nest of three being placed at the highest points, a nest of
two at intermediate points, and a single valve at the lowest
points. These valves are of the double type, provision being
made for a large escape of air when charging the main, while
air accumulating in the pipe is automatically discharged. This
automatic discharge, instead of being obtained by varying the
diameter of the ball, is effected by variation in the diameter
of the orifice in the nipple. By this arrangement the
nipple-orifices for the high points, where the pressure is
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light but where larger volumes of air accumulate, are the
largest diameter, and consequently afford the meximum provision
for the discharge of air.

Manufacture of the Pipes - A pipe consists of two plates, each of
the full length of the pipe and each bent to a semicircle. The
edges are burred or beaded to the shape of a dove-tail, and are
inserted in the open jaws of heavy longitudinal bars which are
subsequently closed cold on to the edges of the plate thus
forming longitudinal dovetail joints. The steel used in both
Plates and bars was open-hearth basic steel with a specified
tensile strength at first of not less than 25 tons, or more
than 29 tons, per square inch. Experience gained in the
manufacture of the pipes, however, showed that steel of this
quality was somewhat too hard for the bars, which, owing to the
cold working, failed under test by the bursting of the jaws
before the plates were ruptured. It was also found that when
bars weighing 6 1/2 1bs. and 7 3/41bs. per lineal foot were
used, respectively, with 1/4 inch and 5/16 inch plates, the
bars failed before developing the full strength of the plate:
consequently., the respective weights of the bars were increased
to 7 1lbs. and 8 1/4 1bs. per lineal foot, the steel in the bars
being of a tensile strength of between 22 tons and 26 tons per
square inch. From each week's output of pipes at the works
pieces were cut and tested to destruction.

The pipes were made in Western Australia from imported plates
and bars. Of the former, one-half were brought from Germany,
and the balance from America; but all the bars and the joint
rings were obtained from England. The plates, which were a
trifle over 28 feet long by 4 feet wide, were first passed
through horizontal rollers, three above and three below, for
the purpose of taking out all kinks and rendering the plates
perfectly straight. They were then cut square and to the exact
length of 28 feet. The planning and dovetailing machine next
cut them to the exact width, and then burred the edges by means
of rollers to form the beading for the dovetail joint.

The plates next passed through a longitudinal press wherein
both edges were given the required curvature, thus avoiding any
necessity for the beading or dovetail being passed between and
damaged in the curving-rollers to which the plates were now
brought, to be bent into semicircles in the usual way. On
completion of this process most of the scale had been loosened
and detached, and the plates, having been thoroughly cleansed
of all remaining scale and rust, were ready to be formed into
pipes. One semi-circular plate was now placed in a row of half
circular cramps, resting on seats, and a locking-bar was fitted
over each edge. Another semi-circular plate was then inverted
and lowered until its edges rested in the upper grooves of the
locking-bars. The upper halves of the cramps were then placed
over the top of the pipe and connected to the bottom halves,
and the plates were brought firmly home into the grooves of the
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locking-bars by tightening the cramps with cotter-pins. The
pipe in its encircling cramps was then conveyed to a hydraulic
closing-machine capable of developing a pressure of about 1,200
tons, wherein the locking-bars were pressed on to the plates,
completing the manufacture of the pipe. The whole of the
operations were performed without heating plates or bars.

Each pipe. before being passed, was subjected to a hydraulic
pressure of 400 1lbs. per square inch. The closing of the
locking-bars was so effectual that only a small percentage of
the pipes were found to sweat at the bars. These were returned
to the closing-machine and re-pressed, and this was found to
stop the sweating effectually. About fifty pipes failed
altogether in the joint under this test.

After being tested and passed, the pipes were coated. They
were first heated to a temperature of 300°F. and then placed

in a bath consisting of a solution of ordinary gas-tar and
Trinidad asphalt, in the proportions already stated, and kept
at the boiling-point. ©On being lifted from the bath the pipes
were allowed to drain for about a minute, and were then
revolved in a machine while a jet of cold air was forced
through them, for the purpose of ensuring that the coating
should set in a uniform thickness. When it had cooled
considerably, and just before setting, a sprinkling of sand was
thrown over the outside of the pipe and gently pressed into the
coating by means of rollers.

After all initial difficulties common to new methods of
manufacture had been overcome, the pipes were turned out
finished at the rate of 150 to 160 per diem from two factories,
each of which worked two shifts of 8 hours each.

Conveying, Distributing and Unloading Pipes - The whole of the pipes
had to be conveyed on the trucks of a single-line railway of 3
foot 6 inch gauge. Most of them were laid alongside this line,
but those which had to be taken across country when the
pipe-line deviated from the railway were conveyed from stations
or sidings on specially constructed carriages. The pipes had
to be distributed from the trains very gquickly. so that the
ordinary traffic on a fairly hard-worked railway would not be
interfered with.

The unloading contingent of men, consisting of four gangs who,
up to the arrival of the train, had been engaged on the
excavation of the pipe-trench, then took charge. Each of these
gangs consisted of six men, including a leading hand who
controlled the gang's operations. Each gang had generally
three trucks to unload, and when the train consisted of an odd
number of trucks, the exXtra truck was allotted to the gang
first getting to work. The average time occupied in unloading,
from the time the loaded train left the siding until it
returned thereto with the empties, was about 1 hour and 20
minutes, but the unloading was frequently done in less that
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1 hour. During the remainder of the day the unloading gangs
were kept at work on the excavation of the pipe-trench,
sections of which had been left for this purpose. This system
worked admirably, there being considerable rivalry between the
various unloading gangs, and the dgeneral railway traffic was
not interrupted.

Joints - As the whole length of main is of uniform diameter,

the possibility of using machinery in place of hand-caulking of
the lead joint was considered at an early stage. Careful trial
at headgqguarters of joints caulked by hand and by a machine
devised by a local firm, demonstrated that, whereas the machine
made joints when subjected to hydraulic pressure attaining

400 1lbs. per square inch remained quite water tight. on the
other hand, slight sweats and pin-squirts manifested themselves
in the hand made trial joints submitted to the same test. As a
30 inch pipe of 1/4 inch plate springs somewhat, even under the
impact of a very light blow from the caulking hammer, it is
somewhat difficult to get hand-caulkers to finish a joint
water-tight; moreover, in practice, men working in constrained
positions for long hours., in manholes under the pipe joints,
cannot be expected to do uniformly good work. On the other
hand, the machine caulking can be done by pressure applied
uniformly on both sides of the joint ring, and quite as
uniformly on the lower as on the upper side of the pipe.
Machine caulking was therefore decided on, with the good
results in freedom from leakage already stated.

The caulking machinery consisted of a portable oil-engine of
the spontaneous-ignition type, built in Australia, and of about
5 1/2 BHP. The underframe of the engine also carried a dynamo
which was belt-driven off the engine fly-wheel. The current
was transmitted through a cable 1/4 mile in length, so that
about 1/2 mile of pipe could be caulked before moving the
generating-plant to a fresh position. The cable was coiled on
a drum carried on the after part of the transport also carrying
the caulking-machine, and a plug contact was used for
connecting cable and motor, so as to permit of unhampered
coiling and uncoiling of the cable on the drum. The
caulking-machine was in two halves, one fitting over and the
other under the joints of the main, and on the top half of the
outer frame was carried the electric motor which was
belt-connected to a shaft., and by means of intermediate gearing
worked the rims holding the caulking-tools. These rims or
racks were guided by small, hardened steel rollers, grooved on
the outer circumferences of the racks, but plain on the inner
circumference.

Into jaws on the racks were slipped the caulking-tools, two in
each rack, one operating on the upper half of the joint and the
other on the lower half, i.e., on the underside of the pipe.
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The caulking-machine was mounted on a transport on which it was
carried along the top of the pipe. from joint to joint, the
lower half of the machine being slung on the transport side by
side with the upper half. On arrival at a fresh joint the
lower half was lifted off, placed over the joint, and slid
round it to the underside: the upper half was then lowered, and
the two halves were fastened together, racks were clipped and
the tools placed in position, the plug-connection between drum
and motor was made, and the machine was started, the
caulking-tools working round the pipe backwards and forwards
until the lead was pressed home. The number of
semi-revolutions found necessary ranged from five, where the
caulking-rollers were 1/4 inch thick, to seven, where 5/16 inch
or 3/8 inch rollers had to be used to meet the varying distance
between the inner surface of the joint-ring and the outer
surface of the pipe. On completion of the caulking these tools
were replaced by knives, which cut off the fillet in the last
semi-revolution, bringing the racks back to their original
position, and thus permitting the machine to be dismantled and
moved to the next joint. When once fairly started., the
operations were carried on without hitches, and the machinery
of all descriptions, including motors and dynamos, worked well,
notwithstanding that it was usually working in a cloud of dust
due to the proximity of the trench-filling operations.

Each installation required three men (one a mechanic) for the
working and transport of the caulking-machine. one man for the
engine and dynamo, and two hand-caulkers, whose special
function was to caulk at the locking-bars, whose projections
prevented the rollers from working right round the pipe. In
addition there were rollers from working right round the pipe.
In addition there were charges for parts of the time of
mechanics and others whose duty it was to keep the electrical
and other machinery in repair. The whole immediate cost of an
installation per diem amounted to £5. 1s. 4d.:; and as the
average day's work when the initial difficulties had been
overcome was thirty-one joints, the cost per joint was 3s. 3d.,
or 1s. less than hand-caulked joints were actually costing. In
addition, the saving in the average size of manhole necessary
was 1 3/4 cubic yards; and these two savings counterbalanced
the whole cost, including the patent-rights of the machinery.
There is no doubt that, with the experience gained,
machine-caulking could be rendered cheaper than hand-caulking,
especially for a circular pipe without projections: but the
object in this case was to obtain uniform and certain work, and
this was attained without extra cost.

Excavation of the Trench - The surface formation of the country
traversed is very irregular. On the plains, ironstone
conglomerate predominates, but never extends continuously for
more than a few chains at a stretch, being broken by bands of
sand, diorite, and granite. In the timbered belts, sandy clay
is the usumal surface soil, but with outcrops of granite,
diorite, and schist interspersed. Where at all possible, the
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material to be taken out was loosened by means of ploughs, each
drawn by four horses harnessed in single file in the line of
trench, and working to any depth required; but the bulk of the
trench was taken out by manual labour, and it was necessary to
use explosives on more than one-fourth of the total material
removed. Where the material could be moved without the use of
explosives, it was found that the most economical depth of
trench, with due regard to cost of obtaining cover-material,
was about 3 feet 3 inches. Where the country was harder, the
trench was taken out to a less depth, the principle kept in
view being that the cost of the trench, added to the cost of
cover, should be a minimum. Occasionally, the contour of the
ground would not admit of economical grading in combination
with proper alignment for the pipes., and, in such cases, cost
was subordinated to the more important consideration of easy
alignment of the main. The excavation of the trench was kept
well ahead of pipe-distribution, laying and jointing, but in
order to provide continuous work for the gangs on these latter
operations, should any hitches occur in the arrival of
materials, sections of trench were left unexcavated at
intervals.

Laying and Jointing Pipes and Filling in Trenches - The work was
divided into sections of about 14 miles each, to be dealt with
by one caulking-installation, and when the work was completed
the whole gang went forward to the next available section.
When the works were brought into full swing, seven such gangs
were at work on several sections; and, the class of work
performed by each being identical, there was considerable
rivalry between the parties. Bad work, due to haste, was
prevented, however, by the appointment of an inspector on each
section, who reported directly to the head office and was
responsible only for the quality and not for the cost of the
work, thus placing these departmental operations on the same
footing as those of a contractor. The rate of progress during
the last 3 months before approaching completion caused
disbanding, was, per day of 8 working-hours of seven gangs,

1 2/5 mile of laying. jointing, and complete filling-in of
trenches. The appliances in use by each gang consisted of two
pipe-lowering trestles, four skids, one pipe-expander, one
lead-melter and retainer. and the engine and caulking-plant.
The lead-running gave great trouble until the lead-melter was
devised, after which honeycombing and other faults were
prevented.

The sequence of the various operations was carefully

regulated. Foremost were the men repairing the coating in the
parts damaged during unloading or transportation, or where it
had become defective owing to exposure for a considerable time
to the intense summer heat; and in the same set were the
pipe-scrapers and locking-bar chippers, who chipped or scraped
off the coating at each end of a pipe for a distance of about §
inches, to ensure good lead-running. Next came men cutting
manholes, a little ahead of those laying the pipes in the
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trench, and following these came the ring-setters, who wedged
up the joint-ring to such gauge as would give a lead joint of
uniform thickness. In succession were the lead-runners, whose
work was, when possible, kept at least forty or fifty Jjoints
ahead of the caulking-machine, especially in winter, as showery
and cold weather affected the quality of the lead-running: thus
stoppage in such weather, or defective work which had to be
remedied, did not delay the caulking-operations. Following on
were the hand-caulkers, who caulked the joint at the
locking-bar and for a distance of about 4 inches on each side
of it. The best results were obtained not by allowing the
hand-caulking to finish abruptly, but by tapering up the the
uncaulked portion; by this means the machine rollers were able
to work by degrees well back on to the hand-caulked portion;
with an abrupt finish of the hand-caulked portion, the machine
rollers were liable to race and cause breakages. This racing
could of course have been avoided by extra care on the men's
part, but at expenditure of unnecessary time, to save which
would have entailed the danger of the rollers not being brought
far enough along, thus leaving the joint imperfectly caulked at
the junction of hand and machine work. After the
hand-caulkers came the machine, and as each joint was finished
the joint-inspector examined it; pipes were covered to a depth
of at least 12 inches as soon as the inspector had passed a
joint and it had been tarred, so that the partial filling in
was only two or three joints at most behind the machine. The
completion of the £illing-in and the formation of the covering
link was always 400 vards or more behind the machine.

Charging the Main - By the 13th April, 1902, the works were
sufficiently far advanced to enable pumping to be commenced
with one of the engines at No. 1 station. No trouble was
experienced in getting the engines underway: in fact,
practically no hitch whatever occurred at any of the eight
pumping-stations, and after once starting at any station the
machinery was in condition to be worked. and was worked,
whenever desirable. By the 22nd April the water had reached
the Cunderdin Reservoir, at mile 77. Four months now elapsed
before the laying and jointing of the next section was
completed, and it was not till the 22nd August, 1902, that the
water reached the Merredin receiving-tank at mile 140. Some
little trouble was experienced in charging this section,
through the joints leaking, due mostly to the subsidence of the
pipes laid across the bad ground in the bed of the Mortlock
River and adjacent soft country. It was through leakade of
some of the joints on this section that what may be described
as "sand cuts" were first experienced. They were caused by the
joint action of the escaping water and the falling sandy
covering, playing together on a small portion of the outer
surface of the pipe. This action is somewhat similar to that
of the sand-blast, and, under favourable conditions, one of the
thin pipes used could be cut through in 4 to 6 hours.
Fortunately, only six cases of the kind have been experienced
so far. 1If discovered early, the placing of an encircling band
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on the pipe (such bands were kept in readiness) met the
difficulty; but if the plate of which the pipe was made had a
hole entirely or nearly cut through, a length of the main had
to be emptied and the damaged pipe was replaced. To guard
against occurrences of this nature, the upper halves of the
lead joints were subsequently kept uncovered for some little
time in country of a sandy nature, and where the main is under
a2 head of 300 feet or more. The water reached the Coolgardie
service-reservoir, at mile 328, on the 22nd December, 1902,
and, finally, the Kalgoorlie service-reservoir, on the 16th
January. 1903, about 8 months after the charging of the main
was started. The pumping was restricted to an amount
sufficient to £ill about 12 to 15 miles of main per day. and,
at this rate of charging, no trouble from air-pocketing was
experienced, it being found that the air-valves had sufficient
discharging capacity to pass the volume of displaced and
escaping air. The whole or part of the main has now been
conveying water for nearly 2 1/2 years without a burst having
resulted either in the main or in the valves or other specials:
the only occasions on which it has been necessary to empty any
portion of the main have been when the "sand cuts" have
occurred.
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IV - THE PUMPING MACHINERY

Frictional Resistance of Pipes - It was originally calculated that
for a discharge of 5 million gallons per diem through 30-inch
riveted pipes the frictional resistance per mile would be
equivalent to a head of 4 feet, which was obtained by applying
Kutter's formula with a coefficient of roughness of 0.015, a
figure deduced from the measured frictional resistance of the
48-inch riveted pipe of the East Jersey (U.S.) Water Company.
But the change to a much smoother pipe allowed of a
considerably reduced provision. The Commission of English
engineers had proposed a frictional allowance of 2.5 feet per
mile for welded pipe: but, in view of the class of water to be
dealt with, this allowance was increased by 20 per cent; and as
it was further determined to increase the daily gquantity to
5,600,000 gallons, the ultimate allowance was raised to 3.76
feet per mile. On completion of the works, two tests, each of
12 hours' duration, were made, one over 22 miles and the other
over 12 miles of pipe. the results on reduction showing an
average resistance equal to 2.25 feet per mile for a discharge
of 5,000,000 gallons per diem, or 2.8 feet for 5,600,000
gallons. These results, being for clean pipes. are
considerably less than the ultimate estimates; and this was
foreseen, the main was laid to an even less fall than 2 1/4
‘feet per mile, in order to save unnecessary present pumping.

The total ultimate friction-head for the whole distance from
the weir to the main service-reservoir at mile 307 1/2 of the
aqueduct, calculated at 3.76 feet per mile, amounts to 1,156
feet, and the natural 1lift to 1,290 feet; and the aggregate
loss at seven pumping-stations for reservoir provision being
122 feet, the total head to be provided for is 2,568 feet: but
elevated ground between pumping-stations Nos. 2 and 3 made it
necessary to raise water 87 feet higher than if the slope had
been gradual, thus making the total head to be pumped against
2,655 feet.

The great advisability of keeping the machinery to uniform size
and pattern finally determined that the pumping-stations, eight
in number, should provide for a total 1ift, including friction,
of 2,700 feet or 45 feet more than was absolutely necessary -
namely, 450 feet at the first four stations, and 225 feet at
the last four. The waste head thus amounts to a trifle less
than 1 3/4 per cent. Moreover, in regard to the advisability
of uniformity, it was further decided that the first four
stations should be fitted with three groups of machinery. any
two of which should be capable of performing the required work:
and that the last four stations should similarly be fitted with
two groups. each capable of lifting the full quantity per

diem. The power necessary had thus to be the same in every
group, namely 265 effective HP., but to allow for deterioration
and contingencies the pumping power contracted for was nearly
303 1/2 HP.., or about 14 1/2 per cent extra.
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The requirements and provisions may be summed up thus: -

HP.

Effective horse- power necessary . . . . . . . . 3,129
u " " provided for work . . . . 3,642

n " " " as reserve . . . 2,426

Tenders for the necessary pumping-machinery were invited in
April, 1899, makers being permitted to submit alternatives as
in the case of the pipes. In the result a contract was entered
into with Messrs. James Simpson and Co. in March, 1900, for
twenty groups of machinery at an aggregate cost of £242,7%0,
excluding spares. but 1nc1ud1ng erection. A detailed
description of the machinery is outside the scope of this
Paper, which, however, would be incomplete without the
following brief account, and results of tests.

Description of Machinery - The pumping-plant consists throughout
of almost identical sets, the only difference being that in the
first four stations the pump-plungers are 15 inches in
diameter, working against a specified head of 450 feet, while
in the second four stations the diameter is 21 inches and the
head 225 feet. The engines are horizontal, six- cylinder,
high-duty, triple expansion, surface-condensing engines of the
Worthington duplex, direct acting type, the diameters of the
high, intermediate and low pressure cylinders being
respectively 16 inches, 25 inches and 46 inches, the normal
stroke of the pump-plungers 36 inches, and the piston-speed 150
feet per minute. The pump-plungers are externally and
centrally packed., and directly connected with the steam
pistons. The pump-valves are of stamped bronze. The
steam-cylinders are jacketed throughout on heads and barrels
with steam at boiler pressure, and the steam is re-heated on
its passage both from the high- pressure to the
intermediate-pressure, and from the intermediate- pressure to
the low-pressure cylinders. The re-heater tubes which draw
their steam from the cylinder- jackets are placed low, thus
being the means of dralnage for both cylinders and jackets.

The steam-distribution is controlled by Corliss valves, placed
in the cylinder-heads, and the cut-off in all cylinders is
adJustable by hand while the engines are running. From the
air- -pump the condensed steam passes through an exhaust heater
placed in the exhaust steam-main to the condenser, and is
delivered into an elevated feed-tank in place of the ordinary
hot well. From this tank the water gravitates to a Webster
heater and oil-separator where it is further heated by
admixture with the jacket-condensation and with the exhaust
from the boiler feed pump. From the heater the feed- -water is
pumped by a Worthington feed-pump through the economizer back
to the boilers. Steam is supplied by a nest of Babcock-Wilcox
water-tube boilers, each designed to supply the necessary
quantity for one englne and having eighty-one tubes 18 feet
long and 4 inches in diameter, a single drum 23 feet 7 inches
long and 4 feet in diameter, with a superheater placed between
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water-tubes and drum. A Green economizer is provided for each
installation. The chimney-stacks are of steel, 5 feet 1in
diameter: those at the first two stations are 130 feet high, at
the third and fourth stations 100 feet, and at the last four
stations 90 feet.

At six of the pumping-stations, reservoirs 15 to 20 feet deep
have been provided adjacent to the machinery, to receive the
discharge from the main and to furnish a store for the pumps to
draw from: and in order to reduce suction lift and facilitate
pumping, the centre line of the pump-plungers has been kept
below the top of the reservoir by about 8 feet. At stations
Nos. 1 and 3., however, special arrangements were necessary. At
No. 1 the pumps, if connected directly with the main from the
large storage-reservoir, would have been subjected to a head of
about 100 feet when this reservoir was full; and at No. 3,
where there is 3/4 mile of main between the large reserve
reservoir and the pumps., the latter might have suffered from an
undesirable hammer. The difficulty was overcome at each place
by the provision of a stand-pipe open above, from which, as
from a reservoir, the pumps draw.

The stations are brick buildings with corrugated iron roofs.
The engines and pumps rest on granite bed-stones supported by
brick piers resting in turn on a concrete floor. The pump-ends
are bolted down to the bed-stones, but the cylinder-ends are
allowed to move freely on expansion-rollers. The greatest care
was taken in the laying of the foundations, only the best
available material being used: and so far there has not been
the slightest perceptible movement in the foundations of any of
the twenty groups of machinery. The lower floors of the
engine-rooms are of concrete rendered with cement mortar, and
the upper or working floors are of jarrah timber resting on
steel joints. The floors of the boiler-rooms are of concrete.

Efficiency of the Machinery - The tests provided for by the
contract were three, namely, (a) for the duty of the whole
machinery under present conditions, that is, head low owing to
clean pipes and new boilers worked to full pressure; (b) for
the duty of the engines and pumps with steam at full pressure
but the pipes throttled to obtain ultimate estimated head:; and
(¢c) for the capacity of the pumps with the pipes throttled and
the boilers worked at 25 1lbs. per square inch below present
full pressure.
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V - THE PUMPING AND SERVICE RESERVOIRS. RETICULATION, ETC.

The reservoirs provided are intended for three different uses,
namely, to act as receiving and suction tanks., to requlate flow
in the main, and for service purposes. There are seven suction
tanks, namely, one at each pumping-station except the. first,
the pumps of which draw from the storage-reservoir at
Mundaring. Of the seven, all but one are concrete-lined tanks,
the exception is the large 10-million gallon reservoir at mile
77, which was built some years previously for railway purposes
and was taken over, as it is large enough to furnish a
substantial reserve in case of accidents to the main or other
works in the preceding portion of the scheme. The regulating
tanks, two in number, are also concrete-lined and are much the
same in design as, although smaller than, the receiving and
suction tanks. That at Baker's Hill, regulates the flow at
what 1s the highest point on the long and irregular section
between pumping stations 2 and 3; and the tank at West Northam
not only reduces the extreme possible pressure on the pipes in
the Avon valley by 100 feet, but also permits of regulation of
the flow in such manner as to keep the pressures at a minimum
in reqular working. The service-reservoirs are three in
number, namely, one of 1 million gallons at Coolgardie, one of
2 million gallons at Kalgoorlie, and the large one at Bulla
Bulling. The two smaller reservoirs are concrete-lined, and
otherwise much the same as the receiving and suction tanks
above mentioned, being also provided with by-passes so that in
case of accident or necessary cleaning the working of the
scheme need not be interrupted.

The main distributing-reservoir at Bulla Bulling which has a
capacity of 12 million gallons, with an available depth of 20
feet, 1s rectangular in shape, two of the sides having slopes
of 1 to 1 for the full depth of the reservoir, while the other
two sides are vertical for a water depth of 8 feet from the top
and then slope to the bottom of the reservoir. The vertical
portion or wall rests on a bench 6 feet wide, from the inner
edge of which the sloping lining is carried down to the bottom
of the reservoir. The material of the reservoir-basin consists
of indurated clay, ironstone conglomerate, and bands of
limestone, the whole being badly fissured and pervious to
water, and liable to disintegration and to slides due to greasy
backs. The Author's experience of concrete-lined reservoirs
on the West Australian goldfields had been such as to show
conclusively that concrete lining, even 2 feet thick, would
crack when exposed to the sun; and, moreover, the cost of thick
lining in a reservoir of this size would have been excessive.
It was therefore determined to limit the thickness of lining to
12 inches and to provide joints in the concrete to take the
inevitable movements due to expansion and contraction.
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The floor of the reservoir, 12 inches thick, was put down in
two layers, the first or bottom layer being 8 inches, and the
top layver 4 inches thick. 1In the centre of the bottom layer, a
grillage of barbed wire, spaced 12 inches apart, was put in,
for the purpose of adding tenacity to the concrete, and thus
giving it greater power to resist cracking under contraction.
The upper surface of the bottom portion of the floor was
purposely left smooth, so as to allow the upper layer to slide
thereon. By this arrangement, the top portion acts as a false
floor, and any temperature cracks are not so liable to continue
into and through the bottom portion as would be the case with
the floor built in one layer. At the junction of floor and
sides a bituminous joint, 6 inches deep by 1/2 inch wide, is
provided. The sides and walls are also reinforced with barbed
wires running horizontally and placed 9 inches apart. The
sides and walls were built in sections with a bituminous joint
between each pair. This arrangement effectually confined the
results of contraction to the joints themselves, nearly every
joint opening more or less at the faces, while the remainder of
the lining remained intact. Soon after first filling, the
reservoir, much of which was built in intense summer heat, was
found to be leaking at the rate of 1 1/4 inch in vertical depth
per diem; but instead of being spread in irregular cracks all
over the reservoir, the leaks were confined to the lines on
which the above-mentioned joints occurred: they were easily
located, and were effectually stopped by cutting out portions
of the joints to a depth of 2 or 3 inches, caulking with oakum,
and facing with bitumen and tar.

Reticulation - The original scheme did not allow for any
reticulation of townships for domestic purposes, or of mining
centres, it being only intended to bring the water to some high
hill - for instance, Mount Burgess a few miles north of
Coolgardie - and to lay a subsidiary main thence to such
situvation in each township or mining centre as the local
authority should choose for its service reservoir. Eventually,
however, the complete reticulation of the townships of
Kalgoorlie, Coolgardie, Boulder, and the Kalgoorlie Mining
Belt, had to be undertaken as part of the main scheme, in
addition to the laying of small pipes to mining centres near
Coolgardie and Kalgoorlie: but one or two of the smaller
townships, namely, Northam and Southern Cross, have installed
their own reticulation, purchasing water in bulk from the main
scheme, and retailing it to the ratepayers.

A separate telephone-line for the works was laid down between
the head office at Perth and Kalgoorlie. It is of ordinary
type, with one repeating station about half way, and was
extremely useful during construction. Connection is thus
secured between the head office and the pumping stations, and,
by means of field telephones, with the maintenance gangers.
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VI - COST OF THE WORKS

The actual cost, including all extras, contingencies, and
establishment charges, was £2,660,000, an excess of £225,000,
or 9 1/4 per cent., on the original estimate, after deducting
from the latter £65,000 for works which were allowed for
therein but were not carried out. This can hardly be
considered a large excess when it is remembered that the
original estimate was based on tentative data prior to survey:
but as a matter of fact almost the whole of the excess is
accounted for by one item alone, namely, pumping-plant, partly
due to somewhat more water having to be pumped, partly to the
provision of more reserve power for accidents, and largely to
enhanced cost per horse-power. Low-duty endgines were
originally allowed for at an estimated cost of £22 per
horse-power, while the actual cost of the plant installed was
nearly £48 per horse-power, including Federal customs duty,
spares, etc. So long as the consumption of water remains much
below the ultimate amount allowed for, and so long as cheap
local fuel remains available, the high-duty will not prove as
economical as the low-duty and cheaper plant would have been;
but the conditions will be different when the full consumption
is reached, and utilization of the more costly fuel becomes
necessary.

The total expenditure of £2,660,000 was sub-divided as follows:-

Storage-reservoir, including 5 miles of railway-line,
land- compensation and river-training works
(capacity of reservoir being 4,600 million
gallons, the cost is £61 per million gallons £
of storage). . . . . . . e e e e e e e e e e e 280,000

Service and break pressure reservoirs of a total
capacity of 16 million gallons
(£3 3/4 per 1,000 gallons) . . . . . . . . . . . 60,000

Conduit 352 miles long, including all valves and
specials (£5,312 per mile) . . . . . . . . . . . 1,870,000

Pumping machinery, including erection, freight,
Federal customs duty and spares {(nearly
£48 per hOrse-power) . . . . « =« o o« o o « o o . 296,000

Pumping stations, exclusive of machinery but
including the buildings, employees' quarters,
suction-tanks, railway-sidings, coal-staithes

and stores {(£23 per horse-power) . . . . . . . . 140,000
Telephone-line and other contingencies . . . . . . .~ 20,000
£2,660,000
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on the death of Mr. O'Connor, in March, 1902, the Author
succeeded him as Chief Engineer, when about one-half of the
works had been constructed. The progress was largely governed
by the necessity for testing the long lengths of main between
the various pumping-stations as soon as possible, and also by
the rate at which the valves and specials could be obtained
from England.

In conclusion the Author wishes to express his obligation to
Mr. William Coates Reynoldson for much assistance rendered.
Mr. Reynoldson was the Author's principal assistant on the
scheme, and is now in charge of the works as Engineer to the
Trust which was constituted by an Act of the West Australian
Parliament for maintenance and management of the wWorks.
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CONSTRUCTION OF THE WEIR

The weir site looking upstream, towards the concrete diversion dam

The timber diversion flume




Hand excavation on the right bank

Excavation was taken down to a depth of 90 Ffeet below the river bed




Foundation excavation




A travelling steam crane was used to handle the concreting skips. The
cement slaking shed is on the right abutment
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The receiving and slaking shed for the cement




Construction at an advanced stage

Upstream face and valve tower




The completed weir
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Six cylinder triple expansion pumplng engines
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First £filling of a typical recelving and suction
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PIPE HANUFACTURE

Lockling-bar pipe works

.




A route for the pipeline was deliberately chosen close to the
goldfields railway

The pipe trains had to be unloaded guickly to avoid holding up other
rail traffic on the single line




THE PIPE LINFE

Trench excavation in forested country

There were numerous gu.iley crossings
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Setting up a joint ring for lead pouring

Running a joint with the lead melter




ELEVATION

PLAN

FOOT! . (P i 2 3 4 ? FEET

! A Y 1

General arrangement of lead-melter




i

fhi

T

0015 0 0 0616 0 1t I O O 4

Caulking machine

N

Seale b Lig: 19 1Thieh = 2 Feot

Ielios 12 % 6 4 0 2 2 3 Foet
1. i L H i i J

: A
el B
ARRANGEMENT OF MACHINE AND TRANSPORT ~ CARRIAGE.

TR HRIL 4 SONULYH. $ORING 1




m‘
|
|

'_“,_ R

SECTION

o

CROSS
4 Lot

J beeh =1 Foof

LONGITUDINAL SECTION

Seale for Figs: 1S
A

N
N
z
o
ko
<«
> ¢
w3
43
u g

SIDE

2

Caulking machine detail




Pipe laying

Pipe layling




kept

s

saw qust

=
L

ded by an insulation o

ipes were surroun
in place by galvanised corrugated iron

and the pi

..

.




EXCAVATION IN LOOSE GROUND
Y/HERE CROWN OF PIPE IS LESS THAN

I' 10" BELOW GROUND-~SURFACE

SURFACE

EXCAVATION IN LOOSE GROUMND
WNERE CROWN OF PIPE IS MORE
THAN |’ 10" BELOW GROUND-SURFACE

™ ‘{?«—3?{,"§f’ " Z
IPE

2., we 2 ¢ a2 -.-'_‘. 3

‘ON  EMBANKMERNT
Scate | Incw = 4 Feer

2007 1 [} S

Gasdadiadal i L I i

l‘0 FEET

Pipe in cutting and in embankment




-
0

AIR-VALVE

SCOUR-VALVE REFLUX-VALVE SCOUR-VALVE

AIR-VALVE
REFLUX-VALVE

Scare | Incu -8 Feer
FEEY 5’: (o] B 10 _|_]5 FEET

s Jome o U 1 s L B O,

General arrangement of valves




o

Reservolr construction

Reservoir construction

it
i I

i




NOTE:- BARBED WIRE IN CONCRETE
IN SUMP SPACED" 12"~ 12"

w
[+%
3 PTIIITL
u . ul £ rihibiabat
X o Sl 5 pimrsnn
& ] g 3 q-}-;q—L:J‘—JL‘Jl BARBED WIRES
KR 0 e BITUMIHDUS 4=} gpacED 1275 12"
o « & § JOINT BOUNDED BY
o | S o BITUMINOUS JOINT
ol
Q
= B E
S A0 el el
.E ""hr'\ ddepm -
RIS Fieabiay
ey TIE T
LA qer ek g
brgtrt RSN
s sa dttredasri
I_.‘%:—H o
.J:'E;L} BITUMINOUS
w BOTTOM OF siopg VOINT 672
[+ 4
o
2]
BARBED WIRES SPACED 9° APART HORIZONTALLY UP SLOPE
\ TOP OF SLOPE
f"{-’.-i:ff [
i
BARBED WIRES SPACED 12"x 9’ ipria
' phey W el 4
RO iy Rl o
TOP OF WALL
PLAN
Scate | Incu =20 Feer
TEET 10 s o]

[ TR USRS SO0 U I I

20
1

30 4‘0 FEET

2 TCPOFBANK T\~ "~ ~—°

| TOP WATER R L. 1630-00

: % T -

D *

3 Sy S —

) . =

| / . e ; I

’ «xx BARBED WIRES 9" APART -

SRS T < KO,
* 47‘9
a»*\@
o
53
~
)
v
[
>
O
N
SOUTH & EAST SIDES g
&
K
¥
= .k
Scate | Incu =10 Feevr  WIRES 127 APART
FEET 1Q 5 [+] l?FEET f * 1
| R ST YT DU VN NN VY SN SOVRT S | X M w o«
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Method of construction



Main Street in a typical Goldfields Town

The water arrived at Cunderdin in April 1902




Opening day at Ht Charlotte Reservolr, Kalgoorlie on Saturday 24 January 1903
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Appendix I

WESTERN AUSTRALIA

COOLGARDIE GOLDFIELDS

REPORT

ON

PROPOSED WATER SUPPLY

(BY PUMPING)

FROM RESERVOIRS IN THE

GREENMOUNT RANGES,

BY
C.Y. O'CONNOR, M. INST. C.E.,

Engineer-in-Chief.

Presented to both Houses of Parliament by His Excellency's
Command.




The

Sir,

1.

COOLGARDIE GOLDFIELDS

PROPOSED WATER SUPPLY (BY PUMPING) FROM RESERVOIRS IN THE
GREENMOUNT RANGES

Engineer-in-Chief's Office,
PERTH, W.A.
17th July, 1896.

Hon. the Director of Public Works:-

As regards the proposal to supply five million gallons of
water to the Coolgardie Goldfields by pumping from a

reservoir, or reservoirs, to be constructed in the
Greenmount Ranges, concerning which you have desired me to
send you a report, I would ask, in the first place, to be
permitted to say (as there appears to be a tendency to
misconception on the subject) that this proposal should not
be regarded as an undertaking which I am urging upon the
Government for adoption, as it would manifestly be quite
improper for me, as a servant of the Government, to urge
upon the Government, or upon the public, any new
undertaking, unless it were the case that such undertaking
were necessary for the maintenance of some work already in
existence or provided for, and for which I am responsible -
which cannot be held to be the case in this instance.

I need scarcely say. therefore, that I never urged, nor do
I now propose to urge upon the Government or the country,
the undertaking of this work, but, while it would evidently
be quite improper for me to do that, it is equally evident
that if I am called upon by the Government to give an
opinion, as to the best way of attaining a certain object,
it is clearly my duty to give such opinion to the best of
my ability.

When the proposal to supply five million gallons of water,
by pumping from reservoirs in the Greenmount Ranges, is
referred to, as it frequently has been referred to, as
being my proposal, it can therefore only be properly held
to be so, in so far as being, in my opinion, the best means
of attaining the object in view, and not in any way as
being a fancy project of mine (as some persons have
described it), which I am desirous of thrusting upon the
Government and the country.
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Such being, as I understand it, the state of the case in
this instance, viz., that I am called upon to give an
opinion as to the best way of attaining a large and
permanent supply of water for the Coolgardie Goldfields, I
have no hesitation whatever in saying that such supply can
be attained in the cheapest and most certain manner by
pumping from reservoirs to be constructed in the Greenmount
Ranges.

A few of the many reasons which have led me to this
conclusion, are as follows:-

(a) The rainfall, as recorded in Perth, during the last 10
years, shows maximum 40.73 in. (in 1890), minimum
23.72 in. (in 1894), and average 33.63 in. per annum.

(b) As compared with this, the rainfall in the Coolgardie
District, during the vear 1895 (which is the only
complete year of which we have record, and which is
believed to have been an exceptionally wet year), was
only 6.79 in., and it cannot, I think, therefore,
safely be assumed that the averagde rainfall there
would exceed, say, about 5 in. per annum. In
confirmation of this, too, we have the fact that the
average annual rainfall at Southern Cross during the
last two years has been only 5.26 in.

(¢) The evaporation, as recorded at Perth during the last
10 years, has averaged 54.32 ins. per annum.

(d) As to what has been the average annual evaporation at
Coolgardie, for a series of years, we have no records
to show, but it must manifestly be very much greater
than at Perth, as the maximum temperature in the sun
is much greater, and the number of wet and damp days
to the year much fewer.

(e) Although we have no actual records of rainfall and
evaporation at the site of the proposed reservoirs in
the Government (sic) Ranges, it can safely be assumed
that the rainfall will probably be more, and the
evaporation less, than at Perth, as such is usually
found to be the case on the sides of ranges facing the
sea, as compared with the adjoining flats.

(£f) The character of the country in the Greenmount ranges
is much more favourable, both as to gathering areas,
and ground capable of holding water, and construction
of weirs, than any place which we know of in the
vicinity of Coolgardie.




(9)

(h)

(1)

(1)

Some of the gathering areas in the Greenmount Ranges
are, in fact, exceptionally favourable, the
inclination of the stream beds being so gentle that a
weir of moderate height would back the water for
several miles: while, at the same time, the sides of
the hills, forming the gathering grounds, are so
steep, as to give promise of a large percentage of the
water which falls upon them reaching the reservoirs.
There are also sites at which weirs can be constructed
on bed rock throughout.

As compared with this, there are no known sites for
reservoirs in the Coolgardie district having anything
like the advantages of the sites in the Greenmount
Ranges, either as regards gathering capacity, or
holding capacity., or facility for construction of
welrs: and the sites known of are, in fact, few and
small, and generally unsatisfactory.

Thus, for instance, from our experience in the
construction of reservoirs on the goldfields up to
date, although we have selected the very best sites
which were available: and although the reservoirs, 1in
most cases, have only a capacity of about one million
gallons, there are many of them which have never been
filled, and some of them into which hardly any water
has come at all: and some of them leak very badly (in
consequence of the kaolin formation, which generally
prevails in the district, having fissures in it,
through which the water escapes): and they have,
moreover, been very costly., by reason of their being
on the goldfields, as well as by reason of the cost of
getting plant and materials to them.

In this connection, it is also desirable to point out
that, as compared with a million gallons or so, which
has been about the average capacity of the reservoirs
so far constructed in the Coolgardie District, the
capacity of the reservoir or reservoirs required to
supply five million gallons of water per diem, even if
constructed at Greenmount, should be at the least
2,000 million gallons (in order to be equivalent to
one year's supply): while, if constructed in the
vicinity of Coolgardie, the capacity would have (other
things being equal, and in view of the respective
rainfalls, and evaporation, and soakage) to be
probably many times greater than that, and this, I may
say, 1s a very important aspect of the question, as it
thus becomes evident that the construction of
reservoirs at Coolgardie would not alone be much more
costly., at per million gallons (as already stated)
than reservoirs in the Greenmount Ranges, but also
that they would have to be very much larger, in order
to produce a given result.




(k) Another important element in the matter is that the
depth of such reserveir or reservoirs as could
conveniently be constructed in the vicinity of
Coolgardie, so far as is at present known, would have
to be very much less than the depth of reservoirs
which could quite conveniently be constructed in many
of the gorges of the Greenmount Ranges, and it 1is
scarcely necessary to say that the percentage of loss
in a shallow reservoir is very much greater than in a
deep one.

(1) That is to say., in fact, assuming the evaporation to
be, say., seven feet per annum, the loss in a reservoir
20 feet deep would be 30 per cent., whereas in a
reservoir 70 feet deep it would be only 10 per cent.

{m) To sum up, therefore, as regards the question of the
most favourable site for reservoirs (in the event of
reservoirs being adopted as the source of supply).,
there cannot, I think, be the slightest doubt that the
results from reservoirs in the Greenmount Ranges would
be vastly more satisfactory. in every way. than any
results which could be reasonably expected from
reservoirs in the vicinity of Coolgardie, and, in this
connection, there is one most grave and important
consideration, which should never be lost sight of,
viz., that whereas a continuous suppply of large
magnitude from reservoirs in the Greenmount Ranges can
be looked upon as a matter of absolute certainty, for
an easily ascertainable cost, the results to be
anticipated from reservoirs in the vicinity of
Coolgardie, and the cost of such reservoirs, would be
absolutely impossible of ascertainment from any data
which we have got now, or could hope to get within any
reasonable time. I would submit, therefore, that the
undertaking, at the present time, of the construction
of reservoirs in the Coolgardie District, to supply
anything approaching the quantity of water herein in
guestion, could not be regarded as otherwise than a
wild leap in the dark.

POSSIBLE SOURCES OF SUPPLY OTHER THAN RESERVOIRS

Artesian Springs

Coming now to the question of various possible means of
supplving water for the requirements of the Coolgardie
Goldfields, which have been suggested, other than by
surface reservoirs, there is the much-talked of possibility
of attaining artesian water: concerning which, however,
everyone who has studied it, and who can be looked upon as
in any way an authority on the subject., has given his
opinion that it is in the very last degree improbable. I
think, therefore, that as regards artesian water, in the
ordinary acceptation of the term - that is to say, water
under high pressure, which will cause it to rise to the
surface., or above the surface (and which, consequently, has
come from mountainm ranges of considerable height and not
too far distant) can safely be left out of the question.
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Before leaving this phase of the question, I would wish to
say, that while it has many times and by many people been
broadly asserted that geologists have been more often wrong
than right in their predictions as to the probability, or
otherwise, of obtaining artesian water, and that,
especially in the case of the copious and famous artesian
supply in Queensland, they predicted distinctly against the
probability of it, 1 have never, myself, been able to find
any important case which bears out these assertions: and,
as regards the case of the Queensland artesian basin
especially, I am altogether disinclined to believe the
assertion, as it seems to me, from geological sections
which I have scen of the country there, that they point in
a most distinct manner to the very great probability of
artesian water being found, and also to the probability of
its being found under high pressure. I cannot, therefore,
believe that even any ordinary layman, having the most
rudimentary knowleddge of the conditions which govern an
artesian supply. could have had any doubt as to artesian
water being likely to be found under such conditions as the
geological surveys show to exist in the Queensland artesian
area, and, if this would apply to a layman, it would apply
still more so to a geologist.

Taking, again, one more instance, viz., the case of the
artesian water which has been struck in the vicinity of
Guildford, I would wish to take this opportunity of
mentioning a fact, which I do not believe is very generally
known, as regards that supply. namely, that the undertaking
of the bore there by the Government was chiefly due to the
light thrown upon the conditions existing there by

Mr. Woodward, the Government Geologist of Western
Australia, in the year 1891, and to his distinct opinion
that artesian water, under considerable pressure, was
present there. 1In this case, too, the geological
conditions, upon which Mr. Woodward based his opinion, were
distinctly less obviously favourable than those which
prevail in the artesian district of Queensland.

UNDERGROUND Stores of Water, not under Pressure

While believing that artesian water, in the true sense of
the term, will never be obtained in the Coolgardie
District, there are, however, several experts who believe
that underground stores of water will be found there: most
of them probably salt, but some of them possibly fresh, or,
at any rate, drinkable - but which will not probably rise
to any considerable height, if at all, above the level at
which they are struck.

In relation to these possible underground stores of water,
however, we have to face the facts:-

(a) That they will only probably be found (in large
gquantities) at very great depths.
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(b) That in order to utilise them, they would have to be
pumped from these very great depths. :

(c¢) That, if they are salt, they would have to be
condensed before being of any use for human or animal
consumption.

Taking, first, in reference to item (a) above, the question
of the bores necessary to reach such waters at great depth,
it is not, I think, generally realised what a length of
time it takes to put down such bores: and I therefore
enclose herewith (vide Appendix A) an extract from a
newspaper showing the time which it took to put down a bore
of this description in Queensland (which, by the way. never
reached water at all), the rate of progress being stated to
have been unusually rapid: while the time taken to bore
3,000 feet is stated to have been two years.

It is evident, therefore, that even the first preliminary
part of the business, viz., the finding of the water at
depths of 3,000 feet or thereabouts, would take a long
time, especially if several places had to be tried before
such water was struck.

Then again, as regards item (b), it is scarcely necessary
to say, that any pumping which could be done from a depth
of anything like 3,000 feet, through an ordinary borehole
(if practicable at all) would be the merest trickle.

If, however, it is suggested that having found water, we
should then put down a large shaft, through which to do the
pumping, this shaft would take probably several years to
complete.

Besides this, too, if one is to seriously contemplate the
undertaking of pumping from the bottom of a shaft 3,000
feet deep, it should be borne in mind that the total head
to be overcome, between a reservoir on the Greenmount
Ranges and the top of Mount Burges (including friction
head) on the basis of the pumping scheme at present under
consideration is only 2,505 feet: and I have no doubt
whatever, in my own mind, that the cost of pumping five
million gallons daily, against this 2,505 feet, in the
open, would be much less than pumping a similar quantity
from the bottom of a shaft 3,000 feet deep.

Besides this. too, the amount which such shaft might cost
would be utterly impossible to estimate, from any data
which we have got at present, but it would. most assuredly.,
be very large indeed.

Over and above all this, also, there is the still more
serious consideration that it would be utterly impossible
to ascertain as to what quantity of water there might be in
such underground reservoir, and consequently as to how long
it would last, and, it might consequently be found, after
an enormous expense had been gone to, that it would run dry
in a few weeks or months.
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Such, in fact, has been our experience in a great number of

" cases where we have found underground reservoirs of water,

at depths of from 100 to 200 feet, and from which we have
pumped steadily as much as from 2,000 to 3,000 gallons a
day, for as long as a year or two, but which eventually
suddenly gave out (their existence having probably been due
to long ages of accumulation), and have never since
returned to the condition in which we found them, and some
of them have, in fact, remained apparently quite dry.

To adventure hundreds of thousands of pounds, with the
possibility of such a result as that, would, I think., be
altogether unwarrantable.

Coming now to Item {(c) above, it is scarcely necessary to
say that if the cost of supplying water from very deep
bores, or shafts, of this description, would probably
compare unfavourably (as I believe it would) with the cost
of supplying water from reservoirs in the Greenmount
Ranges, the comparison would be still more unfavourable, to
the bores and shafts alternative, if the water obtained
therefrom were salt: as it can safely be stated that the
cost of condensing such salt water (and it is very salt
indeed) as prevails in the Coolgardie District, would never
be less than from 6 to 12 per thousand gallons, whereas
water could be delivered from the Greenmount Ranges at from
5s. to 6s. per thousand gallons.

With further reference to the idea of procuring a
sufficient water supply for the Coolgardie Goldfields by
the aid of bores and shafts, I should mention that the mere
raising of water in this way to the surface would be only
one item in the cost: the lifting of it to a further
height, in order that it might be carried by gravitation
over a radius of 50 miles or so, or (in the absence of any
such convenient height in the vicinity) the pumping of it
directly to the surrounding places, being another very
considerable item in the cost.

PRESENT PROPOSAL

How it was arrived at.

Having thus discoursed upon the various alternative schemes
for supplying a large quantity of water to the Coolgardie
Goldfield, I now come to the proposal immediately under
consideration, viz., the pumping scheme from reservoirs in
the Greenmount Ranges.

As regards this scheme, I should first mention that, at the
primary stages of its inception, there were a number of
calculations gone into (and published) with the view of
ascertaining the probable cost of three several quantities
per diem, viz., one million gallons, five million gallons,
and ten million gallons, respectively.
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The result of these calculations went to show (as for steel
pipes) that, for one million gallons daily, the cost would
be from, say £700,000 to £1,000,000 (depending upon the
size of the pipe)., and with cost of delivery varying from
5. 64. to 8s. 6d. per 1,000 gallons: while, for five
million gallons daily, the cost varied from, say £2,200,000
to £2,700,000 (depending similarly upon the size of the
pipe) with cost of delivery varying from 3s. 5d. to 6s. 7d.
per 1,000 gallons: and that, for ten million gallons daily,
the cost varied from, say, £3.500,000 to £4,600,000
(depending similarly on the size of the pipe), with cost of
delivery varying from 3s. to 5s. per 1,000 gallons.

From these figures it was apparent that the cost of
delivery per 1,000 gallons was not altogether dependent
upon the total capital cost, but was also dependent upon
the cost of pumping, which usually varied in an inverse
ratio to the size of the pipe., and consequently to the
total capital cost.

These published figures, however, related only to the cost
of constructing and working a water supply to the top of
Mount Burges, and contained no provision for distributing
mains therefrom, which latter are included in the proposal
now in gquestion.

In addition to the calculations which were printed and
published as above-mentioned, there were also a large
number of further calculations gone into, the object being
to ascertain with certainty as to what size of pipe, and
consequent power of pumping engines, would give the
cheapest result, in view of the relative capital cost and
interest thereon, etc., and the outcome of all these
calculations is the table hereto attached (Appendix B),
wherein the proposal is to construct works and machinery
capable of supplying five million gallons daily, together
with 100 miles of distributing mains from Mount Burges, at
a total estimated cost of £2,500,000, the working expenses
(including sinking fund and maintenance, etc.) being
estimated at £320,000 per annum, and the probable cost of
delivering the water, as deduced therefrom, being 3s. 64d.
per 1,000 gallons. 1In this connection it should be
mentioned that the price of steel has gone up very
considerably since the original estimates were made, and
the estimates herewith have been based on the present
price, which will not probably be much, if at all,
increased within the next few years, as it is considerably
higher than it has been for the last few years. The
thickness of pipes provided for has also been increased
since the original estimates were made, as it was thought
possible that the original thickness might not be concurred
in by English Engineers, although it was believed to be
guite sufficient, and was also quite in accordance with the
practice in America., where such pipes have been a
specilality for many vears past.
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Why the Proposal is for 5,000,000 gallons per diem.

I now come to a very important phase of the guestion,
namely, as to why the proposal is for 5,000,000 gallons
daily., rather than for any lesser or larger quantity: and
while adhering to what I have said in the beginning of this
memorandum, to the effect that it is not for me to urge
upon the Government the desirability of launching out in
any new undertaking, and that I have no wish to do so, it
is only right that I should say that, as regards the scope
of the undertaking (presuming that it is to be undertaken
at all), I have distinctly advised the Government for
technical and other reasons that it is desirable, if any
pumping scheme for supplying water to Coolgardie from the
Greenmount Ranges is undertaken, that it should be for not
less than 5,000,000 gallons.

Taking the "other reasons" first, these, amongst others,
are to the effect:-

(a) That whereas a supply of one million gallons daily,
including distribution mains, would cost about
£1,000,000, a supply of five million gallons daily,
also including distributing mains, would only cost
£2,500,000: that is to say, that while the gquantity
would be five times as great, the cost would be only
two and a half times as great: and, moreover, in
consequence of the proportionately greater cost of
pumping through a smaller main, the rate for which
water could be delivered would be considerably greater
for the smaller scheme than for the larger one, viz.,
as much as 5s. 6d. per thousand gallons for the one
million gallons per diem scheme, as compared with 3s.
6d. per thousand gallons for the five million gallons
per diem scheme.

(b) In further pursuance of the "other reasons" basis,
there was the fact that it seemed to me that it would
be rather ridiculous to avowedly undertake a scheme
for the supply of water to Coolgardie., if it were
probable that the water would be all used. for various
purposes, before it got to Coolgardie at all: and I
think that that would be so. or very nearly so, if
only one million gallons per diem were provided for.

(c) Furthermore, on the same basis, it seemed doubtful if
the pipe-laying, etc., the whole way to Coolgardie,
would be justifiable, if there were no water to go
through it beyond Southern Cross or thereabouts.
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Coming now to the "technical reasons", they are briefly to
the effect that if a one million gallons per diem scheme
had to be augmented, as I believe it would have to be in a
very short time, the number and situation of the pumping
stations would be so very different from what would be
required for a five million gallons per diem scheme (which
might have to follow), that it would possibly involve there
being as many as twenty or more pumping stations for the
two schemes, whereas eight or ten would probably be
sufficient for the five million gallons per diem scheme,
and the same number and situation would suit for any
duplication or triplication thereof which might become
necessary in the future.

For further details on this subject, vide Appendix C
hereunder.

As to the proposed Scheme beind practicable

As regards the practicability of this scheme, there cannot,
I think, be any reasonable doubt, as it has already been
declared to be quite practicable by many competent
engineers, even while some of them deprecated it from other
points of view.

To say. in fact, that it is not practicable, must surely
involve a misconception of the question, as there are few
people who do not know of an equal quantity of water having
been jumped through a lesser height, and for a shorter
length, than as provided for in this scheme, and, when it
is realised that this scheme, although probably of larger
magnitude than others which are within the knowledge of
most people, is simply a repetition, several times over, of
schemes which are within the knowledge of most people, it
ig difficult to realise how anyone can consider it to be
impracticable.

Thus, for instance, if it were proposed to pump, say,
5,000,000 gallons daily, to a height of, say. 300 feet, I
cannot imagine that anyone would consider that to be
impracticable: and, if it is not impracticable to do that
once, it cannot surely be impracticable to do it eight
times in succession.

As to what is practicable again, it may not be out of place
to instance a fact which is known to many people in this
Colony, namely, that the dredge "Premier" has fregquently
filled her hoppers with 600 tons of sand in 20 minutes:
and, as it has been found by experience, that the guantity
of sand which can thus be pumped, is about 1-5th of the
accompanying water, it follows from this that the pumps
must be capable of lifting at least 3,000 tons of water in
20 minutes, which is equivalent to 9,000 tons of water in
an hour, or 216,000 tons of water in 24 hours, and, as a
ton of water is equal to 224 gallons, this would mean
48,000,000 gallons (or, say, in round figures 50,000,000
gallons) in 24 hours.
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The height to which the water is raised by this pump is
only about 10 feet, but, on the other hand, 50,000,000
gallons of water is 10 times as much as 5,000,000 gallons
of water, and consequently the same power would 1lift
5.000,000 gallons of water per diem through a height of 100
feet: and, in this case, there is only one pump., whereas it
is proposed to have several pumps at each of the 8 or 10
pumping stations, so that there can manifestly be no
practical difficulty (by the aid of several pumps at each
of the pumping stations) in raising 5,000,000 gallons per
diem, through the height of 300 feet or so, which will
intervene between each pumping station and the next one.

As to the probable capital cost

As regards the estimated capital cost, I believe that the
works can be carried out for the amount stated.

As regards the pumping engines, which constitute an
important item in the Estimate, the amount set down for
them is based upon information specially obtained from
England for the purpose. (Vide Appendix D hereunder).

As regards a still more important item, namely, the pipes
(weighing about 90,000 tons) the estimate is supported by
prices at which manufacturers have offered to deliver the
piping required.

As regards the cost of the reservoirs., which is another
very important item in the estimate, there is ample
evidence that they can be constructed for the amount set
down. (Vide, inter alia, Mr. Hodgson's memorandum to me,
dated 15th instant, hereunder, Appendix E).

As regards the other items in the estimate, which are for
works of an ordinary and everyday character, there is no
reason to doubt that the ordinary prices, at which they
have been valued, will be found to be sufficient.

As to the probable Working Expenses

As regards the estimated working expenses per annum, which
include interest and sinking fund, as well as maintenance,
and cost of pumping, and dgeneral administration.

(a) The amount set down for annual interest and sinking
fund is sufficient to pay interest on capital, and
also to pay off the said capital in a period of about
20 years.

(b) The amount set down for maintenance is sufficient to
keep the whole of the works and machinery in good
going order.
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(c) BAs regards the probable cost of pumping, this has been
deduced from various well recognised authorities on
the subject, notably, amongst others, "Unwin on the
Development and Transmission of Power", with due
allowance, of course, for the local price of coal, and
labour, etc.

(d) As regards the general administration, it simply means
(in view of there being ample provision for
maintenance) the collection of the revenue, and the
keeping of the accounts, and it is believed that 5 per
cent. on the revenue should be ample for that purpose.

As to the Price at which the water can be delivered

The estimated price at which the water can be delivered,
viz., 3s. 6d4d. per thousand gallons, is simply an
arithmetical resultant from the total estimated working
expenses per annum, on the basis that five million gallons
(on the average) will be sold daily. during 365 day in each
year: but, as regards the "on the average" element in the
matter, it is only right to say that this result would not
accrue if the five million gallons per diem failed to be
sold for several days running, as the estimate only
provides for a storage reservoir at Mount Burges capable of
holding two or three days' supply.

It is, however, proposed to keep all the reservoirs along
the pipe line continuously full. by aid of the pumping
main: and this would, to some extent, restore the balance,
if the quantity available failed to be sold for more than
two or three days at a stretch: as the working railways,
for instance, could then use the water out of the
reservoirs along the line, instead of taking it from the
pumping main.

Benefit to Working Railways

As regards the working railways element in the matter, it
is shown, in Appendix C hereinbefore referred to, that the
requirements would be about 200,000 gallons per diem, for
eight months in the year., and that the saving which would
be attained by obtaining this supply by the pumping scheme,
jnstead of, as is done at present, by hauling it in running
tanks, would be about £30,000 per annum.
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Water can be delivered in the Coolgardie District by this
Scheme cheaper than by any other method that we know of

Coming now to the question as to how the cost of water
delivered by this pumping scheme to the Coolgardie District
would compare with the cost of water delivered by any other
method, I find, as is shown in Appendix F hereunder, that
the cheapest of all the water supplies hitherto existing in
the Coolgardie District, viz., the supply from reservoirs
constructed by the Government, cost the country (exclusive
of the cost of maintenance of the reservoirs themselves),
concerning which I have at the moment no actual data) at
least 8s. 6d. per thousand gallons: and, if the maintenance
of the reservoirs were taken into consideration, it would,
I have no doubt, bring the cost up to fully 10s. per
thousand gallons.

It is manifest, therefore, that the pumping scheme would
attain a very large reduction on even the cheapest rate at
which water has hitherto been obtainable (and there was,
really, in all, a very insignificant supply obtained at
that rate). and, that being so, it is needless to say that
the pumped water would be enormously cheaper than water
obtained from any of the other sources of supply of which
we have any present knowledge.

As compared with condensed water, in fact, as already
alluded to, the cost of this pumped water would be only
about half as many shillings per 1,000 gallons as the
condensed water costs in pounds per 1,000 gallons, and
often even less than that.

Looking at the matter from the point of view as affecting
the whole of the community on the Coolgardie goldfields in
the future, the difference in the cost at which they could
obtain the quantity of water absolutely necessary for human
consumption, by this pumping proposal, as compared with the
cost at which they obtain it now, is simply marvellous, the
figures being about as follows:-

That is to say, I have seen it stated recently that there
are as many as 40,000 people in the Coolgardie District,
and although I scarcely think that that can be so, it is
quite probable that that number of people may be
congregated there by the end of the three years which this
pumping scheme would take to complete.

If we assume that each of these 40,000 people has to pay
even as little as 6d. a day for water, which would be only
allowing them from two to three gallcons per diem, as
prevails under existing conditions, this would amount, for
the 365 days in the year, to £9 per annum for each person,
and the total, for 40,000 persons, at that rate, would be
£360,000 per annum, whereas the same quantity of water
could be attained by proposed pumping scheme for less than
£10,000 per annum. It is evident, therefore, that if




52.

53.

pumping from the Greenmount Ranges is adopted, as compared
with any local source of supply that we know of, there
would be relief to these 40,000 people to the extent of
£350,000 per annum, whereas the whole annual working
expenses of the pumping scheme would be only £320,000 per
annum.

Besides this too, there is the fact that after all these
people had been supplied by the pumping scheme, with the
same quantity of water which they got before, there would
still be about 1,750 million gallons of water per annum
available for other purposes. That is to say, the total
quantity, equivalent to 5,000,000 gallons per day., for 365
days in the year, being about 1,800 million gallons per
annum, and the quantity which would be consumed by 40,000
people, under the existing conditions,viz., at the rate of,
say. 3 gallons per head per diem, being less than 50
million gallons per annum, there would, as before stated,
be 1,750 million gallons per annum, out of the total of
1,800 million gallons of water if sold, as it is assumed
that it will be, for mining and other purposes, at the rate
of 3s. 6d. per thousand gallons, the relief to the 40,000
people above mentioned to the enormous extent of £350,000
per annum, would be attained without any cost to the
country whatever.

Time which the work will take to complete

There is, I think, only one more point which I need touch
upon, viz., as to the estimate that the work can be
completed in three years, concerning which I have to state
as follows: -

(a) We have been assured by steel pipe manufacturers that
the whole of the pipes reguired could be made in two
years.

(b) If the delivery of these pipes were commenced, within
even six months of the date of the work being
authorised, and completed in 30 months from same, they
could, I have no doubt, be all laid within the three
years.

(c) 1If, again, the excavation of the pipe trench were
started almost immediately after the work was
authorised (as it could be) there is no reason, that I
know of, why it could not be kept well ahead of the
pipe-laying, and consequently also completed within
the three years.

(d) As regards the pumping engines and sheds for same,
there is no reason at all, that I know of, why they
could not be procured and erected and constructed,
respectively, within three years.
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(e) As regards the reservoir, or reservoirs, they would,
no doubt, have to be designed with great promptitude,
and put in hand as soon as possible, in order to be
completed within three years, but there is no reason
that I know of why they should not be completed within
that time.

Advantage of traversing three or four hundred miles of
dry country

In addition to the various reasons, set forth above, as to
why the proposal to pump water from reservoirs in the
Greenmount Ranges is preferable to any other means of
supplying water to the Coolgardie Goldfields, which we are
at present aware of, there is the very important
consideration that the water supply would thus traverse
three or four hundred miles of, comparatively speaking,
waterless country, comprising the auriferous areas of
Southern Cross, and that it would, therefore, have
numerous, and probably at present altogether unexpected
advantages, over any water supply which was merely local in
the Coolgardie District.

Further Appendices, not previously mentioned

Attached hereto, in addition to the appendices already
referred to, there will also be found an extract from a
recent report by the Engineer in Charge of Water Supply on
the Goldfields (Mr. Hector), containing some remarks on the
subject herein referred to (Appendix G)*, and also a
drawing (P.W.D. W.A. 4,053)* showing the route of the
railway along which the pumping main is proposed to be
constructed, and also a profile of the ground along said
route.

Desirability of asking for advice from European Specialists,

as regards location of Pumping Stations, etc.

In conclusion (and in reference to observations by members
of the Legislature on the subject), I would wish to mention
that it has always been my intention, in the event of this
pumping scheme being adopted, to recommend the Government
to arrange for a consultation of high-class specialists in
England, more particularly as regards the height and
distance which it would be most desirable to adopt between
the several pumping stations, and consequently the location

* Publisher's Note - Appendices not found.




of the said pumping stations, and the consequent number and
power of pumps, which it would be most desirable to adopt for
each such station, and, in evidence of this, I attach hereto a
letter which I addressed to our Consulting Engineer in England,
Mr. Carruthers, dated 3rd March last (Appendix II)*, and also
extracts from his reply thereto (Appendix I)x.

I have the honour to be,

Sir,
Your obedient Servant,
C.Y. O'CONNOR

Engineer-in-Chief.

* publisher's Note -- Appendices not found.




APPENDIX A

Extract from "The Queenslander®, dated April 25,
1896

THE DIAMOND DRILL ON CHARTERS TOWERS

The bore was commenced in January, 1894 (says "The Northern
Miner"), and put down to a depth of 2,135 feet, entirely at the
expense of the Golden Gate Gold Mining Company., and, from 2,135
to 3,006 feet, the Government granted a subsidy of 50 per cent.
of cost, and the No. 7 North-East Queen Company contributed 25
per cent. The cost per foot has been a little more than £1.
The boring operations, under the management of Mr. J. Cole,
have been remarkably successful, an average of about 60 feet a
fortnight being maintained (one shift). This established a
record far ahead of any similar work done in Queensland, and it
is believed to be also a record bore for the world in granite.
Many cores of great length, from over 16 feet, according to the
solid character of strata, have been obtained sometimes without
a flaw or vein of any kind, and as smooth as a gun barrel. It
is not improbable that this bore may be continued to a still
greater depth at some future time, as the last cores raised
were distinctly favourable and similar in character to the
overlying strata of some of the reef formations. Mr. Cole
believes the machinery is equal (with a little alteration to
the 1ifting gear) to 4,000 fecet. The weight of rods in use to
present depth is about 15 tons. The whole of the work has been
almost entirely free from accidents. Two diamonds (carbons)
about two carats each, were left below, owing to the defective
metal in the bit, at 1,575 feet and 2,855 feet, but on each
occasion Mr. Cole succeeded in picking them up in a few hours
by the aid of a tool designed by himself. An opinion seems to
have got abroad that, as far as reefs and formations are
concerned, the bore had been entirely unsuccessful, but the
"gynopsis of the strata penetrated" is a reasonable proof that,
though but little quartz has been pierced, yet the formations
undoubtedly exists here at greater depths than has yet been
attained by any of our mines.

Concerning the above, the "Gympie Times" says:- From a private
source we learn that it is now suggested on the Towers to have
a bore put down about 2,000 feet, near the junction of the
Queen Cross Reef, the Victoria and Queen, the Victoria and
Caledonia block, and the Band of Hope, and that the Directors
of the Victoria and Queen, and Queen Cross Companies favour the
idea, and the Directors of the other two Companies intend to
consult the shareholders. We congratulate Mr. Cole on his
great achievement with the bore.

Continued




THE HON. THE DIRECTOR OF PUBLIC WORKS. For your information.

The results achieved in this case, namely 30 feet per week, are
stated to be exceptionally good for boring in hard rock, and,
if that is so, the boring at Coolgardie could not be expected
to go any faster, and it would thus take 100 weeks to bore the
3,000 feet contemplated.

In view of this, it seems to me that the postponing of other
projects for the supply of water to Coolgardie until the result
of boring to a depth of 3,000 feet is known, that is to say.
the postponing of them for at least 2 years from now, would
probably not be practicable, even if it were considered to be
wise, and personally I do not think it would be wise.

You will also., no doubt, notice that although the boring
hereinabove described (regarded as boring work simply) is
considered to be very satisfactory. there is nevertheless the
fact that they got no water.

C.Y. O'CONNOR
15/5/96




APPENDIX B

COOLGARDIE.  GOLDFIELDS

PROPOSED WATER SUPPLY FROM RESERVOIR ON HELENA RIVER

Estimated cost of supplying 5,000,000 gallons daily by pumping

through steel pipes.

Unit of

Description Measure Amount

BASIS OF ESTIMATE
Length of pipe, storage
reservoir to Coolgardie Miles 330
Velocity of water per second. Feet 2
Diameter of pipe required. Inches 30
Net height which water has
to be pumped. Feet 1,350
Head required to overcome
friction per mile. do. 3.5
Total head required to
overcome friction. do. 1,155
Grand total head which pumps
have to overcome (including
friction head). do. 2,505
Weight of water which has to
be raised per day of 24 hours
(including water for engines,
evaporation on Fields, and
other losses). Tons 23,000
Work required to be done, per
day of 24 hours. 1,000 foot tons 57,615
Horse-power required -
effective. No. of h.p. 2,716
Horse-power required - actual
(being effective horse-power
plus 33 per cent). do. 3,612




Unit of

Description Measure Amount
CAPITAL COST

Pumping engines and sheds for Pounds

same, at £55 per horse-power. Stirling 200,000

Main pipes (including valves

&c.) at Fremantle, 90,000 tons. do. 1,470,000

Main Pipes, Carriage from do 140,000

Fremantle.

do. Laying and Jointing

(including excavation and

£illing in of pipe trench,

etc.) do. 220,000

Reservoirs. do. 300, 000

Distributing mains (including

trenching, laying, and

jointing, &c.) 100 miles,

averaging, say 12 in.

diameter. do. __170,000

Total capital cost. do. 2,500,000
WORKING EXZPENSES PER ANNUM

Interest and sinking fund on

total capital cost at, say.

6 per cent. do. 150,000

Maintenance. do. 45,000

Cost of pumping 5,000,000

gallons daily for 365 days

at 1 1/44. per 1000 foot

tons, say. do. 109,000

General administration, 5 per

cent. on revenue. do. __ 16,000

Total working expenses. do. _ 320,000

PRICE AT WHICH THE WATER
CAN BE DELIVERED.

Cost per 1,000 gallons, on
assumption that 5,000,000
gallons are sold daily,
during 365 days in each
year.

3s. 64d.




APPENDIX C

Engincer-in-Chief to the Hon. the Director of Public Works.

COOLGARDTE GOLDFIELDS WATER SUPPLY

Quantity of water per diem which should be provided for: also
quantity required for Yilgarn and Coolgardie Railway.

The Hon. the Director of Public Works

1. I send herewith, for your information, Memoranda by Messrs.
James Thompson and R.H. Campbell, showing the probable
annual cost of water required for the Coolgardie Railway,
if provided by travelling tanks, as hitherto, as bearing to
some extent on the question of the desirability or
otherwise of undertaking the pumping scheme for water
supply for Coolgardie.

2. The figures arrived at by Mr. Thompson and by Mr. Campbell,
respectively (vide in each case the fourth paragraphs of
their memoranda) do not quite agree, but, in view of
increasing traffic, it may., I think, fairly be assumed that
in the absence of some means of supplying water, other than
we have at present, it will be necessary to carry water in
running tanks, as hitherto, to extent of about 200,000
gallons per diem for eight months in the year, and that the
cost of doing this will exceed the cost of supplying the
water by Coolgardie pumping scheme by somewhere about
£30,000 per annum.

3. If the scheme to supply only one million gallons were
adopted, therefore, the saving attained by being relieved
from the haulage of water would just about pay the interest
on estimated cost of same (about £1.,000,000) and if the
scheme to supply five million gallons per diem were
adopted, the said saving would amount to nearly half the
interest on estimated cost of same (about 2,500,000).

4. Personally, I do not think that one million gallons per
diem would be anything like sufficient to provide for: and,
the more 1 think the matter out, the more I am convinced
that it would be desirable to provide for a supply of five
million gallons per diem.

5. Thus, for instance, if only one million gallons per diem
were provided for, the 200,000 gallons per diem estimated
in the memoranda herewith to be required for railway
purposes would absorb a large percentage of it: and there
has also to be taken into account the requirements of the
towns and villages en route, including Newcastle, Northam,
York, Southern Cross, Coolgardie and Kalgoorlie: so that
very little, if any. of the one million gallons would be
left for mining purposes.




Another element in the matter, which has only recently
struck me, is that if the scheme were constructed to supply
five million gallons, even although five million gallons
were not immediately required. there would merely be the
loss of interest and sinking fund, on the difference in
cost between the one scheme and the other, as the working
expenses, exclusive of interest and sinking fund. need not
necessarily be any dgreater for the larger scheme than for
the smaller one, unless the larger amount of water 1is
supplied. That is to say the largest item in the working
expenses, exclusive of interest and sinking fund, is the
actual cost of pumping, and if it were a fact that that
were directly proportional to the quantity pumped, it would
be evident that the cost of pumping one million gallons
daily, through a pipe capable of carrying five million
gallons daily would not be any more than the cost of
pumping one million gallons daily through a pipe capable of
carrying only one million gallons daily.

As a matter of fact, however, the cost of pumping any given
quantity of water diminishes, as the size of the pipe
increases, so that it is not alone the fact that the cost
of pumping one million gallons of water daily, through a
pipe capable of carrying five million gallons of water
daily. would not be any more than the cost of pumping the
same quantity through a pipe capable of carrying one
million of gallons of water daily, but it is a fact that it
would be very much less.

There is also another very important element in the
question, which I have only recently studied out, namely,
the location of the pumping stations in relation to the
static head, and friction head, which has to be overcome:
and I am inclined to think that if we were to adopt the one
million gallons per diem scheme wherein the pumps would
have to overcome a total head of 4,500 feet, it would
probably be recommenced that there should be something like
fifteen pumping stations: whereas, if we adopt the five
million gallons per diem scheme, wherein the pumps have to
overcome a total head of only about 2,500 feet, it would
probably be sufficient to have eight or ten pumping
stations: and the same number of pumping stations (namely
eight or ten) would probably also be suitable for the ten
million gallons per diem scheme, wherein (as it happens)
the head to be overcome would also be about 2,500 feet.

In view, therefore, of the great probability of a supply
having to be provided in the future, up to, in all
probability, as much as ten million gallons per diem, it
seems to me that it would be undesirable to adopt a scheme,
as a first instalment of that supply. which would involve a
larger number of pumping stations than would be necessary
for the remainder of the supply. and which would
consequently possibly involve placing the pumping stations
for the two several instalments (by reason of the said
instalments varying from each other so much in relative
magnitude) in different places: and, if there were fifteen




pumping stations for the one million gallons per diem
supply., and eight others for the five million or ten
million gallons supply to follow it, there would be an
altogether inconvenient and unnecessary number of pumping
stations for the supply as a whole.

23rd June, 1896. C.Y. O'CONNOR.




APPENDIX "D*

COOLGARDIE WATER SUPPLY

Copies of Telegrams and Replies re Cost of Pumping Engines.

Public Works Department, W.A.,
Sewerage and Water Supply for Towns
Perth, July 14th, 189s8. (Branch,

Memorandum for the Engineer-in-Chief.

The following are copies of the telegrams and answers which
passed between the Premier and the Agent-General with reference
to the cost of pumping engines, per horse-power, for Coolgardie
Water Supply.

HORACE P. ROBERTSON

Telegram to Agent-General, 30th October, 1895,

In connection with proposed water supply for Coolgardie, by pumping from
Guildford, ten million gallons every twenty-four hours, please advise as
soon as possible probable weight and cost, Fremantle, of pumping engines
with boilers complete, capable of developing in all 12,000 horse-power, to
be located at six different places, about 2,000 horse-power each place.

Answer - Telegram from Agent-General

In reference to your previous telegram, pumping englines will cost £16/4/-
per indicated horse-power, weighing 1,2501bs. 12,000 horse power regquire
2ft. 6in. diameter main, while four 15in. diameter malns require 20,000
horse-power.

Telegram to Agent-General, 12th November, 1895.

Pumping engines - Is £16 per horse-power correct? In Hansergh's report on
Melbourne dralnage, Victorian Parliamentary Paper 182 of 1890, pages 47 and
50, his estimate, including sheds, is one hundred and twenty pounds per
gross horse-power. Christchurch drainage engines, exclusive of sheds, cost
over £50 per indicated horse- power. Am aware horse- power dependent on
diameter of pipe, and the 12,000 horse-power is based on thirty-six inch

pipe.




Answer - Telegram from Agent-General

Tf piping be three feet diameter we confirm. Pumping engines will cost £16
to £18 per indicated horse -power, including boiler and pipes to be used for
inside sheds. The estimated cost does not include freight, foundations, and

sheds .




APPENDIX E.

Engineer for Sewerage and Water Supply for Towns
to Engineer-in-Chief.

Public Works Department, W.A.,
Sewerade and Water Supply for Towns
Perth, July 15th, 1896. (Branch,

COOLGARDIE WATER SUPPLY,

Report.

Memorandum for the Engineer-in-Chief.

1.

I have now the honour to submit a report and estimates of
cost of your scheme for supplying Coolgardie and district
with water from the Darling, or Greenmount, Ranges.

The amount proposed to be supplied is 5,000,000 gallons per
diem.

I have made an exhaustive examination of the principal
watersheds and streams in such parts of the Darling, or
Grecenmount, Ranges as are within a moderate distance of the
goldfields railway line, and have had surveys made of the
best reservoir sites obtainable there.

The valleys examined are those of -

1. Decep Creek, along the Eastern Railway Deviation:
2. Mahogany Creek (a tributary of the above):

3. Helena River;

4. Talbot River:

5. Bland's Brook, near York;

6. Dale River;

7. Mortlock River:

8. Mackie River;

9. Coraline Brook (South of Mokine):

10. Colyaline Creek (South of Clackline);
11. Heale's Brook;
12. Wongamine Brook (North of Northam);

13. Avon River (from six miles above Beverley to seventeen
miles below Newcastle):




10.

11.

14. Toodyay Brook (North of Newcastle):;

15. Boyagerring Brook (North of Newcastle);
16. Jimperding Brook (West of Newcastle): and
17. <Canning River.

I presume you do not wish me to discuss fully, at this
stage, the relative merits of these various sources of
supply., but to indicate briefly and distinctly which I
consider to be the safest and best.

This I am able to do with confidence; and I have no
hesitation whatever in saying, that, at this stage, the
Helena River is the source upon which our estimates should
be based.

The respective merits of the other streams I purpose
reporting on a little later on.

At present I cannot positively assert that none except the
Helena would be suitable, but I can ask You to accept my
assurance that the latter, though not the least expensive,
is perfectly safe and satisfactory.

The estimates appended hereto, and drawn on the basis 1laid
down by yourself, are made on the assumption that the
Helena will be the source of supply. Should you, later on,
decide in favour in any of the other streams, the cost of
the scheme will not be increased, but rather reduced,
except, perhaps, in the case of the Canning River.

On the Helena I have had several sites surveyed, and I can
with safety recommend one situated about five miles
South-West of Sawyer's Valley Railway Station. The site is
almost an ideal one. The foundations at the dam site are
bed rock: the valley at that point very narrow, and sides
precipitous.

A concrete dam might be made 100ft. high, and its length on
top would only be 650ft. The advantages, however, do not
cease there. The river bed is comparatively flat, and the
sheet of water backed up by such a dam would extend for
about seven miles. The quantity of water impounded would
be 4,619 million gallons, and the net amount available
annually, after allowing 20ft. in depth at the dam site for
silt, and seven feet from top water level for evaporation
and soakage, would be 3,330 million gallons. The level of
the river bed there is about 320ft. above the sea, and the
distance from Coolgardie, following generally along the
railway line, is about 330 miles.

The watershed is such that there can be no reasonable doubt
about the reservoir being filled annually. The drainage
area is 350,000 acres, most of it hilly and rocky: and the
Helena and Darkin Rivers traverse its greatest length.




12.

13.

14.

15.

l6.

Assuming a rainfall of 20in. per annum over this area, the
reservoir would be filled every year if only 3 per cent. of
the rainfall found its way into it.

The quality of the water is excellent; there is practically
no settlement in the catchment area, and consequently no
danger of pollution.

Respecting the estimates of cost of the scheme, it is
unnecessary to say much, as they are based upon your
general instructions, and contain nothing original on my
part. In the matter of the main pipe. however, I may point
out that the minimum thickness of metal adopted (for the
30-inch main) is 3/16 of an inch and the maximum 5/16.

The formula used is that of Neville, modified (for steel
pipes) to the following:-

t = .0007 nd plus .06.

Where t = thickness of metal required in inches.
" n = No. of atmospheres of pressure.
" d = Diameter of pipe in inches.

This gives a factor of safety of 5, with one-sixteenth of
an inch additional, all through, for wear and oxidation.
As, however, the pipes will be coated twice with Trinidaad
asphaltum, the second coat to be put on immediately before
they are laid in place, it is expected that the oxidation
will be practically nil.

THOS. C. HODGSON,
Engineer for Sewerage and Water Supply
for Towns.




APPENDIX F.

COOLGARDIE GOLDFIELDS WATER SUPPLY.

Remarks on Results obtained from 9 Reservoirs, between Southern
Cross and Siberia, during the year ending 30th November, 1895,
as shown on Tables "A" & "B" hereunder.

1. From these figures, it would appear., that the gquantity of
water impounded in these reservoirs, as a whole, during the
twelve months ending 30th November, 1895, approximated very
closely to the total capacity of the reservoirs as a whole,
the quantity of water impounded being., in round figures,

10 million gallons, while the total capacity of the
reservoirs was, in round fiqures 12 million gallons.

2. A large portion of the water impounded was, however, lost
by evaporation and absorption, say, probably 4 million
gallons, and that would bring the quantity actually used
to, say. 6 million gallons, as compared with the total
capacity of the reservoirs which is 12 million gallons.

3. The cost of the reservoirs, per thousand gallons of
capacity, must therefore be multiplied by two, in order to
get at the cost per thousand gallons of effective result.

4. The cost of the reservoirs having been about £2 per
thousand gallons of capacity, the cost per thousand gallons
of effective result, has therefore amounted to, say. £4.

5. On this basis, the interest (at, say. 5%, to allow for a
sinking fund) on cost per thousand gallons would be, say,
4s .,

6. Taking 6 million gallons as the quantity sold in a year,
and assuming the number of caretakers to have been nine
(9), at £150 per annum each, the cost of caretaking would
apparently amount to about 4s. 6d. per thousand gallons.

7. The cost of supplying water from reservoirs of this
description, would therefore appear to amount, in all, for
interest on cost, and caretaking only (without counting
maintenance, concerning which I have, at the moment, no
data,) to 8s. 6d. per thousand gallons.

8. If the cost of maintenance were included, the total cost
would probably be shown to be at least 10s. per thousand
gallons utilized.




9. It would appear, therefore, that water can be supplied, by
means of the proposed pumping scheme, at much less cost per
thousand gallons, than by means of reservoirs of the
description herein described, and it therefore becomes a
question as to whether reservoirs of this description
should continue to be constructed (unless for immediately
urgent requirements) in the localities which would be
supplied by the pumping scheme, to extent at present
contemplated.

(Sgd). C.J. O'CONNOR
: Engineer-in-Chief.
8th July. 1896.
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COOLGARDIE GOLDFIELDS WATER SUPPLY
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COOLGARDIE GOLD FIRLDS WATER SUPPLY..

Tudervin Leporl of the Convinission of  Engincers appointed by the
Government of MWestern Auwstralic.

Westininster, Auyust Srd, 1897,
To the dgent-General for Western Australia, 15, Victoria Street, London, S.1V.

Sk,
COOLGARDIE GOLIY FIELDS WATER SUPPLY.

We, the Commission appointed to enquire into this matter, having now completed a large
portion of the necessary investigations, have the honour to submit the following interim Report.

The reference to us is contained in the foliowing paragraphs of a letter of appointment, signed
by vou, and dated London, 11th January, 1897 :—

“The enquiry is not to extend to any question of sufficiency of supply at souree, but to the
determination of the following :—

“ Material and method of manufacture of pipes, whether welded or rivetted, and
whether welding and rivetting shall be square or spiral.

*The diamneter and shickness of pipes and method of protecting. ]

““Whether pipe line shall be continuous from pwmnp to pump or whether it shall be
broken by the inscrtion of reservoirs, at points as near to punps as possible.  The wininum
size of such reservoirs and especially the depth. i

‘ Whether other reservoirs should be introduced along pipe line, independently of their
possible use for distribution of water along the line. If so, the best capacity, and especinlly
their depth.

* Whether it may be advisable on parts of the line to duplicate the pipes.

“ Whether it would be safe to rivet up the wlhole line of pipes, or whether joints to
allow for contraction and expansion are necessary ; the kind of joiut most suitable, should
they be necessary.

“ Whether the pipes should be laid in a trench and eovered in, or left exposed to view.

“The usc of cast iron being prohibited on aceount of the cost and difficulty of freight,
both by sea and land, the Comnmissioners need not take it into account.

“To fix the position of the several pumping stations and the indicated 1P, required ut
cach.
“To advise as to the description of engine and the duty to be specified, and the reserve
power at each station.
“To advise as to the fittings to be used on line.”

We have perused the whole of the reports and specches supplied to us, including the report of
the Chief Engiueer, Mr. C. Y. O’Comnor, dated 17th July, 1896, and the additional information supplied
by the Chief Engineer, dated 11th December, 1896, including a report by Mr. Thos. C. Yodgson, of
Perth, Civil Engineer, dated 8rd Decenber, 1896,

We have had the advantage in many of our deliberations of the assistance of Mr. O’Counor, have
taken evidence in cases where it appeared that the knowledge of others might assist us, have visited
works, the manufactures of wlich were of special interest in connection with the questions to be

determined, and have generally informed ourselves in relation to the various matters germane to
the euquiry.

As the reference to us does not extend to the suflicieney of the supply at the source, we have
not taken that subject into consideration, but have confined our enquiry to the best conditions under
which 5,000,000 gallons a day may be pumped from a storage reservoir to be constructed ou the Helena,

River, in the Greenmount Ranges, about 35 miles from. Fremantle, to a point near Coolgardie, about
328 miles further inland.  This storage reservoir we shall eall the Greenmount Resevoir.

From an examination of the plans and from information reccived from Mr. O’Connor it appears
that, for the present at least, it would be suflicient to construct u service reservoir for Coolgardie, to be
called the Coolgardic Serviee Reservoir, on the hill marked No. 1 on the plans, at a distance from the
vroposed Greenmount Rescrvoir of 328 miles, and at an altitude of 1,653 fect above low water level at
Fremantle, and of 1,318 feet above the off-take level of the Greenmount Reservoir, Besides these two
terminal reservoirs, there must Lo onoe reservoir at ench pumping station, and ono at about the 33rd
wile from the Greemmount Reservoir.  We are informed by the Chief Engineer that reservoirs can be
constructed at all these sites without exceptional difticulty, but beyond this our knowledee concerning
them does not extend, and we have not cousidered any question connected with their construetion.

It may be necessary, we understand, at some future time to raise part of the supply to a reservoir
to be constructed on the summit of Mount Burges, about 43 miles from the Coolgardic Service Reservoir,
and about 170 fect higher.  The quantity to be so raised is not ab present kuown, and we have not
made any recommendation in regard to it. When, however, this extension of the present schieme
hecomes desivable, there will be no difficulty by means of an additional pumping station, in raising so

much of the water from the Coolgardie Service Reservoir to the Mount Burges Reservoir as may be
desired. :
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GENERAL STATEMENT AS TO THE PRACTICABILITY OF THE SCHEME.

Tt has heen rightly assumed by the Government of Western Australia and their advisers that
the schieine as propounded is quite practicable. Water has been successfully pumped under much
greater pressures than will be necessary in this case, and has been passed through pipe aqueducts in
much greater volumes. But there is an element, viz., leakage, which is brought into exceptional
prominence when considered in connection with the comparatively small quantity of water—only
5,000,000 gallons a day—to be provided for in the first instance, and the great distance—328 miles—
along which it has to be pumped. '

We believe that, in the absence of speeial precaution, leakages insignificant in themselves, but
occurring at a great number of points, would be a very scrious matter indeed. We are satisfied,
however, that with proper precautions in the design and manufacture and use of the pipes and joints,
any danger of failurc or serious loss from this cause may be avoided. Subject Lo these and to other
precautions which we shall indicate, there can be no doubt that the scheme-—if properly worked out in
detail on the drawing board, and adequately described in binding speeifications, and subject of course
to due and continuous inspection of the work—may be carried out with the certainty of success.

AS TO THE DIAMETERS OF THE PIPES.
The difference of level between the Greenmount Storage Reservoir and the Coolgardic Service

Reservoir being about 1,313 fect, we have assumed that in the scheme at present under consideration
the wlole of the water will be punped to that height.

In addition to this height there is a frictional resistance in the main, which forms part of the
head against which the pumps act.

We find that the required quantity of water can be conveyed without greater frictional
resistance than is desirable by a main of 26 to 30 inches diameter. With a sinaller diaineter the work
to be done by the pumps increases considerably. Tor instance, with & 24 inch main the frictional
resistance is about three times as great as with a 30 inch main.

With the diameters proposed by the Commission, aud provisionally set out on drawing No. 1, the
frictional resistance in the mains would amount altogether to about (,292 feet, so that the total
head for the whole length of the main will be about 2,605 fcet.

For such pipes as are proposed to be used the frictional rvesistance in fect per mile may be
taken at the values in the following table :—

Diameter of Pipe in inches.
26 28 30
Discharge per day in million gallons.. . 5 5 H
Velocity in main, feet per second ... ... 2513 2172 1-8:4
Frictional resistance in feet per mile—
Lapwelded pipes ... 5103 3-538 2497
Rivetted pipes 6-159 , 4-270 3-103

Using these values, and assuming such a distribution of pipes of different diameters as will
satisfy the conditions of punping power liercafter referred to, and as will c¢nable some at least of the
pipes to be nested for shipmens, the total lift and friction in the main would, as above stated, be
about 2,605 fect.

AS TO THE PUMPING LNGINES.

To lift 5,000,000 gallons a day to a height of 2,605 fect would require 2,743 Pump Horse Power,
or allowing 5 per cent. for slight leakage from the nains, evaporation from the intermediate veservoirs,
feed water and other supplies to the pumping stations, say 2881 P.ILP. This is the power which
should be provided for regular work in addition to a proper reserve against accident or stoppage for
overhauling the eugines.  In addition to this, each pumping station should have a rescrve of power,
suflicient to cover any exceptional leakage, if the condition of the main is properly maintained.

We are of opinion that the pwmping might conveniently be done from nine pumping stations at
or near the following distunces from the Greenmount Reservoir, and with approximately the following
lifts und Iorse Powers, respectively :—

. Distance from Potal Titt ineludime | Famp Horse power
Pumping Greenmount Total Litt, including (vxvh:lsi\'e of reserve)
Station. Reservoir. friction in uain. it each Station.

Miles. Feet. i o
1 0 420 464
2 1 420 464
3 7565 : 420 461
4 137 . 420 464
5 1705 185 205
6 213 185 205
7 238 ; 185 205
8 290 136 205
9 394 i 185 205
Total | 2605 2881




It is to be observed that in the above table we have brought the pump horse power (exclusive
of rescrve) at cach of the first four stations to the uniforin figure of 464, and at each of the remaining
five stations to the uniform figure of 205.  We regard uniformity of the pumping machinery as of great
importance.

We append to this Report a drawing, No. 1, showing the positions thus selected for the pumping
stations, and the hydraulic gradients of the different sections of the nain.

The question, however, of the best possible arrangenment involves considerations of great
complexity, and, in our final report, we mny have oceasion to modify the above table to a slight cxtent.

POSITION OF MAIN.

We are of opinion that the aqueduct shounld follow generally the line of railway, on account of
the facility for conveying the pipes and machinery, and afterwards supplying the pumping stations
with fuel and stores. In two cases, however, the aqueduct may be shortened by leaving the line of
railway, and we recommend that this be done at the points marked deviations No, 1 and 2 on
the plan. :

Mr. O'Connor informs us_that there is much salt in the soil throughout a great part of the
district through which the aqueduct will pass, and we prefer on this account and for the avoidanée of
external carth pressure and for greater facility in the inspection of the pipes and the suppression of
leakage, as well as economy in first cost, that the greater part of the main he left exposed above
ground and not buried in the uswal manner.  This may be done in the climate of Western Australia,
since there is no prolonged frost. [t is suggested by the reference and we ave further informed by Mr.
O’Connor that no difficulty is apprchended in protecting the pipes, if so exposed, from wanton injury,
and although pipes so exposed are alinost unknown in Fngland, they are by no means unconmon in
thinly populated countries.

But many new difliculties are involved in the proposal to expose the pipes on the surface.  For
example, the expansion and’ contraction due to changes of temperature are very greatly increased.
We think these difficulties ean be entirely overcome, but we have not yet deterinined in detail upon
the mode of their reinoval.  Such determination depends upon the result of investigations which are
now in progress, and we have therefore decided, to present this interim report, and to reserve for a
further report our final recommendation as to whether the mains should or should not be laid above
around,

REGULATION OF FLOW ALONG THE AQUEDUCT.

In most sections of the aqueduet it fortunately happens that there is high ground at o short
distance from the pumping engine (compared with the length of the scetion), fromn which the tank of
the next pumping station may be supplied by gravitation. Up to that high ground the rising main
must always be under the pressure due to the altitude and the friction. 1rom this clevated point,
however, the flow to the tank of the next pumping station will be by gravitation, and we have
considered whether this gravitation length should be without stop valves, or whether, on the other
hand, stop or other valves are required at the inlets to the pumping station reservoivs or at other
points, for isolating portions of the main in case of accident, or for the purpose of obtaining ingress to
the pipes. The forner plan, which has been adopted in one or two cases in America, wonld be the
most cconomical, for, as the pressure could never exceed that due to the hydraulic gradient, hghter
pipes could be used for parts of the work.,  But we think that the advantages of stop valves are so
considerable, when for the purpose of repairing leakages or otherwise it is desived to cmpty parts of
thie main, that it is better to make the pipes strong enough to stand the full head of water when at
rest in the mein, though the main will be worked with all the valves open, and the normal pressurc
will be that due to the clevation and hydraulic gradient only. |

There 1s one section requiring speeial treatiment.  If the scetion between the sccond and thivd
pumping stations were treated similarly to the rest, the closing of the stop valve at the third pumping
station would place about 36 miles of the main under pressures of 450 to 650 fect. These pressures
would be reduced by about 200 fect, if a reservoir were constructed on the high ground near the 33rd
ile of the aqueduct, and we recommend that such a reservoir should Le constructed.  The depth of
Lhis reservoir should not be less than 25 fect.  The greater its capacity the better, but it should not
be less than 5,000,000 gallons.

The service reservoir at Coolgardie will be required not only to cqualize the supply for the day
and night consumption, but to provide a store of water for use in case of repair to the main being
necessury.  We think the capacity of this veservoir should not be less than 20 million gallons and that
its depth should be asg great as the site will reasonably permit.

The suction reservoirs at the pumping stations should have a capacity not less than two million
wallons and a depth of at least 20 fect.

MATERIAL AND CONSTRUCTION Ol PIPLS.

In the reference to the Connmission the use of east iron is excluded, we think very properly,
from consideration. ) )

In comparison with steel there would be no advantage in using wrought iron, while there would
certainly be many disadvantages. :

A main of cement with a steel spiral embedded in the cement has been nsed for seven or cight
years for water mains subject to light pressures. ) ) ) )

The system which is patented, has been used for town supply in Venice and in Algeria, and for
tlic water supply of the barracks at Maisons Alfort in Paris, in each casc by French engineers, who
report favourably upon it.

The cement surface of such pipes is excellent for hydraulic purposes. They can be made to
stand, when new, working pressures of 100 feet or more, and if laid underground the cement would not
doubt continuc in a good state of preservation so long as the steel of the coils was uot attacked by
corrosion,
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We visited Paris in order to see the method of manufacture of these pipes.  We saw the whole
. process and tested two pipes under pressure. Two other pipes are being sent to us for further
examination and test especially as to watertightness under different pressures. The result of these
tests will be dealt with in our supplemental report. In the meantime, with our present knowledge,
we do not recommend the use of these pipes.

) The only other material which can be used for the Coolgardie main is mild steel, which should
i omr judgment have a tenacity of 25 to 28 tons per square inch, and an clongation of at least 16 per
cent. in an 8-inch length. The longitudinal joints of such pipes may he (@) gas welded, (&) rivetted or
(c) dovetailed.

MR. MIPHAN FERGUSON’S PIPE.

A steel pipe has been shown to us with a dovetailed longitudinal joint pateuted in Australia
and elsewhere by Mr. Mephar Ferguson and termed a vivetless scaun.  This joint is made by swelling
the longitudinal edges of the plate and bringing them together in grooves made in the opposite sides
of a longitudinal bar. “I'he bar is then elosed by pressine upon the swollen edges of the plate. A pipe
of this kind with two longitudinal joints was scut to Professor Unwin, from which strips with the
joints in the middle of cach were cut and tested. In the ease of five out of six tests, the strips broke
through the solid plate and not at the joint. The vemaining test strip broke at the joint. Tt is
obvious that the joint in the specimen pipe was practically as strong as the solid plate. Professor
Unwin afterwards attended at Messvs. Gwyune's works and saw o similar piece of pipe tested by
hydraulic pressure. The pipe was about four feet long, onc-cighth inch thick, and twelve inches in
diameter. It had two of the patent vivetless seams.  An internal water pressure of 8001bs. per square
inch was applied before the test was stopped by leakage at the ends, which had nothing to do with
the construction of the pipe. Subscquently, abont 8501bs. per square inch was got on the pipe hefore
leakage at the ends again stopped the test. In a third test the pressure momentarily reached 9001bs.
pet square inch. The pipe was bulged, but there was no leakage at the longitudinal joints, and they
did not appear to be injured, though the stress on the steel must have reached nearly 20 tons per
square inch when the internal pressuve of 900lbs. per square inch was applicd.  So far as it went the
test was very satisfactory, hut it would be desivable to test a considerable length of main made by
such a machine as will he employed in practice in the manufacture of these pipes to ascertain whether
the joint can be made uniformly strong and water-tight throughout its length. The patentee states
that rivetless seam pipes of such sizes as will be required for the Coolgardic Aqueduct can be manu-
factured in lengths of about 27 feet.

We are of opinion, however, that if pipes with snch joints can be manufactured on a large seale
with the satisfactory results obtained on a sall scale they would be particularly well suited for use
in the Coolgardie aqueduct. They would probably he cheaper than rivetted pipes, there would be
fewer points of possible leakage, and they would have less hydraulic resistance.  We would, therefore,
suggest to the Government that the Patentee should be approached with the view of some arrange-
nment being made with him for trials of the system with such machinery as would be used in practice.
It is quite possible that plates having the dovetail on both edges cannot be rolled with the necessary
accuracy, or that some other practical difliculty may arise. Nothing but a trial on a considerable
scale can decide whether the manufacture of these pipes can be carried on with practical success.
TFurther, we think it desirable that if possible within the time available, a length of at least a mile of
this pipe should be laid above ground, with such joints as the patentee proposes to use, and
tested under water pressure,

Such pipes have not yet been made except on an experimental seals. Until they have bheen
manufactured commercially, and tested in the way suggested, we are unable to make a recomnmendation
that they should be used for the Coolgardie aqueduct. Until further information is available, it is
necessary to assumnc in this interim report that the main will be constructed according to one or more
of the well-known and long-tried methods. l

SPIRAL RIVETTED PIPES.

Spiral rivetted pipes have becn suggested for the main.  We have fully considered the system,
but it does not appear to have any advantage sufficient to warrant a recommendation that it should he
used for the Coolgardie wmain,

WELDED PIPLS.

Pipes with gas welded longitudinal joints arve undoubtedly the best. They are stronger for a
given thickness than rivetted pipes, and having a smooth surface, they preseut less interruption to the
free flow of the water. DBut the immunity from possible leakage at jomts is a still more important
advantage.  Per unit of length they are somewhat more expensive than rivetted pipes, but heing about

30 per cent. stronger for equal diameter and thickness, it is actually chieaper to employ them wherever -

the necessary thickness of the rivetted pipe is at least } inch ; below which thickness welded pipes
become difficult to manufacture of the required diameters.

We thercfore recommend that those pipes which will be subject to the heavier pressures and
which therefore require a thickness of § inch or more, should have two gas-welded longitudinal joints,
and that they be made in tubes of about 14 feet length, coupled into pipes of about 28 feet, hy
inserting a plain end of one tube into a socket formed on the other tube, the transverse joint being
rivetted.  Welded tubes can be manufactured of sonmewhat greater length, and it would be desirable
that they should be as long as possible, because it would reduce the number of joints and the possible
points of leakage. We understand, however, that lengths greater than 28 feet would be inconvenient
for carriage on the Western Australian Railways.
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RIVETTED PIPLS,

The rivetted pipes should be made with only one longitndinal joint, cach “ring ™ or « tube **
Leing therefore formed of a single plate.  The greater part of the aqueduct will cousist of such pipes
28 inches to 30 inches diameter and 3 inch thick, and the greatest length of the tubes of which
such pipes are made up will be about 5 feet 6 inches.

The longitudinal joints should be double rivetied lap joints, and those of contiguous lengths
should not fall in one line.

Each tube should be made of the maximum length that can be obtained from a single plate.
These tubes should be single rivetted together into lengths convenient for transport. The question of
the connection of these lengths will be dealt with in our final report. 'T'he tubes may be made of
uniform diameter, butt-jointed, with single rivetted covering rings. This, however, involves two
rows of rivets at cach transverse joint, two circular joints to be caulked which can be eaulked only at
the outer edges, and speeial difliculty of caulking and rendering watertight where the ring covers the
overlap of the longitudinal joints. As there are two other ways of making the truusverse joiuts,
cither of which is less liable to these objections, we do not recommend butt-joints, Oue of these ways
is to expand one eud of each tube, thus forming u socket to receive the plain end of the next tube and
to join the two by single rivetting. The other plan is to construct the tubes alternately of larger and
smaller diameter, the diameters differing by twiee the plate thickness. Rach larger tube will then
overlap the smaller tubes at either end and will be connceted therewith by single rivetting.

Having regavd to all the circumstances, we recommend that the vivetted pipes should be
constructed of tubes of alternately larger and smaller diameter. In coming to this conclusion, we
have, of course, considered the increased hydraulic resistance which we are satisfied is unimportant.

AS TO BENDS.

The necessary bends will have large radii, and may therefore be made by bevelling the ends of
contizuous pipes. It is possible to arrange for all bends to be made by various numbers of pipes with
standard bevels of 2}, 5, 74 and 10 degrees.

TIIICKNLESS OF PIPLS.
The mains may be caleulated for a working stress of 7§ tons per square inchi on the net section of
the metal, with an allowance of 1-16 inch for corrosion and other contingencies.
For lap-welded mains it does not appear desirable that the thickness should be less than a } inch.
l'or less thickness the welding is diflicult and the strength of the weld uncertain.  The following table
pives the thickness of welded main nccessary for different heads :—

TWelded Main.

Diameter in inches, Thickuess in inches,

'1' '151'.'

Greatest safe lhead in feet.

26 560 i 746
a7 539 718
28 520 692
30 485 647

In the case of the rivetted main the strength of a double rive

seven-tenths of the strength of the plat,

tted joint, if well proportioned, is
e, or, ip other words, its efficiency is 0-7.

This being so, the

above rule would give the following as the maximun heads for the various dianeters and thicknesses

of the rivetted main :—

Rivetted Main.

Diameter in inches. Thickuess.
B : 1 R EE
ATIN 1in. i i
! Greatest safe head in lect.
26 260 395 27 660
27 232 381 508 630
28 245 363 190 6l
30 220 | 340 158 | 572

From seetion No. 1 of the line showing the pumping stations

seen that a considerable portion of the main will not be subjeeted to a greater head than 200 feet, so
that most of the length mmay be of R

% inch steel with double rivetted longitudinal joints,

With respect generally to the jointing, it is important to bear in mind that gas welded longitudinal
joints, if they pass the hydraulic test, will alinost certainly continue water-tight. With rivetted joints,
however, this is not so. ~ Sinall leaks from under the lap, or past the rivets, exist iuitially or are
developed in time by the straining actions on the pipes. By our recomnmendatious we hope to reduce
those straining actions to a minimum, but the greatest possible care must be taken to wake the pipes
water-tight before they leave the place of manufacture, and to caulk any leaks which may subsequently
develop as soon us possible after they becone visible.

and hydraulic gradients, it will be




PRESERVATION I'ROM CORROSION,

The corrosion of the main internally or externally is the most serious danger to which it is
exposed, and it must be eoated with asphalte in the most careful way possible.

In the process of rolling, the surface of the stecl is changed to a magnetic oxide (commonly
called “black oxide™) which, although resisting corrosion itself, rapidly sciles off. It is necessary
that this scale should be completely removed by a bath of dilnte sulphurie acid followed by o bath of lime
water, iinmediately before the plates are vivetted up.  This is successfully done in practice, and should
be insisted upon.  While still in the lengths required for shipment, the pipes should he dipped in a
nearly boiling asphaltic composition both in Ingland and immediately before heing laid in Australia.
This composition should be a natural asphalte containing a large proportion of bitumen, with so much
heavy tar oil (ercosote oil of commerce) added to it as may be necessary to produce when cold a smooth
plastic and strongly adhesive varnish,  The usual method with cast iron pipes is first to heat them in
an open-topped funnel-shaped stove of brickwork, at the bottom of which is a fire. By this incans thie
pipes arve rarely heated uniformly. In the case of the Coolgardie pipes, special arcangements should
be made for heating cach length to a uniform temperature of about 300 degrees Ifahvenheit. When
so heated, the tubes should be dipped into the nearly boiling asphalte.  eve ngain it is essential that
speeial arrangements should be made ; the fire is frequently allowed to impinge upon the plates of the
bath, and thus, by the evolution of gases from the already viscous asphalte, to render the hottest
portions more viscous still, so that they cease to cirenlate. These objections st he carefully avoided.
The pipes should remain in the asphalte until they have fully acquired tie temperature of the liquid,
and should then be drawn out and allowed to cool while hanging in that posiiion.

The dipping on the ground should follow as nearly as may be the conditions above described,
and any parts of the pipe at which the coating is damaged by vivetting, caulking or otherwise, should be
properly painted with a natural asphalte dissolved in bisulphide of carbon.

. PROVING PIPLS.

Before being dipped the pipes should be proved by hydraulic pressure, the test pressure in each
casc being such that the stress on the net section of material shall be 12 tons to the squave inclu.

VALVES.

Theve are used on mains of this kind stop valves, sclf-acting stop valves, automnatic reflux
valves, scour valves and air valves.

Stor Vanves.—These should be on the sliding sluice principle with double faces. It is not
necessary that the valve opening shonld be of the same area as that of the main.  The loss of head
with o valve having an area equal to one-third that of the main, is so small that it is more than com-
pensated for by the comparative lightuess, ease of working, and economy in cost.  The inlet and out-
let to each valve should gradually taper from the size of the main to that of the valve.  In mains of
such length it is essential, however, that the valves should be so designed and constructed that the
final closing is very slow. Stop valves are now satisfactorily made of slightly difterent patterns by
different makers. It is only necessary to speeify the general construetion and suitable test pressinres,
and to require the makers to mention in their tender the weight of the valve as a whole, and weight
and composition of the gunmetal parts, and to send a working sectional drawing of the valve. These
stop valves will be required at the inlet to each reservoir, at the outlet of the pumps, at every
important depression, and generally at distances apart not exceeding five miles.

Scour Vanves.—These should have openings of 9 ins. to 6 ins,, according to the length of main
commanded, and should be placed on pipes connected with the under side of the main at every
depression.  The scour pipes should be carried to points at which the water can be harmlessly dis-
charged, and from which 1t cannot return to the line of main,  Where a stop valve oceurs, a scour
valve will generally be required on cither side of it.

Sunr-actixG Vanvus.—These ave of two kinds, viz., those which close when the velocity of the
water becomes abnormal, and reflux valves, which close when the flow ceases or tends to reverse.
Both forms are commonly and usefully employed in the case of long lengths of east iron mains.  The
first kind, if properly designed and so constructed that the last part of the closing is done exceedingly
slowly, will effectnally shut off the supply without danger to the main when fronr any cause, as for
example a burst in a pipe below, the veloeity of the water is increased to an abnorimal extent.

When a large cast iron pipe bursts, an openiing is frequently made as large as the pipe itsclf.
With ild steel pipes however no leakage is likely to occur at any one point of suflicient amount to
greatly inerease the velocity of the water, or to cause the very servious difticultics which the sudden
discharge of the main would entail.  Under these civcumstances we think it unnecessary to introduce
the complication of the first kind of self-acting valves, which close for abnormal flows.  Reflux valves
are, liowever, desirable at the inlet to cach reservoir, and immediately above cach pumping station.
These should be nltiple flap valves so designed as to have the smallest possible lift in order that the
backward flow of the water may be checked before any harmful veloeity is attained.  The aggregate
aren of the openings should be at least half the wrea of the pipe.

Am Vanves.—Ib is necessary to provide air valves at all summits of upward bends in the main
to liberate the air, when charging the main, and to keep it free from air disengaged from the water
flowing in the main or possibly from gas produced by decomposition of organic matlers in the water,
It is known to the Commission that serious difficulties have avisen in some eases from insuflicient
provision of air valves, or from the appliances provided not acting cfliciently.  Simple stop cocks were
at one time used as air valves on the summits of water mains, but automatic air valves are now com-
monly used, and we are of opinion that such valves are neeessary.  The air valves should be in groups
of three or four in one casing and of considerable discharging capacity. In the case of the
Coolgardic main we think these should be metallic valves. They should be protected by a
strong cover from the possibility of interfereuce or injury, and the leakage should be
led fromn them and not allowed to flow over the main. In the case of a stecl main
of this kind the valves have a sceond function to perform. If the pressure in the main falls helow
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atmospheric pressure, they will adinit air and prevent a collapse of the main. The -apid emptying of
lengths of the main would but for such a provision produee a vacuum in the main. In some cases the
provision of air valves has been rendered ineflicient in consequence of the air heing carried past them
by the flow of the water at more or less considerable velocity. We reconnmend, therefore, the provision
of air domes at each rise consisting of 12-inch cast iron pipes 18 inches in depth with flanges fitted to
the erown of the pipe.  Timmediately above such dome should be fixed a 3-inch stop valve, and above
that the air valve proper.  Instead of cutting a [2-inch hole in the main, it shoutd be perforated with
numerous smaller holes.  In addition to this, at the most hnportant suunnits, about sixteen in number
we recommend enlargements of the main to about twice the normal diamcter, thus foriing chambers,
in which the velocity of the water would be reduced, and where the air or gas could freely disengage
itsell from the water and cscape by the air valves. The cnlargement may be made by gradually
tapering a length of main up to and away from the air valve.

With this report we send three drawings, Nos. 2, 3 and 4, showing a proper distribution of the
various valves in two typical sections of the aqueduct.

SOME GENERAL CONDITIONS.

We think it important to avoid allowing the main at any point intermediate between the inlet
and outlet of each section to rise within about 10 feet of the hydraulic gradient except near the inlets
to the pumping station tanks, where it should not rise above that gradient, and to avoid this it will be
necessary near the inlet to the tank, to lay the pipes considerably below the general level of the ground.
Wherever the pipes are so luid one or more of the following precautions must be taken ;—

a. The pipes imust be laid in open trenchies. . The pipes niust be laid in concrete. ¢. The
pipes must be very considerably inereased in thickness, or otherwise strengthened to
resist the external earth pressure. ‘

A combination of two, or all three, of these methods ay be adopted as may be most suitable
in cach case, but this nrust be considered as the deawings are prepared. .

THI STBEAM DPUMPING MACIIINERY.

The amount of punping required in the Coolgardie sehieme is large and the price of coal in
the Colony is high.  But there is nothing exceptional in the sizes of engines required or in their
avrangement, and we see no reason why the pumping should not be carried on in” a perfectly satis-
fuctory way and ut a cost somewhat less than that assmned in the estimates which have been put
hefore us in the Chicf lingincer’s Report.

With a view of getting definite information we obtained estimates fromn the principal makers of
steam pumping achinery in this country, and we have also received an estimate from one of the
most important firms in the United States which manufactures machinery of this kind. In asking for
estimates, complete freedom was given to manufacturers as to the type of steam engines, pumps and
bailers to be proposed by them. A teacing of the pipe line with the sites of the proposed pumping
stations marked was supplied to them, but they were permitted to suggest any arrangements which
they thought desirable.  The estimates received are in some cases very carclully drawn up. As it
appears to us neeessary that tenders for the pumping machinery should be obtained on a more
detailed specification of the requirements, it is not desirable that the proposals of the different makers
should be discussed in this report.

Tis rYre or BNGINE 10 BE AvOrTED ror TuE CooLcaxnii scimai.—It is only proposed at
present to have one line of main, and the cost of coal delivered at mean distance along tlie pipe line
is given in Mr. O’Connor's estimate at 32s. o ton.  Hence it is essential to adopt cconomical engines,
and to provide in every way for eflicient working throughout the twenty-four hours without stoppaye
or delay, and to take cvery possible precaution against risk of accident either to the engines or the
main.  As the whole cost of the pumnping machinery, exclusive of buildings and foundations, will
probably be less than one-sixtcenth of the whole estimated cost of the scheme, there is 1o reason why
the type of steaun pumping machinery adopted should not bé absolutely the best obtainable having
tegard to all the local conditions of the work to be done.

In our opiunion the engines should be triple expansion engines with surface condensers.  The
boiler pressure should be from 150 to 180 1bs. per square inch, that is high enough to make triple
expansion effective.  We have considered the question and we think that the sweface condensers may
be worked by passing the pumped water through the condensers without unduly heating the water.

Direet acting engines without 1ly wheels would be very suitable for pumping into the exception-
ally long mains of the Coolgardie aqueduct.  Lngines with fly wheels are also used safely for puiping
directly into mains, expedients being adopted which minimise the rvisk of damage from the stored
energy of a fly wheel when an accident happens to the main.  But in drawing w specification for
tenders it should Le stated that if votative engines are proposed a strong preference will be given to
engines so arranged as to have a very uniform turning moment, and which, therefore, do not require
fly wheels having u large ainount of stored energy. The pumps should be arranged to give a fairly
uniforni discharge to lessen dependence on the cushioning of an air vessel between the pumps and
the main. - The makers should be invited to arrange safety appliances and to state fully what provision
they have made against either a sudden increase of pressure due to an accidental obstruction in the
main or a sudden relief of pressure due to bursting of the main or sudden opening of a scour valve.
The makers should be required to state the duty of the engines in Ibs. of steam per pump IH.P. hour,
and in lbs. of coul per puinp 11.P. hour, which they are prepared to suarantee under a penalty for
every quarter of  pound of steam, and every tenth of a pound of coal by which the guarautee duty is
diminished.

In our opinion cach pumping station should be provided with three pumping engines, each
capable of pumping 2} million gullons againet the head at that station. T'wo of these engines would
be normally at work, and one in reserve. The pumping lifts in the plan we propose have been so
arranged that only two sizes of pumping engine are required for all the differcnt stations. This
secures, besides facility of.manufacture, the greatest possible interchangeability of paits in the engines
and the greatest simplicity of management.
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To obtain the highest possible cconomy of coul, engines of w vather complicated kind are
nceessary.  Weare of opinion that under the conditions of working in Western Australia it is desirable
to sacrifice a little in economy of coul, il by doing so a material gain in simplicity of the engine can
be obtained. Probably with such lifts as there arc on the Coolgardie aqucduct it would be ])osqlblv to
have engines working with 141bs. of steam per P.H.D. hour, or With 1-5 1bs. of coal per PILP. DBut
such engines would neceessarily be complicated engines. Without (roin” so far, at this stage of the
inquiry, as to say that such engines, if proposed by any nm.nuf.tctmu ‘should not be consldeled we
avce of opinion that a simmpler engine, working with 18lbs. of steam per P.ILD. hour, or 1-91b. of coal per
P.1L.P. hour, will probably be more suitable.

The steam and coal consumption given above are, of course, the steamn and coal consumption in
trial conditions of working with very good coal, aird exelusive of the steam consumption for working
feed pumps and auxiliary machinery. In ordinary working, with variations of load, the consuption
of steam and coal will necessary be somewhat greater.

The engines being surface condensing engines, the boilers will be fed chiefly with condensed
steain. Ience there is no objection to adopting water tube boilers. Looking at the dilliculties of
transport, and the high steam pressure requirved for triple expansion engines, we are of opinion that
Lancashire boilers would probably be more costly and less convenient than good water tube boilers.
We do not, however, recommend water tube boilers of the sinall tube or torpedo boat type.

GENERAL ESTIMATE OF COST.

We estimate that, assmming the tubes are made np into lengths of about 30 feet in this country,
the pipes, valves and engines may be delivered at Iremantle at a cost somewhat below that estimated
by the Chief Engineer in his report dated 17th July, 1896.

In conclusion we desire to refer to our gencral statement at page 2, as to the practicability of
the schieme, and to add that in such a case simplicity of construction and working ave of unusual
importance. '

In some respects the undertaking will exceed in magnitude anything hitherto performed, but
each of the nine sections will be complete in itself, and so lomr as water is supplied to any section by
that immediately below it the problein presents no greater dl[]lculty than that of pumping 5,000,000
gallons a day to a height of 300 feet at a distance of 24 miles and allowing it to gravitate again ton
further distance of 40 miles. )

The series of nine sections proposed having on the average a much smaller head and a much
shorter pumnping main than this, may, under the conditions we have proposed, be worked with very
little risk of break-down even for an liour. The pumping at each station will be regulated by the depth
of water in the reservoir from which the engines of that station draw their supply, and as that depth
will depend upon the quantity pumped from the next station below, and so on down to No. 1 Station,
no difficulty of regulation from No. 1 oceurs. Where on the other hand any pumnping station fails to
maintain the rate of pumping of those below, the worst that can happen will be an overllow at the
reservoir of that station and a covresponding reduction of supply at Coolgardie.

Tach reservoir shonld he provided with a suitable water level recorder, by means of which the
ariation of level in the reservoir will be continuously registered. IZach diagram may conveniently
represent a week’s working, and with the weekly series of nine such diagrams, together with certain
engine diagrams, and the corresponding nine weckly diarvies of the engine men before him, the
engineer in charge will be in possession of such facts as would malke any abnormal working, whether
fromn accident or neglect of duty, at once apparent. While therefore the proper working of the whole
system presents no difficulty, it is quite clear that it will require some simple and inexpensive
organisation, without which the results of excellence or simplicity of design and workmanship may be
rendered abortive.

We are, Sir,

Yaur obedient Servants,

Lt

JOHUN CARRUTHERS,
GEORGE F. DEACON,
WILLIAM CAWTHORNE UNWIN.

PHINTED RY Wiairrman Mountain axn Axpirewa, WESTMINSTHR, LioNnos,
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GOOLGARDIE GOLD FIELDS WATER SUPPLY.

Final Report of the Commission of KEngineers uppointed by the
Government of Western Australia.

WESTMINSTER, 31s¢ December, 1897,
The Agent-General for Western Australia, 15, Victoria Street, Westminaster.
SIR,
COOLGARDIE GOLD FIELDS WATER SUPPLY.

We, the Commission appointed to inquire into the question of the Coolgardic Goldfields Water
Supply, have the honour to snbmit our Final Report as follows :-—

Tue Aquenvcr.—It was stated at page 5 of our Interim Report, of 3rd August, 1897, that the
tables showing the positions and lifts of the puinps might be modified in the final report, and we sub-
mit a new longitudinal scetion showing the positions and lifts in the alternative scheme.

The hydranlic gradients of the aqueduct, and, therefore, the requisite power of the pumping engines
depends on the dinmeters of the pipes, and these again are influenced by the size of the steel plates
that can conveniently be rolled.  We thercfore had two plates rolled, the largest that could be obtained
of } inch thickness, and had them made up into two welded tubes, in one of which the length and in the
other the breadth of the plates was made the lengthof the tnbe. The tubes were respectively 9 feet 43 inches
long by 29 inches internal diameter, and 7 feet 8 inehes long hy 32 iuches internal diameter. It appeared
from this trial that a tube of 29 inches diameter is the largest that can he practically obtained, when the width
of the plate becomes the circumnference of the tube, mid we have on that aceount adopted 29 inches as tho
waximum diameter to be recommended for the welded pipes. In order to save freight, by nesting the
pipes, and otherwise to reduce the first cost, we have, however, varied the gradient by introducing pipes of
less diamcter on parts of the aqueduct.

We propose that the portions of the aqueduct, subject to the lighter pressures, shall be
constructed with rivetted pipes, the thickness of which will generally he 2% inch. Plates of this thickness
cannot be ralled so large as those above mentioned.  In this ease, therefore, the circumferenee of each tubo
made from a single plate will have to be cqual to the length and not to the width of the plate,
unless pipes less than 29 inches diameter be adopted. From estimates wo have made of the relative costs
of pipes of diflerent diameters, we, however, find, when all the conditions affecting the problem ave taken
into account, that the most favourable diameter for the rivetted pipes is 81 inches. We have made no
endeavour to provide for nesting such pipes into each other for shipment, as they will be more cheaply
sent out as plates, either flat or only partly curved.

Wo have arranged and shown on the longitudinal section, gradients suitable to these diamecters of
pipes, ‘together with tho corresponding positions of the pumping stations, and the caleulated lift at each
station. The number of pumping stations, it will be obscrved, is, in this alternative arrangement, eight,
of which four will have a lift of 406 feet each, and the other four a lift of 188 feet cach, while the
Interim Report recommended four stations with 420 feet lift, and five with 185 feet lift. This reduction
in the number of pumping stations, and in the total lift cannot, of course, be obtained without increased
cost of main, owing to larger pipes being required, often of greater thickness.

We find that the first cost of the alternative arrangement would probably be £70,000 to £80,000
more than that of the scheme as set forth in our Interim Report, but we belicve that the reduced cost
of pumping would, at least, balance the interest on additional capital. On the whole, we think the revised
scheme is to be preferred, but we regard the question as one of financial policy rather than of enginecring.

Tine Pemring Exeines.—We have not considerad it desirable to make more specific recommenda-
tions as to the type of engines which should be adopted than those in the Interim Report.  Under eertain
conditions and in one particular, however, we propose to modify our recommendations. The Coolgardie
Scheme is unique in this respect, that there will be eight puniping stations in series, the stoppage of any
one of which will arvest the working of the whole line. It appeared to us that, with a mininmum number
of three engines at each station, there would be the greatest security against the complete stoppage of the
working of the line. Two of the three engines working together would pump the full supply of 5,000,000
gallons per day, and the third would be « reserve engine. With this arrangement, which is that recom-
mended in the Interim Report, cach pump at each station would be for 2} million gallons, while there
would be two sizes of steamn engines proportioned to the two different lifts respectively.

We do not propose to modify onr former reconnnendations, should triple three-cylinder crank and
fly-wheel engines be adopted. In tho case, however, of tandem-coupled or duplex engines, each of which is
really a pair of single engines, the arrangement, while still, in our opinion, the best for the 406 fect lifts,
appears to be not quite so suitable or cconomical for the 188 feet lifts. Wo would, therefore, propose to
allow the makers tendering the choice of using in the four stations of the alternative scheme with 188
feet lift, or in the five stations, of the Interim Report, with 185 feet lift, cither two engines, one working
and the other in reserve; or three engines, two working and one in reserve.
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SipEro CEMENT Prers.—At page 6 of our Interim Report, we referred to a system of constructing
pipes with a steel spiral embedded in cement, or more properly cement-mortar, for the composition is two
parts by measire of sand to oue of Portland cement.  This mode of construction, if otherwise sitisfactory,
would possess some advantage where suitable siid could be veadily obtained, and where the diflienities of
conveyance are exeeptional. The steel bars are of I section, about 5 inch deep, and, if bronght to the ground
in atraight lengths, coulld be casily bent, by means of a simple machine to the required form.  The
suitability of such pipes for pressures up to a head of about 100 feet of water, had been strongly represented
to us. We felt the issue to be so important, that, having scen the pipes manufactured in Pavis,—where
we tested two of them, and examined many others of different ages, we arranged with the patentee to
send to London two pipes of full length, and a shorter piece for special exammination and prolonged test.
The internal dimneter of the two pipes was about half a metve (19.6% inchies) and the length of each about
three metres (9.84 fcet).

The lenkage of the two pipes, when subjected to o stendy hiead of water of about 20 feet, was very
considerable, and nearly identienl, but this leakage decreased rapidly at first and more slowly afterwards.
With oune of the pipes, the test was continued for 80 days, during which time the pressure was changed
from 20 to 40, and finally to HO feet. Our examination of the structure of these pipes, and the tests we
have made, satisfy ns that they are not suitable for any. part of the Coolgardie main, but we
do not express any opinion as to their suitability in other circmmstances.  The Coolgardie conditions are
most exceptional, and cach case should be cousidered on its merits.

Position or Mainy asove orn BELow Grounn.——In our Interim Report, we indieated, under the head
“ Qeneral Statement as to the Practicability of the Scheme,” at page 3, and under the head  Position of
Main,” at page 5, the great importance we attached to the guestion of leakage.

In any main, however eonstructed, some leakage is to be expeetaed, and it is elear that the quantity
of such leakage is likely to be in proportion to the length of the main.  Small Jenkages from the joints
and rivets of ateel pipes, subject to the strains caused by expansion and contraction, are certain to occur,
If detected early they are not diflicult to cure, but, below ground, the individual cases are most difficult
to detect until the flow is great enough to cause visible wetness at the surface, and bhefore this occurs
much damage may be done.  We believe that the aggregate amount of leakage under such circum-
stauces, in tho Coolgardie main, 328 miles long, might be a gerious proportion of the 5,000,000 gallons
a day intended to be delivered at Coolgardie.  FFor this reason we have given wuch consideration to the
cexpediency of lnying the mains above ground, where the slightest leakage might be at vnce detected and
suppressed.  But, above the ground, the range of tomperature, and the consequent range of expansion
and contraction, are much greater than a few feet below ground.  1f themain wererivetted up from end
to end, as has been done in some cases, the straining action at the rivets and joints would be excessive.
We have considered the expediency of using frequent lead joiuts, but, so exposed, we think they would
caure considernble difliculty from Jeakage, and the cost would he greater than that of expansion joints
at about every 120 fect.

Bxransion Jownrs. — If the Coolgardie main is placed above ground, it is of the highest
importance to have durable and cficient expansion joints.  The muount of expansion to be provided for
i large, about § of an inch per 100 feet Tength, for a change of temperature of 75 degrees Fahr,  So far
a8 wo know, no case has previously occurred in which the general expansion of a water wain has requireil
to be met by an extensive use of expansion joints.  We have, therefore, been driven to consider and to
recommend what is essentially o new expedient in such a case. It appears that, with such a range of
movement, some form of stufling box joint must he adopred.  After considering various forms, we have
come to the conclusion that a juint on the principle of that used on the more recent Paris compressed air
mains is well adapted to this purpose.®  No form of expansion joint which has come under our notice, or
which we have been able to devise, is simpler, chieaper, or likely to be move eflicient. than the Paris joint,
althongh, so far as we can ascertain, it has not, np to the present time, been used for water mains, exceept
for the joints of a 59-inch steel pipe, subject to a head of abont 262 fect., vecently constructed in con-
nection with the water supply of Paris.  The matevials on which it depends have, however, heen =0 used
for a long time past, and we have no doubt whatever that a joint of this kind ean be so designed as to be
and remnin perfectly watertight Tor such a time as would amply justify .its adoption,

Such a joint was constructed at our suggestion by Mr. Cleminger, the representative of Mr.
Mephan Ferguson, patentee of the seamless pipe. We saw this joint tested on one of the seunless pipes
several times up to a pressure of 500 lbs. per square inch. It appeared so far to be yuite satisfactory.

We next thought it necessary to carry out prolonged tests of the joint in such a manner that the
movenients due to expansion and contraction of the pipes would he imitated.

Wo send with this report a drawing and description of the joint so experimented with. It is
substantially the same as that uséd in Paris.

The trinls, which were carried out under the direction of Mr. Deacon, indicated that the details
of the desipn could be mproved, but notwithstanding some defeets of the oxperimental apparatus, which
on the whole were unfavourable to the eudurance of the joint, the resulty of the trinls as set out in
appendix A are excelleut, and, in our judgment, fully warrant the adoption of a joint on this principle.

The apparatus consisted of a 12 inch welded steel pipe, about 5 feet long, divided transversely into
threo picces, the two end picces being fixed, and the middle piece—3 feet long—being free to move
axially to the extent of about # inch. The joints shown and described on the drawing were placed round
the open spaces between the three pieces. The pipe was charged with water maintained at a head of

*This joint is described in Reanlenux ¢ Der Constructeur,” 1869, as the joint of Novmandy.
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from 300 to 400 feet, and the central pipe was 8o connected with a steamn engine that an approximately
harmonie reciprocating wotion in an axial direction, with periods of three to the miuute, could be given
to it.

We Dbelieve that if expansion joints are placed at every 120 feet in the Coolgardie pipey, the
maximum annual motion whicl onght to bo allowed for will not exceed § inch, and we think that this
range is only likely to oceur if the pipes are emptied during extremes of loeal temperature.  We,
therefore, made § inch the maximum range of motion at cach joint, and we have imitated the smaller
und more usual anuual movenients by ranges of about § inch, and the diurnal movements in an exaggerated
way, by ranges varying from § to Y inch.

Four different qualitics of vuleanized India-rubber were experimented with, and the general result
was to show that the dearer qualitics were not the best for this purpose.  With medium qualities (see
Tables 7 and 8), usued in two rings, the full range of § inch was repeated 990 and 1,420 times respectively
before any leakage oceurred, while 13,000 and 16,000 double strokes respectively, of 4 inch were given
with another quality ol rabber of the sime priee, as shown by Tables 5 and 6, before any leakage oceurred.

It is to l'e observed, morcover, that, on tightening up the bolts of the joints subjected to the § inch
strokes, in Tables 7 and 8, when the leakage amounted to about two drops per minute, they were further

5

subjected to mwore than 13,000 double strokes of % inch each, during aml after which no leakage occurred.
We are satisficd that the dinrnal contraction and expansion will not amount to anything like 3 inch, awd
wo thercfore think that this may be regarded as a very severe test of diurnal work,  Severo tests, with
strokes of mixed ranges, will be found in Tables 1 and 2.

The above observations apply exclusively to the two rublier riugs encircdling the two ends respec-
tively of the central moving pipe. But, owing to the constraction of the apparatus, the two joints them-
selves maoved through swaller ranges, but more or less in proportion to the difference of recorded motions
between the ceutral pipe and the joint.  Tn one of these, made with a ring of the lowest quality of rubber
used, thiv motion of the joints in relation to the two fixed eud pipes, varied (as shown in Table 9) from
about } inch to about %, during the fivst 2,500 strokes, and subsequently from about % inch to § inch
ithroughout the remaining tests, covering 37,0605 double strokes.  The motion of the other ring (see Table
10), with the medinm quality of rubber, varied from wbout 4 inch to 5 inch, duving the first 2,500
strokes, and subsequently from about 4% to Y inch throughont  the remaining  tests, covering 37,605
deuble strokes. During the whole 10,105 strokes, hoth these outer rings remained perfectly watertight,
and were still watertight after the experiments had ended.

It is believed that, until leakage oceurred, no sliding of the rubber took plice, but that the whole -
of the displacenient was satisticd by distortion of the rubber.

It wust not, of course, be expected that the rubber will endure for the number of years corre-
sponditg with the number of repetitions of double strokes of the longer vanges, cach of which was
completed in one-third of a minute.  Other clements will probably conduce to the deterioration of the
rubler, before the mechanical straivs to which it will be subjected canse the joint to leak.  But it is one
advantage of this joint that the replacement of the packing is not a very servious matter.  Other advan-
tages are the lateral Hexibility of the joints, which permits of considerable angular movement of any
two adjoining pipes, and the facility with which any length of pipe may be rapidly removed and replaced.

On the whole, we regard the result of these experiments as most satisfactory, but the larger
joint requirad for the Coolgavdic wain wast be cavefully and speciadly  designed. In the case of the
rivetted pipes, a scating must be provided at the cnds of the pipes to receive the expansion joints. This
must be aosteel ring with countersunk rivets.

Mobr or IPixing v Marn, — As the cost of the joiut above deseribed is by no means
prohibitive, and as it is otherwise snitable, wo think the principle of construction shoull he adopted,
and that the pipes should e kid above ground. They may conveniently be supported on timber bolsters
or sleepers, the upper sides of which would be hollowed to a depth of not less than 6 inches to fit the
utiderside of the pipe.

So placed with the expansion joints at every 120 feet, the pipes would offer but little resistance to
mwotion, and the action known as cveeping may oceur (lue to the greater facility with which the metal
can expand in one divection, as for instance, down-hill, than in the other), unless such action is de-
gignaedly prevented. Again, in all curves the joints will have a tendency to move radially from the centre
of the curve.  For exinnple, in the case of a 30 inch pipe, under a head of 400 feet, and having a radius
of only 10 chainy, there would be w vadial thrust, of about 9 tons on each length between the expansion
joints, and, in the event of the sudden closing of a valve, the ingtantaneons pressnre might he much higher,
Morcover, it may be found that shorter radii than 10 chains are desivable in places.

It is essential that both the tendency to creep and the tendency to move under outward pressure
at the curves should Le effectually counteracted.  The tendeney to ereep will certainly exist in some, if
not all, of the pipes, and we are not satisfied that it may not exist also in the joints themsclves, even
if the pijes are preventéd from eveeping hodily.  To prevent the creeping of the pipes, it is important
that, the middle of the length of each pipe should be prevented from moving axially, and this may be done
by means of 4 mass of concrete, ov by timber piles, holding a flange projecting from the underside of
the pipe.

Creeping of the joints may be prevented by stops passing through the inner ring¥*, and

projecting between tho adjacent cnds of the pipes, or by other means which will suggest themselves when
the juints are designed in detail.

* In tho joint actually tested this ring was of cast-iron.  For the Coolgardic main it will probably be of wrought-iron,
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We have next to consider the radial pressurcs tending, wherever the axes of adjoining pipes are not
in a perfectly straight line, Lo cause the opening of joints by lateral displacement. At all curves this
tendency should be resisted by abutments (which might be formed with timber piles or coucrcte blocks)
cu the outer side of the curves. The positions and numbers of such abutments will depend upon the
pressures and radii, and will become the subject of future detafl design.

There is a further contingency which must not Le disregarded.  Straight lengths are seldom quite
straight, and there will always be a tendency at certain joints in nominally straight lengths to inove
Iaterally in one direction or another, and this tendency will be rendered more or less effective by the
constant movements due to changes of temperature. This can be counteracted by fixing the slecpers
nearest to the joints by means of short piles, or otherwise so as to prevent motion in a direction transverse
to the line of pipe.

The next point requiring attention is the fixing of the stop valves and reflux valves.  When such
valves are closed, and the pressure on one side removed, the unbalanced pressure on the other side will
often be 30, and in some cases more than 60 tons, with the liability to iustantancous pressures of preater
amonut.  The valves must therefore be strongly fixed to the ground, and to this end it will be neecssary to
caleulate the possible pressures in each case, and to make ample provision accordingly.

The various precantions we have indieated involve no complication ; but the arrangements described,
and the expansion joints, must be carefully considered aud worked out in detail on the drawing hoard.

Provixe T1iE Maly puriNe CoxsTrucrioN.—We think it desirable, if possible, to test the rivetted
mains in sections during construction, otherwise a very large and unexpected delay may arise in eaunlking
the leaks when the water is first laid on.  To facilitate testing, it may be desivable to keep the ereetion
of the pumping stations somewhat in advance of the construction of the mains, so that water may he
pumped forward from any available source of supply.

ProrucTiNG THE MAIN FroM IHeaT.—The actual amount of contraction and expansion will be
largely affected Ly the colour of the pipes. They will at ficst have upon them the asphalte coating—
a very poor reflector of heat—and this coating, unless otherwise protected, will soon dry and become
brittle by exposure to sunshine, and lose those properties which cause it to adhere to the steel. But we
think that a coating of some kind mnust be permanently maintained. There is nothing cheaper or better
than lime-wash, with a proper proportion of size. [t is a good reflector of heat, and will, therefore,
greatly reduce the work to be done by the expausion joints. It will tend to preserve the iron from rust
wherever it is properly maintained, and in the climate of Western Anstralia we do not think that such
objections to its use, as would obtain in this country, will be found at all important in comparison with
its advantages. The white-washing of these pipes might be economically done by the compressed air
spraying process now extensively used for painting large snrfaces.

CONCLUDING REMARKS.

In the course of our investigations, and while recording our couclusions in this and our former
report, we have been impressed from time to time with the necessity for drawing attention to the large
part which the treatment of details must play in the degree of success attained. We have stated our
comelusions as to the general mrrangement and design of the larger clements of this remarkable aqueduet,
and have dealt with the principles of construction of certain essential details, but there remains a large
anount of no less important work which can only be properly done in the course of writing the
specifications aud preparing the drawings, ad this work will devolve upon the engineers responsible for
the undertaking.

In conclusion, we record with satisfaction the fact that cach step marking the results of our
deliberations expresses our unanimous opinion. It was by no means clear that this would be so at
first ; but, where doubts arose, they were in every instance removed by further enquiry and consideration.

We are, Sir,

Your obedient Servants,
JOHN CARRUTHERS.

GEORGE F. DEACON.
WILLIAM CAWTHORNE UNWIN.
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APPENDIX A.

EXPERIMENTS CONCERNING THE ENDURANCE OF VULCANIZED INDIA-RUBBER
EXPANSION JOINTS ON A 12INCH PIPE, CONSTRUCTED IN
ACCORDANCE WITH DRAWING No. X.

In cach experiment there were two fixed lengths of pipe in the same straight line, with their
nearest ends 3 fect apart.  The space between them was filled by a third pipe, capable of muvement
axially to the extent of one inch. The two spaces between the two fixed and the one movable pipe
were covered by cast iron collars ; cach collar had two junk rings, between each of which and the collar an
india-rubber ring was placed.  The junk rings were connected by bolts, by weans of which the rubber
could be compressed against the pipes  During the experiments, the movable pipe was racked axiadly
by levers driven by steam, the motion being approximately harmonic. The period of each double stroke
wag three ninutes. A water pressure of 2001bs. per square inch  was maintained  within  the pipes
throughout the cxperiments, except when great leakage oceurred.  When the apparatus was not at work,
the pressure wias not maintained.

The outer junk rings of each joint were strutted apart, and otherwise fixed, so that the
motion was nearly confined to o single ring in each jeint. The two working rings are distinguished as
A and B, and thoe lengths of strokes recorded are the actual motions of the moving pipe in refation to the
inner junk rings. Although the outer junk rings were subject to continuous slight wovements, and the
sume rings were used under themn from beginning to end of the whole series of experiments, no leakage
oceurred.

Until leakage occurred, there is strong reason to belicve that no sliding of any of the rings took
place, but that they were merely distorted.

The maximum pressure required to move the central pipe in a § inch stroke, when a joint had
been tightened up in consequence of leakage with a 15 inch spanner, and was perfectly watertight, was
5.2 tons. It is believed that throughout the experiments no joint, until after Leing tightened up in
consequence of leakage, caused half this resistance to motion,

The accompanying diagram shows that the pressure required was proportional to the travel from
the central position in which the rubber was not laterally strained.

TasLe No. 1. Exreriment No. 1. :
JOINT A (inner ring).

Kacking began at 2.5 p.m. on the 2nd September, 1897, and ended at 10 a.m. on the Tth September,
1897, having been carried on during working hours only,

Agaregate
numbers of
Condition of Rubber Joint. Numbers and lengths of strokes. d(m\‘v’:ﬁjtrziﬁf at, Remarks.
change occurred.
New rubber ring ... — — Dark vuleanized rub-
ber.  Price 3/6*
Joint working well with no leakage per 1b.
during ... ... | 1,695 double strokes of lin. & —
465 double strokes of in. Mannfacturer’s
Joiut began to leak at about 2 drops deseription :—
per minute at R PO —_— . 2,160 «D”
Leaks gradually increasing during... | 180 double strokes of % in. — )
Joint tightened up. Leuk almost Specific gravity, 1-46
stopped at —_ . 2,340
Leaks gradually increasing during... 75 double strokes of %in. —
300 's " i,
2,070 ” ,, gin.
Rapid leakage. Ring removed for
examination —_— 4,785

® All the prices quoted for India-rubber are subject to o disconnt of about 25 per cent.




TanLe No. 2.

ExrEriMENT No. 1.

JOINT B (inner ring).

Racking began at 2.5 p.m. on the 2nd September, 1897, and ended at 10 nan. on the Tth September,
1897, having been carried on during working hours only.

Condition of Rubber Joint.

Nuwmhers and lengths of strokes.

Agpregate
nunmhers of
double strokes at
whieh each
change oceurred.

New rubber ring

Joint working well with no leakage
during

Joint began to leak at ahout 2
per minnte at ..

Leaks gradually increasing (lunng

Joint tightened up. Leaks almost
stoppcd at

Leaks gradually i mcrensmg durlng

Rapid leakage. Ring removed for
examination

d rops

Remarks.

1,695 double strokes of iin.

720 ” » o TEiN.
300 " »  Jdin,
15 " - Sin.

1,185 double strokes of

870 donble strokes of &

B

5
.

n.

Drab vuleanized rub-
ber. Price 4/6
per b,

Manufacturer's
description :—

“ Drab Deckle.”

Specific gravity, 1-63

TapLE No. 3. ExperiMmeNT No. 2.

JOINT A (inner ring).

Racking began at 2.30 p.m., on the Tth September, 1897, and ended at 2.55 p.m., on the 9th
September, 1897, having been carried on during working hours only.

Condition of Rubber Joint.

Numbers and lengths of strokes.

Aggregate
uumbers of
double strokes at
which cach
change veeurred.

Remarks.

New rubber ring ...

Joint working well with no lenkage
during

Joint began to leak at ahout 2 (hops
per minute at

Leaks gradually increasing (lmmb

Joints tightened up. Leakage only
ahglltlv reduced at e

Leaks gradually increasing (lunng

Rapid leakage. Ring vemoved for
examination

1,035 double strokes of §in.

- 865 double strokes of fin....

1,415 double strokes of Jin.

1,035

1,900

3,315

Dark vulecanized rub-
ber. Price 6/6
per 1b.

Manufacturer’s
description :—

“A"

Specific gravity, 1-03




TasLk No. 4.

Racking began at 2

ExrerimeNT No. 2

-

.30 p.m. on the 7th September,

JOINT B (inner ring).

having been carried on during working hours only.

1897, and ended at 2.55 p.m. on the 9th September, 1897,

Condition ol Rubber Joint.

Numbers and lengths of strokes.

Agaregate
numbers of
double strokes at
which each
change oceurred,

Remarks,

New rubber ving ...

Joint working well

with no leakage
during ...

Joiut hegan to leak abont 2 (llops .

per mmute at .
Leaks gradnally increasing dmmg
Joints tlghteuul up.  Leakaye only
slightly redneed at .
Leaks gradually increasing (lunng
Rapid leakage. Ring removed for
examimition

1,725 double strokes of Jin.

180 double strokes of !

x5
-
=1
=4

1,410 donble strokes of Jin.

Dark vuleanized rub-
ber. Price 6/6
per Ih.

Manufacturer's
description :—

s A."

Specific gravity, 1-03

TasLe No. 5, Exrermment No. 3.

JOINT A (innerring).

Racking began at 7.15 a.m. on the 10th September, 1897, and ended at 4.0 p.m. on the 23rd
Septenther, 1897, having been carried onduring working hours ouly.

Condition of Rubber Joint.,

Numbers and lengths of strokes.

New rubber ring

Joint working well with no leakage
during

Joint bhegan to leak at abont 2 (llO])S
per lnlnme at

Leaks gradually increasing during ..

Sudden increase in lcﬂk.lbb toa mlnd
dropping at ee

Leaks gradunally inereasing (]lunur

Rapid leakage. Ring removed for
examination

aen

13,245 double strokes of  Llin.

3,510 double strokes of 1 lin.

670 double strokes of }lin.

Aggregate
numbers of
double strokesat
\\'lli(7ll ('ill'.h
change oceurved,

13,245

Remarks,

Draly vuleanized rub-
ber. Price 4/6 per

1h.

Manunfacturer’s
deseription :—

s Drab Deckle”

During this experi-
ment the boltswere

not tightened.

Specific gravity, 1-63




TapLk No. 6. ExeerimeNt No. 3.

JOINT B (inner ring).

Racking began at 7.15 a.m. on the 10th September, 1897, and ended at 4 p.m. on the 23rd September,
1897, having been carried on during working hours only.

Condition of Rubber Joint.

Nunibers and lengtlis of strokes.

Agaregate
numbers of
double strokes at)
which each
change oceurred.

New rubber ving ...

Joint working well with no leakage
during

Joint begm to leak at about 2 drops
per minute at s

Leaks gradually increasing dunng

Sudden increase in Ie.tk'\g,e to a mpxd
dropping at

Leaks gradually i mclc.lsmg, dunng

Rapid leakage. Ring removed for
examination

16,800 double strokes of Liin.

525 double strokes of lin.

100 double strokes of }lin.

Remarks,

Drab vuleanized rub-
ber. Price 4/6
" per b,

Manufacturer's
description :—
s Drub Drckle.”
During this experi-
ment the bolts were
not tightened

Specific gravity, 163

Tapre No. 7. EXprERImMENT

Racking began at 12.0 a.m. on the 24th Sept.,
it was started again at 12.0 am., on the Tth Oct.,

No. 4.

JOINT A (inner ring).

having been carried on during working hours only.

1897 ; it was stopped at 11.0 a.m. on the 25th Sept., 1897;
1897, and ended at 8.30 a.m. on the 16th Oct., 1897,

Condition of Rubber Joint.

Numbers and lengths of strokes.

f
Aguregate
numbers of
double strokes at
which each
change ocenrred. '

Remarks,

New rubber ring

Joint working well with no leakage
during

Joint bcgnn to leak at abont 2 (hops
per minute at .

Leak gradually iner eased durmg .

Joint tightened up and lenkstoppedat

Joint \\mking well with no leakage
during .

]mcl\mg ended. No leakage.

Ring
removed for examination.. .

990 double strokes of 3in....

540 double strokes of fin....

13,050 double strokes of {%in.

990

1,630

Dark vuleanized rub-
ber.  Price 4/6
per 1h.

Manufacturer’s
description : —

“ Bluck Deckle.”

Specific gravity, 1-64

14,580




TasLe No. 8. ExprErRIMENT No. 4

Racking began at 12.0 a.m., on the 24th September, 1897 ;

9

JOINT B (inner ring).

it was stopped at 11.0 a m. on the 25th

September, 1897 ; it was started again at 12.0 am. on Lhc 7th October, 1897, and ended at
8.30 a.m. on the 16th October, 1897, having been carried on during w onklm,, hours only.

Comdition of Rubber Joint.

New rubber ring

Joint working \\ell with no leakage
during .

Joint began to Jeak ahglnly (no
dropping) at .

Leak gradually ]ll(,h.l'sL(‘
not canse dropping during

Joint tightened up and leak st.oppc(l
at ... .

Joint \\ml\mb \\cll, wll.h no lc.tk-
age during.,

R:\cking ended. No lcnkugc.
removed for examination

lmt did

Ring

Numbers and lengthw?of strokes.

1,420 donble strokes of §in.

110 double strokes of Jin, ...

13,050 double strokes of % in.

double strokes at

change oceurred,

Aggregate
mininhers of

which each

LRemarks,

|
|
|

Dark vuleanizedrub-
ber, Price 4/6
per 1b.

Manufacinrer’s
description :—

“ Blurk Deckle”

Specific gravity, 1-64

TasLg No.

9. EXPERIMENTS Nos. 1, 2, 3 & 4.

JOINT A (outer ring).

From beginning to end of the experiments this joint shorwed no sign of leakaye.

(The relative motion of the joint and fixcd pipe at this ring was not. intentionally given, but was a conse-
quence of the clasticity of the parts of the apparatus.)

Racking began  at 2

5 p.m.on the 2nd Sept., and ended at 10 am. on the Tth Sept., 1897,

» began again at 2.30 " Tth " . 2585 pm. ,, 9th ”
" . " 7.15 » 10th . " 4.0 ,, »  23rd ’
" " »  12.0noon ,,  24th ,, w 1L0am, »  25th "
" " ,» 120 wooom 7L|} Oct., ) " 8.30 aom. ,, 16th Oct., 1897.
Having been carried on during working hionrs only.
Aggregate
numbers of
Condition of Rubber Joint. Numbers and lengths of strokes, |double strokes at Remarks.

which joint
was disturbed.

New rubber ring

Joint moving considerably more at
top than at hottom during

Joint refixed to reduce movement at
Joint working during

Rubber ring disturbed for insertion
of new ring on inner side of jointat
Joint working during

Rubber ring again disturbed for in-
sertion of new ring an inner side
of joint at . .

Joint w mkmg dunnb

Rubber ring again disturbed for in-
sertion of new ring on inner side
of joint at .

Joint work.xw dumw

Joint very much tightened for the
purpose  of lcdncing leakage at
inner nnh at

Joint moving more at. the mp than
at the bottom during

Racking ended. IRing removed for
examination

2,500 doble strokes varying
from a maximum of about
Yain. to a minimum of
about Jin.

2,285 double strokes of about

3in.

3,315 double strokes of about
Ygin.

—e

17,425 double strokes of
about - ;in

1,530 double strokes of about
in.

13,050 double strokes of
about Jin.

2,600

4,785

8,100

27,055

10,105

Dark vuleanized rub-
ber, Price 3/6
per 1b,

Mannfactarer’s
deseription :—

i D"’

Thelengthsof strokes
as given  are the

approximate means
of the relative
motions of fixed
pipe and cast-iron
Junk ring at three
points equiangular
from the centre of
the pipe.

Specific gravity, 146




TasrLe No. 10.
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ExPERIMENTS Nos. 1 2 3 & 4.

JOINT (outer ring).

From beginning to end of the experiments this juint showed no sigw of leakage,

(The relative motion of the joint and fixed pipe at this ring was not intentionally given, but was a
consequence of the elasticity of the parts of the apparatus).

Racking began

at 2.5 p.m. on the 2nd September, and ended at 10 a.m. on the 7th September, 1897.

» began again ,, 2.30 " 7th ” ' 2.65 pan.  ,,  9th "
» ” ” I 7.15 ” 10th ” ” 4.0 » ”" 23rd ”
3 ’” 1) ” 12'0 noon ,, 24t]| 12 ” 110 a.m. ” 25th I
' " s 5 12.0 noon ,, 7th October, ” 8.30 ,, »»  16th October, 1897.

Having been carried on during working hours only.

Condition of Rubber Joint.

Numbers and lengths of strokes,

Agyregate
nambers of
double strokes at

which joint
was disturbed.

Remarks,

New rmbber ving ...
Joint moving considerably more at
top than at hottom during

Joint refixed to reduce movement at
Joint working during

Rubber ring disturbed for insertion of
new ring on inner side of joint at
Joint working during

Rubber ring again disturbed for in-
sertion of new ring on iuner side
of joint at ... v

Joint working during

Rubber ring again disturbed for in-
sertion of new ring on inner side of
joint at ..,

Jomt working during

Joint very much tightened for the
purpose of reducing leakage of
inner ring at

Joint moving more at the top than
at the bettom during ...

e

Racking ended.
examination

Ring removed for

sos ers eoe

2,800 double strokes varying
fromt a maximum of abount
Tain. to a minimom  of
about }in.

2,285 double strokes of about
N,

3,315 double strovkes of about
Yoilt

17,425 donble
abont . Yyin.

strokes of

1,530 double strokes of about
Lgin. :

13,050 double strokes of
abont ,%in.

8,100

25,525

27,055

40,105

Dral vuleanized rub.
ber.  Price 4/6 per
ih.

Manufacturer's
description :—
“ Drab Deckle.”

‘The lengths of strokes

a8 given are the
}I])] )l'OXi"NltC neans
of the relative
motions of fixed
pipe and cast iron .
junk ring at three
points equiangular
from the centre of
the pipe.

Specific gravity, 1.63

Priuted by WicuiMay MovnTaiy & Axprews, Westminster, Loudon,
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23 March, 1905.
Sir GUILFORD L. MOLESWORTH, K.C.L.E., President,
in the Chair.

(Paper No. 3516.)
“ Coolgardie Water-Supply.”

By Cuirres Stuart Russent Pausmer, M. Inst. C.E.

Berore proceeding to describe in this Paper the design and con-
struction of the works undertaken for the water-supply of the
Coolgardie district of Western Australia, it is necessary to touch
briefly upon the history and topography of the district.

Since the discovery of the great inland goldfield of Coolgardie
in 1892, the career of the State of Western Australia, which pre-
viously had made but slow progress, has been uniformly successful ;
for the resulting ining population created a profitable market
for the agricultural and pastoral produce of the well-watered
cvastal country, which was therefore rapidly settled on as railway
facilities were afforded. The town of Coolgardie is situated about
350 miles from the west coast and about 250 miles from the south
coast (Fig.1); and, although along the sea-shore and for a con-
siderable distance inland this part of Australia is well watered,
the portion—say, 300 miles by 250 miles—of the elevated table-
land in the interior of which Coolgardie may be regarded as the
centre is among the driest of the countries of the globe, the rain-
fall baving been as little as 3} inches in a year. Moreover, the
surface soil generally is very porons and so excessively saline
that, except in rock-holes after rain, really fresh matural water
is practically unknown, although repeated boring has proved the
existence here and there underground of small quantities of fairly
potable water.

Coolgardie was discovered by pioneers who had pushed out.
through this inhospitable country, for more than 200 miles from
the terminus of the railway: they spread themselves over the
length and breadth of the tableland already mentioned, discovering
additional, though mostly smaller, goldfields. Their settlements,
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however, were widely scattered, and the Government was soon
faced with the serious problem of providing water for man and
beast, not only at the mining-centres but also along the various
tracks thereto. About £400,000 has been spent on smaller water-
works of every description, the exceeding dryness of the climate
being soon mwade manifest by the poor result of each small but
costly work carried out. It was thus proved that for any large
supply of fresh water a source should be searched for elsewhere than
on the surface or in the subsoil of any portion of this tableland
Fig. 1.
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The seriousness of the problem can be gauged by the nsual prices
paid for water in later days. Even after completion of these smaller
works, the prices were :—23s. per 1,000 gallons when the occasional
rains filled the tanks which formed one class of the works, and
£+ per 1,000 gallons when only water condensed from the ex-
tremely salt fluid obtained in wells and shafts was available.
Yielding to the pressure of popular opinion, the Governmentspent
several thousand pounds without result, in a bore-hole more than
3,000 feet deep in solid granite; various schemes for condensing
on a very large scale, at the salt lakes situated in the goldfields,
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were abandoned on proof of the excessive salinity of the water of
the lakes, the difticulty and cost of obtaining a sufficient supply
of even this water, and the high price of fuel; and then two pro-
posals for conservation, with sources comparatively near to the gold-
ficlds, were considered but abandoned, as the low rainfall rendered
it more than questionable whether the yield wonld be sufficient.
By a process of elimination, therefore, there was reached the
accepted solntion of the problem, namely, a source in the Darling
Ranges bordering the well-watered west coast (Fig. 2, Plate 1).
This scheme had the additional advantage that all intermediate
townships, as well as the adjacent (fovernment railway, could be
supplied from the main conduit, the railway being especially
benefited in its course through about 250 miles of arid country
wherein railway water-supply was known to have cost as much
as £60,000 in a single year.

Scope and Character of Adopted Srheme.—By the middle of 1895
the Government of Western Australia had decided that some
large comprehensive scheme would be necessary; and, orders for
report and recommendation having been issued, there were
prepared, under the instructions of the late Mr. C. Y. O’'Connor,
C.M.G., M. Inst. C.IL, the Author’s late chief and predecessor
in the position of Engineer-in-Chief of the State, thirty-one
alternative proposals, from which, after study, three were chosen
to be placed before the Government. The source of supply in
each case was to be an impounding-reservoir in the Darling
Ranges, whence the water was to be pumped in sunccessive lifts
to Mount Burgess, north of Coolgardie: thence it was to be
reticulated to the various mining-centres, of which Coolgardie was
one. In Mr. O’Connor’s Report, the three schemes were stated,
for comparative purposes, to be as follows : —

“The result of . . . calculations went to show (as for steel pipes) that, for
one million gallons daily, the cost would be from, say, £700.000 to £1.000.000,
(depending upon the size of the pipe), and with cost of delivery varying from
bs. 6d. to 8s. od. per 1,000 gallons; while, for five million gallons daily, the cost
varied from. say, £2,200,000 to £2700,000 (depending similarly upon the size of
the pipe), with cost of delivery varying from 3a. 5d. to 6x 7d. per 1,000 gallons;
and that, for ten million gallona daily, the cost varied from, say, £3.510,000
to £4.600,000 (depending similarly on the size of the pipe), with cost of delivery
varying from 3a. to 3. per 1,000 gallons.”

The scheme adopted was for a daily supply of 5 million gallons, at
a probable capital cost of £2,500,000, and a selling-price of 3s. Gd.

! “Report on Propogsed Water-Supply (by Pumping) from Reservoirs in the
Greeumount Ranges,” p. 8. Vath, 1>y,




6 PALMER ON COOLGARDIE WATER-SUPPLY. [Minutes of

per 1,000 gallons, after allowing for interest and depreciation.
The consumption of the water provided by this scheme, which isstill
in its infancy, has not yet amounted to more than one-fonrth of the
quantity allowed for; and the Author reported to the Guvernment,
soon after becoming responsible, that until much greater develop-
ment of mining occurs, the consumption is not likely to exceed
one-half of that allowed for. It is therefore due to those origi-
nally responsible to point out that when the proposals were
inaugurated, and, in fact, up to the time when the works were
. opened, no information and no authoritative opinion outside the
Public Works Department could be obtained as to the probable con-
sumption ; while, on the other hand, there were the greatest
expectations in the public mind of more extensive working of
low-grade mines, when comparatively cheap water should he
available. These expectations were not confined to the general
public; for, some doubts having been expressed in Parliament as
to the probability of so much as 5,000,000 gallons being used daily
on the goldfields, a well-known firm offered to take that quantity
daily for 20 years at 3s. 6d. per 1,000 gallons, provided that
the Government would not compete with them in price. In
September, 1896, Parliament sanctioned the raising of a loan of
£2,500,000 for the construction of a storage-reservoir of about
5,000 million gallons capacity, a 30-inch line of steel main
throughout, and a series of eight pumping-stations, with the
necessary receiving-tanks and distribnting-reservoirs.

In January, 1897, a Commission of English engineers—con-
sisting of Mr. John Carruthers (the Consulting Engineer for
the State in London), Dr. George F. Deacon and Professor W. C.
Unwin—was appointed to inquire into and make recommendations
as to the kind, thickness and size of pipe to be employed ; whether
it should be placed above or below ground; and the number,
positions and power of the pumping-stations and engines, and the
pumping and break-pressure reservoirs. Mr. O’Copnor, who was
then Engineer-in-Chief to the State, personally placed all available
information before the Commission, which issued two reports. In
the first or interim report nine pumping-stations were recom-
mended, as indicated in Figs. 3, Plate 1. In the final report
the Commission submitted an alternative arrangement, with eight
pumping-stations in lieu of nire; and in the adopted scheme the
locations of the pumping-stations differ but slightly from those of
the first eight stations proposed by the Commission in their interim
report: but it was possible to omit the ninth pumping-siation, as
it was decided to deliver the water into a large servico-reservoir at
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R. L. 1630, near Bulla Bulling (Figs. 4, Plate 1), instead of on a
high hill near Coolgardie, and to increase the lift at each of the
last fonr stations by such small amount as would enable this to
be accomplished.

A further advantage ohtained from the appointment of the
Commission was that full knowledge of the proposed scheme was
obtained by the Consulting Lngineer, thus enabling him to give
his advice when sought from time to time, to make recommenda-
tions as to pnmping and other machinery, and to undertake
inspection of the material and plant exported to the State.

"The detailed description of the works will be divided under the
following heads :—

I. The storage-reservoir and its catchment-area.
I1. The construction of the weir.

1IL. The pipe-line.

1V. The pumping-machinery.

V. The pumping- and service-reservoirs, reticulation, etc.

VI. Cost of the works.

The following general outline is given here to facilitate a clearer
understanding of the details.

General Outlines of Scheme.~—A daily supply of 5,600,000 gallons
was provided for, of which 5.000,000 gallons was for use in the
goldfields, and the balance for waste and consumption en roufe.
The supply is ohtained from an artificial reservoir, having a
capacity of 4,600 million gallons. From this reservoir the water
is pumped through a steel conduit, 30 inches in diameter, by a
series of eight pumping installations, to the main distribnting-
reservoir at Bulla Bulling, 308 miles from the main storage-
reservoir and 1,240 feet above the lowest outlet-level of the latter.
From the Bulla Bulling distributing-reservoir the water gravi-
tates for 21 miles to the Coolgardie service-reservoir, and thence
to the Kalgoorlie service-reservoir, a further 23} miles, the total
length of the conduit from the supply reservoir being 351} miles
(Figs. 4, Plate 1).

The first pumping-station is located on the right bank of the
Helena River and 650 feet down-stream of the storage-reservoir.
The pumps draw their water from a stand-pipe 4 feet in diameter,
which is placed immediately in front of them and is fed by a
30-inch steel maip, which, beginning at the outer valve-house.
passes under the boiler-house before entering the stand-pipe. The
pumps here lift the water a net height of 415 feet, through 1%
mile of pipe, and deliver it into a concrete receiving-tank baving
a capacity of 468,000 gallons and a depth of 15 feet of water.
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The pumps at Station No. 2 draw their water from this receiving-
tank, the maximnm suction-lift being 11} feet. and deliver it
into a concrete regulating-tank at Buker’s Hill, 22} miles from
Station No. 2, the net lift being 340 feet. From the Baker's ITill
regulating-tank, which is 15 feet deep and has a capacity of
500,000 gallons, the water gravitates to the West Northam
regulating-tank, 12 miles distant. This tank is similar in con-
struction to that at Baker’s Hill, having the same capacity and
depth. The net fall is 94 feet from Baker’s Hill to West Northam,
whence the water gravitates to the Cunderdin reservoir, a further
41 miles, thus making a total length of 75} miles between
Stations 2 and 3. The Cunderdin reservoir has an available
capacity of 10 million gallons. No. 3 pumping-station is located
about 4 mile from this reservoir, and the pumps draw their
water from’a stand-pipe, similarly to those at No. 1. The section
between Stations Nos. 3 and 4 is 623 miles in length, the net
lift at No. 3 being 215 feet. The water is delivered into
a circular concrete tank at No. 4, having a capacity of 1 million
gallons and a depth of 15 feet. From Station No. 4 the water is
lifted a net height of 333 feet, and delivered throngh a section
32} miles long into a rectangular concrete receiving-tank 20 feet
deep, with a capacity of 1 million gallons. At Stations Nos. 3, 6,
7 and 8, the arrangements are similar to those at Station No. 4,
and the receiving-tanks at Nos. 6, 7 and 8 are similar in design to
that of No. 3, having also the same capacity and depth. The net
lifts at Stations Nos. 5, 6, 7 and 8 are respectively 52 feet,
106 feet, 56 feet and 183 feet, and the corresponding lengths of
section 46 miles, 31} miles, 45 miles and 12} miles. From
Station No. 8 the water is delivered into a main service-reservoir
at Bulla Bulling, of 12 million gallons capacity. Thence the
water gravitates to Coolgardie, and from Coolgardie to Kalgoorlie.
These towns are provided with circular concrete service-reservoirs,
that at Coolgardie having a capacity of 1 million gallons and that
at Kalgoorlie of 2 million gallons.

Early in 1898 the first work on the scheme, namely, constrnction
of the branch line of railway to the weir, was put in hand, and
was completed in the following August. In April of the same
year, excavation for the foundations of the weir was started ;
concreting was begun in February, 1900, the first pumnping took
place in April, 1902, and the weir and subsidiary works were
practically finished in April, 1903. Contracts for the pipes were
let in October, 1898, and for the pumps in March, 1900. The
excavation of the pipe-trench was begun in March, 190v. The
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laying and jointing of the pipes was begun in March, 1901; about
90 iles were completed that year and the remaining 260 miles
(inclnding the extension to Kalgoorlie) in 1902. The water
reached Kalgoorlie in the middle of January, 1903, and the works
were formally opened on the 26th of that mouth. The whole
period of construction had thus been less than 5 years, although
it was necessary to import all material for construction of the
pipes, cement, valves and specials, lead for jointing, pnmping-
machinery, the ironwork in the weir, and much other material.

I.—Tne StorAGE-RESERVOIR.

When the scheme wag first propounded, and, in fact, until shortly
before the construction of the weir was begun, there were no
river-gaugings available : consequently, in judging of the probable
inflow into a reservoir, it was necessary to base calcunlations on
resnlts obtained in other countries. About 3,000 square miles of
the Darling Ranges having been examined, and thirteen possible
sites surveyed in a preliminary manner, it was finally decided to
place the reservoir at Mundaring on the Helena River, where the
cost of construction per million gallons of storage would be least.
Fig. 2, Plate 1, shows the catchinent-area and the rainfall-records
available: and notwithstanding that the catchment-area is 569
square miles in extent, it was decided to provide storage suflicient
to meet 2 years' demand and loss.

On the face of it this wasan excessive allowance, especially when
it is considered that to fill this large reservoir there is required an off-
flow of what would usnally be considered a very small fraction—
only 3 per cent.—of a rainfall of 18} inches, which is less than the
average of the minimum yearly precipitation at Mundaring and
York. But the country in which the upper reaches of the Helena
Riverare sitnated is formed of crystalline rocks, generally covered
over large areas by ferruginous conglomerate, and, in a measure, by
loamy sand, which in places extends to a depth of 20 to 30 feet
below the surface. The conglomerate and sands generally overlie
kaolinized granite, which, in turn, merges into solid granite. In
the vicinity of the weir, the rock is more exposed, the country is
less flat, and the ranges are better defined. The whole of the water-
shed is thickly timbered with jarrah, red gum and wandoo, the
jarrah predominating on the lower, and the wandoo on the upper
reaches. Besides this heavy timber, the country is closely
covered with an undergrowth of *“blackboys” and other scrubby
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plants. The actual yield from the catchment-area, therefore, is
shown in the following Table, which gives the discharge of the
Helena River since ganging was undertaken.

DiscnarGe oF HELENA River AT WEIR-SITE.

! Mundoring ant York, Diecharze. R i
Year. i Inches. i MilHon 1iaidons. Per Cent,
1897 245 672 034
1898 30-76 ! 3,802 1:30
1899 ; 2717 ? 1,857 083
1900 i 33-25 ‘ 9,622 350
1901 ' 25-0 , 1,401 0-69
1902 | 193 323 0-20

Not only are these figures very low, but the ratio of the discharge
to the rainfall varies considerably more than does the rainfall. The
small results as a whole can be accounted for partly by the absorp-
tive nature of the soil of much of the catchment-area, therein differ-
ing from the catchment-areas nsnally available in other countries,
and partly by the fact that the rain is precipitated very unfavour-
ably: for although the annual fall, in the vicinity of the reservoir
for instance, averages about 37 inches, it is spread over a period
extending from about May to November, inclusive. During
some months, it rains nearly every day; but only on very rare
occasions does the fall exceed 1 inch in 24 hours, the average being
less than } inch, generally in light intermittent showers. The
result is that the main watercourses do not begin to flow until
10 to 12 inches of rain have fallen, and they stop almost im-
mediately the rainy season ends. The rainfall for the year
1902 may be taken as typical of the rainfall generally. During
that year the total rainfall, as recorded at the Helena weir,
amounted to 27} inches, the total number of rainy days being 81 ;
. t.e, the average precipitation per rainy day was only 034 inch.
The maximum rainfall in any one day was 141 inch.

The unusual variations in the yield are due, in the Author's
opinion, to two other causes, whose effects in new countries where
records are scanty require much experience and consideration for
their correct estimation. The first is that the rainfalls of York and
Mundaring, which are all that are available, reqnire to be greatly
discounted, owing to a rapid rise of the country for several
miles inland from Mundaring, and then a fall to the tableland of
the interior ; and it is therefore probable that the rainfall on the
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reverse slope of the Darling Ranges, and on much of the ?ahleland
adjoining, is less even than that at York. The second cause is 'that on
the tablcland, where the rainfallis smaller and the conntry is more
absorptive than on the ranges, a large and more or less de.ﬁmte
amonnt shonld be deducted from the rainfall hefore any estimate
of the off-flow can be made. This opinion is supported .by
Tables I. and II. in the Appendix (p. 50). Table L contains
the results of gaugings at two points lower down the same
river as that on which the reservoir is sitnated, with, for the
sake of contrast, the resnlts obtained from the catchment of a
gselected portion of the inland country which is adjacent to that
which drains into the Helena. It also gives the results of gaug-
ing the Canning River at a spot where, although the catchme?t
includes a larger proportion of quick-shedding ground than in
the case of the Ilelena at Mundaring, the result, by no means
apparent at first, is that the average yield of the total catch-
ment is better than that of the Helena, although only half the
gize. DMoreover, after the exceedingly low yield of 1102, the
Author had weirs constrncted across the several streams enter-
ing the reservoir-basin, and the results of gaugings are given
in Table II. These resnlts show conclusively the great conserva-
tive care necessary in dealing with questions of thi:f; ki.nd in
countries so dry asare parts of Australia, and they also justify the
abnormal storage provided in the present case. ‘

It was early evident that much of this diﬁicult.y would be obviated
by placing the weir lower down the river (Figs. i.", Plate 1), and
thus including a larger proportion of quick-sheddmg catc:'hment.
This, however, would have given a worse reservoir-site (i.e., less
impounding-capacity for the same expenditure), and would have
entailed extra expense, both capital and annual, on account of the
greater pnmping-lift: the site higher up-stream was therefore
adhered to. The startling results of 1902, however, coul not be. fore-
geen; and as,in the Author's opinion, the available records of rainfall
(Table I1L., p. 51) render it more than doubtful whether, when the
full estimated daily consumption is reached,even the 2 years’stPrfa,c.;e-
capacity will be sufficient to tide over bad seasons, the re§p.()n51b111ty
was incurred by him of recommending any necessary additions to the
works. It was not considered advisable to raise the reservoir-wall
—although it is strong enough to bear someadditional static pressure
—since the diagram of capacities (Fig. 5) shows th.at the limit of
economy of the site has already been reached ; and it has therefore
been recommended that so soon as the demand warrants that course,
catch-water drains should be extended into the well-watered and
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quick-shedding country draining into the Helena below the present
weir. By this means, for an expenditure of about £45,000 (only 1%
per cent. of the total cost of the scheme), enough extra catchment-
area could be included to ensure a yield from the present reservoir
of 6} million gallons daily—say 50 per cent. more than what is
now a certainty.

Eraporation and Loss from Reservoir.—As will be explained
later, the site of the weir was so badly fissured, and the lasin
of the reservoir so extensively crossed by basaltic dykes, that
competent geological authorities believed that extensive stopping
with concrete might be necessary. It was a matter of great in-
terest, therefore, to ascertain what loss, if any, from the reservoir
might result from this fractured condition ; for it was decided that,
except as regards the fissure across the site of the dam, nc precau-
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tionary measures should be taken in the first instance. Between the
1st November, 1901, and the 28th February, 1902, no water at all
was drawn, and a favourable ppportunity for testing the probable
annual loss was thus afforded. The results are shown in Table
IV.ofthe Appendix, and, as the total loss is at the rate of only 4} feet
of depth per annum—which is not much more than the evaporation
alone should amount to-—the danger of building where similar basalt
dykes occur can be seen to be not excessive. The point is one of
the greatest interest in Western Australia, not only hecause the
location generally of the streams in the ranges seems to have been
determined by the greater ease with which these lasaltic dykes
have been disintegrated and eroded, but also becanse practically
the only site available for the reservoir of the ultimate gravita-
tion schicwo for the West Austruliun metropolitan area, lately
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reported on by the Author, is even more fissured than that at
Mundaring.

Quality of the Water.—Except in a few tracts where salts have been
leached out of the soil by heavy rainfall, even the surface waters
of Western Australia generally, although soft, contain a com-
paratively large amount of dissolved mineral matter, chiefly
common salt. High chlorine results have therefore to be expected
on analysis, and this test of possible contamination of the sources
of supply, whatever its value elsewhere, is inapplicable; but as
the catchment is so large, and as much of the area was alienated
before the scheme was inaugurated, and would cost an excessive
sum to buy back, a small amount of habitation on the catchment
is inevitable. Moreover, except in these small patches, the land
is covered with forest and scrub; and, with a small ratio of off-
flow, the decaying vegetable matter would be expected to result
in high ammonia figures on analysis of the water. ~Although this
would in itself be harmless, it was recognized that the presence of
the dissolved organic matter might be accompanied, on occasion,
by dangerous bacteria of decomposition; and, as filtering before
delivery is not included in the scheme, it was determined to
institute periodical analyses in the first instance, and, later on, to
make also regular bacterial examinations. The results of analyses
made in February, May, October, and December, 1903, are given
in Tables V.=VIIL of the Appendix, and disclose the fact that,
owing apparently to anaerobic action in the pipes between the
storage-reservoir and Coolgardie there is a marked improvement
in the quality of the water.

Disposal of Surplus Flood-TWaters.—Although when the scheme
was inaugurated there were no gaugings by which the probable
total inflow into the reservoir from year to year could be arrived
at with certainty, there was ample evidence to show that the
Helena and other streams similarly situated were liable to
heavy floods; and as at the site chosen for the weir the valley
through which the Ielena runs converges abruptly, beingin fact a
deep gorge flanked on both sides by high hills, the width at the bed
of the river being only 15 feet, and at 100 feet above the bed 750 feet
only from solid rock to solid rock, the usual method of disposing of
flood-waters, namely, by means of a by-wash, was precluded by
its cost. 1t was therefore decided to pass all floods over the weir-
crest, notwithstanding that calculation showed that for safety as
much as 5 feet in depth over the whole length of the weir would
have to be allowed for. Although, so far as the Author is aware,
the weir is the highest overflow-weir in existence, this depth was
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not considered excessive, because no debris whatever is brought down
in floods, which, even when of the heaviest, conld not be of very long
duration. Indeed, the whole flow of the river lasts less than half
the year at most, so that sufficient time is afforded for repairing any
damage done to the weir-face and footings. In order to facilitate
the descent of the water, the profile of the weir-crest was approxi-
mated to a parabola, and the form of the curve follows very closely
that of the Holyoke I)am, in the United States, which was deter-
mined by experiment. The reservoir overflowed for the first time
during the rainy season of 1903, and, for about 2 weeks, 6 inches of
water flowed over the crest without doing any damage to the wall.!
The water clung perfectly to the whole wall-face while descending.
The same result is not to be expected when the depth over the
crest is much greater ; but obviously some departure of the deeper
flowing water from the wall would not matter much. The down-
stream face of the dam is broken by three guide-walls which
prevent any scour at its foot by the spill-water, which would
otherwise have run along the toe; and where the wall is highest,
a spill-water basin or water-cushion has been provided, from
which a wide channel, excavated in the river-bed and lined with
stone, carries all flood-water rapidly away clear of the dam and of
the pumping-station below it.

The loss by evaporation and percolation has proved to be very
small, and the overflow and draw-off arrangements of the reservoir
have worked most satisfactorily.

II.— CoNsTRUCTION OF THE WEIR.

The weir was built to the section shown in Figs. 6, Plate 1, the
governing factors of the design being that the maximum pressure
on any portion of the wall should not exceed 8 tons per square
foot, and that the centres of pressure should be well within the
middle third, both with the reservoir empty and when 5 feet of
water was flowing over the crest.

Preliminary Works.—The reservoir and the first pumping-station
are situated at the bottom of a deep valley some miles from the
nearest railway, and as all material, except stone for the concrete
of which the weir was built, had to be brought from a distance, the
first work put in hand was the construction of a tram-line, to the
standard railway-gauge of the State, starting from Mundaring

' The Author has heard since the above was written that 1 foot 6 inches in
depth of water passed over the crest in the beginning of August, 1904.
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station on the existing line of railway. The next question was the
provision, at a comparatively waterless spot, of a permanent supply
of water tit for the use of the many men to be employed, as well
as for the works. The requirements were met by constructing, in
the bed of the future reservoir and about 9 chains above the weir-
wall, a temporary concrete dam impounding about 20 million
gallons, and by forming, from the by-wash with which this small
reservoir was provided, a channel capable of carrying away 100
million gallons per diem. The channel was formed for the most
part of open cut, but a timber flume carried the flood-waters across
the weir-site.

Foundations.—(ienerally speaking, the conntry at the reservoir
site is very rocky, consisting largely of undecomposed granite,
traversed by intrusive basaltic dykes whose direction is mostly
at right-angles to the course of the river. At the site of the weir,
however, thie granite showed out particularly clearly, and the fow
trial-shafts, put down where the rock was shattered, reached
solid granite at no great depth, the deepest of the shafts being
only 20 feet deep from the ground-surface. On opening up the
foundations, however, it was discovered that the rock was nothing
like as solid as surface indications and trial-pits promised; for on
the right bank a large portion of what at first appeared to be
bed-rock was found to consist of an immense boulder with a large
cavity below it; and under the bed of the river the granite was
very badly fissured over the full width of the foundations. It
was not possible to vary the site, as the disruption was found
to extend both up- and down-stream for a considerable distance;
and there was no alternative but to follow the fissure down, which
was done until a depth of 90 feet below river-bed was reached. At
this level the filling material in the fissure was found to be so
compact that it was but slightly eroded by a jet of water dis-
charged under a pressure of 250 lbs. per square inch. It having
been seen that the fissure had a northern underlay, a vertical boring
was now made on the north bank of the river, which cut the
fissure at about 165 feet below river-bed, and was continued for a
further depth of 52 feet. The bore was then filled with water,
and the material in the fault was subjected to a hydrostatic pres-
sure equivalent to a head of 690 feet, which was maintained for
4 hours, during which time the foot- and hanging walls of the
fissure, and the line of fissure at the bottom of the excavations,
were all carefully examined; but no signs of moisture could
be detected. It was concluded that the material in the fissure,
at the depth which the excavations had then attained, was
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impervious to water, and that it would therefore be safe to erect
the weir thereon. -

Where the wall would be highest, that is, where the fissure
occurred in the foundations, the excavations were carried down
about 15 feet from the building-line in a vertical direction on
the up-stream face; but as one of the basaltic dykes crosses
the valley a short distance away on the down-stream side, it was
cousidered necessury to renove the whole of the material between
the hanging wall of the dyke and what would otherwise have
been the toe of the weir. The concrete filling of foundations
was carried up to bed-level on the up-stream face, but on the lower
side the mass filling was stopped 18 feet below bed-level and the
wall proper was begun to the designed section. The granite
beds, or floors, were deeply chased in longitudinal rows about 6
feet wide and 3 feet deep, and the toe of the wall-batter, where it
met the granite floor, was channelled the whole length to key the
concrete in.

The great inequality in the depth of the foundations, and their
apparent doubtfulness for a work of this magnitude, have not
appreciably affected the weir; for although very fine vertical
lines, such' as invariably occur in the concrete lining of service-
reservoirs in hot countries, have made their appearance here, they
have not extended, and any slight sweats have taken up.

Drawing-off and Scouring Arrangements.—The reservoir is pro-
vided with two valve-towers constructed of concrete. The inner
tower (Fig. 7, Plate 1), situated on the reservoir side of the
weir, was built into, and concurrently with, the main wall, being
approximately semi-circular in section. The outer valve-tower
(Figs. 8 and 9, Plate 2) is rectangular in section, and is situated
175 feet down-stream from the centre of the weir-wall, being con-
nected therewith by a viaduct, which carries the outlet- and scour-
pipes, all solidly bedded in concrete, as far out as the outer valve-
house. Ingress to the inner valve-tower is obtained by means of
a steel gangway running over the crest of the weir, and sup-
ported thereon by granite cut-water piers 52 feet apart between
centres.

Provision is made for drawing water from the reservoir at three
different levels, namely, at 25} feet, 53 feet and 80 feet below full-
supply level, by means of 24-inch cast-iron bell-mouthed pipes,
passing through the valve-tower wall into a cast-iron stand-post.
Each draw-off inlet iz provided with a stop-valve placed in the
valve-chamber, from which valve-rods are carried up to bevel-
geared headstocks, all placed on the upper valve-tower floor, which
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is 1 foot 9 inches above maximum flood-water level of the
reservoir.

Over each inlet are placed screens which can be removed for
cleaning by means of chains worked by winches carried on an
outer platform running round the valve-tower, and supported
therefrom by brackets. Two 24-inch cast-iron spigot-and-faucet
outlet-pipes pass from the stand-post, at 80 feet below full-supply
level, through the weir-wall to the outer valve-tower. Each
outlet is provided with a stop-valve in the inner valve-tower,
and these are regulated similarly to the valves on the reservoir-
inlets.

A 30-inch scour-pipe, leading from a fore-bay 90 feet below full-
supply level, runs throngh the inner valve-tower, and through the
weir-wall into the outer valve-tower. It is provided with a stop-
valve in the inner tower, which is worked by a worm-gcared head-
stock placed on the upper floor. From the outer valve-tower the
scour passes into the river, where it has its discharge. Doth the
outlet-pipes and the scour-pipe are provided with valves in the
outer valve-tower, which will be brought into use only in the
event of accidents to the regulating-valves in the inner valve-
tower. Any water soaking through the wall of the inner valve-
tower is led into a sump, whence it can be lifted into the scour-
pipe by means of a water-ejector, 'supplied with pressure-water
from the lowest inlet. At the outer valve-tower, the two 24-inch
outlet-pipes junction into a 30-inch pipe, which runs to the stand-
pipe in front of the engines at No. 1 station.

The details of all the ironwork used in the construction of the
weir were drawn out in the State, and all ironwork was obtained
from Great Britain. It speaks well both for the accuracy
displayed in the preparation of the drawings, and for the care
exercised in the manufacture of the various appliances, that when
being grouped together as the work progressed, all parts fitted
correctly into their respective places, without any alteration what-
ever.

The site of the reservoir, about 800 acres in extent, was
grubbed and cleared, and all fallen timber and decaying vegetabloe
matter was taken out of the river-bed and burned; later on the
suckers and scrub were again cut down and burned. About
20,000 acres of the lower catchment-area was ring-barked with the
object of increasing the inflow.

A concrete-lined spill-water basin, about 150 feet long by 100
feet wide, is constructed in the bed of the river, at the toe of the
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wall, with a depth of water of about 10 feet. The water is
confined by a mound across the river-bed constructed of rubble
faced with concrete.

The excavations for the foundations were begun in May,
1898, and on their completion in January, 1900, the building of
the wall was started, and was carried on both day and night until
completion in June, 1902, an electric-lighting plant and eight
arc-lamps placed at points of vantage affording ample light for
operations by night.

Cement and Concrete—In the construction of the weir-wall
76,418 casks of cement were used, and a further 1,090 in the
spill-water basin and other subsidiary works, or a total of 77,508
casks, of which 19,767 casks were of German manufacture and
the balance British. The German cement was chiefly used in
filling the deep excavations made in sinking on the fault in the
bed of the river.

The length of the average passage by steamer from London to
Fremantle was more than 6 weeks, and by sailing vessel 90 to
100 days; and as on arrival in the State the cement was received
into storage-sheds where it lay at least 1 month, but generally
for a longer period, during which time tests were made preliminary
to its despatch for use, the cement had some chance of losing
any *freshness” which it might have had when first placed in
casks, and needed comparatively little slaking. A cement which
did not demand much slaking before use was especially necessary
in connection with the smaller scattered works of the scheme, distri-
buted as they were over 350 miles, and mostly in country whose dry
atmosphere would not tend to satisfactory, or, at any rate, speedy,
slaking. In these smaller works, the cement, having passed the
necessary tests, was used direct from the casks, because to slake and
then repack it would have entailed incommensurate expendi-
ture; but at the weir provision was made for slaking fully all
cement requiring it.

The tests, which were of an exhaustive character,! were directed
not only towards determining the qualities of each batch of cement,
but also to so ascertaining those qualities that after slight treat-
ment in the State parcels which seemed at first to be doubtful
might be used without hesitation. Situated, as the works were,
at such a distance from the source of supply, this was essen-

! In the year 1902 alone over 9,000 briquettes were made, not only for im-
mediato use, but also to be broken for comparison, 3 months and ¢ months
and 1, 2, and 3 ycars after making.
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tial. Taken altogether, the cements received were very satis-
factory, and as the Ilong-date tests become due, and the
samples are cxamined and the briquettes broken, the results
confirm the good qualities adjudged after the shorter tests. In
all, ninety-two complete analyses were made, of which those in
Table IX. (p. 54) may be accepted as average results. The specific
gravity varied between 3°053 and 3-13. On the whole, the
cement used was exceptionally well ground, that received towards
the completion of the works bcing even finer than the earlier
consignments. After the works were Dbegun, a special set of bulk
tests was carried out. Several casks of the different brands were
sampled, and 25 1bs. of each brand was carefully passed throngh
sieves with a mesh of 14,400 holes per square inch. The residues

were—
German cement « + « « « « « T7-04perecent
English cement . . . . . . 12:79to 1340 ,,

The tests of tensile strength ranged from the usual 3-day and
7-day hot- and cold-bath to 28-day cold-bath tests, a reserve of
briquettes being often retained from the various batches for long-
date tests. As a rule the results were very good, even when, fresh
from the cask, the cement was subjected to the hot-water treat-
ment. The hot bath was utilized to determine the necessity for
slaking, it being found that a cement which showed a falling-off
from the cold-bath results, when treated for a similar period in hot
water, generally headed the cold-bath records after being fairly
slaked : and there are numerous series of tests showing satisfactory
increase in tensile strength at various dates up to 12 months.
Cements, however, which showed a tendency to fall off in strength
in hot water had to give undeniably good results after the requisite
periods of slaking, before being despatched to the works.

One feature in the relative rise in temperature on hydration
of slaked and unslaked cement is worthy of notice. On several
occasions samples taken straight from the casks showed a com-
peratively small rise in temperature, yet the same cement, after
exposure to the air, registered a considerablerise. For the purposes
of closer examination a long series of experiments was made with
the same shipment of cement air-slaked under three different
conditions, namely :(—

(1) Under the corrugated-iron roof of a shed.

(2) Under the wooden floor of the same building, spread in thin
layers on a large tarpaulin and turned over daily; ard

(3) Under the same floor, but placed in a Lox covered with wet

v

-~
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bags, passages for currents of air being left between the cement and
the bags, which were wetted and turned daily. The maximum
rise in temperature is shown in Fig. 10, Plate 2. It is difficult to
agsign reasons for these results, but Table X. in the Appendix,
obtained from long-date tests of this same consignment, shows
satisfactory increase of strength.

The effect of slaking on subsequent expansion was also the
subject of a long seriesof tests. Ordinary glass test-tubes, 6 inches
by 1 inch, were filled with stiff grout, and placed in cold-water baths
after the cement had set. The tubes usually cracked after 3 days
or more when filled with fresh cement, showing a high rise of

Fig. 11.
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temperature on hydration; but as slaking proceeded, so did the
energy of the cement decrease. Further, there was apparently
renewed activity after months of quiescence, tubes being cracked
although the cement core itself remained hard and sound and,
so far as the eye could detect, absolutely unharmed.

The receiving- and slaking-shed for the cement (Fiy. 11) was
built at the temporary end of the tram-line, that is, adjacent to its
crossing of the weir-site, the upper floor of the shed being
at the same level as that of the railway-wagons. The storage-
capacity of the shed was 2,000 casks, and one-half of this quantity
was taken by the slaking-tables, arranged on a falling gradient
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50 that one tipped on to the next and so on, until the cement
arrived at a shoot leading on to the trucks, which conveyed it to
the mixing-shed. A large portion of the cement, however, did
not require special air-slaking. This, after baving been put
through a fine-meshed sieve, passed down a shoot to the concrete-
mixer without being placed on the slaking-tables. Below the
cement-shed, on the same level as the quarry-road, the stone-
crushing plant was erected. It consisted of a No. 4 Gates crusher
capable of dealing with 20 cubic yards of granite per hour, and
driven by a 25-HP. Robey engine. In the same shed, but below
the crusher, was situated the concrete-mixzer, portable and self-
contained, of the rotating-barrel type, mechanically fed with
cement, stone and sand in the proper proportions, and capable of
mixing 20 cubic yards of concrete per hour. All this machinery,
from the cement-shed to the delivery end of the concrete-mixer
barrel, was designed so that every operation which could be
effected with advantage, or could be helped, by gravity, was so
arranged ; and the whole proved very satisfactory in working.

Except about 1,000 cubic yards of sharp, coarse-grained sand
obtained from the river about 1 mile below the weir-site, the
whole of the sand was brought from either Lion Mill or Bays-
water, distant 8 miles and 22 miles respectively, by railway.
That from the former was of quartz, and very fine-grained,
yielding even and good results in the testing-room. The quarry,
however, required heavy stripping of mould, and the sand itself
required screening and thorough washing, to cleanse it from
vegetable and earthy matters. This entailed the erection of a
sand-washing plant. The sand from Bayswater was of a much
better class, and required but light washing to free it from all
earthy material.

About 30,000 cubic yards of spalls, for crushing to concrete size,
were selected from the material obtained in the excavation of the
foundations. For the plums and the balance of the spalls
required, a quarry was opened on the north bank of the strcam,
below the weir, and about 70 feet above river-bed.

The weir and all accessories were built of concrete, but in the
former, large rough granite blocks, just as quarried, were intro-
duced into the concrete. It was originally intended to build
the wall with 50 per cent. of these large blocks; but without
proper plant, which was not available, handling would have been
very expensive. The concrete consisted of 5 parts by measurement
of granite crushed to 2}-inch gauge, 2 parts of cleaned sand and 1
part of Portland cement. So long as the wall remained below the
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level of the mixing-house, the mixture was conveyed to the work on
an endless conveyor working in a trough, with travelling boards
secured by ropes and spaced 2 feet apart, thus ensuring that the
heavier aggregate was not separated froin the matrix on the way.
Later, the concrete was conveyed on a trolley-line in skips, to a
large derrick-erane, which liftéd the skips on to temporary
tram-lines on the growing wull: they were then pushed Ly
hand to a travelling steam-crane which lifted cach skip in a
bridle, overturned, emptied, and retnrned it to its carringe. Tho
concrete was spread and rammed by hand, the various layers
being broken up so far as the width of wall would allow, in order
to break bond in both beds aund joints; and in addition, the large
rough blocks, up to 2 cubic yards in volume, were deposited and
thoroughly bedded and grouted, in order to key tho bedding-planes
together.

For the first 10 feet the batter was lined and the concrete
retained by rubble masonry, but above this level wooden
framing was substituted. This framing was of Oregon pine, and
consisted of uprights 9 inches by 3 inches, and 15 feet long, cut to
the sweep of the wall section, spaced 3 feet apart and closely lined
on the wall face with 12-inch by }-inch Oregon boards. For the
first few feet upwards, the studs were held in position by shores,
but later they were bored for 1-inch bolts about 18 inches long,
at vertical intervals of 3 feet. Each bolt was fitted with an
8-inch by 3-inch by §-inch iron screwed washer-plate, which was
built into the concrete, and remained there after the bolts were
withdrawn and the holes grouted. Each vertical stud was lap-
jointed and bolted to the succeeding one, the lap being sufficient
to allow of two bolt-holds in the concrete before the lower
boards were removed. No eross stays or ties were used across
the wall, and the front and back framings were independent.
The uprights were aligned throughout with a theodolite, the
heads of each section being cut off to the required level and fixed to
the width of wall corresponding with that level, with an allowanco
for outward pressure of the wet concrete. Rendering of the face
was not desired or found necessary, as great care was taken, when
depositing the wet concrete in contact with the moulding-boards,
to keep all stone well back with straight spades, and a good
finished face resulted on stripping. The valve-tower and viaduct,
which were carried up with the main wall, were similarly built
between moulding-boards, the frames inside and out being formed
of upright studs, cross silled and lagged with 4-inch by 1l-inch
tongued and grooved Oregon boards fixed vertically.
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ITL.—Tug Iire-Lisek.

The puints on which the Commission of English ongincers were
asked to advise were, as regards pipes and main generally—

() “Whether tho pipes should bo laid in a trench and covered
in, or left exposed to view.”

(b) ** Whether it would be safe to rivet up the whole line of
pipes, or whethor joints, to allow for contraction and expansion, are
necessary ; the kind of joint most suitable, should they be
necessary.”

(¢) *“Material and method of manufacture of pipes, whether
welded or riveted, and whether welding and riveting shall be
square or spiral.”  The use of cast iron being prohibited by
the cost and the difficulty of freight both by sea and by land,
the Commissioncrs were not to take it into account.

(d) “The diameter and thickness of pipes, and method of
protecting.”

As regards (a), the Commissioners were informed that there
were possibly deleterious salts in the soil of & large part of the
district through which the aqueduct would pass; and, for this
reason, and also in order to avoid pressure on the empty pipes,
to save the expense of trenching, and especially to facilitate detec-
tion and suppression of leakage, they recommended that the pipes
should be laid above ground, uncovered, with expansion-joints.

The Commission recommended that the pipe should Le of steel
throughout, supported on bolsters, and riveted up in lengths of
about 110 feet, with expansion-joints at these intervals, and anchor
joints midway, fixed to masses of concrete or piles, in order to
provent the pipes from creeping. The minimum thickness was
fixed at %; inch; and the pipes were to be longitudinally riveted
where the pressuro was such that the thickness of shell for riveted

Number of Lengths of Pipe.

I 25 feet long with internal diamiter
27§ feet long with plates § inch thick . 31 inches at larger end and reduced
" and of intertial diaweter, . at Awaller end according to thickness
Class of Pipe. | of plates to form telescupic juint.

Of 3 -Inch
Plate.

Of {-Inch

"of -Inch
Ilate. Dlate,

26 Inches, 274 Inchea. " 29 Inches,

.

| ;
Welded . .| 5,592 | 4,308 | 5,710

|
|
i
!

Riveted . 23,425 | 19,759 3,257




24 PALMER ON COOLGARDIE WATER-SUPPLY. [Minutes of

pipe was not required to be greater than } inch, and welded for
all higher pressures; with a minimum thickness of } inch.

Tenders for the pipes were accordingly invited from Australia,
Europe and America, the quantities specified for being as shown in
the Table on p. 23. Tenderers were at the same time invited to
submit alternative prices for any other kind of pipe which they
desired to put forward. The lowest of the tenders raceived were
as follows, the prices being for delivery in the Colony at a point
22 miles inland :—

Lowest Tenders received in

Class of Pipe. ‘ - -
Europe. | Auatralia,
] [ £ i £
tiveted pipes . . . . . . . . . 782,708 | 682,827
Welded 5« . 0 4 . .. 472,600 i .
Locking-bar pipes in licu of welded pipes ! 239,868
Total . . . . .: 1,255,308 ] 922,695

The locking-bar pipe, for which alternative tenders were
received, had been considered by the Commission and favourably
commented on, but was not recommended for so large a scheme,
because proof of its successful manufacture and use on any con-
siderable scale was not then available. Subsequently, however,
and befors receipt of the tenders, 10 miles of main, 25} inches
in diameter, had been laid in South Australia. It had been found
that pipes made from }-inch plate and fresh from the closing-
machine would withstand a pressure of 400 1bs. per square inch—or
nearly twice what would be allowed continuously in practice on
pipes of this thickness of plate—without a weep; and, moreover,
all pipes which did not stand the test could be passed back to the
closing-machine to Le reclosed, instead of being subjected to the
usual caulking-processes so injurious generally to the plates and
jointings. Practical use on a fair length of main also showed
that the jointing could be successfully accomplished, thus leaving
only questions of comparative cost and comparative usefulness
to be considered in deciding whether the new pipe should or
should not be used in place of welded and riveted pipes.

Taking first the Australian prices for locking-bar pipes and
contrasting them with those for welded pipes, the saving is seen
to be very marked, being within a few pounds of 50 per cent.
Moreover, the price of locking-bar pipes was but little more than
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that of riveted pipes. The lowest tenderers were therefure asked
to consider the matter again, and they quoted prices for the
locking-bar pipes which contrasted as follows with those received

for the riveted pipes:—

\’l;,l,l‘l;[k::r]‘:i;: Rivited Pipe, Locking-Bar Pipe,
Inch. £ s d P
15 1212 9 1310 0
E . 16 5 0 1615 0
e 20 3 6 21 0 0

Making a deduction of {; inch from the thickness of the plate
to allow for corrosion and contingencies, and assuming a safe
working-pressure of 7} tons per square inch of net section of metal,
the safe head of water on pipes of these thicknesses, and 30 inches
in diameter, i3 shown by the following Table :—

Thickness Safe Working-Head.
qf .\lrtnl
in Pipe. Riveted Pipe. Welded Pipe.
Inch. Feet, Feet,
13 220 323
S 340 483
3 438 647

The locking-bar pipe being as strong as welded pipe, it would
be possible to effect considerable economy by using % -inch and
4-inch locking-bar pipes, in place, respectively, of the }-inch and
Tr-inch riveted pipes which had been specified originally;
but it was recognized in the State, when pipes of so small a
thickness as % inch were included in those to be tendered for,
that great care would be required in handling them, in order to
prevent damage; and one result of the favourably low tenders
was that a minimum thickness of } inch was provided throughout,
thus greatly increasing the probable life of the main in the very
portions where the soil is worst, and the variations in tempera-
ture greatest. Moreover, by having one thickness and one diameter
throughout, the contractora were induced to make a further
reduction of 5s. per pipe, so that the whole length of main was
laid with pipes 30 inches in diameter, thus effecting some saving
in the capital cost of the pumps, as well as in the cost of pumping.
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Sun}ming up the position, the results of adopting locking-
bar pipes and a uniform diameter throughout are these:—The
section of the ground traversed by the pipe-line is snch that,
considered purely from the point of view of obtaining minimum
pressures on the main throughont, it would be advisablo to vary
the diameters and thus use up superfluous head; but the variation
of pressure with a uniform dianieter could not be large if
the pumping-stations were suitably located, and this slight dis-
advantage was considered to be more than counterbalanced by the
redu?tion in the cost of the pipes and the other advantages attending
a u'mform, and to some extent larger, main. Moreover, the substi-
tution of locking-bar for welded pipe, effected a saving of no less
th.an 50 per cent. of the cost of the latter ; and,although, as compared
w1th.the riveted pipes tendered for, the locking-bar pipes eventually
provided cost 11} per cent. more, on the other hand, the latter were
considq?red superior in several ways. Their frictional resistance,
according to older accepted formulas, was less in tho ratio of
2-5:3°1, a difference of 25 per cent.; and the probable damage in
handling }-inch in lieu of y%-inch plate pipes would be less, and the
probable life of the pipes would be much longer: for the actual
thickness required for safe working being about as 2 of locking-
bar to 3 of riveted pipe the substitution of }-inch plate locking-
bar pipe for y%-inch riveted pipe meant a provision of ;% inch of
plate. in place of ,1; for corrosion and damage; and the substitution
of i.-mch locking-bar pipe for }-inch riveted meant a provision of
;7? inch for corrosion in place of % inch in the case of the riveted
Pipe, a difference, therefore, of 133 to 233 per cent.

A? the adoption of locking-bar pipes obviated the serious and
cont_muous loss of water which was to be anticipated from a pipe
having multitudinous rivet-holes, the question was considered
whether the soils in which the pipe would have to be laid would
tend to shorten its life, and if so, to what extent. As already
m.entioned, the natural water obtainable on the goldfields is highly
mineralized ; moreover, it often contains free acids. Therefore thin
unprotected pipes in contact with this water could not have any
lengthy life—a conclusion which experience has confirmed; but
careful analysis of the soils along the pipe-track (Table XI.)
showed that, where mining-operations did not entail distribution
of such water on to the soil in which the pipes might be buried,
this soil has been so much leached as to have lost many of its
harmful properties, except, of course, in the salt-impregnated beds
of the so-called “lakes.” It was decided, therefore, that in the
latter situation the pipes should be laid on trestles above ground,
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but covered with a low roof of galvanized iron; and that in the
remainder of the section they should be buried, thus obviating
any necessity for expansion-joints and permitting, in fact, tho use
of ordinary lead jointing.

The Coating.—In determining the composition of the coating to
be used, wide oxtremes of temperature had to be allowed for. The
fierce and continuons heat of the goldfields summer, wheu the
temperature in the sun attains 150" to 170" I, is sufficient to render
even block asphalt plastic. On the other hand, the frosts of winter
would injuriously affect too hard a coating; and, moreover, as
experiments showed, the extreme dryness of the soil at certain
seasons, together with the heat, would very likely cause some loss of
essential oils. As the result of a large number of tests of mixtures,
made both at the pipe-works and at the head office, the coating
used consisted of one part of asphalt and one part of coal-tar
applied as described later, and freely sprinkled with sand while
still hot and soft, to reduce the risk of the coating running
when exposed in hot weather. No doubt the latter object could
have been attained by more boiling, but the harder coating-mixture
would have been brittle and more liable to flake off the pipes.
Even the coating used ran to some extent when exposed for many
days to the hot sun; but all exposure of metal, owing to this and
other damage, was systematically made good just before the pipes
were buried. The inside of the pipes was similarly coated—except,
of course, that no sand was applied ; but, as the water passing
through is soft, although containing 20 grains of solids per gallon,
and as vegetable acids are absent, much corrosion of the interior
surface is not anticipated : and where the pipes have been emptied
and opened 12 months after water started to pass continuously
through them, the interior has appeared to be as clean and good
as when they were first laid.

Joints.—A simple sleeve joint (Figs. 12) was adopted, the ring
being 8 inches wide, and } inch larger internally than the pipe
externally, to allow for slight variations in the ring, and to permit
of the use of lead filling throughout. For working-heads of 320
feet and less, the section of ring used was as shown in Fiy. 13, the
weight being 126 1bs. ; but for heads of more than 320 feet a stronger
form was used, as shown in Fig. 14, the weight per ring being
160 1bs. The finished jointing has proved very effective, the loss
through leakage being small. From the pipes alone, on Sections
1-5, it was found to be 343 gallous per mile per diem. From the
whole length of 295 miles between the storage-reservoir at Mun-
daring and the last pumping-station it was found to be 480 gallons
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per mile per diem, over 10 months’ working. This figure includes
losses due to evaporation and percolation from nine pumping and

Figs. 12.

.
PLATE { THICK.LOCKING-BAR 7 LBS PER UNEALFOOT  PLATE £ THICK LOCHING-3AR 6] LBS.PER LINEAL FOOT
FOR ALL NEADS UP TO 250 FEET FOR ALL HEADS ABOVE 330 FEET

Scale 3 Inches = | Foot

INCHES O t 2 3 4 s € INCHES

' H i 7 N 2 S
ml
il
r .
)
| !

[ sy —p— SppTp e sy g—
(} i !
T 1
JE L
< @) T i
SECTIOH AA SECTION BB
Scale | Inch = 4 Feet
IWCHES 12363 0 ' z 3 s s e 7 Q FEET

break-pressure reservoirs of contents aggregating 16} million
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As a (?irect line from the Helena reservoir to Coolgardie does
not deviate far from the railway already built to the gold-

Fig. 14
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fields, it was resolved that from Northam eastward the pipes
should be laid paralle]l with the railway and at a distance of
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45 feet therefrom; thus gaining the great advantages of easy
carriage and, subsequently, of easy supply of water to the rail-
way : but between the weir and Northam the railway wasdeviated
from, in order to shorten the distance, and also for the purpose of
traversing higher countryand thus reducing the pressureon the pipe.

Figs. 15 show the cross section of the pipe-trench and covering
adopted. Where salt lakes or their beds occur, the main is
carried on timber trestles, the pipes being surrounded by an
insulation of saw-dust, which is kept in place by galvanized
corrugated iron. This arrangement has been quite successful, no
movements at the joints having taken place. Across the Avon
River the pipe is duplicated, sunk beneath the bed of the river, and
embedded in concrete. At railway- and road- crossings, the pipe is
also protected by a shield of concrete.

At intervals of about 5 miles, stop-valves (Figs. 16) are inserted,
the diameter of the main being reduced by cast-steel reducing-
pieces to 21 inches. Where long rising gradients occur, reflux-
valves are placed, the pipe being similarly reduced. Scour-valves
are provided where required at both stop-valves and reflux-valves.
The stop-valves are actuated by slow-motion gearing, and, on
gections where the water-hammer wag likely to be considerable,
small by-passes were introduced, and so controlled that the water
was brought to rest very slowly. Air-valves of the Glenfield
pattern were placed at all summits, a nest of three being placed
at the highest points, a nest of two at intermediate points, and a
single valve at the lowest points. These valves are of the double
type, provision being made for a large escape of air when charging
the main, while air accumulating in the pipe is automatically dis-
charged. This automatic discharge, instead of being obtained by
varying the diameter of the ball, is effected by variation in the
diameter of the orifice in the nipple. By this arrangement the
nipple-orifices for the high points, where the pressure is light but
where larger volumes of air accumulate, are of the largest dia-
meter, and consequently afford the maximum provision for the
discharge of air.

Manufacture of the Pipes.—Figs. 12 show the section of the pipe
used, the dimensions varying according to the head. A pipe consists
of two plates, each of the full length of the pipe and each bent to a
semicircle. The edges are burred or beaded to the shape of a dove-
tail, and are inserted in the open jaws of heavy longitudinal bars,
which are subsequently closed cold on to the edges of the plates,
thus forming longitudinal dovetail joints. The steel used in both
plates and bars was open-hearth basic steel with a specified tensilo




30 PALMER ON COOLGARDIE WATER-BUPPLY, [Minutes of

Figa. 15.
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strength at first of not less than 25 tons, or more than 29 tons, per
square inch. Experience gained in the manufacture of the pipes,
however, showed that steel of this quality was somewhat too hard
for the bars, which, owing to the cold working, failed under test by
the bursting of the jaws before the plates were ruptured. It was
also found that when bars weighing 6} 1bs. and 73 1bs. per lineal foot
were used, respectively, with }-inch and {%-inch plates, the bars
failed before developing the full strength of the plate; conse-
quently, the respective weights of the bars were increased to
7 lbs. and 8} lbs. per lineal foot, the steel in the bars being of a
tensile strength of between 22 tons and 26 tons per square inch.
From each week’s output of pipes at the works pieces were cut and
tested to destruction. The results are given in Table XII.
The pipes were made in Western Australia from imported plates

and bars. Of the former, one-half were brought from Germany,
and the balance from America; but all the bars (and the joint-
rings) were obtained from England. The plates, which were a trifle
over 28 feet long by 4 feet wide, were first passed through hori-
zontal rollers, three above and three below, for the purpose of
taking out all kinks and rendering the plates perfectly straight.
They were then cut square and to the exact length of 28 feet.
The planing and dovetailing machine next cut them to the exact
width, and then burred the edges by means of rollers to form the
beading for the dovetail joint. The plates next passed through a
longitudinal press wherein both edges were given the required
curvature, thus avoiding any necessity for the beading or dovetail
being passed between and damaged in the curving-rollers to which
the plates were now brought, to be bent into semicircles in the

usual way. On completion of this process most of the scale had

been loosened and detached, and the plates, having been thoroughly

cleansed of all remaining scale and rust, were ready to be formed

into pipes. One semi-circular plate was now placed in a row of
half circular cramps, resting on seats, and a locking-bar was fitted

over each edge. Another semi-circular plate was then inverted

and lowered until its edges rested in the upper groovesof the

locking-bars. The upper halves of the cramps were then placed

over the top of the pipe and connected to the bottom halves, and the

plates were brought firmly home into the grooves of the locking-

bars by tightening the cramps with cotter-pins. The pipe in its

encircling cramps was then conveyed to a bydraulic closing-machine

capable of developing a pressure of about 1,200 tons, wherein the

locking-bars were pressed on to the plates, completing the manu-

facture of the pipe. The whole of the operations were performed
without Lieating plates or bars.
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Each pipe, before being passed, was subjected to a hydraulic
pressure of 400 lbs. per square inch. The closing of the locking-
bars was so effectual that only a small percentage of the pipes
were found to sweat at the bars. These were returned to the
closing-machine and re-pressed, and this was found to stop the
sweating effectually. About fifty pipes failed altogether in the
joint under this test.

After being tested and passed, the pipes were coated. They
were first heated to a temperature of 300° F. and then placed in a
bath consisting of a solution of ordinary gas-tar and Trinidad
asphalt, in the proportions already stated (p. 27}, and kept at the
boiling-point. On being lifted from the bath the pipes were allowed
to drain for about a minute, and were then revolved in a machine
while a jet of cold air was forced through them, for the purjose of
ensuring that the coating should set in a uniform thickness.
When it had cooled considerably, and just before setting, a
sprinkling of sand was thrown over the outside of the pipe and
gently pressed into the coating by means of rollers.

After all initial difficalties common to new methods of manufac-
ture had been overcome, the pipes were turned out finished at the
rate of 150 to 160 per diem from two factories, each of which
worked two shifts of 8 hours each. '

Two points required special attention in the constrnction and
use of this pipe. The first was that the jaws of the locking-bar
should be pressed well home on to the
plates, no caulking of the joint being per-
mitted at the manufactory. Unless this
was very carefully done, water would enter
at the ends and work along the pipe at B . uc-omrms sLaves
in Figs. 17, until some exit was reached. 9EFORE CLOSING OF BaR
Examination of the pipe, and slight caulk- B
ing at the ends before placing in trenches,
disposed of such cases of opening of joints
as were caused in a comparatively light tockinG-sar awo pLavcs
pipe by handling and exposureafterdespatch

from the manufactory. The second point also related to the
necessity for closely pressing home the locking-bar, as caulking
was not possible at the points marked A: the difficulty was
overcome by cutting or chipping away the portions marked A.

Conveying, Distributing and Unloading Pipes.—The whole of the
pipes had to be conveyed on the trucks of a single-line railway
of 3-foot 6-inch gauge. Most of thom were laid alongside this
line, but those which had to be taken across country where the

[THE INST. C.E. VOL. CLXIL] b
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pipe-line deviated from the railway were conveyed f‘rom stations or
sidings on specially constructed carriages. The pipes had to be
distributed from the trains very quickly. so that the ordinary
traftic on a fairly hard-worked railway would not be iuterfered with.
The railway-wagons being each shorter than a pipe-length, two
bogie-trucks were firmly coupled, thus giving a clear floor-length
of 30 feet, and the pipes were placed thereon in three tiers. The
bottom three pipes were kept in position on the trucks by means
of chocks with removalle gib-bolts, and three recessed bolsters,
each placed acruss and over the bottom tier of pipes, carried tl.le
second layer, also of three pipes, which, in turn, were held in
position by means of chocks and gib-bolts similar to those used for
the Lottom tier. In the recesses of the second lJayer of pipes a
third tier of two pipes was placed. A truck-load therefore
consisted of eight pipes, and the trucks were sent forward in trains
of eleven to thirteen. :

The unloading contingent of men, consisting of four gangs who,
up to the arrival of the train, had been engaged on the excavation
of the pipe-trench, then took charge. Each of these gangs con-
sisted of six men, including a leading band who controlled the
gang's operations. Each gang had generally three trucks to
nnload, and when the train consisted of an odd number of trucks,
the extra truck was allotted to the gang first getting to
work. The average time occupied in unloading, from the time
the loaded train left the siding until it returned thereto with the
empties, was about 1 hour and 20 minutes, but the unloading was
frequently done in less than 1 hour. During the remainder of
the day the unloading gangs were kept at work on the excavation
of the pipe-trench, sections of which had been left for this purpose.
This system worked admirably, there being considerable rivalry
between the various unloading gangs, and the general railway-
traffic was not interrupted.

Joints.—As the whole length of main is of uniform diameter,
the possibility of using machinery in place of hand-caulking of
the lead joint was considered at an early stage. Careful trial at
headquarters of joints caulked by hand and by a machine
devised by a local firm, demonstrated that, whereas the machine-
made joints when subjected to hydraulic pressure attaining 400 lbs.
per square inch remained quite water-tight, on the other hand,
slight sweats and pin-sqnirts manifested themselves in the Land-
made trial joints submitted to the same test. As a 30-inch pipe of
l.inch plate springs somewhat, even under the impact of a very
light blow from the caulking-hammer, it is somewhat difticule to
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get hand-caulkers to finish a joint water-ticht; moreover, in
practice, men working in constrained positions for long honrs, in
manholes nnder the pipe-joints, cannot be expected to do nniformly
good work. On the other hand, the machine caulking can be done
by pressure applied uniformly on both sides of tle joint-ring, and
quite as uniformly on the lower as on the upper side of the pipe.
Machine caulking was therefore decided on, with the good results
in freedomn from leakage already stated.

The canlking-machinery consisted of a portable oil-engine of the
spontaneous-ignition type, built in Anstralia, and of about 54 B.HD.
The underframe of the engine also carried a dynamo which was
belt-driven off the engine fly-wheel. The current was transmitted
through a cable | mile in length, so that about § mile of pipe
could be caulked before moving the generating-plant to a fresh
position. The cable was coiled on a drum carried on the after

Fig. 20,
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part of the transport also carrying the caulking-machine, and a
plug contact was used for connecting cable and motor, so as to permit
of unhampered coiling and uncoiling of the cable on the drum. The
caulking-machine (Figs. 18 and 19, Plate 2) was in two halves, one
fitting over and the other under the joints of the main, aud on the
top half of the outer frame was carried the electric motor (of 2 HP.)
which was belt-connected to a shaft, and by mecans of intermediate
gearing worked the rims holding the caulking-tools (Fig. 20),
These rims or racks were gunided by small, hardened steel rollers,
grooved on the outer circumferences of the racks, but plain on the
inner circumference. Into jaws on the racks were slipped the
caulking-tools, two in each rack, one operating on the upper half of
the joint and the other on the lower half, i.e., on the underside of
the pipe.

The caulking-machine was mounted on a transport on which it

n2
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was carried along the top of the pipe, from joint to joint, the lower
half of the machine being slung on the tramsport side Ly side
with the upper half. On arrival at a fresh joint the lower
half was lifted off, placed over the joint, and slid round it
to the underside; the upper half was then lowered, and the
two halves were fastened together, racks were clipped and the
tools placed in position, the plug-connection between drum and
motor was made, and the machine was started, the caulking-tools
working round the pipe backwards and forwards until the lead
was pressed home. The number of semi-revolutions found neces-
sary ranged from five, where the caulking-rollers were } inch
thick, to seven, where y;-inch or #-inch rollers had to be used
to meet the varying distance between the inner surface of the
joint-ring and the outer surface of the pipe. On completion of the
caulking these tools were replaced by knives, which cut off the
fillet in the last semi-revolution, bringing the racks back to their
original position, and thus permitting the machine to be dis-
mantled and moved to the next joint. When once fairly started,
the operations were carried on without hitches,and the machinery
of all descriptions, including motors and dynamos, worked well,
notwithstanding that it was usually working in a cloud of dust
due to the proximity of the trench-filling operations.

Each installation required three men (one a mechanic) for the
working and transport of the caulking-machine, one man for the
engine and dynamo, and two hand-caulkers, whose special function
was to caulk at the locking-bars, whose projections prevented the
rollers from working right round the pipe. In addition there were
charges for parts of the time of mechanics and others whose duty it
was to keep the electrical and other machinery in repair. The
whole immediate cost of an installation per diem amounted to
£5 1s. 4d.; and as the average day’s work when the initial difficul-
ties had been overcome was thirty-one joints, the cost per joint was
3s. 3d., or 1s, less than hand-caulked joints were actually costing.
In addition, the saving in the average size of manhole necessary
was 12 cubic yards; and these two savings counterbalanced the
whole cost, including the patent-rights of the machinery. There
is no doubt that, with the experience gained, wmachine-caulking
could be rendered cheaper than hand-caulking, especially for a
circular pipe without projections; but the object in this case was
to obtain uniform and certain work, and this was attained without
extra cost.

Excavation of the Trench.—The surface formation of the country
traversed is very irregular. On the plains, ironstone conglomerate
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predominates, but never extends continuously for more than a few
chains at a stretch, being broken by bands of sand, diorite, and
granite. In the timbered belts, sandy clay is the usual surfuco
soil, but with outcrops of granite, diorite, and schist interspersed.
Where at all possible, the material to be taken out was loosened by
means of ploughs, each drawn by four horses harnessed in singlo
file in the line of trench, and working to any depth required ;
but the bulk of the trench was taken out by manual labour, and it
was necessary to use explosives on more than one-fourth of the
total material removed. Where the material could be moved
without the use of explosives, it was found that the most
economical depth of trench, with due regard to cost of obtaining
cover-material, was about 3 feet 3 inches. Where the country was
harder, the trench was taken out to a less depth, the principle
kept in view being that the cost of the trench, added to the cost of
cover, should be a minimum. Occasionally, the contour of the
ground would not admit of economical grading in combination
with proper alignment for the pipes, and, in such cases, cost was
gubordinated to the more important consideration of easy align-
ment of the main. The excavation of the trench was kept well
ahead of pipe-distribution, laying and jointing, but in order
to provide continuous work for the gangs on these latter opera-
tions, should any hitches occur in thearrival of materials, sections
of trench were left unexcavated at intervals.

Laying and Jointing Pipcs and Filling in Trenches.—The work was
divided into sections of about 14 miles each, to be dealt with by
one caulking-installation, and when the work was completed the
whole gang went forward to the next available section. When
the works were brought into full swing, seven such gangs were
at work on several sections; aud, the class of work performed
by each being identical, there was considerable rivalry between
the parties. Bad work, due to haste, was prevented, however, by
the appointment of an inspector on each section, who report‘ed
directly to the head oftice and was responsible only for the quality
and not for the cost of the work, thus placing these departmental
operations on the same footing as those of a contractor. The rate
of progress during the last 3 months, before approaching comple-
tion cauxed disbanding, was, per day of 8 working-hours of seven
gangs, 1% mile of laying, jointing, and complete filling-in of
trenches. The appliances in use by each gang consisted of two
pipe-lowering trestles, four skids, one pipe-cxpander, one lead-
melter (Figs. 21) and retainer, and the engine and caulking-plant.
The lead-running gave great trouble until the lead-meclter was
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GENERAL ARBANGEMENT OF LEAD-MELTER.

. The sequence of the various operations was carefully regulated
doremost were the men repairing the coating in the parts
amaged during unloading or transportation, or where it had
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become defective owing to exposnre for a considerable time to the
intense sunimer heat; and in the same set were the pipe-scrapers
and locking-bar chippers, who chipped or scraped off the coating at
each end of a pipe for a distance of about 6 inches, to ensnre good
lead-running. Next came men cutting manholes, a little ahead of
those laying the pipes in the trench, and following these came
the ring-setters, who wedged up the joint-ring to such gauge as
would give a lead joint of uniform thickness. In succession were
the lead-runners, whose work was, when possible, kept at least
forty or fifty joints ahead of the canlking-maehine, especially in
winter, as showery and cold weather affected the quality of the
lead-running: thus stoppage in such weather, or defective work
which had to be remedied, did not delay the canlking-operations.
Following on were the hand-caulkers, who caulked the joint at
the locking-bar and for a distance of about £ juches on each side of
it. The Dbest results were obtained not by allowing the hand-
caulking to finish abruptly, but by tapering up to the uncanlked
portion; by this means the machine rollers were ablo to work by
degrees well back on to the haund-caulked portion ; with an abrupt
finish of the hand-eaulked portion, the machine rollers were liable
to race and cause breakages. This racing counll of course have
been avoided by extra care on the men’s part, but at expenditure
of unnecessary time, to save which would have entailed the danger
of the rollers not being brought far enough along, thusleaving the
joint imperfectly eanlked at the junction of hand and machine
work. After the hand-caulkers came the machine, and as each
joint was finished the joint-inspector exawined it; pipes were
covered to a depth of at least 12 inches as soon as the inspector had
passed a joint and it had been tarred, so that tho partial filling-in
was only two or three joints at most behind the machine. The
completion of the filling-in and the formation of the covering bank
was always 400 yards or more behind the machine.

Charging the Main.—By the 13th April, 1902, the works were
sufficiently far advanced to cnable pnmping to be commeuced with
oue of the engines at No. 1 station. No trouble was experienced in
gotting the engines under way ; in fact, practically no hitch what-
ever occurred at any of the eight pumping-stations, and after once
starting at any station the machinery was in condition to be worked,
and was worked, whenever desirable. By the 22nd April the water
had reached the Cunderdin Reservoir, at mile 77. Your months
now elapsed before the laying and jointing of the next section
was completed, and it was not till the 22nd August, 1902,
that the water reached the Merredin receiving-tank at mile
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140,  Some little trouble was experienced in charging this
section, through the joints leaking, due mostly to the subsi-
dence of the pipes laid across the bad ground in the bed of the
Mortlock River and adjacent soft country. It was through leak-
age of some of the jointson this section that what may be described
as “ sand cuts” were first experienced. They were caused by the
joint action of the escaping water and the falling sandy covering,
playing together on a small portion of the outer surfuce of the
pipe. This action is somewhat similar to that of the sand-blast,
and, under favourable conditions, one of the thin pipes used could
be cut through in 4 to G hours. Fortunately, only six cases of
the kind have been experienced so far. If discovered early,
the placing of an encircling band on the pipe (such bands
were kept in readiness) met the difficulty; but if the plate of
which the pipe was made had a hole entirely or nearly cut through,
a length of the main had to be emptied and the damaged pipe was
replaced. To guard against occurrences of this nature, the upper
halves of the lead joints were subsequently kept uncovered for
some little time in country of a sandy nature, and where the main
is under a head of 30y feet or more. The water reached the
Coolgardie service-reservoir, at mile 328, on the 22nd December,
1902, and, finally, the Kalgoorlie service-reservoir, on the 16th
January, 1903, about 8 months after the charging of the main was
started. The pumping was restricted to an amount sufficient
to fill about 12 to 15 wmiles of main per day, and, at this rate
of charging, no trouble from air-pocketing was experienced, it
being found that the air-valves had sufficient discharging-
capacity to pass the volume of displaced and escaping air.
The whole or part of the main has now been conveying water
for nearly 2} years without a burst having resulted either in
the main or in the valves or other specials: the only occasions
on which it has been necessary to empty any portion of the main
have been when the “sand cuts” have occurred.

IV.—Tur Pomerxe-MACHINERY.

Frictional Resistance of Pipes.—It was originally calculated that
for a discharge cf 5 million gallons per diem through 30-inch riveted
pipes the frictional resistance per mile would be equivalent to a
head of 4 feet, which was obtained by applying Kutter’s formula
with a coefficient of roughness of 0-015, a figure deduced from the
measured frictional resistance of the 48-inch riveted pipe of the
East Jersey (U.S.) Water Company. But the change to a much
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smoother pipe allowed of a considerably reduced pl:ov'ision. The
Commission of English engineers had proposed a fr.lch(:fnal allow-
ance of 2°5 feet per mile for welded pipe; but, in view of the
class of water to be dealt with, this allowance was 1Pcrease(1 by
20 per cent.; and as it was further determ.ine(l to increase the
daily quantity to 5,600,000 gallons, the ultimate allowance was
raised to 3-76 feet per mile. On completion of the wox:ks, two
tests, each of 12 hours’ duration, were made, one over “_’2 miles z?nd
the other over 12 miles of pipe, the results on reduction 'e?howmg
an average resistance equal to 2-25 feet per mile for a discharge
of 5,000,000 gallons per diem, or 2.8 feot for 5,600,000 gallons.
These results, being for clean pipes, are considerably less thar'l the
altimate estimates; and this was foreseen, for reference to Fig. 4,
Plate 1, shows that the main was laid to an even less fa:ll than 21
feet per mile, in order to save unnecessary present pumping.

The total ultimate friction-head for the whole distance from
the weir to the main service-reservoir at mile 307} of the
aqueduct, calculated at 3-76 feet per mile, amounts to 1,156 feet,
and the natural lift to 1,290 feet; and the aggregate loss at
seven pumping-stations for reservoir provision being 122 feet,
the total head to be provided for is 2,568 feet: b}lt elevated
ground between pumping-stations Nos. 2 and 3 made it necessary
to raise water 87 feet higher than if the slope had been gradual,
thus making the total head to be pumped agains% 2,655 feet. .

The great advisability of keeping the machmery.to umf:orm
size and pattern finally determined that the pumping-stations,

- eight in number, should provide for a total lift, including friction,

of 2,700 feet—or 45 feet more than was absolutely necessary
—namely, 450 feet at the first four stations, and‘ 225 feet at
the last four. The waste head thus amounts to a trifle !ess tl.mn
12 per cent. Moreover, in regard to the advisability of uniformity,
it was further decided that the first four stations should be fitted
with three groups of machinery, any two of which should be
capable of performing the required work; and that the last four
stations should similarly be fitted with two groups, each capable
of lifting the full quantity per diem. The power necessary had
thus to be the same in every group, namely, 265 effective HP., but
to allow for deterioration and contingencies the pumping power
contracted for was nearly 303} IIP., or about 14} per cent. extra.
The requirements and provisions may be summed up thus :—
e

Effective horse-power necessary . . . o . . 3 1-22
» » provided for work . . . .-Lh-l.:
as reserve . . . 2,426

”» ” "
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Tfanders for the necessary pumping-machinery were invited in
April, 1899, makers being permitted to submit alternatives as in
th.e case of the pipes. In the resnlt a contract was entered into
with Messrs. James Simpson and Co., in March, 1900, for twenty
groups of machinery at an aggregate cost of £241,750, excluding
spares.x, but inclnding erection. A detailed deseription of th:
machinery is outside the scope of this Paper, which, however
would be incomplete without the following brief account ami
results of tests. ’

Description of Marhinery.—The pumping-plant consists throngh-
out of almost identical sets, the only difference being that in tElne
first f_'our stations the pump-plungers are 15 inches in diameter,
working against a specified head of 430 feet, while in the second
four stations the diameter is 21 inches and the head 225 feet.
'I.’he engines are horizontal, six-cylinder, high-duty, triple-expan-
SIOI.l, surface-condensing engines of the Worthington duplex, direct-
acting type, the diameters of the high-, intermediate- and low-
pressure cylinders being respectively 16 inches, 25 inches and 46
mches., the normal stroke of the pump-plungers 36 inches, and
the piston-speed 150 feet per minute. The pump-plungers are
external.ly and centrally packed, and directly connected with the
steam-pistons. The pump-valves are of stamped bronze. The
steam-cylinders are jacketed throughout on heads and barrels with
steam at boiler-pressure, and the steam is re-heated on its passage
both from the high-pressure to the intermediate-pressure, and
from the intermediate-pressure to the low-pressure cylinders. The
re-heater tubes which draw their steam from the cylinder-jackets
ate placed low, thus being the means of drainage for both
cylu_xders and jackets. The steam-distribution is controlled by
Corliss valves, placed in the cylinder-heads, and the cut-off in
all cylinders is adjustable by hand while the engines are running.
From the air-pump the condensed steam passes through an exllaxlzt
hea‘ter placed in the exhaust steam-main to the condenser, and is
delivered into an elevated feed-tank in place of the ordina’ry hot-
well. . From this tank the water gravitates to a Webster heater
and.ml-separator where it is further heated by admixture with
the jacket-condensation and with the exhaust from the Loiler feed-
pump. From the heater the feed-water is pumped by a Wortling-
ton feed-pump through the economizer back to the builers. Steam
is s.upplied by a nest of Babcock-Wilcox water-tube boilers, each
desx.gned.to supply the necessary quantity for one engine, and
h.avmg eighty-one tubes 18 feet long and 4 inches in diameter, a
single drum 23 feet 7 inches long and 4 fect in diameter, with a
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superheatcr placed betwcen water-tubes and drnm. A Green
economizer is provided for each installation. The chimney-stacks
are of steel, 5 feet in diameter; those at the first two stutions are
130 feet high, at the third and fourth stations 100 feet, and at the
last four stations 90 feet.

At six of the pumping-stations, reservoirs 15 to 20 feet deep
have been proviled adjacent to the machinery, to receive the
discharge from the main and to furnish a store for the pumps to
draw from; and in order to reduce suction lift and facilitate
pumping, the centre line of the pump-plungers has been kept
below the top of the reservoir by about 8 feet. At stations Nos. 1
and 3, however, special arrangements were necessary. At No. 1
the pumps, if connected directly with the main from the large
storage-reservoir, would have been subjected to a head of about
100 feet when this reservoir was full; and at No. 3, where there is
2 mile of main between the large reserve reservoir and the pumps,
the Iatter might have suffered from an undesirable hammer. The
difficulty was overcome at each place by the provision of a stand-
pipe open above, from which, as from a reservoir, the pumps draw.

Figs. 22, Plate 3, show the general arrangement of the machinery
at stations Nos. 1 to 4, and Figs. 23 at the remaining four. The
stations are brick buildings with corrugated iron roofs. The
engines and pumps rest on granite bed-stones supported by brick
piers resting in turn on a concrete floor. The pump-ends are
bolted down to the bed-stones, but the cylinder-ends are allowed
to move freely on expansion-rollers. The greatest care was taken
in the laying of the foundations, only the best available material
being used ; and so far there has not been the slightest perceptible
movement in the foundations of any of the twenty groups of
machinery. The lower floors of the engine-rooms are of concrete
rendered with cement mortar, and the upper or working floors are
of jarrah timber resting on steel joists. The floors of the boiler-
rooms are of concrete.

Efficiency of the Machinery.—The tests provided for by the contract
were three, namely, (a) for the duty of the whole machinery under
present conditions, that is, head low owing to clean pipes and new
boilers worked to full pressure; (b) for the duty of the engines
and pumps with steam at full pressure but the pipes throttled
to obtain ultimate estimated head; and () for the capacity
of the pumps with the pipes throttled and the boilers worked at
25 Ibs. per square inch below present full pressure. Tests of the
machinery of 12 hours’ duration, at two stations to be selected by
the engineer, were provided for, and the duty stipulated for was
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in test (a) 135 million foot-Ibs. for 160 lbs. of local coal worth
10,000 B.Th.U. per pound, which was taken as the equivalent of
1 cwt. of Welsh coal; in test (b) 135 million foot-lbs. per million
British thermal units supplied to the engines and not returned
in ordinary working to the boilers; and for (¢) the full discharge
with the terminal effective pressure of the low-pressure cylinders
not more than 6} lbs. per square inch, revolutions not more than
25 per minute, and piston-speed not more than 150 feet per minute.

The stations chosen for testing were Nos. 2 and 8, two groups
being picked in the former and one group in the latter. Three
separate preparatory tests were made to ascertain the slip of the
pumps, the results being 06 per cent. at station No. 2, and 02 per
cent. at station No. S; and the respective plunger-displacements
per foot of travel were, after correction for slip, 73645 and 14-7215
gallons. The coal in use varied slightly in quality, the calorific
value per pound assigned at station No. 2 being 9916-7 B.Th.U.
and at station No. 8, 10,058 B.Th.U. The values assigned to the
combustibles found in the ash-pit were 11+637 B.Th.U. and 11-142
B.Th.U.

The results of the tests were that in test (a) the duty per 1,600,000
B.Th.U., the assumed equivalent of 1 cwt. of Welsh coal, was 1444
million foot-1bs. at station No. 2,and 148 million foot-1bs. at station
No. 8. 1In test (b) the engine-duty was nearly 142 million foot-lbs.
at station No. 2 and nearly 143 million foot-lbs. at station No. 8.
In test () tho capacity of pumps per diem was found to be 6,093,000
gellons at station No. 2,and 6,177,000 at station No. 8. In each case,
therefore, the results attained were well over those contracted for.

V.—Puarixa- AXD SErvICE-RESERVOIRS, RETICULATION, ETC.

The reservoirs provided are intended for three different uses,
namely, to act as recciving- and suction-tanks, to regulate flow
in the main, and for service purposes. There are seven suction-
tanks, namely, one at each pumping-station except the first, the
pumps of which draw from the storage-reservoir at Mundaring.
Of the seven, all but one are concrete-lined tanks, of which that
shown in Fig. 24, Plate 3, is typical ; the exception is the large
10-million-gallon reservoir at mile 77, which was built some
years previously for railway purposes and was taken over,
as it is large emough to furnish a substantial reserve in case
of accidents to the main or other works in the preceding portion
of the scheme. The regulating-tanks, two in number, are also
concrete-lined and are much the same in design as, although smaller
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than, the receiving- and suction-tanks. That at Baker’s Hill,
(mile 24), regulates the flow at what is (allowing for friction) the
highest point on the long and irregular section between pumping-
stations 2 and 3 ; and the tank at West Northam (mile 36) not only
reduces the extreme possible pressure on the pipes in the Avon
valley by 100 feet, but also permits of regulation of the flow in
such manner as to keep the pressures at a minimum in regular
working. The service-reservoirs are three in number, namely,
one of 1 million gallons at Coolgardie, one of 2 million gallons.at
Kalgoorlie, and the large one at Dulla Bulling. The two smaller
reservoirs are concrote-lined, and otherwise much the same as the
receiving- and suction-tanks above mentioned, being also provided
with by-passes so that in case of accident or necessary cleaning
the working of the scheme need not be interrupted.

The main distributing-reservoir at Bulla Dulling (Figs. 25,
Plate 3), which has a capacity of 12 million gallons, with an
available depth of 20 feet, is rectangular in shape (Figs. 26
and 27), two of the sides having slopes of 1 to 1 for the full
depth of the reservoir, while the other two sides are vertical for
a water depth of 8 feet from the top and then slope to the
bottom of the reservoir. The vertical portion or wall rests
on a bench 6 feet wide, from the inner edge of which the
sloping lining is carried down to the bottom of the reservoir.
The material of the reservoir-basin consists of indurated clay,
ironstone conglomerate, and bands of limestone, the whole being
badly fissured and pervious to water, and liable to disintegration
and to slides due to greasy backs. The Author’s experience of
concrete-lined reservoirs on the West Australian goldfields had
been such as to show conclusively that concrete lining, even 2 feet
thick, would crack when exposed to the sun; and, moreover,
the cost of thick lining in a reservoir of this size would have
been excessive. It was therefore determined to limit the thick-
ness of lining to 12 inches and to provide joints in the con-
crete to take the inmevitable movements due to expansion and
contraction,

The concrete used in lining both floors and walls was com-
posed of 5 parts of machine-broken granite, the stoues being
of a maximum size of 2 inches, 2} parts of sand and 1 part
cement; all measured by bulk. What is commonly considered
the only good class of sand was not obtainable nearer than
40 wiles from the work, and the cost of carriage would have been
heavy; but only 1 mile away there was found a very fine sand
containing 5 per cent. of clay, and 15 per cent. of very fine
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powdery silica, easily movable on washing. The loam, combined

Fig. 26.
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with the extreme fineness of the sand (only 2 per cent. being
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retained on a 250-mesh sieve, and 3} per cent. on a 400-mesh),
did not at first promise good results, but the mortar tests proved
very satisfactory, and in fact the briquettes made with this sand
(Table XII, p. 56) proved stronger than those made with the
standard sand, which was clean, coarse, and sharp; the cement
used for Loth sets of briquettes was taken from the same cask.
It is generally considered that loam or clay is always injurious
to cement mortars, but the results obtained in this instance throw
doubt on the point, and confirm those obtained by Professor C.
E. Sherman,} of the Ohio State University, which showed that in
practically every cuse the substitution of loam and clay for a
corresponding quantity of sand increased the strength of the mortar.
The floor of the reservoir, 12 inches thick, was put down
in two layers, the first or bottom layer being 8 inches, and
the top layer 4 inches thick. In the centre of the bottom
layer, a grillage of barbed
wire, spaced 12 inches
apart, was put in, for
the purpose of adding
tenacity to the con-
crete, and thus giving it
greater power to Tesist
cracking under contrac- e
tion. The upper surface of
the bottom portion of the
floor was purposely left smooth, so as to allow the upper layer to
slide thereon. By this arrangement, the top portion acts as a
false floor, and any temperature cracks are not so liable to con-
tinne into and through the bottom portion as would be the case
with the floor built in one layer. At the junction of floor and
sides a bituminous joint, ¢ inches deep by ¥ inch wide, 1s provided.
The sides and walls are also reinforced with barbed wires running
horizontally and placed 9 inches apart. The sides and walls were
built in sections with a bituminous joint between each pair as
indicated in Fig. 2. This arrangement effectually confined the
results of contraction to the joints themselves, nearly every joiut
opening 1wore or less at the faces, while the remainder of the
lining remained iutact. Soon after first filling, the reservoir,
much of which was built in intense summer heat, was found to be
leaking at the rate of 1} inch in vertical depth per diem; but

PLAN

! «Effect of Clay and Loam on Cement Mortar.” Enginecring News, vol. 1.
(1903), p. 443,
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instead of being spread in irregular cracks all over the reservoir,
the leaks were conﬁned to the lines on which the above-mentioned
joints oecurred : they were easily located, and were effectually
stopped by cutting out portions of the joints to a depth of 2 or 3
inches, caulking with oakum, and facing with bitumen and tar.

Reticulation.—The original scheme did not allow for any
reticulation of townships for domestic purposes, or of mining-
centres, it being only intended to bring the water to some high Lill
—for instance, Mount Burgess a few miles north of Coolgardie
—and to lay a subsidiary main thence to such situation in each
township or mining-centre as the local authority should choose for
its service-reservoir. Eventually, however, the complete reticulation
of the townships of Kalgoorlie, Coolgardie, Boulder, and the
Kalgoorlie Mining Belt, had to be undertaken as part of the main
scheme, in addition to the laying of small pipes to mining-centres
near Coolgardie and Kalgoorlie; but one or two of the smaller
townships, namely, Northam and Southern Cross, have installed
their own reticulation, purchasing water in bulk from the main
scheme, and retailing it to the ratepayers.

A separate telephone-line for the works was laid down between
the head office at Perth and Kalgoorlic. It is of ordinary type,
with one repeating-station about half-way, and was extremely
useful during construction. Conncction is thus secured between
the head office and the pumping-stations, and, by means of field-
telephones, with the maintenance-gangers.’

VI.—Cost oF THE ORKS.

The actual cost, including all extras, contingencies, and estab-
lishinent charges, was £2,560,000, an excess of £225,000, or ¢} per
cent., on the original estimate, after deducting from the latter
£65,000 for works which were allowed for therein but were
not carried out. This can bardly be considered a large excess
when it is remembered that the original estimate was based
on tentative data prior to survey; but as a matter of fact almost
the whole of the excess is accounted for by one item alone, namely,
pumping-plant, partly due to somewhat more water having to be
pumped, partly to the provision of more reserve power for accidents,
aud largely to euhanced cost per horse-power. Low-duty engines
were originally allowed for at an estimated cost of £22 per horse-
power, while the actual cost of the plant installed was ncarly £48
per horse-power, including I'ederal customs duty, spares, ete. So
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long as the consumption of water remains much below the ultimate
amount allowed for, and so long as cheap local fuel (firewood)
remains available, the high-duty plant will not prove as economical
as the low-duty and cheaper plant would have been; but the con-
ditions will be different when the full consumption is reached, and
utilization of the more costly fuel becomes necessary.

The total expenditure of £2,660,000 was sub-divided as
follows :—

£
Storage-reservoir, including 5 miles of railway-line, land-compen-
sation and river-training works (capacity of reservoir being
4,600 million gallons, the cost is LGl per million gellons of
storage). . . 280,000
Service- and break-preaaure Teservoirs of 8 total oepnoxty of
16 million gallons (£3§ per 1,000 gallons) . . . 80,000
Conduit 352 miles long, including all valves and upecmla (,‘.5 312
per mile) . . . . 1,870,000
Pumping machinery, mcludmv orectlon, frolght Fedeml customs
duty and spares (nearly £48 per horse-power) . . 290,000
Pumping-stations, exclusive of machinery but mcludmg the bmld-
ings, employees’ quarters, suction-tanks, railway-sidings, coal-
staithes and stores (£23 per horse-power) . . . . . . . 140,000
Telephone-line and other contingenoies . . . . . . . . 20,000
£2.660,000

On the death of Mr. O‘Connor, in March, 1902, the Author
succeeded him as Chief Engineer, when about one-half of the works
had been constructed. The progress was largely governed by the
necessity for testing the long lengths of main between the various
pumping-stations as soon as possible, and also by the rate at which
the valves and specials could be obtained from England.

In conclusion the Author wishes to express his obligation to
Mr. William Coates Reynoldson for much assistance rendered. MMr.
Reynoldson was the Author’s principal assistant on the scheme, and
is now in charge of the works as Engineer to the Trust which
was constituted by an act of the West Australian Parliament for
maintenance and management of the works.

The Paper is accompanied by ninety-one sheets of drawings,
from which the illustrations in Plates 1, 2 and 3, and in the text,
have been prepared; also by an Appendix from which the
following Tables have been selected for publication.

[ APPENDILE,
(THE INST. C.E. VOL. CLXIL] E
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APPENDIX.

TaBLE I.—DisCHARGES OF CATCRMENT-BasiN of HELENA RIVER AND OF
OTHER STREAMS.

B !
Canning liver

; Helena River, l
i
i

Y Between Weir B Stations ?}’::“‘::"{ et 11
ear, e r i tween Weir etween Stations N UoCetchment 1]
Above Weir. | Reservoir. I Square Mile.

" o | and Station B, 4 A and B.
(:;ﬁ::'le‘ ;1';15:9 | Catchment 50 © Catchment 10 |
8. f Square Miles.  Squarc Miles, |

Catchiment 282
Square Miles. |

i | ’
Million Gallone.” Million Giallons, Million Gallons.! Million Gallons. Million Galluns.

1898 3,802 No record No record 3,633 i 228}
1899 1,857 1,654 339 Norecord | 19

1900 9,588 5,408 1,210 " } 217}
1901 1,403 2,615 | 597 2,014 | 6}
19021 | 306 845 ’ 418 705 ; 7

! To end of October only.
? Reservoir overflowed 9 September, 1898, and 28 July, 1900, and the water

that went to waste is not included in the above figures.

TaBLE II.—DISCHARGE OF STREAMS ENTERING MUNDARING RESERVOIR
1 Jaxuary, 1903, To 16 Avcust, 1903. )

' Total Catch-
mentof (iroup
Area of of Quick- and
Catchment, = Slow-shesd-
, ding Catch- J

Total Discharze

Discharga. of each Group,

Kame of Streams,

ments,

Square Miles. Square Miles.; Gallona. Galluns,
7

]
CreekA . . . . . , 62,271,000"!

i
Pickering Creek . . . 10-0 | 68,046,000 |
Rushy Creek. . . .| 18-2 '1 352 | 166,277,000 i 246,594,000
Darkin Rivee . , . 260°0 | e 234,924,000

Helena above junction . Do . -
of Darkin . . . '}‘ 2700 530-0 275,755,000 ' 510,679,000
o

Falling direct into reser-:.

voir and on balance of )}  4-0 40 - 53,460,000 ;| 53,460,000
catchments. . . .

| o |
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TaBrLE IIL.—RaiNFALL AT PERTH GARDENS, MCNDARING AND YORK.

Year. Gi:{;::‘ Mundarfng, York. Year. ”I;{:I:" Mundaring. York,
Inches, Inches, Luches, i Iuches, Lnches. Inches,

1876 28'7'${ No No 1889 ¢ 39 96 Norecord 19-99
* record record 1890 | 46 73 " L22-97

1877 2048 » 13 90 1891 3033 . N AL
1878 39-72 ’ . 19-80 1842 31-23 " to13-66
1379 4134 I Co12-50 1893 ; 4012 4975 23-31
1880 3179 ’ 18-57 I80¢  28-72 2946 - 10-Y9
1881 . 2478 ”» 14-85 1895 ¢ 33:01 - 424 . 16°18
1882 35 68 I 19-48 1896 1 31-50 3765 - 1583
1883 . 39-65 » 2396 1897 | 27-25 3578 - 1329
1884+ - 31-96 » 1917 1898 ¢ 32:04  43°30 ° 16-9%
1885 - 83-44 » 22-19 1899 ¢ 31-96 3750 ' 16-8%
IR86 . 28-90 " - 14418 1910 36-25 4558 : 21-10
1887 37-52 ’ 16°79 1901 35-8¢ 3576 ° 1316
1553 27-83 »” 13-66 1902 26°73 20 45 : 10°68

! To end of October.

TasLE IV.—EVAPORATION AT PERTH OBSEHVATORY, AND AT
McrxpariNG RESErvOIR.

July, 1901, to June, 1902,

1 2 | 3 i ¢
" Evaporation at i Fall of Water-Level Reservoir.
. Evaporation a

Month, . Perth i i

. Observatory, | Per Month, Per Day.

: Inches. [ Inchea, Inches,
July,1901. . . . . . . 2:06 ! 1-73 00558
August, 1901 . . . . . . 1-75 i 1-47 00474
September, 1901 . . . . . 320 | 2-69 00896
October, 1901 e e e . 5-51 ; 1-62 01493
November, 1901 . . . . . 769 i 645 0°2150
December, 1901 . . . . . 9-47 i 7-95 0-2564
January, 1902, . ., . 10-22 ' 8-58 02767
February, 1902 ., . , . . 8°35-35'73 7-01 0-2508
Mareh, 1902 . . . . , . 8-26 . 6-93 02235
April, 1902 . . . . . . 5-21 : 4-37 0-1456
May,1992. . . . . . . 2-27 ; 1-90 0-0613
June, 1902 , . . . . 180 i 1-51 0-0503

Totals and averages . . ;6579 5521

Note.—The figures in column 2 were furnished by the Government Astrono-
mer as being the loss per diem in Perth. The total of fizures in evlumn 3 for
the 4 months from 1 November, 1901, to 28 February, 1902, was obtained by
observation at Mundaring Weir as 2 feet 6 inches, and the figures for cach
month, shown in columns 3 and 4, were calculated therefrom at the proportion
obtained from coluwn 2. o

B -
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TasLe V.—ANALYSES oP WATER, FEBRUARY, 1003,

Parts per 100,000,

[Minutes of

Ammonia. : Oxygen Nitrogen
———— T Tr——— Bbs‘)l’h?‘l i" a8
Free Albuminvid. : 4 Hours, Nitrates.
Coolgardie Regervoir . . . .| 0°008 | 0-0375 ! 0-228 0-016
Mundaring Reservoir: foot of dam | 0:014 @ 0-06 | 0171  0-0066
Mouth of No. 1 Creek, south side . | 0°012 ; 0-064 E 0-15 0-012
|
Centre of reservoir opposite No. 1 . I nape . .
ira Y reservolr oppasite N }001220042 10135 0-011
Centre of regervoir 1,000 yards . . . L 0nas
sbove dam . . . ’. . }g 0-01 0-086 ! 0-121 0-0092
TasLe VI—ANALYSES OF WATER, Mav, 1903.
; Parts per 100,000, Grains per Gallon.
. ! ' { Hardners
Locality. Fres  Albnminoid u%sbyrgb?l‘ \itmgen . Total ! . Degreco
Ammonhi Ammionia. “ H?uru ’ \mntes Solids, ‘Chlonue.
*Helena Weir . 0-004 ; 0-040 l 0-190 | 0 0145 27-49 : 9-94 70
No.2 Tank . | 0006 ¥ 0-040 | 0184 ' 0-0131 9735 994 T3
i ! i H i
Baker's Hill . 0-012 ‘ 0026 ' 0-171 ' 0:0132 ;’ 30°29 : 10-22 ¢ 7-0
W. Northam . | 0-012 0-026 | 0-148  0-0131 , 26-18 | 1008 - 7°5
*Cunderdin Re‘} 0-014 | 0-025 | 0-166 | 0-0165 " 2464 | 1022 75
Bervolr . . i } ‘ . ‘
*No.4 Tank . | 0-012: 0:026 | 0129 : 0-0130 ' 2394 | 10:22 75
J | .
w 3 4 .1 0°006: 0°02¢ |0-117 | 0:0198  24-39 ' 10°36 8:0
! | i :
.8 f0-010: 0:02¢ | 0°113 | 0-0180 | 25-14 . 1022 8-0
: ; :
w T w . 0015 0020 :0-166 0-026¢ 2599 19:36 80
* .8 0-008 | 0016 i 0°138 . 00210 | 24'88 10°22 8.0
i ! X
Bulla Bulling ; 0-012 | 0°020 : 0-144 { 0:0105 ’ 23-(4 ‘ 10-22 ; 8:0
E ] H ;
COO‘E”‘“.‘“BR"‘} 0-012 ’ 0-024 ' 0-162 ! 0-0158 | 23-27 | 1022 8-0
servoir . . { ’ i ‘ | ‘ 1
i .
*Kalgoorlie Re‘}’ 0-006 | 0:020 ; 0°150 ' 0-0165 22°96  10-36 80
servoir . ! f ! ’ 6 5
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Tante VIL.—ANaLysgs or Water, Ocroner, 1903,

53

© Girains |
Parts per 100,000. per
Gallon, |
. e e e o —— Hanine-n
Locality, Oxy :
ety Free Albumineid nb:h»eln‘l Nlt:;gen Chlorine.’ ¢ Degrees.
Amumonia, A i i .
minenla, mmonia. ‘ ll‘l,lurs' Nitrates. . ’
Mumlarmg Reservoir .. 0002 0:028 0-1 0-0085 105 ¢ 5
No. 2 Receiving-tank . = 0-001 0-03  0-1 0-0066 @ 11-1 i 70
Bakor» Hill Regulating- 10:006 003 10-09 0008 | 139 80
‘ - : H
Weet Northam Regula- }ooos o028 107 0000 140 80
Cunderdin Rescrvoir . | 0-015 0-03¢ :0-21 |0:06 109 | 65
; : i i
No. 4 Receiving-tank . | 0-002 0:03 :0-08 , 0-0066 136G 7°5
No.5 w .| 0°003 0034 023 0005 63 35
No.6 » , 001 0034 016 10-011 ¢ 103 60
No.7 wo+ ' 0°00t 003 007 001 140 75
No. 8 ” »oooe ’ 0:002 0-036 0-26 ;0-033 ; 64 35
Bulla Bulling Reservoir ~ 0-002 0032 0-21 ' 0-0066 ' 75 40
Coolgardie Reservoir . . 0-015 0-0t+ 0-307 . 0°006 | 53 30
Kalgoorlie Reservoir . = 0-018 003 03 0016 | 60 30
' i
TaBLg VIII.—AxaLY~ES oF WATER, DeEcevpeRr, 1903.
Grains
Parts ,000, er
arts per 100,000, . G;l'l.un.
e — -~ Hardness
Locality. Oxygr :
ety Free lAl!rmmnnhl ub;:rif)e':l‘ .\ill;;gon Culorine. Degrees.
Ammonia. ,l Awmnonia, N H‘(":Jm ! Nitrates. |
, .
" Muodering Reservoir . | 0-010 ; 0-025 ' 0-320 . 0-020 G-2 4-0
Helena Kiver, near By-)! . ane . Ly . " og- .
fields Weir, No. 5 . 0°003 0-009 ‘ 0-176 0-007 . 2841 | 10-0
Pickeriog Brook Weir,ll o.003 | 0-003 0.032 0-0066 1030 | 35
guahyCreek Welr\To 3 0:008{ 0-017 ,0-104 ] 0-004 2495/ 80
i River Weinll g.004 | o011 j0-224 | 0008 | 7:62( 35
Cunderdin Reservoir . | 0°005 0:018 ' 0-238 007 i 7-39 | 35
No. 6 Receiving tank . 0:010 | 0-0080 " 0-178 i 0:0017 ; 6-20| 6-0
. )
Toorak Reservoir . 0-008| 0025 0-167. 002 . 762 35
Bulla Bulling Reservoir | 0-009 | 0-024 ’ 0-207 - 0-21 7-62] 35
Kalgoorlie Reservoir . 0-008 | 0-011 |0-173 0-22 8§:5¢| 35




ot PALMER ON COOLGARDIE WATER-SUPPLY.

TanLe IX.—ANaLysEs oF CEMENT,

[Minutes of

Composition of Cement.

Iron amd

Origin of Cement.
’ iy E;‘Ej}' PR ;" e ffff.'g}:{.’.':} GI{;"{!H Hotre
Per Cent. Per Cent, Per Cent. Per t'ent. Per Cent.  Per Cent, Ter Cent.
German cement  23°61  9:21 6427 094 0-96 ; 041 0-48
woom W0 950 G362 090 115 | 038 036
English cement ~ 25°11 11439 60-81 08¢ 076 . 060  0-34
" " 2523 1197 . €017 102 1415 ; 040  0-22
» » 2430 12:10 6132 094 0-81 ‘ 0-51 . 0-22
» " 24°14 1194 1 6144 0'83 . 0°83 | 045 024
" w2411 12-01 } 61°10 ‘ 099 0-98 | 0-46  0-30
» w2371 11-61 E 62:05 0-87  1-14 l 052 039
” » 23:05 1335 ' 6002 068 156 ,l 040  0-23
" » 24-11 12:50  61-20  1-00  0:00  0-37 = 0-22

TabLE X.—Tkst8 oF TENSILE STRENGTH OF CEMENT.

Tenstle Strength per Square Inch.

Neat Cement.

Number
of Days
Slaked.
! 7 Days.
 Lbs.  Lbs.
i Cold. Hot.
0 .687 571
6 - 658 792
8 ..
9 ..

254 (a) 320 ..

252 (b) 819 .. |

23 Days. 3 Months. 6 Months.

7Days. 28 Daye. 6 Months, 9 Months.

3 Nand and 1 Cement.

1 Year.
Lbs. ! Lbs | Lbs. | Lbs | Lbs.
759 906 | 986 | 1,011 ' 162
783 . . .o 1T
.. 780 942 | 1,008
800 9 Montbs.!
567 801 ; 794 | 790 | ..
527 . 676 | 805 | 847 |

Lbs.

206
207

e

Lbs. Lbs,

322 323

» MM M A
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TavLe XI.—ANALYSES oF So1Ls ALoNG RovuTE oF Marv.

i
t
i

\ )
' Lo on

i .
Ignition Total . Sadinm Carhonic

Humic

2% i )
‘E"S Place. ! Reaction, Muisture, ‘T‘ruln‘:\li:l Tl:l.:x:;l;slbgl:ale' «g(i;lc Acids.
b Matter., | i e
Per Per | Per | Per | Ier Per
: j { Cent.  Cent. | Ceut. ; Ceut. ' Ceut. Cent.
i i .
! i
j Made September, 1598,
1. Hineo Will Gur-t \lkaline, 4:75 53 . 045 005 016 02
2 ) }lmeu}hll(.%feetl " E 13:86 15:205 0°25 . 087 029 0°1
below surface)( | |
Southern Cross i . o e = R
8 mrioey L1036 189 0212 014 385 0756
4 Southern ~Cross I j :
i (3 feet below " '10-393 15°901 O 425 07 14°6 Nil.
¢ surface) ' i !
5 B‘;‘;’,_'Z.';b'“ (sur- (a?.icﬁ(:l)} 2-048 45 | 0-235 0-065 0-93 0-36
! 'c - . ) . ' ' '
6 Boorabbin(3feet - Acid \' .00 4. s 002 ! N .
below surface)  (faint) }i 3:08 4410 0-188 003 | Nil.  0-04
7| Coplrdio (ur-t i | L8 697 02410°04 1012 015
8 ! Coolgardie (3 | ! | | ‘ ‘
! feet below sur- » 2°245 6°47 , 0°06  0-03 0'15 016
i face) . . . | : i :
9 | Yellowdine (sur-y | 1-78 1 4-36 1055 ' 0-07 o 153 0-13
. facey . . i 0™ i i
10 Yellowdine (3 ! ‘ i ‘
;. feet belowsur-f Alknline 862 377 19 i0-04 . 2'05 . 0-0u38
i face) . . . ;
! Made December, 1598.
11  Ycllowdine Salt| . . . 6 :0° .
| Lake (Bmfm)} " 39 527, 4:07 36 | 059 . 0-16
12 | Yellowdine Suit | i
1 Lake (3 feet) ' 3-82 5-02%¢ 4-97 ; 43 10-169 0-12
" below surface) : ; i !
13 W. Cunderdin X
| Llay Pan (sur—} »» 0-352 2°20 0-278 0:09; 0-44 0°36
14 ! “'. Lunderdm i I ‘ !
i Clay Ian (3 L 0-69 . 00
' feet below m_‘ " 5:056 7 972! 0 805! 06 062 0028
! face) . ‘ . '
15 E. Cunder(lln ' !
i Sand l’lluu ” C18°9  2°244 245 ¢ 1 0°08 256 0-38
I (surface) . .) : . : ,
16 | E. Cumlgrdin | i % P
| Send Plain BU 49,951 7.499 957 | 0-05 | 0°467 0-39
| feet below sur-
' face) . ' |

(a) and (b).—The slaking was effected respectively under conditions (2) and
(3) outlined in the Paper (p. 19).

Nore.—Moisture estimated on svils as received.

on water-freo sumples.

Otlicr estimations made

°
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TaBLe XII.—TEests oF SreciMeX Piecks or Locking-Bar Pipes.

; ' bt of Number of Pleces Average Breaking-Streea e.:lr
L Weight o that Failed I'late of I'iecea which Fail
Nurmnber of {};'CJ;::S' Ll;:king- f
Pieces Tested. b aT pUr
. I lipee pineii oot In the In the In the In the Plate
i ; Locking-Bar  Dlate, Locking-Bar, .
Tons per Tuns per
. Inchea, Lb. Sq. Inch, Xq. loch.
124 $ 6% 90 34 19-3 26-0
130 3 7 17 83 22'6 26-3
3 ! 73 . 3 . 26-8
30 s 81 9 21 23-8 257

TasLE X1II.—TEsTs OF BRIQUETTES MADE FROM STANDARD SAND AND FROM
Baxp vsep ror BurLLa BrLriNng Reservolr CONCRETE.

(3 Band to 1 Cement),

Breaking-Stresa per Square Inch.

—
7 Daya. 28 Days. ! 3 Months. l 6 Montha. : 1 Year.

Lbs, Lbs. | Lbs. Lba. Lba.

Sand, as used in reservoir, i '
containing 5 per cent.y| 240 336 | 410 466 522

\

leam. . . . . .

Clean standard sand . . | 158 | 257 I 312 877 388
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Che Norpth-Castern Goldfields.

R - I
FROM KOOKYNIE TG LAVERTON.
e
HOW TO GET THERE.
— =

INTRODUCTION.

s HAT have you beside the Golden Mile in Westralia ?
Take thot away, and there’s nothing left.” This is
what a stranger within our gates might remark, and

s naturally enough, because the Golden Mile has been
%}? boomed the world over, and has established a unique
’ record, so far as much boomed places are concerned,
in that it has more than realised the most sanguine boomster's
anticipations in actual results, The Golden Mile is in the East
Coolgardie Goldfield, and may, for all practical purposes, be
said to be “the” Eait Coolgardie Goldfield, and the output of
that field is shown in the following table:—-

WHAT IT COSTS.

EAST COOLGARDIE GOLDFIELD,

Year.

1896
1897
1898
1899
1800
1801
1802

OUTPUT.,

Quantity,
Oz,
85,287
300,037
450,312
923,617
810,906
1,033,670
1,172,405

1803 (to May 31) 575,743
At £3 11s, 41d. per ounos,

Value,
£
324,090
1,140,141

1,711,186
3,509,747
3,081,445
3,697,833

4,182,799
2,053,483




Average per ton of ore milled 1901—1420z.; 1902--
1 3loz.

It is knewn to few, however, that, beyond Kalgoorlie, fur-
ther north-ecast than the 90-Mile—or Menzies, as it is now
known—lies a new Eldorado where Golden Miles are being
gradually and steadily developed, and into this region—the
Mount Margaret field—it is propesed in this small volume to
take the visitor. Although one of the youngest goldfields,
Mount Margaret ranks only second to East Coolgardie in its
vold yield.

MOUNT MARGARET GOLDFIELD.

OUTPUT.
Year. Quantity. Value.
Oz. £
1987 (from Aug. 1) 8,685 33,006
1898 43,267 164,413
1899 81,807 310,905
1900 141,523 537,787
1901 198,808 745,530
1902 216,637 812,389
1903 (to May 31) 87,576 328,410

At £3 15s, per ounce
Average per ton of ore milled 1901-1902, .760z.

The Niagara district, in the North Coolgardie Goldfield,
will be touched upon, because, although in a field distinct
from the Mount Margaret, the growth of Kookynie and its
surrounding mines is coincident with the progress of the dis-
trict beyond Menzies, while the extension of the Menazies-
Laverton railway had its first section here. In fact, Kookynie
is a much younger town than Mount Morgans, which it bids
fair to out-rival.

Also, the statistics as to population, the conditions of
everyday life, tae cost of living, and the cost of travelling,
together with the route, will be interesting and valuable, not
to the casual visitor alone, but to many to whom this
rich country i< a terra incognita at present, though they live in
the State.. By contrast with Kalgoorlie, the progress of these

(3]

North-Eastern towns has been even more rapid than that of

the metropolis of the Eastern Goldfields, which, less than a

decade ago, was 2 dusty, scrub-covered desert patch, with just

a few prospectors’ hessian or bag humpies, while to-day there

are well-made streets, lighted by electricity and planted with

sugar gums and pepper trees along the edges of the footwalks;

electric overhead trolly trams to convey the public speedily
whither they wish, at moderate rates; separate cycle tracks

in all the streets for those who use this popular means of
locomotion ; stone and brick buildings, of two or three storeys;

hotels, which are not excelled by the finest in Perth in regard
to appointments and cuisine; and last, but not least,

water laid on by means of what ma\ be truthfully said to be
one of the finest engineering schemes of the century, generally
known as the Coolgardie Water Scheme.

It may not be amiss, later on, to give a few details of this
undertaking.

Whnat does the traveller find in the Margaret field, and
all within the spac.. of five years? Big stone und brick hotels,
lighted by electricity, and equipped in the most modern style;
the stieets well-formed and graded, and lighted by electricity;
and water laid on—not from the great scheme hewever, but
from the natural supply, for the Mount Margaret, unlike its
elder sisters, the Coolgardie, East Coolgardie, North Coolgar-
die, and North-East Coolgardie fields, has abundance of
natural fresh water, and embraces vast tracts of good pastoral
country, so that it has its own meat supply-—far better meat
than in Perth—drawn from the herds of the Nor.-West, the
stock being traveiled overland

Moreover the field has been made the scene of an unique
experiment in socia. legislation, for at Gwalia, two miles from
T.conora, is the Government State hotel, or as it is facetiously
termed “the Government pub.” A view of it is given with
details of its working, and particulars as to results to
date. Lord Grey's scheme has worked wonders in the Mother-
land, and what the future may hold in regard to State hotels,

depeunds largely on the success or otherwise of “the Govern-
ment pub.” at Gwalia.




To get dowa to bedrock. What every man wants to

know about the “Margaret” is
(1) How to get there.
(2) What it will cost.
() What are the opportunities and opening.
for energy and capital,
(4) What is the cost of living.
() What are the conditions of life.

offerad

business premises, and so on, are reproduced. All particulars
hereia may be relied upon, as the details have been collated
on the spot, and are acquired by actual experience, so that the
value of the work lies in its accuracy.

THE MOUNT MARGARET GOLDFIELD.

The Mount Margaret Goldfield, as before mentioned,
raaks second i the State as a gold-producer, though only in

>,
<

T

A
All these particulars are given in this  book, and in

order that what is set down may be more easily assimilated
mentally, photographs of all places of interest, towns, mines,

BACK COUNTRY COACHL

the sixth year of its existence. Originally part of the North
Cooigardie Goldficld, it now comprises three districts, Mount
Ma'ccim, Mount Morgans, and Mount Margaret, and has a




total area of 42.252 square miles. The Warden's headquarters
are in aount Morgaus, because of the central position of that
town,

The field had practically to rely upon itsclf, as very little
capital cawe from outside. In many instances crushings from
the mines had to be depended upon to provide the machinery
ncedful for further development. The district was also ham-
pered by the lack of transit facilities, but this has been greatly
relieved by the extension of the Government railway from
Menzies to Malcolm and Leonora. The line is at present in
course of construction to Mount Morgans, and thence it is
praposed to take it to Laverton.

The methods adopted by the James Government, in erect-
ing public hatteries, will doubtless relieve to a large extent the
hardships which in many cases have been endured by pros-
pecters, who, having medium-grade propositions, frequently
had to abandon their “shows” before they were sufficiently
developed to warrant the speculator placing money in them.
There are three State batteries on the Mount Margaret field,
one at Leonora, onc at Laverton, and another at Burtville.

The populatior was estimated to be, on December 31,
1902, 6,025 persons, distributed as follows : —Mount Malcolm,
2,741 ; Mount Morgans, 1,114; and Mount Margaret, 2,170.

The rain fall last year averaged 10 inches, and several
market gardens are in full cultivation, and the vegetables are
excellent and far superior to the imported, but the prices are
rather high, Several pastoral leases have been taken up; the
ruling price of meat being from 8d. to 1s. 3d. per Ib., accord-
inz to the “cut.”

The rate of wages per week, as compared with East Cool-
gardie, is ns follows:—
EasT COOLGARDIE.

Miners.
Above Ground. Underground. Eng. Drivers. Mechanics. Carpenters.  Labourers

£310 0 £4 3 0 44 5 0o £410 o £410 0 £3 o0 o
MOUNT MARGARET.

£310 0 {4 0 0 L£410 0 £310 0 £410 0o £310 o

The total unmber of miners employed on the field in 1902
was-—Above-ground, 884; underground, 1,253 ; total, 2,137.
In the Fast Cooigardie field there are 6,254 miners employed
—3,2b4 above-grouud, and 3,024 underground.

Taking the three districts separately, and including
alluvial miners, the figures are:—Mount Malcolm, 964;
Mount Morgans, 470; and Mount Margaret, 771,

THF. RAILWAY JOURNEY.

In order to make matters as clear as possible, the princi-
pal tewns on the railway line after leaving Menzies will be
dealt with first in the order they are reached, and it may
e well to give the distance from Perth and the fares straight-
away.  The map will give the necessary idea of the locality
more clearly thau could be et down in writing.

Fares,
Single. Return.
Station, Miles. 151, and. 158, 2nd,
Niagara 139 £4 1 3 L2010 8 L6 111 L3116 o
Kookynie 193 4 I 2011 6 211 316 3
Malcolm 521 + 6 7 214 O 6 g 11 4 1 0
Gwalia 534 4+ 39 215 9 b 13 2 4 3 2
L.eonora 336 4 9 I 215 7 613 3 + 3 3

There are four trains daily to Kalgoorlie and their times
of starting may be seen from the published time-tables. For
the purpose in hand, however, the express, which leaves Fre-
mantle at 6.40 p.m and Perth at 7.30 p.m. every day, except
Saturday, will be taken.

Sleeping berths may be obtained at a cost of 10s. each,
and these should be applied for early in the morning as there
is a good deal of passenger traffic to the fields. - The express is
due at Kalgoorlie at 1.5 pm., the following day. On the
route refreshments and meals are always obtainable, the price
being 2s. 6d. per meal; and due provision is made of time in
which pussengers may eat.

An hour is available at Kalgoorlie for luncheon and this
cests in an hotel 3s., and the 3s. Zone may be said to be en-
tered here—3s. per meal and 3s. per bed : 12s. a day—and thig
is the standard rate throughout the goldfields.
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The train for Ningara leaves at 2.15 p.m.—it is generally
valled the “Menazies train,” because, until recently. when the
line was extended, Menzies was the distributing centre—and is
due at Niagara 8.25 p.m., Kookynie 8.31 p.m., Malcolm 9.56
p.m., Gwalia 10.29 p.m., and Leonora 1035 p.m. Thus in
round figures the journey to Leonora may be acomcplished in
2€¢ hours, and without discomfort.

NIAGARA.

The glory ha: departed from Niagara, which in 1895 was
a flourishing town. In the old days it was a coaching town
and a busy centre. Now Kookynie has supplanted it, but
there are many gcod shows round Niagara, and at the time
of writing there were outward and visible signs of things tak-
" ing a turn for tle better,

Niagara is a “mud” town, nearly every building in the
place being conctructed of sun-dried mud bricks. In adobie
buiiding the clay is sunk in mould frames and allowed to set-
tle and dry; in mud brick building each particular brick is
fermed and dried and then laid. These bricks are about fcur
times the size of ordinary bricks and. the buildings are very
cool and present a solid appearance.

The population of Niagara is small--about 75.

There are four hotels, two stores, a butcher, and baker.
The town possessecs a post, telegraph, and money-order office,

The watcer supply is obtained from the Government reser-
voir; and the pan sanitary system is in use.

There are about 50 prospecting “shows” within a radius
of two miles, and on the Eagle Hawk a 10-head battery is
being erected. About a mile outside the town is a State
battery and cyvinide plant (10-head), which was started on
public crushings iu November, 1900.

Of the leases, the Opal, Pearl, Heather, and Pine Lodge
hava been sold to companies, the first being owned by the
Hannan's Main Reef Company. They were all practically
abandoned shows until the advent of the State battery.

6

The deepest shaft on the leases round Niagara is 180ft,—
water ievel—ana the ore bodies vary in size. The quartz is
friable in character and easy to crush. In all 7,000 tons have
been crushed at the State battery for a yield of 9,0000z.

There is in the town a Mechanies' Institute, in which
is a library; and the attendance at the local school is increas-
ing every month.

KOOKYNIE.

Kookynie, 493 mi.es from Perth, and 1,497ft. above sea
jevel, is the town next Niagara.

The town, which has an area of two and a-quarter square
milcs, was incorporated on May 22, 1902; and is governed by
nine Councillors, exclusive of the Muyor. Half-a-mile (of the
21 miles of streets, within its boundaries) has been formed at
a cost of £23 per chaiu.

The total number of buildings within the municipality
is 400, and th. pepulation 2,320, made up of 1,693 male-, Jdl
females, and 296 children. The municipal rate is ls. 3d. in
the £. The sanitary system employed is that of sealed pans.

There are scven hoteis and a workmen’s club, five general
stores, thre: drapers, and four confectioners and greengrocers,
ete., vesides staticners, tobacconists, and so on. There are a
State school, hcspital, and post, telegraph, and money-order
offices. The water supply is derived from wells, and mains
are being laid down for service in case of fire and for street
watering. The water is fresh and of good quality, and the
towr has an excellent swimming bath, which is a great boon
in the summer months,

An electric light installation to comprise, 7 arc lamps
for street lighting, supplemented by 15 kerosene lights, is at
present being established.

The maximum shade temperature recorded last summer
was 112 deg. Fuht , and the minimum, in winter, 46 Faht.

The town supports two newspapers, one published once
and the other twice a week.

Fruit an:l vegetables of all descriptions are plentiful.
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McADAM'S NATIONAL HOTEL, KOUKYNIE,




Banks also have branches in the town, and some very
handsome brick buildings adorn the streets; which are very
leve!, as the town i. in flat country.

fore anvhody guessed that, within a year and a-half, the towt
would become what it now is. The rooms in both hotei:s are
largs and comfortcble, and they are lighted by electricity-

THE KOOKYNIE HOTEL.

In contrast to each other may be cited Campbell’s
Kockynie Hote! (the first hotel in Kookynie)and Mo Ndhan's
Naticnal Hotel, of which buildings illustrations are here
siven. Although the front of the Kookynie Hotel is not ~o
imposing as that of the National, numerous additions in brick
have been made in the back, but as a landmark of the early

days the front remains almost indentical with what it was be-

Bathrcoms are on the premises, and the traveller will find in
fesard to wenu and appointments much to marvel at, con-
cidering the brief period in which all these things have heen
accomplished.

Last, but not least, the town has an excellent recreation
srovnd and racecourse, and on the latter the Kookynie Turf

Clnb hold three meetings annually.




THE COSMOPOLITAN GOLD MINE.

On the town boundary is the Cosmopolitan Gold Mine,
which practically brought Kookynie into existence. The mine
1s owned by the Cosmopolitan Proprietary, Ltd,

The following is the output of the mine:—

Tons Ozs. Value
1898 208 187 £698
1899 . 9,901 9,067 35,363
Igco 15,430 14,246 54,992
1901 15,288 22,719 81,740

1go2 37,171 50,222 181,991

The f llowing are the monthly returns during the present year; —

1903 Tons Value Value per ton
January 6,028 L14,244 £2 7 3
February ... 6,031 15.600 211 8
March 6,957 18,403 212 10
April 7,126 18.708 212 6
May 7,459 19,523 213 1
June 7,607 19,104 210 2
July 7,734 19.872 201 g4
August 7,803 20,333 212 01

September ., 7,678 1y.832 I8

The depth of the main inclined shaft on September 30,
190.2, was 1,135ft.

The general managers are Messrs. Bewick, Moreing and
Ce., the local superintendent bein,, 8r. W. H. Shipman.

MALCOLM,

By the time this book is in type the railway line will,
in all probability, have been completed to Mount Morgans,
north-east of Malcolm, whence it will, at a later date, be ex-
tended to Laverton. At the time of writing, Malcolm is the
terminus, but a branch line runs westward to Leonora.

Malcolm is an old town—so far as goldfields towns go—
having been incorporated in October, 1900. It is 521 miles
from Perth, at an altitude of 1,360ft. above sea level. The
arca of the municipality is one square mile, and its destinies
are controlled by a Mayor and six Councillors.

The town is scattered in appearance and lacks compact-
ness, there being many unsightly gaps along the building-line
of itc streets, There are seven miles of streets, of which 36 '
chains have been formed and four miles cleared. Sixteen
kerosene lamps serve to light these streets by night.

Within the town boundaries are 210 buildings, and the
population is 450, of whom 255 are males, 120 females, and 75
children.

The increase in the proportion of females to males in the
older towns will be apparent and is in the natural order of
things, as places become more settled and their permanency
more assured. A municipal rate of 1s. 4d in the £ is
levied; and the sealed pan sanitary system is employed,

There are five hotels in the town, as well as a brewery,
and an equal unmber of stores. There are postal, telegraphic,
and money-order offices ; and a State hospital.

The rainfall per annum averages eight inches; and the
watcr supply for the town is derived from five good wells, all
equipped with wirdmills. The maximum shade temperature
last. summer was 120 deg. Fahr., and the minimum (winter) 34
deg. Fahr.

Vegetables are supplied from three local gardens, the
supply being supplemcnted from Perth, which provides fruit
also, Fresh milk is obtainable from a dairy in the town.

A local court is held monthly, and a warden’s court fort-
nightly.

The Richmond Gem Gold Mine, which has passed through
many vicissitudes, is working, and is just outside the town.

Twelve miles east is Webster's Find Gold Mine, owned
by the Perseverance G.M. Ltd., and both of them are paying
well.

The “Pig Well” leases are about 12 miles north of Malcolm,
and these have beer coming well to the front of late.

There is an hotel there at the parent lease, “The Flying
Pig,” which rejoices in the name of “The Wattle Bark Hotel”;
and within a radius of a mile about 60 men are working, The
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chief show is “The Harriston,” named after its finder Harris,
a drover for a Malcoim butcher. A recent crushing of 232 tons
avereged 4oz, per ton.

MERTONDALE,

Where is situated the erstwhile famous Merton’s Reward
Mine, is eight miles further north.

at Mertondale there are three lotels and four stores,
and at present it appears to be simply a question of the sur-
vival of the fittess. Mining matters are very quiet.

There is a cleared track to Mertondale via the Pig Well,
and the journey may be accomplished either by horse and
buggy. bicycle, or on foot. Of course, there are many
other leases working in the district, as will be seen by the
map, but the limited space at our disposal allows only refer-
ence being made to those, which are at the moment attract-
ing attention.

Harking bazk to the railway, the next place is

GWALIA.

534 miles from Perth, where is situated the famous
Sons of Gwalia Mine—and an unique experiment in social
legislation, the Gwalia State Hotel, of which an illustration is
given. This hotel was erected by the Government, from plans
prepared by Mr. W. E, Robertson, architect, at a cost of
£4,800, and its furnishings and stock cost another £1,200. It
was built mainly for the benefit of the men working on the
Sons of Gwalia Gold Mine, on the boundary of which it is
situated. The hotel is comfortably equipped, and contains on
the ground flocv a bar-room, a bar parlor and billiard-room (all
fitted with fireplaces), a smoking room, dining-room, kitchen,
and offices, with stabling, etc., at the back. The hotel is of
of brick, and is two-storeyed, with a wide balcony on the north-
ern and western ends, Upstairs there are a drawing-room, and
three single and three double bedrooms, all roomy and fur-
nished with a duc regard to comfort. The menu is excellent,
and includes fresh meat, fresh fish, fresh milk, vegetables, and
fruit.  All liquors are of the best quality. Spirits are a shil-
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ling a glass, beer and “shandygaff” 6d. per glass. The hotel
closes at 11 p.m. to the minute, no credit is given, and the
moment it is deemed that a man has had enough to drink,
more liquor is refused him. Of course, the bar is never open:
on Sunday. The hotel is controlled by a manager, who is paid
a fixed salary, and has no interest or share in the profits what-
ever. With the exception that, in the Peoples’ Refreshment
Houses Association’s Hotels in England, where the manager
i« allowed, in additicn to his salary--a profit on non-intoxicants,
the State Hotel at Gwalia is run on gimilar lines.

That it is a complete success was proved by the writer of
this brochure, who “interviewed” 30 or 40 miners on pay-night
and they were all unanimous that it was the best institution
they knew. They were prevented drinking to excess, got
good liquor, and thus saved money, because when there was no
hotl there, they went to “shanties,” got bad liquor, and more
often than not were robbed when they lay stupefied through
drink.

The Gwalia Mine pays once a month, and as some men,
on the contract system, earn as much as £1 a shift, it can
easily be estimated what this means—smetimes £26 for onc
“pay.”

In conclusion, it is satisfactory to know that the State
Hotel, which was only opened on June 3, 1903, is a paying
cencern, and the profits are increasing. ’

THE SONS OF GWALIA, LIMITED.

The ._ons of Gwalia Mine, which is just over two miles
distant from the township of Leonora, was discovered and peg-
ged out by some Welsh prospectors in July, 1896, work being
commenced on the leases in the September following.

The London and Westralian Exploration Company first
obtuined the property from the prospectors, and it was subse-
quertly floated in London into the present company, with a
nominal capital of £350,000, in £1 shares, 318,000 of which
ha.e been issued, fully paid up, to date.

The present company now hold in all 29 leases, covering
0683 acres,
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The mine is well equipped with all the latest machinery,
including a Fraser and Chalmers’ 50-stamp mill (with divided
plates to allow the tables being scraped and cleaned up when-
ever necessary withont the stoppage of a single stamp, A
cyanide plant, capable of treating over 5.000 tons of sands
monthly; grinding pans, agitators and filter presses for the
trentment of concertrates, and a nest of Spitzkastins for set-
tling of slimes.

The mill crushes on an average close upon 8,000 tons of -

MINE,

Roy Millar, Photo.

GWALILA.

ore per month, giving a stamp duty of 5.32 tons per 24 hour-.
From 4,000 to 5,00 tons of sands are cyanided monthly, and
about about 100 tons of concentrates treated.

Since crushing was started in May, 1897, there have been
put through the mill 362,623 tons, which have yielded in all
276,972 ounces of bullion, being an average extraction per ton
to date of 15dwts. 7 grs., and giving a total value of £1,042,4°3
9s. 3d,

Tihe Gwalia lode consists of a schistose formation, oxi-




dised for the first few levels, and gaining very dightly in
<ulphides as depth is attained.

The main shaft is down 1,555 feet on the incline, and 12
ievels in all have been opened up, ore for the mill being ob-
tained at the present time from eight of these levels.

The prospect: of this property are, perhaps, better at
date of writing thau in any previous period of the mine's his-
fory.  Uuder the superintendence of Mr. W. J Loring, the
mine has made rapid strides, both in development aud economy

of working, and it i< now jn the fortunate position of makinga
net. profit of over £10,000 per month,

Two dividends of two shillings each per share have been
paid to date, one in 1901, and the other in June, 1903, and at
the last general meeting of shareholders in London, the Chair-
man of directors (Mr. Cyril Wranklyn) forecasted future divi-
dends of two shillings each per share being payable
every four months. We are given to understand that the
present position cf the mine fully bears out his prognostica-
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tions. The mine ha~ as genera. i.iagers the wel' Laown firm
of Bewics, Moreing and Co., their local superintendent being
Mr. W. J. Loring,

LEONORA.

Leoncra is 536 miles from Perth, and is a compact town,
witt  many brich  buildings.  The population is 400,
aned the town is connected with the Gwalia by a steam tram-
way as well as by railway. A fine public hospital is situated
between the town and the Gwalia. There is a local rifle club,
and an excellent fire brigade, to aid whose efforts the town
has besn reticnlated from a large reservoir, constructed on a
natural eminence.  The town possesses a racecourse and
recreation reserve. both within easy ace:ss of the town. It
also maintains a newspaper.

The largest building in Leonora is Thompson’s Hotel, a
fine :iwo-storeyed brick structure, which contains nineteen
rooms, exclusive cf the bathroom, two parlors and the bar.
The proprietor claim~ to have the finest stabling outside Per(h.

The Tower Hill Mine, which belongs to the Octagon
Explorers’ Litd., is one mile scuth-west of the town, and ccver.
an area of 9G acres  There are eight shafts on the property,
and al! but one ar: down to water level (70ft.). Independent
of surface work, about 3,000ft. of crosscutting and driving hava
been done. It is a low-grade proposition, with large bodies
of ore. One reef is 120ft. wide. A parcel of 1,000 tons was
going through the Government battery in August, estimated
to yield 6 dwts. 5grs. per ton at the mill, with 5dwts. 5grs. per
ton in the tailings. The gold is worth £4 per ounce.

About four miles north-east of Leonora are the Ironstonc
leases, owned by a Westralian syndicate. The deepest shaft
15 170ft. ; and the reef averages about 5ft, in width. 1,400
ton, were crushed. und yielded 1,5000z. of gold. The owners
are now about tu crect a 10-head battery.

From Leonora travellers proceed by road to Lawlers,
about 87 miles north in the East. Murchison Goldfield.
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YUNDAMINDERA.

Having particularised these towns on the railway line, it
may be as well to proceed to Yundamindera (originally known
as “The Granites”), which lies north-east from Kookynie, about
38 nifle:, in the Yerilla district of the North Coolgardie Gold-
field, and which is reached by coach. Wh-n the railway is finished
the route will be via Anaconda. At present the coach rumns
from Malcolm via Anaconda to Murrin Murrin, and thence to
Mount Morgans and Laverton. A connecting coach runs twice
a week from Yundamindera to Murrin Murrin to pick up the
main line coach. The fare is 30s. to Malcolm, and 15s. to
Murrin.

This place and its surroundings were, for a time, kept
back owing to the lack of crushing ficilities, but a Huntingdon
mill j3 now being erected by the: Government, with the result.
that several abandoned “shows” have been again taken up and
are wérking, Th> town is controlled by a progress committee
nuntering seven, and a health board, also composed of seven
memnbers. The double pan sanitary system is in use.

The town is fcrtunate in that the streets need no forming,
beiny ironstone, but a rate of ls. in the £ is levied by the
North Coolgardie Roads Board, while a health rate of 6d. in
the £ is also collected.

There are 1liree hotels in the toiwn. “The Granites,” be-
longing to Mr. C. E. Williams, is a wood and iron building,
contzining 15 rooms. A feature of the hotel is a cool room
for use in summer  This has a trellis-work front, and hessian
(a kind of coarse canvas) five inches from the corrugated iron
to aliow a draugh! to circulate. This s furnished with cane
lounges, and is a great boon in the heat of ‘summer.

Another hatel is worthy of mention, “The Bulletin,” of
which Mr. C. B, Webb is proprietor. “The Bulletin” Hotel
takes its nam-~ froru “The Bulletin” newspaper, to which its
proprietor is a constant contributor. The picture of the
hrildinz (here repreduced) shows what may be termed a typical
goldfeld’s hotel of the early type—in between the hessian
and brick age, so to speak.
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THE GRANITES HOTEL, YUNDAMINDERA.

There are two general stores in the town, two draper’s
shops, a baker, u butcher, and a hairdresser.

The Australia~ Workers’ Association have a hall here,
in which dances take place, while it is used as a half-time
gchool and as a church, occasionally, when a clergymun visits
the town. The town does not possess either a doctor or chem-
ist. There are post, telegraph, and money-order offices, A
tender has been let for the erection of a lock-up, but at
présent prisoners are chained to a tree, like wild beasts, their
only cheller being that of a tent.

Vegetables are supplied by travelling hawkers, but there
is no lack of good food, as the following meal, partaken of in
one of the hotels will testify:-—Vegetable soup, roast beef.
potatoes and cabbage, rhubarb pie with fresh cream, cheese.
etec. The water supply is derived from a Government well
and from soaks.

Au cpportunity occurs right here, as the Americans
would say, to desecribe a typical goldfield’s town store, and this
will very well stand for all of them. At the same time it will
give thosc unfamibar with colonial life, an idea of the vicissi-
tudes a mon has o undergo. S. J. Ottery started originally
at Yeritla, but the place went down, so he packed up his
cocds and chattels and went to Pendinuie So-k, and, later.
moved on to what was then the scene of a new “rush’—*The
Graiiles.” Fortuuwtely, as tie place progressed, he keps
pace with it, The way the goldficld’s storekeeper runs his
busincss is not to sit down and wait for chance trade. One
“round” in a cart ic 30 miles. Goods are taken out and crler:
for the following week obtained, and so on. An idea of the
varied and comphrensive character of the articles kept i
stock by a goldfield’s storeleeper may he gathered by the fol-
lowing list jotted dewn casually after glancing round the in-
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terior o1 Ottery’s:—Butfer, tinncd meats, milk and
vegetables, ebain | linoleum, straw mutting, nails, tin trunks,
flock pillows, canvas water bags, en;:unello(l iron, fellmongery,
tinware, goneral irovmongery, mining tools, explosives, leather
beits, dungaree and tweed clothing. boots, kerosene, corru-
gated gulvanised irci, timber for building purposes, padlocks
This

and penknives, and huaven ouly knows what besides.

HOTEL, YUNDAMINDERA.

ought, however, to serve as a guide to anyone wishing to go
storekeeping on the goldfields. It is apropos in this connec-
tion to give the prices current of food-stuffs in the town:—
Potatoes are 24d. per lb.; butter, 1s, 10d. per lb.; meat
(tinned) 11d. por tin; flour, per 501b. bag, 12s.; jam (21b. tins),

Is. 1d, ; tea, from ls 6d. to 2s. 6d. per lb.
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PENDINNIE STATION.

As menticn<d in the prefatory remarks, good pastoral
couniry exists on the Nerth Coolgardie and Mount. Margaret
Goldfields, and the fcllowing account of Pendinnie Station,
%% niles south of Yurdamindera, and 42 miles east of Kcokynie,
should be interesting,

About five miles out from Yundamindera a halt was
made at the Pendinnie Soak Hotel, a wayside house con-
structed of sun-dried bricks, and the front of which was
covered with creepers. which made the otherwise ugly building
look quite attractive Hard by, is a garden, where the fol-
lowing vegetables are grown, and it may ba as well to give the
retail prices at the same time: —Lettuce, 4d. and 6d. a head ;
cabbage, 4d. per lb.; silver heet, 5d. per bunch; turnips, 4d.
rer bunch; and radiskes, onions, and parsnips, all 4d. per
hunch. Some fine watcr melons are also grown.

Refreshments having heen partaken of, a fresh start

wis made, and Perdinnie Statien was reached shortly aftcr-
wards,

The station, which is held by Milbank and Co., under 89
years' pastoral leace from the Government, comprises 458,000
acres  Sheep, cattie, and horses are running, and the accom-
pany'ng illustration will give a good idea of the fattening
qualities of the herbuge, which consists of calt and cotton
bush, kangaroo, mulga, and spear grasses. The country is
thickly timbered with stunted mulga, cork, and salmon gum
trecs,  There is, likewise, plenty of milk bush and wild ger-
anium, both of wkich are good for fodder. The soil is sandy
loam, in granite country, bisected by low ridees.  The land is
nundulating.

To illustrate hcw luxuriantly kangaroo grass grows in the
creeks, “The Bungalow,” as Mr. Milbank’s house is called, is
thatched with gras. that grew Gft. and 7ft. high. Water for
the homestead is ob‘ained from a wall  36ft. deep: it is of
excellent quality, almost equal to rain water. There is a bore
hole 46ft. deep on the centre of the run, about six miles from
the homestead, an:! another i< to be put down at “Marloo.”
the ovt-station.
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A nice garden has been laid out near “The Bungalow,”
and liere were growing in profusion lettuce, beetroot, cabbage,
onions, swede turnips, and melons.

A large number of pear, peach, apricot, apple, lemon, and
crange trees have been planted and are flourishing. Cape
gooscberries grow almost. wild, while a young grape vine is
alrcady over 8ft, high, all of which testifies to the prolific
nature of the soil  The grass is best when the summer rains
come on, but there i< plenty of herbage throughout the winter.

Wild turkey, emu, kangaroo, and wallaby abound, so
there is no lack of sport for spare hours.

“The Bungalow” itself is a picture, covered with wild
native flora, with mignonette and other flowers blooming hard
by. The thatched roof keeps the house very cool, and on the
hottest day in summer it is never more than 65 deg. Faht.
inside.  Pepper trees aid in lending their graceful shade,
Truly, a pleasant picture!. :

In due time the party returned to Yundamindera, and
then d ove to Mt Morgans via Redcastle, where there is a

uyside hotel. Redcastle lies about 11 miles north-west of
Yundamindera. Changing our course again, we. bore north-
north-cast for Mt. Morgans, which was reached in due course.

Betwean each of the places visited by road, a day’s
journey may be reckoned, unless otherwise specified.

MT. MORGANS.

Mt. Morgars, which has a population of 1,250, is 563 miles
from Perth, and 1,578ft. above sea level. It was incorporated
m September, 1900, and has an area of about 1,112 acres.

There are abcut 500 buildings within the municipality ;
and the streets, which cost from £€3 10s. to £15 per chain to
form, are lighted by electricity.

The town is built on an ideal site, which gently slopes
on three sides, while the hill, on which are situatcd the mines,
forms a striking background on the east.

There are «ix Councillors and tl:e Maycr to look after the
welfara of the citizens. The sanitars svilem is the duplicate
sealed pan, and the rates are 1s. 3d. jn the £
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There are six hotels, four general stores, two chemists,
tobacconists, stationers, hairdressers, butchers and bakers’
saops, Most of the buildings are of brick. The A.W.A. have
wiso a large hall, anrd there is a Workmen’s Club. A Govern-
ment hospital stands on a rise to the west of the town, and is
one of the firest cn the field.

The town alsy possesses a brewery and an iceworks and
cool-storage house, which are necessary, seeing that last sumn-
mer the thermometer recorded 122deg. Faht. in the Council
Chamkber, which i<, however, a galvanised iron building.

There is a ve_gcta.ble garden not far from the town, and

MOUNT MORGANS. Roy Millar, Photo.

the prices are only slightly in excess of those charged in Yun-
dgamindera. Fruit comes from Perth, and is dear, ormanges
costing 3s. per dozen, The water supply. which is derived
from wells, is sdightly brackish, but of fair drinkable character.

Mt. Morgans is the seat of government, so to speak, for
here the warden resides, whence he pays periodical trips to
Malcolm, Laverton, Leonora, etc. The town possesses a news-
paper; ang, as was remarked earlier, will probably be con-
nected by railway ere this book is in type. The current price
of fresh meat i~ from 1s, 1d. to 1s. 3d. per Ib.




THE WESTRALIA MT MORGANS' GOLD MINE.

The mine, which was responsible for the existence of the
town of Mt. Morgans, is a property owned by the Westralia
Mt. Morgans’ Gold Mines Go., Ltd., and upon this mine the
town at the preseat principally depends.

It was takeu up by the prospectors about 1896, and was
later sold to a limited liability company, which was formed
in Ferth in 189/, by Mr, A. E. Morgans, M.L.A., after whom the
mine and town were named. In 1899 the head office of the
company was transferred to London.

The plant at first was a small one, and comprised two Tre-
main mills, which commenced opcrations in 1898, and treated
>,000 tons of ore, which yielded approximateiy doz. to the
ton.

The ‘Tremain mills were superseded by a 20-head stamper
battery in July, 1899, but, as development work went on, large
bodies of ore wer> opened up, and it was found necessary to
ncrease the plant and a 60-head mill with King engine,
sclf-feeders, rock crushers, and ore bins were erected in 1902.
Thirty heads of the new mill have a falling weight of 1,2501b.
per stamp, and th other 30 have a falling weight of 1,5001b,
per head.

An air compressor (Corlis type) has been erected, which
is capable of operating 25 large size rcck drills.

The mine is cquipped with electricity, and two dynamos
eact of 120 lL.p. have been installed, These supply current
jor lighting the mine and tuwn. Currcnt is also derived
irc.n these dynamos for operating motors in the carpenters’
wnd fitters’ shops and cyanide and slimes plants.

Power for driving the plant is supplied by five 125 h.p.
I'raser and Chalmers’ multitubular boilers, and four 106 h.p.
Babcock and Wilcox multitubular boilers.

“At the No. 1 level the lode averaged 15ft. in width, and
its value is over 30dwts. per ton.

At the No. 2 level the lode has been proved for a length
of over 700ft., and averages over 20ft. in width and over loz.
~er ton in value,
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At the No. 3 level, neither the full length nor the full
width of the lode kas been proved.  North and south of the
‘uain crosscut at this level the lode has been opened out to an
uverage }ri(lt-h of 50ft. (in places 90ft.), for u length of 750ft,,
dig carries good grade milling ore. .

At“t.he No. l.erel the main lode was recently intersected
for 2 Wl(.]t]l of 4(flt., and it carries good milling ore at the
point. of intersection. Driving on the lode was proceeding at

{he date of publication. 5,000 tons of ore have been stoped
from this level_

. The nominal capital of the. company is £125,0600 in 500,000
-nares of 3s. each, of which 480,000 have been issued, and,t.he
f’ollowing details ar+ interesting and instructive, more particu-
:arly. as it will be observed that the £15,000 in excess of the
ngmmal capital has been returned in dividends, besides which
ait the working expenses and equipment have been paid ont of
the earnings of the mine.

Tota! tonnage treated to August 12, 1903 156,567
Total yield to date 174 ,74loz.
Total value of same £GZ;9 347
Average per ton loz. 2’dw, 8g.

Pretcentl working cost per ton, including extrac-
tion, milling, cyaniding, and filter pressing 24,

Dividends pail as shewn below : —

L s d
To December, 1900 31,902 8 0
To December, 1901 ... 44,350 16 0
To December, 1902 ... 64350 0 O

£140603 4 0

. ‘b‘c.sides the Westralia, the are the Guest’s Mine, the
Millionaire, Lily «f the Valley, and Fire King, all adjoining.

On the north of the Westralia is the Mt. Morgans Con-
suls (ewned privately), a 24-acre lease, on which there are three
shafts,  Two are down 135ft., and the other has been sunk
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110ft. In the last there are two reefs at the 50ft. level, one
about 18ft, wide, and the other about 30ft. At the 110ft.
ievel the first reef is small, but there is another 40ft. wide,
and the values in the latter are 15dwts. for about 15ft., while
rhe halance is estimated to go 8dwts, A tunnel has been put
in on the enstern side of the hill, and there is stone valued at
toz. per ton in this, the reef being about 5ft. wide.

About one mils east, on the flat, some other leases are
heing worked, amoung them the Transvaal; belonging to Walter
Hamblin, and this has been giving a good return for two or
three years past. A five-head battery and cyanide plant is
also owned by Hamblin, and here pareels are crushed for the
public. V

LAVERTON.

Proceceding 24 miles in a north-easterly direction we
reach Laverton, and this town will also shortly be con-
nected with the metropolis by the railway, but at present is
reached by coach, which runs daily. Tt is named after Dr. C.
W. Laver (brother of Frank Laver, the well-known cricketer),
who was largels identified with its early progress.

Tt is, approxamitely, 590 miles from Perth, and has 300
inhabitants, of whom 80 are females, and 25 children, Tts
focal governnient consists of a progress committee. Laverton
possesses four hotels, and six stores, a butcher, baker, and two
breweries. There are post and telegraph and money-order
offices, and a Government hospital. The sanitary system is
that of the sealed pan: and the water supply is derived from
wells, ‘

The maximum shade temperature recordcd last summer
was 112 deg. Faht., and the minimum 32 deg. Faht, so that
the extreme from frost to great heat is apparent. However,
owing to these towns being so far inland and at such an alti-
tude, a temperature of 85 deg. on the coast is much more
enervating and extausting than 112 deg. on the goldfields.

The rainfall per annum averages 12 inches,
Laverton possesses a weekly newspaper. There is an ex-

ceellent recreation ground and a racecourse.

o
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Vegetable gardens are within a short distance of the
town. The Government battery is a great boon to the pros-
pectors of the district.

The current prices for “tucker” are:-—Tinned meat, Is.
per tin; flour (50lb. bay), 11s. 6d,; potatoes and onions, 3d.
per lb.; sugar, 43d. per lb.; jam, 1s. 2d. per 2Ib, tin: tea, 1s.
9d. to 2s 9d per 1h.

THE LANCEFIELD,

The Lanccfield Gold Mine, which is the property of the
Lancefield Gold Mining Co., Ltd., well deserves a full account
of 1ts progress, as it is essentially locally-owned, and has been
developed purely out of its own earnings.

It lies five miles west of Laverton, by a cut track, and
comprises 87 acres, and was first discovered by a prospector
named Lemon, hailing from Lancefield, Victoria—hence the
name of the mine. It wasx bought by a syndicate, which in-
cluded the discoverer. They leased the battery from the old
Quartz Hill Reward Mine (now known as the Euro) at £12 per
week, with the option of purchase at the end of 12 months,
which option they exercised and purchased ont of the proceeds
from the mine. Drogress continued to be satisfactory, and
in September, 1900, the syndicate was transformed into a
limited liability company, with a capital of £25,000 in £1
chares fully paid. Out of these shares 3,400 have not been
1ssued,

The deepest shaft is a vertical one 220ft. ; while the main
anderlay shaft is down 200ft. on the incline. There is a most
cemplel. plant, and it must be remembered that all of this hag
been paid for out of earnings.

This plant ccmprises a 20-head stamper battery (fitted
with rock breakers and self-feeders) and a cyanide plant of
1,600 tons capacity. Water, which is drinkable and is used in
the boilers, was originally struck at 30ft., and they are now
pumping at 200ft. by a Cornish lift pump, with a capacity of
5,000 gallons an hour, and this pump lifts from the incline
:haft and diseharges from the vertical, In order to avoid
+hifting the pump from its original position, a connecting
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beam frcm the mouth of the incline to the mouth of the
vertical was put in, and this measures the exceptional
length of 3U0ft.

A new cvamide plant with a capacity of 2,000 tons a
month i< being erected: and two 50-cake 3in. Dehnes' filter
presses are heing pu in.

Stesm power is derived from two Cornish and one multi-
tubular boiler and there is an air compressor. Everything
ts done on the minc, there being a fitting shop with lathes,
cte.

The buildings are constructed of sun-dried bricks and
comprise : — Manager's house, offices, assay and retort houses,
store room, and blacksmith’ shop. All these are neatly
finished, and are plastered inside and out.

The Lanceficld is a low-grade proposition and is an
ohject lesson in what can be accomplished by careful manage-
ment,  The ore averaged about 18ft. wide for a distance of
1.000ft. in the.No 1 level; and in No. 2 level averaged about
15ft. for 300ft.; a No. 3 level it is 26ft. wide, and assays
i04dwt. per ton (fine gold) It is a blue mineralised, free-
milling quartz.

The erushings since the syndicate first tovk the mine
over are as under;-—

oz. dwt.
By battery, 65,409 tons for 13,793 14
»» cvanide, 39,982 ,, 16,795 15
30,589 9

Leaving 28,427 tons of <limes on hand, which will average
about Gdwt. to the ton.

~About £70,000 has been disbursed in wages since the
company took th2 mine in September, 1900, £19.000 having
been cxpended on the plant and development work. £12,240
bas been disbursed in dividends sine the same date.

A new brick on stone extraction house was poing up at
the time of the writer's visit. The history of this mine is
particularly interesting, when it is known that the company
cznsists, with hardly an exception, of the original sharcholders,
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the majority of whom live there, and work on the mine.

Adjoining the mine are gardens, and one of these, a home-
stead area of 50 acres, deserves more tlan passing notice.

It was originally taken up by one of the proprietors of
the Laucefield, Mr. Cameron, who afterwards disposed of it
to Mr. John M‘Farlane. That the soil is productive, may well
be judged, when it is stated {hat pumpkins, melons, vegetable.
marzows, Turk’s head, potatoes, and cabbagt grow to magni-
ficert proportions. Rock melons have been grown up to 60lb.
in weight. The prices obtained are :—For melons (wholesale),
14d. per 1h., retsiled at 3d. per Ib.; potatoes, 4d. per Ib.
Letfuce, bectoor:, und Cape gooseberries flourish, and a
specialty has been made of vine growing, hesides planting
oranges, lemon, apple, peach, apricot, loquat, plum, and fig
trees, all of which thrive. The owner expcets to have about.
two tons of grpes for the current season, and these will easily
fetch 1s. per Ib., so that the vencure promises to be profit-
able.

The whole area iy irrigated by water obtained from the
Lancefield mine, and this is run along channels.

THE CRAIGGIEMORE.

The Craiggiemore ix another important mine, and lies
about the same distance from Laverton as the Lancefield, oniy
in the opposite divection. It was discovered in 1896 by Dun-
can Rose, Alex. Fraser, and Ales. M‘Plnil. Dr. Laver later
en became interested in the property and floated it in Eng-
land  The area of the mine is 100 acrcs. The plant is com-
plete and up-to-dat-: and includes battery, cyanide plant, etc.
The ore bodies are large, but of low-gradc.

THE IDA H.

éeven miles ou! of Laverton, on the track to Burtville.
is the Ida H. Mine, which is turning out well. The name ix
one to arcuse curiosity, und, as apparently it has has not been
recorded before, It may be interesting to know that the mine
was christened after the daughter of the prospector, “Dick”
Heaphy—hence Ida H.

The nominal capital of the ccmpany is £60,000, in Grigin.-
aily 60,000 shares of £1 each, now cut- up into 5s. shares,
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making 240,000 shares of 5s. each, 6,000 £1 shares, or now
24,000 5s. shares being held in reserve, leaving 54,000 £1
shares fully subscribed,

This company acquired the property from the prospectors
about November, 1900, and, after a considerable amount of
development work had Leen deune, commenced crushing in
November, 1901, and up to September 30, 1903, had crushed
21,874 tone of ore, yielding 24,7810z, being an average of lez.
2dwt. 15gr, per ton; gold valued at £96,720, and have paid
in dGividends cqual to 50 per cent. in 1902, and 30 per cent.
up to September ¢f the present year, making 80 per ccnt. up
19 date,

The reef, which averages about 2ft. wide, has becn fol-
lowed on the 100ft. level a di~tance of 1,300ft., and at the
200it. level a distance of 1,090ft,, the ore raised and crushed
Leing mainly taken from these two levels.

At the 300ft. levei the reef has been driver on north and
vouth a distance of 270ft., and at the 400fi., the deepest
ievel, 100ft.

The main shaft has been sunk a depth of 420ft,, at which
depth u plentiful supply of salt watcr for battery purposes is
obtained.

The mine is equipped with a 10-head mill and cyanide
rlaut, and is now averaging about 1,150 tons per month.

BURTVILLE.

Burtville is about 19 miles from Laverton, to the south-
cast, and is 628 miles from Perth. It is a very new town,
with a population of about 400 for the tewn and district, of
which tota! 30 are females, and 16 children. There is a pro-
oress committee of seven; and a health rate of Gd. in the £
1 levied,

There are two hotels, and three stores.  The water sup
ply is derived from a Government well; and the sealed pan
sanitary system is used. 7The postal duties are discharged by a
civihan, who is paid about £40 per annum by the Government,
The conditions of life are uot too hard now, fresh lettuce and
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cow's milk being obtainable. Burtville possesses a half-time
school, There is « 10-head State battery and also a five-head
battery—the Burtville Ore Reduotion Works, while the Sons
of Westralia Mine also crushes for the public.

The Sons ¢f Westralia was the first lease taken up, in
September, 1899. It is situated four miles south of Burtville,
and is owned by Mr. Maurice Brown. There is a 10-head
(8501h.) stamp battery, which was erected in February, 1902,
and a cyanide plant was put up about the same time. There
are two main shafts on the property, the deepest being 120ft,
Water is reached at 100ft. The water is brackish, but there
13 not enough mineral in it to injure the boilers Part of
the equipment includes a condenser, with a capacity of 4000
gallons in 24 hours.

The preperty comprises two 24-acre lease blocks—The
Sons of Westralia, and the Great Westralia. The battery is
en the Sons of Westralia, and so is the main shaft.  The reef
is about 2ft, wide, and the character of the stone is free-mill-
ing quartz.

About £28,000 worth of gold has been won so far, and
the mine paid its way from the start.

On the Great Westralia the reef is 4ft. to 5ft. wide, and
averages about 12dwt. per ton.
The battery crushes for the public at 20s, per ton. within
a radius of two n.iles, and for the furthest part of the fie'd
for 28 —any sized parcel, and cyaniding is done on the basis
of a 44dwt extraction. There are about 50 leases in the dis-
{rict, in the prospecting stage, with average crushings of
about 20z. pcr ton.
The Karndale is about one mile south, and its deepest shaft
is down 110ft. The reef is about 4ft. wide, and the crushings

average 38dwt. wer ton.
The Rock of Ages is about three miles in the same direc-

tion, and its crushings average 2}oz.

The Wanderer lies about one nile north-east; the reef
averages 2ft. in width, and the crushings about 2oz. per ton.
The deepest shaft is down 100ft.




The Tempus lies three-quartcrs of a mile north, and has
& reef about 1ft. wide, which gives crushings averaging ahout
3oz, per ton, and the deepest shaft is 90ft.

The Mikado, with a reef about 6ft wide, averages about
18dwt. per ton.

The Government battery at Burtville has 10-head of
stamps, 1,000lb. each, and there is a compound cond: n<ing
engine capable of driving 40 head. There are also two Bordan
pans, and steam is generated by two boilers, There are two
setlling pits t) eack five head of stamps, and two settling dams
for water.

The Carib, four miles south-east of the town. and 24
acres in area, hed just been scld to a London company at
the time of our visit. The lode is about 6ft. wide, the reef
ahout sft. Gin. The average was 35dwt. to 20z, per ton, and
the gold is worth £1 1s. 7d. per oz.

Fresh meat is obtainable in Burtville at 1s, 2d. to 1s.
3d. per 1b., while tinned meat is sold at ls. per tin. Potatoes
fetei 3d. to 4d. per lb.; butter (box), 2s, 3d. per 1b.; milk
(condensed), 10d. per tin; flour, 12s. 6d. per 50lb. bag; tea,
Is, 6. to 2s. per Ih.

After leaving Burtville a return was made to Lawverton,
and thence a trip was made to Erlistoun. The return
journey was accomplished via Laverton to Mt. Morgans,
whence a route was followed via Murrin Murrin to Anaconda
(21 miles south-west of Mt. Morgans), and thence west-north
west- 17 miles to Malcolm. As mentioned before, the coaches
run this way, but the railway, which goes the same way will
be completed by the time this brochure is issued from tlg
press.

MURRIN MURRIN

At Murrin Murrin the Malcolm Mines Ltd are doing
development work while public crushing is undcrtaken with
the 50-head battery There is a cyanide plant, and a slimes
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plant is being put in. The main shaft is down GOOft on the
underlay. but the stone, which was good down to 200ft,, has
decreased considerably in value. Prospecting is now going
on in the deeper levels.

A rhort distance away 15 the Malcolm Proprictary Ex-
tended, owned by Wm. Hill. He started originally with two
S-head mills, but ti: mine has opened up so well, that he has
row 4 1C-lead batiery and cyanide plant. The deepest shaft
cu this lease is down 120ft., and the stone averages about loz.
cf free gold per tou,

About four ar s w-half miles further on is the Hard Case,
a lease which is reported to be very rich. This is worked by
a mar named Mitchell, aud his wife. the lady taking a due
share of the work with her husband. There are numerous
other prospecting “shows” about.

ANACONDA.

There 1s a fai amount of rettlement at. Anaconda, and the
care of the town rests with a progress committee of seven.
Na townsite has yet been proclaimed, but 64 residence areas
kave been surveycd. The population is about 350, of whom
31 are females, and 12 children.

There are ubout 36 buildings of all kinds within its suc-
veved limits, and of these, two are hotels and two stores,
‘There arc also a chemist, newsagent, and fruiterer.

Anzaconda has no sanitary system at present.

There is a mail receiver, but no telegraph office,  Tha
wuter supply, which is of fair quality, is obtained from a well,
and costs 2s. Gd. per 100 gallons at the well.

Fresh meat is obtained from u butcher at Murrin, and
averages for beef and mutton 1s, per lb. The townsite lies
in hilly country, on a slope to the west. When the railway
1s epened, Anaconda will become the distributing point for
the Yur demmdera (18 miles east), Pendinnie, and Linden dis-
tricts.




The town relies principally for support on the Murrin
Copper Mines Lid., formerly known a< the Anaconda.  Ex-
perienced miner< aver that the hills for three miles ronml

have surface tmees of copper.

a0
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MURRIN COPPER MINES, LIMITED.

These mines are situate about four miles from Murrin
Munin. and 1G miles fom Malcolm, the Government rail-

way heing within 1 few chains of the main workings,

MURRIN COPPER MINES, LIMITED,




The property consists of 205 acres.
and a-half years the mines have produced about 30,000 tons of
ore, containing copper of a gross value of about £121,000,
which is about half the total quantity of copper produced in
Western Australin. The management is in the hands of Mr.
Earle Huntley, whe. has been in charge of the properties for
over three years

On the principal line of lode a main shaft has been sunk
to a depth of nearly 400ft., and sinking is being continued.
Levels here have been opened down to 300ft. and have re-
vealed a very wida lode, running over 30ft. wide in places.
This lode has also been opened up along the new faces hy
prospecting shafts for a length of about 1,200ft. The mines
were last year prichased by a London cgmpany, when a viges-
ans pclicy of development was substituted, and a medern
smelting plant erected. The process adopted was “Pyritic
cmelting,” as the ore is a dense iron and copper pyrites and
smelts readily with the addition of two per cent of
eoke, The mine is equipped throughout with high-pressure
toilers, compound winding engines, and Cornish prmps, the
mine making about 40,000 gallons of fresh water per day.

The smelting plant counsists of a water jacket furnace
with steel jackets), of a capacity of 150 tons per day, hot blast
stoves, and a very powerful blowing cngine for supplying blast
ro the furnace,

This is, ‘we believe, the first blowing engine used in a
smelting plant in Australia, and is a huge air compres-cr
with cemjpound steam engines, and designed to furnich an

During past three
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enormous volums of air at the pressure necessary for smelt-
ing : --the air cylinders being about 5ft. in diameter. This
machine is found to work admirably. Reverberatories are used
for producing copper—part of the produce is shipped as matte,
and part as copper

The company complains that, although it‘is opening up,
practically. a new industry for Western Australia, yet the rate
on copper on the Government railways has been fixed at £3
17s. per ton, equal to about 1id. per mile per ton, or more
than double the rate of bringing jarrah or local coal up to the
goldfields, this notwithstanding the fact that the copper is all
tack loading,

‘The cost of living in Anaconda is moderate.  Tinned
mneat is 10}d. per tin; flour, 10s. per 50lb. bag; potatoes, 2d.
per lho: jam (2Ih. tins), 1s.: sugar, 31d. per lb.; tea, from 1s.
6d. per ib  There is a garden on the mine, where vegetables
are crown, Cabtage costs 3d. per lb.; while fruit, which
come= from the coast, costs:—Apples, 3s. to 1s. 6d. per doz.,
and oranges, 1s. 6d. per dozen,

LAND SETTLEMENT,

In conclusion, it may be of interest to give some par-
ticulars of the facilities for going on the land in Western
Australia, and, althongh this book may be of interest to those
whose sole idea is t« learn about the goldfields, it is not im-
probable that, by, chance, some may wish to know the terms
en whicl: they (an acquire land whereon to make a home,
+*ile tha head of the honsehold works on the goldfields.

C Zo SN O




Guaide to Land Selection in Westepn Aaustpalia.

LLAND

Free Farms.—Min. area 10, max, 160 acres. £1 deposit: no
other payments. Title earned by following improvements : —
Fence one-fourth within & years, the whole within 7. Within
2 years erect house or do clearing worth £30, or prepare 2
acres of orchard or vineyard. Within 5 years clear and crop
one-eighth of th~ area, or spend 30s. per acre on one-fourth
of it. Within 7 years clear one-fourth or spend 60s, per acre
on it. Personal residence required 6 months in each of first
5§ vears, or double improvements.

Residential, C. P.—Min., area 100, max. 1,000 acres,
Price, 6d per acre per annum for 20 yeurs, payable half-
vearly. Fence one-tenth within 2 years, all within 5. Spend
10s. per acre, less half-cost of exterior fence in 10 years,
Rasidence on other C. P.s within 20 years fulfils residenc~
1equirentent.

Non-residential C.P.—Same min. and max, arca an? rent,
hut double above improvements.

Direct Paynient C.P.—Min. area 100, max, 1,000 acres.
Piyment, 1s. per acre on application, balance in 4 cqual
quarterly instalments Fence whole within 3 years. Within
* effect improvements worth 5s per acre.

TENURES

IN BRIEFR.

Orchard C. P—Min. area5, max. 50 acres. Payments,
“s. per acre on application, balance by 6 equal half-yearly
‘nstalments of 3s per acre. Fence within 3 years, and plant
ong-tenth area as vineyard, orchard, or vegetable garden.

Grazing Lands.—All applications subject to individual
inspcetion and pessible delay.  Min. area 1,000, max, 5,000
acres  Three hundred min. allowmed where adjoining
applicant’s holding. Land valued according to quality, any-
where between 3s. 9d. and 10s. per acre, Payments, one-
sixtieth of face vulue per acre half-yearly. Improvements:
—Fence one-tenth in two years, all in five. Spend face value
of land in improvements in 15 years, less half cost exterior
fenea if latter rabbit-proof. Pay half-cost survey in 10 half
yearly instalmeuts

Repurchas2d Lands,—Max. area 1,000 acres. Payments,
40 hulf-yearly instalments of £3 16s. 5d. for every £100 worth
«f land acquired Fence one-fourth in 2 years, all in &
Clear one-tenth in 5 years. Within 10 years have improve-
ments —including exterior fence—to show equal to face value

¢f land.  Personu: residence a sine qua non.

T~=70)

~{Z

\\




Coach Fares and Freights.

MALCOLM To LAVERTON, ric MOUNT MORGAN AND Er'Ro.

Parcels Fares.
Station. Miles. per Ib. Bicycles. Single. Return.
Leaves Bummer's Creek 12 110 2 640 53 ofo10 o
Malcoln  Murrin Murrin -~ 22 13d o 5§ 0 o1 6 1 35 o
6.30a.m.  Mount Morgans 42 2d o 7 6 110 0 3 0 o
Daily. Hawke Nest 45 2}d o010 0 2 0 0 4 0 o©
(Sunday’s Euro 62 3d o153 o 2 2.6 4 5 o
excepted). Laverton 63 3 o153 o 2 6 4 5 o
LAVERTON TO BURTVILLE,
[Leaves Euro 3 id 0 3 00 35 6
[.averton Childe Harold 14 1d o 7 6 o ¢g o
Tues. and  Edinborough
Fridays Castle 34 2d 015 0 1 3 o
[1.30a.m. Mount Weld 39 ad o17 6 « 6 o
Burtville 50 3d 1 o o 113 6
Leaves Burtville on return, Wednesdays, and Saturdays, at § a.m.
ria lda H.
MarcoLyM TO GRANITES, ria MURRIN.
Leaves
Malcolm  Anaconda 25 1dd o 7 6 03 o 112 o
Wednesdays
and Granites 5o 3d 015 o 110 ¢ 3 0 O
Saturdays.
6.30 a.m, Leaves Granites on return, Mondays and Thursdays.
MALCOLM TO MERTONDALE,
Leaves
Malcolm  Black Chief 6 dd o 2 6 0 4 0c¢c 8 o
Mondays,
Wednesdays, Fast Lyre 12 341 0 3 6 0 3 0 o010 0

and Fridayx.
.30 a.m,

Leaves Mertondale on return, Mondays, Wednesdays, and Fridays.

Me-tondale 20 id o j

LEONORA TO LAWLERS.

Leaves

Leonora Diorite 23 id o 7 6 o12 6 1 5 0
Sundays, Doyle's Well 43 14d o012 6 110 0 3 0 o
Tuesdays, Wildarra 75 24d o015 0 110 0 5 0 o©
and Thurs's. (Poison Creek)

7 a.m, Lawlers 93 3d o17 6 217 6 3515 O

Leaves Lawlers on Sundays, 6 a.m,, Tuesday sand Thursdays, 5 p.m,

O 0I0 0 1 0 O
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1. LYSAGIHTS

Corrugated

Talvanized
[ron. after being more than 40 vears in

LYSAGIIT'S

nse 1s still sound and qood ; that is the
renutation of - ORD” Galvanized Trom.

CONSUMERS will please nntu that every
shoeot  of  LYSAGIHTS = ORB7 s
BRANDIED.

Other branls may be nominally low in
price. bt are not really cheaper to the
COPSUINel.

um‘i\'lllml “ORB ™ (Cor-
l'llg:l!(*(lf‘; and - QUELEN'S HEAD?”
Llain) - GALN A\\I/L]) IRON are
obtainable through all the leading Timber
and Hardware Hnns( s 1 Australasia,

-t TSy ) T L e e
SPECIAL HEAVY LARGE SHEETS FOR TARNKS
VATS, ETvc,
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COOLGARDIE WATER SCHEME.

The lack of au adequate water supply for the Eastern
t:oldfields obtrude:] itself npon the notice of the Government:
in 1804, and th- early part of 1893, because of the more than
ssually scanty ramnfall, and it was felt something must be
Jone. Im 18M a contractor, named Johwn Maher, applied to
the Minister for Mines for a right to take watcr from the
-ributaries of the Avon, at Northam, to erecct reservoirs there
2nd pump the water to Coolgardie, a distance of 290 miles.
The Government promised support, and there the matter
ended for the tine being, but finally preliminary surveys were
made, schemes wer2 submitted by the late C. Y. O’Connor, C.M.G
M.J C.E., Engincer-in-chief, and one which kad the construction
of a reservoir at Mundaring, on the Helena River, and thence
pumping it to the <summit ¢f Mcunt Burges, near Ceolgardie.
at an estimated cost of £2,500,000 for 5,000,000 gallons per
diem, was adepted, A hill was introduced in Pariiament hy
Si¢ John Forzest, then Premier, in July. 1836, and was
finally passed by both Houses on September 3, 189.5,

The whole of the gigantic work was completed on Janu-
rv 26, 1903, at a cost of £2,670.000, and to-day the water i~
overflowing at the Mundaring Weir.” The towns of Kalgoorlie
and Coolgard e are reticulated. and householders may pur-
chase gnod. clear water at 7« por 1,000 gallons, as aguinst
15s. per 100 gallor~ for condensed water less than two years
ago. The benefit to the mines at Kalgoorlic is enormous, the
Trust obtaining water at 5s. per 1,000 gallons.

The two illustrations ~how the site of the great Weir at
Mundaring. with thc wark of censiruction in progress, and the

Weir complete wita the water overflowing—a monument of
courage, enterprise, and engineering skill,

The principal particulars of the scheme as adopted
(sfter consultarion in London with a commission of the lead-
ing Faglish engineers) are embodied in the following sum-
mary :~ -

l nit of |

Measure, | Amount.

Description.

Iem.

1 Quantity ol water uquncd to he pumped
per day of 24 hours ...

. Gullens 3,600,000
Length of pipe main from  storage

&)

Teservoir to Kalgoorlie Miles 358

3 Diumeter of pipes o be Lid (<su:el,
locking-lar type) .. Inches 30
Velocity of water per second ... Feet © 2124

v -

Net maximum lift from storage reservoir
to main distributing reservoir 1,290
Plus  allowance for immediite

reservoirs .. 157 .
- Feet C 1,447
6 tead per mile allowed for friction
(minimum) ... Feet 3-76
7 Total head allowed for friction ... Feet 1,208
8 Estimated gross hengd ... Feet © 2,655
g Weight of water to be taised jer diem ... Tons 25,000
1o Work per diem 1,000ft.-tons 66,375
11 Niteffective power wqunud No. of H.P. 3,129

12 Power to be supplied PP of engines
m work ... 30712

Plus PLHLP. of 2ngines in reserve 2,473

No of HP. 6,187
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MUNDARING WEIR OVERFLOWING,
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THE C. Y. O'CONNOR STORY

C. Y. O’Connor was born in Gravelmouth, County Meath,
Ireland, in 1843. His education commenced at the Waterford
Endowed School, from where he passed to Dublin University.
When 16 years of age he became apprenticed to the Chief En-
gineer of the Waterford and Limerick Railways.

After serving his time he joined the firm of Messrs. Smith
& Bagnell and increased his knowledge of railway construction.
The future prospects in Ireland made him dissatisfied and
when gold was discovered in New Zealand he made one of the
most important decisions in his life — to emigrate.

C. Y. O'Connor arrived in New Zealand in 1865 and soon
became Assistant Engineer to a road construction project in
the South Island. The read led from Christchurch through the
famous Otira Gorge in the Southern Alps to the scene of gold
discoveries at Hokitika.

Five years later he was appointed engineer of the West
Coast County and later became District Engineer for the whole
Canterbury Province. Under his guidance many public works
were accomplished including railways, harbours, bridges, roads
and a number of reservoirs to supply the goldfields with much-
needed water.

Charles Yelverton O'Connor became Under Secretary for
Public Works in 1883 and held the position for seven years,
becoming Marine Engineer for New Zealand in 1890, and as
such was responsible for the overall supervision of marine and
public worke,

Falling gold prices and a shortage of money forced the
Government to curtail some of their works expenditure and,
following a disagreement with the Government O’Connor re-
signed to become Western Australia’s Engineer-in-Chief of
Public Works and Manager of Railways in 1891.

Luckily for Western Australia 0’Connor’s resignation came
at a crucial time in the State’s progress. To be able to obtain
the services of this experienced and competent engineer was a
boon for a small colony with such big problems.

At the request of the Premier Sir John Forrest, C. Y.
O’Connor submitted proposals for a comprehensive water scheme
for the goldfields. It envisaged the construction of a reservoir
on the Helena River near Mundaring in the Darling Range, and
eight pumping stations to convey five million gallons of water
daily from the weir through 330 miles of cast-iron pipes to. a
reservoir to be constructed on Mt. Burges near Coolgardie.
After a lengthy debate the Coolgardie Goldfields Water Supply
Loan Act, 1896, was passed by Parliament to raise 2} million
pounds for the scheme.

In 1898 the final report was received from a Royal Com-
mission in England, which was investigating the soundness of
the water scheme. Tenders were called for the miles of pipe
mains needed and for the pumping equipment. Work started
on the excavations for Mundaring Weir and the railway line
between Mundaring Station and the weir site was commenced.

By early 1902 work on the weir was nearing completion,
and the laying and jointing of the pipes which had begun in
March 1901, had slowly crept forward some 90 miles.

On the 31st March, 1902, a few weeks after O’Connor’s
death, pumping trials commenced at the No. 1 Pumping Station.
Mr. C. Palmer faithfully and loyally carried on the work of his
previous chief. Under his direction the laying of the remain-
ing 260 miles of pipe progressed rapidly. Finally on 22nd
December the water reached Coolgardie and by 16th January,
1903, it was ready to be supplied to the people of Kalgoorlie.
The whole period of construction of the scheme had been less
than five years,
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PIPE LAYING IN 1903




The actual time taken for the first pumping was ten
months, but under normal working conditions the time was only
about four weeks. Today modern electrically powered pumps
have reduced this time for fourteen days.

The pumping machinery of the Coolgardie Water Supply
scheme was officially started at Mundaring Weir on 22nd Janu-
ary, 1903, during an opening ceremony performed by Lady
Forrest.

To commemorate some of the State’s historic past and one
of the greatest engineers of our time, the Western Australian
Government decided in 1961, to establish an historic museum.

11

Standing only a few yards from the overflow waters of Mundar-
ing Weir, the old No. 1 Pumping Station of the Goldfields
Water Supply was considered an ideal location for such a
museum,

The O’Connor museum was opened by the Premier of
Western Australia, the Hon. David Brand, M.L.A, on 25th
March, 1961, and today stands as a tribute to the early pioneers
of the State. Details of opening times of the Museum ean be
obtained by ringing the Public Relations Office of the Public
Works Department on 322 0331.
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The yearis 1908.

You are about to embark on a train journey through country where, less than
10 years ago, men came by their thousands to seek a precious yellow metal —
and the great West Australian Goldrush was on!

Even so, the towns that men built as they spread across the desolate Eastern
Goldfields are already becoming forgotten . . .

. . . but now, in our State’s 150th year, you have the opportunity with this book to
travel those far-flung outposts again, and recapture the spirit of the Goldrush days.

It will be an educational, nostalgic trip for all those who want to remember
those vital years in our State’s development.

We wish you a pleasant journey — perhaps you too will catch the ‘vellow
fever’...

Published in Western Australia by Strickland Publications
Publishing Consultants: @ Carroll’s Pty Ltd, 566 Hay St, Perth
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NATIONAL HISTORIC ENGINEERING LANDMARK

Nomination Form

National Engineering

Heritage Panel ‘ Date: March, 1986
Institution of Engineers, Australia
11 National Circuit From: Engineering Heritage
BARTON ACT 2600 Sub-Commi ttee
Hestern Rustralian
Division

(name of Division or
Committee)

This is to nominate the following Work for designation as a
National Historic Engineering Landmark:

(Name of Proposed Landmark) _cCoolgardie Hater Supply

Located at Hundaring Weir to Mt Charlotte Reservoir,
Kalgoorlie
State Western Australia Please furnish the address (and map

grid reference if a fixed Work) Mundaring Weir: 31°
58°'s, 116 © 10' B, Bulla Bulling Res. : 30° 0's,
120 © 51'E, Mt Charlotte : 30 © 44's, 121° 28,F. The Work is owned

by: Water Authority of Hestern Australia.

In suppert of this nomination the following information is
provided:

l. Date of construction (or other significant date):

Railway access to Hundaring Weir site, early 1898: Foundation
excavation commenced in Hay 1898 and concreting in February 1900.
Pipelaying commenced March 1901, First bumping April 1902.

Hater reached Kalgoorlie January 1903.

official opening January 26, 1903.
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Name of key professional personnel associated with the
Landmark:

C.Y. O'Connor C.4.6., H.I.C.E., Engineer-in-Chief 1891-1902

C.8S.R. Palmer, H.Z.C.E., e @ e 1902-1905

Sir John Forrest, Premier of W.A. 1890-1901

Jd. Carruthers, #.I.C.E., Consulting Eng for ¥.A. in London,

Hember of the Commission of Inqguiry

br. G.F. Deacon, #.I.C.E., Consulting Engilneer, MHember of
the Commission of Ingulry

Prof. W.C. Unwin, H.I.C.E., Hember of the Commission of
Inquiry.

Messrs Hephan Ferguson & Hoskins, pipe manufacture

Hessrs James Simpson & Co. Ltd, pumping plant

National engineering historic significance of the Landmark:

The proposal to pump 5 million gallons per diem @ distance of 352
miles from a reservoir on the Helena River at Mundaring, against a
static head of 1290 feet, was courageous for the period 1896 to 1902.

The use of thin-walled steel pipes using the locking bar method of
construction was unparalleled for the length of pipeline involved.

Comparable or similar Works (a) im Australia. (b) Overseas.

It is beiieved that nowhere else in the world and certainly nowhere
else in Australia, was there a scheme which carried water Iin the same
gquantity, the same distance and to the same altitude.

At the time of construction the Hundaring Welr with a height of 100
feet was the highest overflow weir in the Southern hemisphere.

The Commission of Inquiry initially rejected the locking bar system as
unproven on large scale construction. However, before tenders for
supply of pipes were received 10 miles of 25.5 inch diamester locking
bar main had been successfully laid in South Australia.
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Unique features or characteristics which set this proposed
Landmark apart from other engineering Works, including
those in 4 above:

The whole pericd of construction was less than flve Yyears, although it
was necessary to Iimport all material for construction of the pipes,
cement, valves and specials, lead for jointing, pumpling machinery, the
iromwork im the weir, and much other material.

Contribution which this Work has made towards the
development of: (1) the engineering profession and/or (2)
the nation:

The pipeline construction developed the use of thin-walled steel pipes
using the locking bar construction for water supply to remote areas
typical of Australian conditions.

A reliable water supply for the mining settlements and the railway
ensured permanent settlement on the arid castern goldfields and the
viability of the gold mining industry there. This was the first great
boost in the development of Hestern Australia.

In further support of this nomination the following
documentation is submitted: (please list all enclosed
documents, photographs and supporting historical evidence).

A fully documented submission with photographs is currently being
prepared and will follow shortly.

For completion by Committee or body (other than a Division)
making the Submission. A copy of this Submission has been
forwarded to the Secretary of the N/A Division

at .

HWe have discussed this nomination with the owner of the
Work. The owner has indicated that The Water Authority of
Hestern Australia .

(include statement regarding owner's attitude)

will support the nomination, contribute to preparation of a fully
documented submission and take an active role in any subsequent marking
ceremony .
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If this nomination is approved for designation as a
Mational Historic Engineering Landmark by the Institution
of Engineers, Australia, we understand that the Division or
Committee will be expected to take a major responsibility
in the development of a suitable presentation event at
which the national plague would be publicly presented.

7 S B Svooson—

Chairman of Nominating Body

—_—
Secretary of Nominating Body

This form may be reproduced either by electrostatic copying or
by retyping. If possible., please submit eight (8) copies of
all materials relating to the nomination. If more space is
required to provide full response to any of the above, please
attach additional pages.

NOTE: With enclosed additional documentation please also
include 200 x 250 mm black and white photos which depict the
work and can be used for publicity purposes. Also requested
are 35 mm colour slides which can be used for a slide
presentation.

(3343D)




WATER
AUTHORITY

of Western Australia

Your Ret
Het
Owht E 894, Copy F 11686 629 NEWCASTLE STREET
Enguiries F Watson LEEDERVILLE W A
Tele Duect Postal Adaress P O Bos 100 Leederwite
420 25 08 Western Austiabia 6007
Telephone (09) 4202420 Telex AA 95140

’Secretazy !
Engineering Heritage Sub-Committee
The Institution of Engineers,

RAustralia, W.A. Division
712 Murray Street
LWEST PERTH W.A. 6005 N

Dear Mr Sullivan
AUSTRALIAN ENGINEERING MARKER PROGRAMME

At its meeting of April 10, 1986 the Board endorsed a proposal
by the Western Australia Division of The Institution of
Engineers, Australia to nominate the Coolgardie Water Supply
Scheme 1898-1903 for marking by the Institution ag a national
engineering landmark. The Board resolved that the Authority
would co-operate in the preparation of the final submiggion for -
the nomination and that, if the nomination is successful, the
Authority would organise and contribute to a marking ceremony.

The Manager, Water Resource Planning Branch should be contacted
for assistance in preparation of the final submisgsion.

The Manager, Public Affairs Branch will be responsible for
arrangements for any appropriate marking ceremony in due course.

Yours sgincerely

b N N A V- o- S

Frank E. Watson

EXECUTIVE ENGINEER, OPERATIONS
for MANAGING DIRECTOR

22 May., 1986 FEW:LH

€.¢. Manager, Water Resource Planning Branch
Manager, Public Affairs Branch

4527F.






