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ELECTRICITY COMMISSIONERS’ REPORT.

The Honorable Arthur Robinson,
Attorney-General,

Melbourne.
SIR,
L--3COPEK OF INQUIRY AND REPORT.

In accordance wich mstructions contained i section 10 of the Llretricity Commissicners
Aet I8, we Leg to sulnid herewith @ scheme for coal mining and electrical undertaking to
he 111‘delt|]\en m the seighbourhood of Morwell, and the dtsh}buhcm of electricity thordr(m,
and also a Report setting Forth the vesults of an inquiry uto the relative practicability of utilizing
water power for clectrival undertakings.”

fn considering the gquestions involved i the above instruetions the Comnussioners are
satisfied that, having reg hll([ to “the 11}t|n1 e co-ordination aud unilication of all State or other
electrical nndertal kings w vithin V ictorta,” i will be nevessary to take o much wider view than
section 10 of the A c}\pl(mln hplies,  Constderstion has, therefore, been given to the ultimate
requirements of the State as a whole, and while realizing the inunediate pressing need of steps being
taken to provide an adeguate fﬂl[)pl\' of electrical energy to the metropolitan area, any scheme
to satisly that requirement nust be considered ondy ax providing the nucleus of a system for the
production of electrical cnergy Lrom sources within \1( toria, and its distribution in quantities
sillicient to meet the future power requitements of the whole State, both for industrial and domestic
purposes. The supply of clicap energy 15 as essential to industry as are Iabour and nmaterials,
and in the electrical form 1t is so flexible that it ean be applied to neavly-all kinds of machinery,
whether nsed in transportatton, in the mill, the workshop. the nune, or the farm, as well as to
the many processes developed of late years that depend on the electrie furnace, and on clectro-
chemical and electro-metallurgical action.

H—NATIONAL ABPECT OI" A POWER SCHIEMI,

In the Report (17.4.17) of the Coal Conscrvation Sab-Commitice of the Reconstriction
Committee oi Great Britaim the [oliowing passage appears -

In the industrial reorganization which must take place on the termination of ihe war the further development
of power is of great importance.  The present use of motive power per cniployee s only about half that in the United
States of America. Large quantities of cleetrical power will be required for the development and earrying on of new
processes not at present undelmkm in this country. . . . It is only by largely inereasing the amount of power
used in industry (by two or more times) that the average output per “head (and as a consequence the wages of the
individual) can be increased,

Pawer may be nmost efficiently applied to industry by the medium of electricity.

The economical generation of the electrical energy =o required is thus of great importance, . , . Techni-
cally, and economically, the electrical energy can be best provided by a comprehensive system. as may he amply
proved from experierce gained in those parts of the world where such systems are in existenee. notably in (hicago
(Hllinois), on the north-cast coast of England, on the Rand. and in certain industrial districts of Germany.,

These opmions bear with even greater force on the sitnation in Vietoria, and we fecl that,
in the light of experience m other parts of the world. the scheme for providiug for the requirements
in the metropolitan arca in the year 1923 niust be regarded as'the first step of a greater scheme,
having for its ultimate objective the linking tugcther of all available gources of power supply,
whether coal or water, for the benefit of the S’mt(,.

ITEL—ESSENTIAL REQUIREMENTS OF A POWER SCHEME.,

The essential requirements to be satisfied by any schenie selected as a first step in the
mauguration of a State supply may be summarized as under :—
(@) Certainty and continmty of supply.
(b) Capability of early operation.
{¢) Imtial capacity,
{d) Capability of expansion.
(¢) Economic sonndness.
{(f) Independence of sources outside Victoria.
(@) Certainty and Continuity of Supply.—The making available of a supply of electrical
energy at a cheap rate must eventually result in almdst the whole of the industrial activities of
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the State being dependent on that supply for their operation. Consequently, a cessation of
operation from whatever cause would mean a corresponding interruption of all industrial activities.
Such a disaster must be most carefully guarded against. it beconies, therelore, a matter for the
most careful thought, when considering alternative schemes, that the scheme selected must be
based on proved methods, and, as far as practicable, such as will guard against possible sources
of trouble or breakdown in operation. The adoption of any process, or the installation of any -
plant - which has not been proved economically satisfactory under continuous operation in
undertakings of similar magnitude, or which are still in the experimental stage, would be
unjustifiable.

(b) Capability of Early Operation.—The scheme selected must be capable of being put into
operation early in 1923. 'The two undertaking authorities supplying Meclbourne, viz., the Melbourne
City Counell and the Melbourne Electric buppl} Company, have already made representatlous
to the Government of the seriousness of the position that will arise shonld the matter of provision
of an adequate supply of electrical energy be further delayed. The existing power-houses of the
above-mentioned undertakings will reach the limit of their capacity in the year 1921, and, indeed,
arrangements have already been made whereby a supply will, before then, be furnished Ly the
Railway Commissioners from the Newport power-lonse. This arrangement, however, can only
be regarded as a temporary expedient to relieve the position, as the Pmlway Department wjll
require the whole of the present capacity of the Newport power-honse to complete the electrification
of the suburban raillway systeni, possibly during 1923, or before.

(¢) Imtial Capacity—The earliest date at which it will be possible to supply electrical
energy will be the beginning of 1923. At this date it is estimated, on the bass of present
expanston, that the power requirements in the metropolitan area alone will have reached 50,000 kw.,
of which the Newport power-house will be supplying about 10,000 kw. by agreement for five
years from 1920.

In the event of any new scheme being capable of supplymg energy to the existing generating
authorities in the metropolitan area in sufficient quantity, and at a cost less than that at which
these authorities are generating it, it may be assnmed that they will readily avail themselves of
the cheaper supply, and gradually shut down their own generating plants. In that case any new
scheme must be judged by its ability to supply the 1923 requirements of the metropolitan area as
mentioned above,

(d) Capability of Expansion.—The scheme adopted must he designed from the point of view
of a probable steady and continuous growth in the use of electrical energy m Victoria, and
must, therefore, be eapable of ready expansion to meet that requirement, as well as any special
demands created by the establishment of industries calling for cumparatn ely large blocks of
power. As stated in a former paragraph, the demand in the metropelitan area in the year 1923
will be about 50,000 kw. Natural growth of the demand may be expected to increase the
requirements in 1995 to abont 61,300 kw. The needs of country centres and outlying districts
will yearly become more insistent, and, as the systen iz extended, the fact of adequate power
being available at a reasonable charge will create a firther demand. Auy scheme entered upon
at this stage, therefore, must be designed to take these factors into account. Neglect of this
view would -mean the raising of the same difficulties that have caused, and are at present
causing, such grave concern in England, and to remedy which it is proposed to expend an
enormous sum of money in the construction of power- generatlng stations on a large scale.

() Lconomic Soundness.——Any scheme entered upon must be able to furnish a bulk supply
of electricity at a rate below shat at which it is being generated at the existing power-honses in
Victoria, due regard being had for the capital already expended on such power ~houses.

(f) Independence of Sources owtside Victoria.—Any scheme under consideration must, of
necessity, be based upon a supply of energy from sources, either coal or water, entirely
independent of those outside the State.

At the present time importations of New South Wales coal into this State for all purposes,
except railways and gas making, may be stated at 450,000 tons per annum.

There 1s now no reason why the whole of this quantity should not be displaced by the use
of electrical energy generated from brown coal, or by the direct use of sucli coal. By such a
change the great bulk of the domestic and industrial requirements of the State would be met by
the development of power or fuel sources within the borders of the State, with consequent financial
benefit to the community.

The cost of New South Wales slack coal to the Melbourne City Council’s electric supply
undertaking has increased in the last four years from about 16s. to about 31s. per ton, partly on
account of the increased mining costs, but due mainly to greatly increased cost of freight. The
latter factor has placed Victoria at a great disadvantage industrially as compared with New South
Wales, as can be seen by the fact that the electric supply undertakings 1n Sydney can obtain
supphes of similar fuel at about 16/94. per ton, which is about bs. per ton Increase above pre-war
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rates, whereas the increase to the Melbourne undertakings is about 13s. per ton. This state of
affairs is reacting seriously on the industrial development of Victoria, and is correspondingly
beneficial to New South Wales, a position which will be intensified by prospective increases in
freights.

It would show an unjustifiable neglect of the interests of the State if the manufacturing
industries were allowed to remain nnder this disability while we. possess unlimited and
comparativelyunexploited areas of brown coal which, if utilized, would easily meet all possible
power requirements.

It would be equally neglectful if no use were made of the water power resources of the
State, as tlhese, ufter careful investigation, are proved to be capable of being utilized economically.

IV.—SCHEMES CONSIDERED.

The possible schemes coming within the scope of our ing iuries have been divided into two
groups :—
1. Brown Coal.
2. Water Power.

Within these groups, and having in view the above-stated immediate requirements, we
have considered—

1. (&)} Morwell Brown Coal-field,
(b} Altona Brown Coal-field.
2. Kiewa River,

V.—MORWELL COAL-FIELD.

The criteria already set out on which to judge the various schemes may now be applied to
the proposed Morwell scheme.

(a) Certainty and Continuity of Supply.——Intensive boring by the Mines Department of
an area of. approxmately, 1 square mile adjacent to the power-house site has proved the
existence of, approximately, 120,000,000 to 150,000,000 tons of coal which can be won by open-eut
method of operation. These quantities are sufficient to provide for the vontinuous operation of
a power-house with an cutput of 100,000 kw. for a period of 150 years, while outside that area
there is an estimated quantity of over 20,000,000,000 tons of coal.

Mr. Lindesay (lark, in his report hereto attached, points out that the average thickness
of the coal scam is 174 feet, with an average thickness of overburden of only 33 feet ; that is to
say, that each cubic yard of overburden covers ou the average rather more than 4 tons of coal.
It is interestiug to note that in the Fortuna Brown Coal Mine, near Cologne, at which nearly
7,000 tons of coal ave raised daily, the overburden is about 60 feet in thickness, while the coal
seam averages 130 feet. 'The overburden and coal at this mine, as in several others’'in Germany
and Austiia, are both removed by the application of mechanical appliances which have been
evolved over a long period of successful experience. The process of winning open-cut coal at
Morwell will involve no serious problem that has not been satisfactorily solved in similar schemes
on the European Continent, and the great exteut to which powerful machinery, such as steam
shovels, can be utilized to lighten the laborious nature of the operations usual in coal mining will
be not the least interesting feature of the Morwell scheme. Tn addition, the conditions of working
from the employces” point of view will be all that can be desired, as the whole of the operations
will be on the swrface, and contrast greatly with the conditions applying to deep mine operations,
such as those that would be necessary at Altona.

The necessity to transmit the electrical energy over a considerable distance at high voltage
does not, in our opinion, coustitute a factor affecting appreciably the soundness of any proposal
to establish a power-honse at Morwell from the pomnt of view of coutinuity of operation. In
America a very large proportion of the power required to operate the public utilities in the main
centres of population is conveyed thereto by means of long-distance trausmission schemes, and
in Great Britain the proposals to establish super power-houses must hecessarily involve the
introduction of such schemnes in the near future. The practice of transmitting electrical energy
at high voltage has been so perfected that there need be no apprehension as to the Morwell scheme
being capable of rendering satisfactory service froun this point of view. For the first 50,000 kw.
1t 1s proposed to crect one line of towers with two eircuits thereon, and to duplicate this when the
demands cxceed this tigure.  With both tower lines in operation there will be a reserve to the
extent of one circuit of 25,000 kw.

() Capability of Early Operation.—Subject only to present disabilities in regard to the
purchase of plant—which disabilities apply equally to any scheme which may be put forward—
there 15 no apparent existing cause to prevent an early start being made with the opening of the
nune, the construction of the power-house, the trapsmission line, and distribution system to
enable the necessary bulk supply being made availible to Melbourne early in 1923.
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(¢) Imitial Capacity.—The Morwell scheme fulfils the requirements set out under this
heading. The scheme is designed to supply in the first stage the total requirements of the
metropolitan area in the year 1923, namely, 40,000 kw., and on the assumption that the
Melbourne City Council and the Melbourue Electric Supply Company will take their present
and future requirements from such schewe.

The price at which a supply can be niade available is such that these undertakers should
readily avail theinselves of the cheaper supply, and gradually shut down their own phnts.

(d) Capabiltiy of Expansion.—The ability to meet the gradual growth in the demand for
electrical energy, as well us any sudden call on its resources, is one of the outstanding favorable
features in connexion with the Morwell project. The extent of coal deposits capable of being
worked on the opeu-cut princtple is such that by the provision of adequate machinery any increase
in output above the proposed initial capacity can be provided.

(¢) Economic Soundness.-—This aspect is fully dealt with in the particulars of the Morwell
scheme presented with this report, and estimates and particulars are given of capital expenditure
and working costs.

The results of thesé estimates are indicated in Table [. of the Chief Engineer’s Report on the
Morwell Scheme hereto attached. This tahle is reproduced with additional information, and from
it it will be seen that to deliver to Melbourne a given quantity of 20,000 v. energy with a load
factor of 42 per cent. at one point, such as the Richmond Terminal Station, the total annual cost,
ineluding all capital charges of operating a scheme based on a power-house situated at Morwell
with electrical transmission, would be £222,045.

To generate and deliver to a similarly situated point in the metropolitan area an equal
quantity of energy at the same voltage and load factor, from power houses situated alternatively
near Melbourne, using imported black coal, and on the Altona field, would cost annually £280,035
and £243,627 respectively - -that is to say, the Morwell scheme would result in an annual saving of
£57,990 and £21,582 in comparison with the two alternative schemes mentioned above.

TasLe [ ~CompariTivEe Toran Asxvan Cosrs, INCLUDING CAPITAL (HARGES, OF SUPPLYING
To MELBOURNE 43,900 «w. v oug rory or 20,000 voLy ENERCY ¥FROM POWER-UOUSE
SITUATED AT MORWELL, AND FROM OKLE UsiNG [MporTED BLACK ('OAL SITUATED AT OR
NEAR MELBOURNE (Loap Facror 42 rer cENT.).

Morwell. Altona, Melbourue.
—_ Using Brown (oeal with ["sing Tirown Unitl wich Twing Newcastle Coal

Blectrical transnilssion. Llecerical fransmizeion. {Sea-borne).
Energy delivered Melbourna .. .. units 161,700,000 181,700 000 161,700,000
Enetgy generatéd at power-house .. .. 5 183,540,000 168,350,000 167,526,000
Maximuin demand on power-iiouse .. L. 50,000 45,760 45,190
Coal consuniption per uait generated .. Lhs, 3.51 3.8l 1.59
Coal consuption per annum .. .. tony 312,500 £34.350 113.800

Coal eost pir ton delivered power-louse . . Zs. A, Ts. 14, 5=, 3d.

Power-Liouse— Por annmn, Per anonum. Per annum.
Variable Charges— L £ £ £ L £
oal . .. . . .- 35,20 101,400 150,000
Wages, coal and ash handling staff .. . 1,250 1,250 1.250
Ol water, and stores . .. .. 1,000 1,000 1,000
————— S, 0 ) ——  — 10R650 | — —— 152,250
Standing Charges—
Wages, maintenance. &ec. .. .. - 20,585 21,330 21,185
Capinal charges - .. .. .- 107.5:2 93.520 97,300
—— = 134227 8 - e - TUBESO ) —— — 121,485
Teansnission Line—
Patroihing, maintenance, &e. .. .. .. 4,000 750
(fapital chaioe< .. .. .. .. 19,353 LTIT ‘
—— 568 | —— - = 2467
Terminal Station— )
Wages. maintenancs, &c . .. .. RTIN 3.589
(‘apit: charges . .. .. 14,915 4,715
Cem e — 20000 | - — 8360
Adniustiation .. .. .. .. .. .. 1433088 .. 6,500 .. 6,300
Total annual cost .. .. .. 222,015 .. 215,627 - 280,035
Cost per unit (pence) .. .. .. 520 . 361 . A5

HOTE—TIn this table the eosts ol 20,000 volt distribution within ti metopoliban area are not ineluded,
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In the event of the load factor (ratio of average demand to max mum) increasing beyond
42 per cent., which, in the light of experience in other parts of the world may be e\pected these
Jifferences of annual cost would be increased considerably in favour of Morwell. For instauce,
with a load factor of 60 per cent., the Morwell scheme would show an annual saving of £49,962
over that of Altona.

In the reports of the Advisory Committee on Brown Coal, and of Mr. Lindesay Clark
respectively, the cost of winning coal was estunated at 2s: 3d. per ton delivered at the power-
house. Mr. Clark has been engaged to revise his report in the light of more recent information,
and in accordance with preseut prices of plant and materials. In this latter report. which is
attached hereto-—(Appendix " B ") -he estimates that coal can be rawsed at Morwell for 24, 21d.
per ton, based on an ontput ol 2,000 tons per cight-liour day, the estimated capital expenditure
being iEZlUOO The cost of conl to the power- Sionse for the purpose of this report has Deen
assumed at 2. 3d. per ton.

(f) Independence of Sources Outside Victoria. -‘The independeuce of the scheme on any
outside source of fuel supply requires 1o comment. Iu view of the quantities of availuble fuel
mentioned above, Victoria is assured of a source of etiergy capable of satisfving all possible
requirements of fhe State for many generatious to cowe- -a storehonse of wealth and power
which any State must deem it not only a good fortune to possess but a duty to develon for the
use of the community.

VI.—ALTONA COAL-FIELD.

The proximity of the Altona Coal-field to Melbourne naturally brings it into prominence
as a possible site for a power-house. Situated abont 11 miles from Melbourne, and adjacent
to Port Phillip Bay, it offers one or two advantages not possessed in the same degree by any site
situated inland. The cost of transnussion of energy is reduced to a minimum, and the Bay offers
unlimited cooling water supply for condensing purposes. In addition, its contiguity to Melbourne,
with the essential low costs for freight, wonld be important in the event of brown coal in the
future being utilized in a process of distillation, with the recovery of by-products. These are
important advantages for any proposed schemes to start off with, and, therefore, very careful
consideration has to be given to the merits which this site possesses.

Of the several criteria apphed to the consideration of the Morwell field, several apply equally
favorably to the Altona field. There are two, however, with regard to which the two fields
differ considerably, and these are :—

(@) Certainty and continuity of supply.
(¢) Fconomic soundness,

(a) Certainty and Continuity of Supply.—The Altona seam is about 72 feet'in thickness
and lies at a depth of about 349 feet. Henoe, the method of winning the coal will greatly difler
" from that proposed with the Morwell seam, which has an overburden of only about 33 feet on
the average, and can be worked on the open-cut principle.

Messrs. Klug and Broome, in their report on Altona, point out that * an artesian or sub-
artesian water pressure obtains immediately under the coal bed, while the cover or roof over the
. seam Is a swelling sandy clay. Such conditions as these clearly indicate that the proposition is
beset with difficulties, and demands that a very safe method be adopted for mining the coal.
The evidence we have collected reveals several instances of * heating,” indicating that the coal 13
liable to fire by spontaneous combustion. Under the conditions the ouly methods of mining, in
our opinion, that should be adopted are i—(a) that which depends upon bulk timbering and
close fithng ; and (b) that of sectionally ‘caving.” Tt Is essential to keep weight on the bottom
section of the coal seam to counteract the water pressure, and as only limited spaces can be
opened owing to its friable nature, it will be necessary to mine sectlonally_ o7

These observations indicate c¢learly that the difficulties likely to be met in mining at Altona
are considerable in comparison with the simple open-cut method possible at Morwell, which is
the method by which the Germans have so successiully developed their brown coal-fields on such
an enormous scale. Briefly, it may be said that the tried methods of winning coal possible at
Morwell will give a much greater certainty and continuity of operation than the more complicated,
and, so far as brown coal mines are concerned, comparatively novel methods which are available
for the winning of brown coal in a mine such as Altona.

In addition, the conditions of working in a mine are not those which would give the same
labour efficiency and regularity of operation as could be expected amid the healthy surronndings
of an open-cut scheme of operation.

(e) Heonomic Soundness.- ‘The data as to the estimated cost of winning coal on the Altona
field was of such a conflicting nature that it became essential for an authoritative opinon to be
obtained on that all-important factor. Messrs. G. C. Klug {General Manager of Messrs. Bewick,
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Moreing, and Company) and G. H. Broome (General Manager of the State Coal Mine, Wonthaggi),
were, therefore, engaged to report on this question in collubovation.  'Their report, copy of which
18 attached, shows that the cost of mnining brown coal at Altona delivered into trucks at the
present workings would be as follows : -

Filling Yystem, Cuving Syatem.
Per ton. Fer ton,
. s. d. s. d.
On a basis of 1,000 tons per shift of 8 hours per day . 8 b 71
On a basis of 2,000 tons per shift of 8 hours per day . 8 2 6 10
On a basis of 2,000 tons per two shifts of 8 hours each perday 7 8 6 4

It must be pointed out that the mine property is in the hands of private owners, who
recently placed it under offer to the Goverument for £100,000. Consequently a charge to cover
the interest and sinking fund on this amount muost be provided, which, on the output required,
will raise the cost threepence (3d.) per ton.

Reference to Table 1 of this Report will show that for equal quantities of energy delivered
to Melhonrne with a load factor of 42 per cent., the annual cost of operating a scheme with a

power-honse on the Altona field would be £21 582 greater than that of a scheme with a power-
house at Morwell.

The load factor of the demand for energy (i.e., the ratio of the average to the maximum
demand) exercises a considerable influence upon the relative methoxls of the two schemes. In the
event of this factor increasing, which undoubtedly will be {he case, the diflerence in favour of
Morwell will correspondingly increase, For instance, with a load factor of 60 per cent. the
diflerence between the estimated aunual expenditures of the two schemes would be increased to
£49,962. To neutralize this difference, Altona coal costs would have to be reduced by 2s. 5d. per
ton, or Morwell coal costs increased by 2s. 3d. per ton,

The respective annual expenditures have been based upon coal costs estimated upon
present rates of wages. As the rates increase, as must be expected, they will have a greater
wnfluence on the winuing cost at Altona than at Morwell, where labour-saving machinery can be
operafed to a much greater extent.

VII.-CHOICE OF BROWN COAL-FIELD TO BE DEVELOPED.

A carefol study of the two alternative browu coal schemes has led to the conclusion that
as the nucleus of a State supply scheme the opening up of the Morwell field should be proceeded
with at once, leaving the development of the Altona field until the time arrives when its economic
value will justify its utilization.

VIII.-WATER POWER.

In connexion with the utilization of water power the only known source of supply for
production of electrical energy in bulk which shows a reasonable prospect of approaching the
Initial requirements is the Kiewa River, situated, approximately, 133 miles from Melbourne in
a direct line.

To augment the limited data available, the Commissioners have had field parties engaged
in the work.of stream gaiging and contour surveying in connexion with the river. No evidence,
however, has so far been produced to justify the opinion that there is sufficient power available
to supply even the initial requireinents of the metropolitan area, while the probability is that
there 1s much less.

Our hydraulic engineer, Mr. A. G. M. Michell, advises that present evidence points to
there being at the outside not more than 35,000 kw. available at Kiewa for continuous supply.
This in itself is not sufficient to meet the reqnirements set out uuder the heading of < Initial
Capacity ; in fact, is far from being sufficient.

Further, it offers no hope of extension to meet the large demands that will continue to
develop in other parts of the State as the scheme is extended, as well as demands that may
reasonably be anticipated from the establishment of new industries requiring large blocks of cheap
power as a basis of their operation. Hence, the Kiewa scheme, if proceeded with, would have
to be supplemented immediately by another source of power.

In view of the comparatively high capital costs of hydro-electric works, it is necess&rry,
in order that they may be economcally sucees-ful, that such works should be operated almost
continuously to their full capacity. Particularly is it so necessary where the source of energ
is situated at so great a distance from 'the main centre of demand as Kiewa, The average demand



9

to-day in the metropolitan area is less than lalf the maximum demand, and until this ratio
improves, or the present average demand is greatly increased, it is extremely doubt{ul whether
the Kiewa scheme conld be prc)(,oedt.d with as a sound commercial proposition,

In view of the fact that —

1. All the data required oun which a definite proposal should be based will take some
considerable time to collect.

2. The definite limitations of capacity which our Lydraulic engincer has advised 1s
avallable ; and

3. The fact that a water-power secheme sitnated as far afield as Kiewa must be provided
with a load mueh more continunous than can be offered for some time ;

we lLave come to the conclusion that any idea of developing Kiewa as a hydro-electric source
of power should be deferred for the present.

We are, lowever, of the opinion that with the cultivation of the use of electricity, and
tlie consequent expansion in consumption, the utilization of water power will become economically
possible, and, indeed, an essential of any comprehensive State supply.

Investigations are alio being conducted into the possibilities of other sources of water
power, notably at the Rubicon River. Further, in conjunction with the Stale Rivers and Water
Supply Commission, the probability of uhh/mn‘ the flow from the Sugarloal Basin at 1he Eildou
Weir (now being constructed for irrigation pmpoqv.) 1+ being inquired into.

A report will be subniitted as to the possibilities of the Kiewa River schienie. with estiinates
of working costs aml capital expenditure, as snon as ]‘J()\hll)l(‘ after the Investigatory work s
completed.

The investigation of {further possible sources of water power will he proceeded with as
opportunity permits. -

il

IX.—MORWELL ELECTRICAL SCHEME—ESTIMATED CAPITAL EXPENDITURE,
ANNUAL COSTS, AND REVENUE,

CAPITAL EXPENDITURE.

The Chief Engineer in his report estimates the capital cost of establishing a power house
on the Morwell field, of an imitial capacity of 50,000 kw. with a transmission line to Melbourne and a
terminal statton thereat, as follows: -

Power house and plant .. .. .. .. .. ..o E1,449 927
Transmission line .. . .. .. .. .. 323,102
Terminal station .. .. .. .. .. .. 296,755

£] ‘l‘V T84
To distrihute the bulk supply of energy From the terminal station, to transform
it from 20,000 v. to 6,000 v. or 4,000 v. and make it available to the electric supply
undertakings in the metropolitan area at the several sub-stations proposed to be
established, would require an additional expenditure as follows :—

Melbonrne distribution cables . . . £272.550

Melbonrne sub-stations and equipment o . 251 U"JS
—_ 523,608

The total capital expenditure, therefore, on the electrical rcheme is PlethLt(‘d

at .. .. .. .. .- .- . .. .. £2516,392

This does not include the expenditure necessary to open np the mine, estimated by Mr.
bindesay Clark at £221,000, which has been taken into account in arriving at the estimated cost,
28, 3d. per ton, of winniug the coal at Morwell.  Interest on capital during period of construetion
has not been allowed for in the above estimates.

No tenders have been called lor the plaut inciuded i the above estimates, which are based
on the most reliable information available, and our Kugineer is ol the opinion that they shonld
cover the expenditure to be imeurred.
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Anxvan Costs.

As shown in Table I., the annual cost, including capital charges, of supplying to Melbourne
43,960 Lw. (load factor 42 per cent.) in the formn of 20,000 v. energy at the terminal station,
Richmond, is estimated at .. . .. . . . £222,045

To this must be added the costs involved in distributing the 20,000 v. energy to the sub-
stations i the netropolitan area, and making it available at a voltage ot 6,000 or 4,000, estimated
as follows ;

Annudl cost of deltvering 43.960 Lw, to the terminal station, Rickmond

(load factor 42 per vent.) . L. .. £322,045
Additional cost of distribution to the sub-stations in the metropolitan
ares—-
Worlking expenses ) : S 82200
(apital Char aes an cables and sulrstations . co 34835
- 37,035

Total annual cost of delivering G000 and 4,000 v. energy 1o tho —
nudertakers at fhe sub-stations .. . . . i299 080

The item “ Capital charges 7 I the above estimate inchudes interest caleulated th )i per
cent. per annum and depreciation calculated on the sinking fimd method at the above rate of
interest, the assumed lives of the assets being as follows

Power house, terminal and sab-stations .. . .. 2] years.
Transmission line . - . .. .. 40 years.
H.T. underground nains ce. . . co B0 vears,

(‘osts rrr UNTT.

The total aunual cost, viz., £259,080, is equal to an average cost per unit of 4-359d. (load
factor, 42 per cent.), equivalent o an annual cost of £5 3. 6, per kw. of muximnm demand,
plus 0-057d. per umt.

Posstriw BULk SeriiNe Price,

If to these figures is added a margin or profit of 10 per cent. on working costs, the result
will be tle price at which it will be quite reascnable to charge the nndertakers in the metropolitan
area for therr supplies. Such a price would be 0-434d. per unit (load factor, 42 per cent.), or an
annual charge of £ 13s. 10d. per kw. of maximum demand, plus 0-063d. per untt.

AnnvaL REVENUE AND PROFIT.

Allowing for a margin of 10 per cent. over and above working costs, the annual revenue
from the sale of energy to the undertakers in the metropolitan arca, based ou a demand at the
terminal station, Richmond, of 43,960 kw. is estimated at £284,988, which, after providing for all

working expenses, interest on caploal and depreciation of assets as detailed above, will provide
a profit of £25,908 to the State.

X—EFFECT OF THE MORWELL SCHEME UPON PRESENT COSTS OF GENERATING
ELECTRICITY.

It has been already shown that with the Morwell scheme it 1s possible to make available to
the undertakers at the sub-stations in the metropolitan area a supply of 6,000 and, 4,000 v. energy
at an average price of (-434d. per unit (load factor, 42 per cent.}. While this price, the lowest
that can be obtained from any of the alternative schemes under consideration, would undoubtedly
be acceptahle to the undertakers for all their future requirements, it does not follow that it would
be so for the present requirements, unless 1t proved to be less than the present cost of generating
such requirements, due allowance being made for the capital expended on the existing plants,
which, for several vears, will 1ema1n a fixed charge on the undertalers’ cost of supply.

From the Chief K ncrmeur s Report (Table ¥ V. .) 1t will be seen that the present generating costs
(excluding capital cha,rgeb on the power house plant) of the Melbourne undertakings may be
taken to be 0-561d. per unit sent out, whlle 1t s poqmble that by 1923 they may be higher owing
to further increases in the price of inpaitid fur

1t 1s obvious that on this basis alone it will pav the undertalkers to take all their
requirements, present and future, from the State scheme. There is, however, a farther item
of cost, which will be affected, viz., the present cost of high tension (Ibtllbuhou a considerable
portion of which will be eliminated by the proposed State scheme distribution in the metropolitan
area. [t is estimated that on these two items of cost, the Mclbourne undertakings, by shutting
down their own plants and taking in 1923 all their requivements from the State scheme, would be
able to reduce their present working expenses by £80,000 in the first twelve months, with
correspondingly greater savings thercafter as their requircments increase.
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XI.—EFFECT OF THE MORWELL SCHEME UPON THE PRESENT RETAIL SELLING
PRICES.

At this stage a question naturally arises as to what will be the effect of the Morwell scheme

upon the present retail prices. Tt goes without saying that if the State pledges its credit to the

extent of several millions of money, in order to muke available to the existing undertakers a

cheap supply of energy with resultant financial advantages, such advantages must be passed on
to the public in the shape of reduced charges.

The Commissioners, however, have not the power to enforce these savings being secured to
the consumer, but it is p1ebu1ned that the Government will take sich steps as wi 1 insuee the benefit
being equltdblv digtributed. To remove anv misconceptions on the part of the publie, it should be
pomted out that the reductions i the cost of supplying energy will have very little effect upon the
charges at present in force to the average consumer for hrrhtlng purposes. Of the total congumption
ot energy for all purposes in the metlupohta,n arca lighting accounts for not more than about

25 per cent. Irom a cureful consideration of the economics of the Morwell scheme as set out in
the foregoing sections of this Report, it will ha\o been seen that the item of importance in the
existing costs influenced by the proposed State sehieme s the generating cost, via. {1 561d. per
unit, and that the seving thereon is about 01 )7d per unit [or a load {actor of 42 per cent.  This

saving 1s but a small fraction of the total costs incurred by the nundertaiers in supplyving the average
lighting consumer, who is charged from 4d. to H1d. per unit. There is, however, this to be said.

that in the absence of 4 scheme such as Morw ell, and in the event of the undertakers having to
purchase additional generating plant at present- dav prices, it 1s certain that charges for all retuil
supplies in the near [urure wonld advance considerably. The benefit of the p1oposed State
scheme would mainly be felt by the large power consumer or [actory owner, who, owing to the
quantity of energy consumed, and the hours during which the supply 1s genm'ully taken, olitains
his supply at a niich lower average cost than the lJrrhtmn' constmer, The power consumer to-day
Is paying an average price between 0-823 and 1°5 of penuy per unit, depending on the load factor

of his demand and the guantitv of energy consumed.

[ the substitution of a State supply for that from existing power houses there 1s a
considerable fluancial burden fo be borne by the present undert: iicers 11 1ie shape of deacd capital
caused by the smappmr* of plents.  This will gradually disappear by the periodical writing-down
of the assets, and when it does, the full effect ol the cheaper Stata scheme will be demonstrated by
the retail charges being substantially lower than would b& possible if existing conditions were to
continue indefinitely. "The above can be illustrated by reference to the cstimate at which energy
from Morwell can be made available to the undertakers in Melbourne, viz., 0-434d. per unit,
which, as already pointed out, includes not only working expeuses but interest and depreciation
charges and a 10 per cent. margin, The undertakers’ present cost of gencration is 0-561d. per unit,
and 1f capital churges on their power house plants be added, the total cost of generating their
supplies and conveying them to points in their areas similarly placed as the sub-stations at which
the State supply may be made available, i3 probably not less than 1d. per unit.

Hence it may be safely said that in course of time the comumnnnity will beunefit very
substantially by the establishment of a scheme which can make available a supply to the under-
takers at 4pp10\{1mately half the present cost, with the likelihood of still lower costs as the scheme
develops.

XII—RELATION OF PROPOSED SCHEME TO PRESENT METROPOLITAN
UNDERTAKINGH,

It must be borze in mind that the Orders in Council granted to the Melbourne Electric
Supply Company, covering a considerable portion of the metropohtan area, may come up for
review in the year 1925. This matter, and the relation of the other metropolitan undertukings
to the State supply, has not been overlooked, and will form the subject of a further report at a
later date.

XIII.—POSSIBLE SELLING PRICES TO SPECIAL INDUSTRIES.

In the event of a cheap supply of energy being made available, there s reason to expect
the establishment in Victoria of industries requiriug very large quantiiies of energy for almost
continuous use, that is to say, with a load factor from 80 to 100 per cent.  Such industries would
include the manufacture of allzalies, reduction of zine concentrates, steel furnaces, production of
nitrates, calemum carbide, white lead, &c., &c.

Assnming that such industries can be attracted to Victorta and settle outside the metro-
politan area (as the Commissioners have not statitory authority to supply within that area
vonsumers other than electric supply undertakings and public bodies), it will be interesting to
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indicate hereunder the approximate eost at which a supply of 20,000 volt. energy to such industries
could be made available, at such a point as the Terminal Station, Richmond, and at the Morwell
power house respectively :—

Terminal Station, Richmond .. -188 pence per unit (100 per cent. load factor),
cquivalent to £4 2s. 10d. per electrical horse
power year.

Power House, Morwell .. 138 pence per unit (100 per cent. load factor),
eqmivalent to £2 17s. Gd. per electrical horse
power year.

The consumers in such cases would require to provide the necessary cable to convey the
~ energy from the Commissioners’ terminals or busbars to their establishments, and the cost of this
would naturally depend upon the distance the energy has to be so conveyed.

XIV—CO-ORDINATION OF OPERATION OF EXISTING AND PROPOSED
POWER HOURSES.

Section 11 of the Kleetricity Commissioners” Act provides that one of the powers and duties
of the Electricity (‘fommissioners is to " inquire into and report as soon as practicable, and from
time to time, as to the steps which i their opinion should be taken to secure the ultimate
co-ordination or unification of all State or other electrical undertakings i Victoria.”

It is essential that in the design and operation of any power houses to be erected in the
future, particularly if owned by the State, due consideration shonld be given to the economies
that will be effected by the electrical inter-connexion or linking up of such power houses with that
at Newport. Such linking up would reduee to a minimum the amount of spare plant required
to be held in readiness for emergencics, and decrease the risk of cessatton of supply through
failure of running plant.

Further, 1t would bring about a co-ordination of functions which would enable the combined
plants to be operated at a maximum efliciency. As an initiatory step it would he necessary to
bring Newport and the Morwell power Lhouses under the control of a single authority.

XV.-—BROWN COAI DISTILLATION PROCESSES.

The possibility of an economical ntilization of brown coal in a distillation, or carbonization
process, the use of the surplus gas in boiler furnaces and the marketing of the bye-products, has
not been lost sight of.

At the present tiume there arc several experimental plants in operation in various parts
of the world, and & great deal of valuable research worlk has been done in this direction by
officials of the Mines Department of our own State. There is no evidence, however, of any of
the methods or processes experimented with having been proved a success with brown coal on a
commereial scale. '

We are, therefore, of the opinion that although a process of coal distillation cannot be
recommended at present as a means of utilizing brown coal as a source of power, it is essential
that research work should be carried cut on a sufficient scale to prove the practicability or
otherwise of any such process. .

In the meantime developments in tlus direction in other parts of the world are being closely
followed.

XVL—BROWN COAL FOR GENERAL CONSUMPTION THROUGHOUT VICTORIA.

While not specifically called for in the instructions contained in section 10 of the Act, we
feel that a brief reference should be made in regard to the use of imported fuel for purposes other
than the public utilities of the State.

The present annual importation into Victoria of black coal may be stated to be in round
figures 1,200,000 tons. Of this quantity about 912,000 tons are required at ‘the present time
for the most important public utilities, including gas undertakings, leaving a balance of 288,000
tons which 1s utilized for general purposes, both industrial and domestic.

Yrom tests of Morwell brown coal unider actual working conditions in Mellourne, it has
been proved beyond doubt that this fuel can be economically burned under boilers, equipped
with a suitably designed furnace, without a reduction of boiler capacity. In fact it has been
repeatedly demonstrated that providing the urnace is equipped with ample grate area it is possible
to obtain a capacity excceding the normal rating of the boiler. This has been accomplished with
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a brown coal consumption in the ratio of less than two and a halt to one of Newcastle coal for
equal quantities of heat transferred to the steam in the boiler. On this basis the present cost of
the two fucls for a given quantity of heat may be stated thus—

1ot cqual Teating Vailoe.

Cost per lon. — = = _—
Cont. Ratio.
£ s d. £ s d.
Newcastle coal, ez Melbourne wharf (large) L1129 0 112 9 L 1
Morwell brown coal, ez Melbourne siding, based on
Zs. 3d. per ton at mine . . ... 00T 8 .. 018 5 .. b6

1t 1s evident that with the opening up of the Morwell field on the lines proposed, so that
coal may be won at 2s. 3d. per ton at the mine, and with Newcastle coal at present price, there is
every reason to expect a considerable market for the use of brown coal lor general purposes.
The displacement of the 288,000 tons of imported coal refel red to above would result in a demand
of, approximately, 700,000 tons of brown coal. In view of the cver-growing scarcity and eost of
wood fnel, the demand for brown coal would, doubtless, 1'apidly ierease as the public became
educated to the advantages resulting from the use of the cheaper fnecl.

Among the advantages that would acerue to the State should the Mine be openced up for
the supply of coal, mnst be 1n(‘1uded the additional revenue to be derived from increased Ireight
and passenger traffic from the Mine to Melbourne. The rallway receipts for carriage of coal,
with an output of 500,000 tons, would amoeunt in itsclf to over £135,000 per annum.

XV1I.--BRIQUETTING.

Although it has been poiuted out that tliere is a considerable market in the State for brown
coal In its raw state for general purposes, it lias not been overlooked that possibly this market,
or a considerable portion of it, might be more satisfactorily catered for by a supply of brown coal
briquettes.

In Germany a large percentage of the brown coal mined 13 briquetted without the use of
any binding material. The syndicate controlling the Rhineland Brown Coal-fields turns out
20,000 tons of brown coal briquettes per day. Before tlie war the cost of producing these amounted
to 3s. per ton, and at the preseut time the cost varles from 4s. 3d. to Jds. Gd. per ton on trucks
at the works.

The moisture coutent of a Imquettc would be, approxunately, 10 to 15 per cent., and the
calorific value, appreximately, 9.000 to 10,000 B.T.U's. per Ib.  The calorific value of Newcastle
coal is, approximately, 13,000 B.T.U's. per Ih. The difliculty of establishing a comparison with
the (ferman costs is very great, particularly at this juncture, with tle abnor mial rates of exchange,
&e., but even should the cost of briquettes manufactured at Morwell he as high as 20s. per ton
(and this 18 an ontside figure) delivered at Melbourne sidings, theve would be a big field for their
sale for all heat prodneing purposes both industrial aud dotmestic. The possibility “of exportation
of briquettes to States hike South Australia dependent at present on mmported supphes of coal
should not be overlooked.

A sum of £30,000 has, therefore, been placed on the cstimates herewith subuutted for
the provision for experimental purposes of a hrst unit of complete briquetting plant, having a
capacity of 70 tons per day, this being the capacity of one press of the Zeitzer type. Should the
operation of this umt prove successful it would be necessary to install at least four more units
of the same capacity to provide for the household consumption of the metropolitan area alone,
the probability heing that the demand would prove very considerably greater than even the five
units could cope with.

XVUIT-—ESTABLISHMENT OF TOWNSHIP AT MORWELL.

In connexion with the proposed Movwell scheme, a matter which will eall for attention at
an early stage iz the necessity of providing suitable accommodation for the housing of the
employees.

The mine and power-house will be situated at too great a distance from the existing town-
ships of Morwell and Moe to allow of the employees residing at such places. An excellent
opportunity is, therefore, provided for planning a township on fiiodern lines, insuring the employees
comfortable and hygienic accommodation at a reasonable cost to them. Time has not permitted
for details of such a proposal to be prepared, but from preliminary inquiries it would appear
advisable to provide a sum of £150,000 for such purpose. It will be necessary, in the event of
the Morwell scheme being proceeded with, to obtain an expert report on such a proposal.
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XIX.—CUSTOMS DUTIES ON IMPORTATION OF MACHINERY.

In the preparation of a scheme such as the one presented herewith, we have had our
attention drawn to the considerable effect that Customs duties will have upon the capital to be

expended. On the electrical portion of the scheme these duties will probably amount to
£180,000.

It may be assnnted that duties are imposed upon the importation of machinery primanly
to encourage local manufacture. While, therefore, it is neecessary to assist in every reasonable
manner the development of local mannfacturing, it must not be overlooked that the nnmposition
of substantial duties upon certain classes of heavy machinery required for the generation and
supply of ‘cheap electrical cnergy, and which cannot be manufactured in the Commonwealth under
existing conditions, will react seriously on the industrial development of the State.

Existing industries, and those to be established, will depend ior their existencc upon a cheap
supply of energy being made available. Heavy duties payable upon the importation of generating
plant for proposed new power-houses will correspondingly increase the cost ol encrgy, and,
consequently, hamper the development or establishment of industries, the encouragement of
which was, doubtless, the very object the framers of the Custoins Tariff had in View.

Reference may be made particularly to one itemn, viz., = Electric generators for dircet
coupling to steam turbineg,” five of which, each of about 30,000 h.p., may be ultunately required
for the Morwell scheme. The duty imposable on the first instalment of this section of the plant
will amount to about £45,000, being at the rate of 25 per eent. for plant of British make and 30
per cent. for all other makes. The steam turbines, however, to which they are direct coupled,
forming self-contained units of plant, are on the free list so far as thosc of British make are concerned,
while those of foreign make are dutiable to the extent of 5 per cent.

It 1s evident that the Commonwealth authorities are of the opinion that the steam turbines
eannot be made in this country, while the electric generators for coupling to sueh turbines, which
present just as dificult a manufacturing problem as the turbines, are evidently considered plant,
tne local mannfactare of which 1s practicable. This view 1s quite erroncons, as there is not the
slightest hope that generators of the capacity required for a power-house such as Morwell will be
manufactured i this country for many years to come. The Inter-State Commission, in their
report No. 336, ne “ Tariff Investgation,” dated 28th September, 1916, recommended that
generators of a capacity of 500 h.p. or over, for direct coupling to steam turbines, should be
admitted free of duty, if imported from Great Britain, and liable to 10 per cent. if from foreign
countries.

We are of the opinion that representation should be made to the Commonwealth authorities
with the object of endeavouring to have at least the recommendations of the Inter-Statc Commis-
sion above relerred to adopted, although generally it may be said that the imposition of duttes
on turbine gencrators, boilers, and transformers and switch-gear of the capaeities and voltages
requred in a scheme like that proposed for Morwell is nothing less than a direet and unfair burden
on the industrial section of the community.

XX —SUMMARY OF MAIN CONCLUSIONS.

After a careful survey of all the requirements in regard to an ample supply of electrical
energy and fuel for use throughout the State, and the data available as to the possible sources
of such supphes, the Conimissioners, for the reasons set out in this Report, have arrived at the
following conelusions :—

1. That the necessary steps should be taken to inaugurate a State scheme for the supply
of electrical energy.

2. That with this object in view, and as the nueleus of such scheme, the Morwell brown
coal-field should be opened up and a power house established thereon of an initial capacity of
50,000 kw., with the neccssary transmission line, cables, and sub-stations, all as described in the
Report, at an estunated cost of £2,737,392.

3. That the scheme be proceeded with immediately in view of the very serious position
in which the electric supply undertakings in the metropolitan area and their consumers will be
placed if such State scheme 1s not in operation early in 1923.

4. That the consideration of hydro-electric power schemes be deferred until further investi-
gations now being carried out are completed.
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2. That with a view to maximum economy the propoaod Morwell and any other power
house that may be erected in comnexion with the proposed State electric supply scheme should
be electrically linked up with the Newport power house and both operated under the control of
a single authority.

6. That research work with hrown coal should be continued on a sufficiently large scale
to determine the cominercial possibilities of its wtilization in connexion with distillation or carboni-
zation processes gas production, by-product recovery, and as pulverised fuel.

With the object of providing brown coal as fuel at the cheapest price for industrial and
domebtlc purposes, the necessary authority should be obtained to proceed at once with the
opening up of the Morwell brown coal-field. This development, on the lines proposed, will
mvolve the closing down of the present workings and a reduction in cost of winning coal to
about one-third of the present cost. The mplta. reqmred Jor this purpose is estimated -at
£221,000, which is included in the sum mentioned in Conclusion No. 2.

8. That in addition the sum of £30,000 be provided for the installation for trial purposes
of the first unit of the -necessary cnubhmn' deying and brigetting machinery to be installed at

Morwell for the purpose of mantfuc tumng hrigettes from brown coal [or indusicial and domestic
purposes.

2. That in addition, authority should be obtained to proceed with the construction of
suitable housing accommodation for the workmen to he employed in connexion with the scheme.
Time has not permitted of a detailed estimate being prepared of the cost of such acconunodation,

but froun preliminary inquiries it would appear adv visable to provide the sum of £150,001 for the
_ purpose.

10. That representations should be made to the Commonwealth authorities with the
object of effecting a reduction of the Customs duties payable on many items of plant required
for the Morwell S(,heme wlicl cannot be made in Australia, and particularly in referencc to
generators for direct couphng to steam turbines, ’

SUMMARY OF LOAN MONEYS REQUILIRED.

£
Opening up of Morwell Brown Coal-field . .- © 221,000
Electrical Bystem .. .. .. .. 2.016,382
Township at Morwell .. .. .. . 150,000
Briguetting Plant .. . . .. 30,000
Total .. .. .. .. £2.017,382

We have the honor to be,
Sir,
Your obedient servants,

THOMAS R. LYLE, Chairman.
GEO. SWINBURNE, Commissioner.

ROBT. GIBSON, Commissioner.
R. LIDDELOW, RSecretary.

Date—26th November, 1919,
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APPENDIX A.

REPORT OF THE CHIEF ENGINEER ON THE PROPOSAL TO ESTABLISII AN
ELECTRIC SUPPLY SCHEME IN CONNEXTON WITH THI: MORWELL BROWN
COAL FIELD.

Electricity Commissioners’ Office,
073 Bourke-street,
Melbourne, 3rd November, 1919,

ELECTRICAL ENERGY REQUIREMENTS IN THE METROPOLITAN AREA. -

The Advisory Committee on Brown Coal, appointed in June of 1917 to advise the
Government regarding the prospective use of brown coal [or power and other purposes, in their
Report, dated 25th September, 1917, assured as a basis of their calculations that a demand of
about 50,000 kw. would be requircd in the metropolitan area for hight, power, and tramway
requirements 1n the year 1921, Conditions arising out of the war have adversely affected the
growth of the demand in this arca, and a reconsideration of this matter has indicated that this
demand is not likely to be reached until the year 1923, the earliest date by whi¢h any new scheme
could be brought into operation.

Fach of the two principal undertakers, namely, The Melhourne City Council
and The Melbourne Electric Supply Company have recently entered into a five years’
agreernent with the Railway Department for a s ipply of 5,000 kw. from the Newport power-house.

This will affect the demand to be met by the proposed new power-house scheme to the extent
of 10,000 kw., redueing it to 40,000 kw.

By the year 1925 the Newport ‘power-house plant may be fully required for railway purposes,
and therefore it may becone neccssary to transfer this demand of 10,000 kw. to the proposed
new scheme, which demand, with the growth expected in the Melbourne arca between 1923 and
1925, will malee the total demand in the latter year about 61,300 kw. These figures do not include
any special demands that may arise from the establishment of niew industries due to the existence
of an ample supply of cheap encrgy.  Such u development, to judge by the experience of similar
seliemes 1n other parts of the w orld is most likely to take place.

A new power scheme such as is now under consideration, unless it be capable of supplying
energy in bulk to the existing Melbourne undertakers at a cost less than their geuerating costs,
will not be in a position to have transferred to it the task of generating and supplying the epergy
which such undertakers may be generating when the new scheme is bronght into operation.

In such a case the demand available {or the new scheme would be confined to the increase
in business over and above the generating capacities of the two Melbourne undertakers. As,
however, there is no doubt whatever that the proposed power scheme will be in a position to supply
to the existing nndertakers energy in bulk at a price considerably less than that at which 1t is
being generat ed to- day, it may be taken for granted that they will readily accept the opportunity
to purnhaqe the whole of the requiremnents at present being generdted by them, and by so doing
gradually shut down their own plants.

CAPACITY OF POWER-HOUSE.

The proposed power-house, therefore, has been designed in the first stage to generate a
supply of about 50,000 kw., with provision for extension ultimately to 100,000 kw., although 1t
1s possible, in view of the coraparatively unlimited supplies of brown coal, to increase the plant
capacity at Morwell beyond this figure should it become advisable at a later dute. It is a matter,
however, that can be left for future consideration in conjunction with the question of developing
water power or brown coal fields other than Morwell.

CHOICE OF SITE.

Assuming ample supplies of fuel, the choice of a site for a steam power-house for supplying
electrical power to Melbourne depends primarily on the cost of delivering to Melbourne a given
quantity of electrical energy. This eost in itself depends on the price at which fuel can be made
available at the powerchouse for a given quantity of heat energy and the cost of transmission of
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the electrical equivalent of such energy to Melbeine.  Ln a less degree the choice is affected by
the relative capital costs of tlie power-louses o the several alternative sites that may be under
consideration, and the availability of cocling water, wwple supplies of which are necessary in
a modern power-house of large cupacity.  Froni « perusal of the Report of the Advisory
Committee, it is evident thui tle possible sites for a power-house that claim serious
consideration are limited to one on (he Morwell field and one at or near Melbourne.  In the {ormer
case the fuel to be nsed would be brown coal, and in tle latter hrown caal from the Altona field, or
black coal from Wonthaggl or Newcastle.

In the Advisory Comnuttee’s Report 1t was cleardy shown that assummg 2s. 3d. and 6s. 3d.
per fon to be the respectn ¢ costs of winning coal on the Morwell and Altona ficlds, & power-house
on the former would supply to Melbourne cheaper clectrical power than one situated on the Altona
field. Recent detailed investigations, respectively by Mr. Lindesay Clark and Messrs. Broome
and Klug, have resulted in con fnmmg the above estinmates of cost of winning coal.

Hence the Altona coal-ficld may be Jeft out of any further consideration at present as a
site for a steam power-house for the supply of electrical energy to Melbourne.

As regards the State coal mine al Wonthaggi, it 1s hardly necessary to point out that,
apart from the price of such fuel being too high for any possible consideration in a problem of this
kind, the supply is evidently of oo wrregular aud limited a nature to justify its consideration
for use in a power-house either on the Wonthaggi field or on a gite near Melbourne,

There remains, therefore, to be considered the rival claims of a site at Morwell and one
at or near Melbourne using Newcastle coal. A perusal of Table L., hereto atiached, will show that
the latter alternative is In no better position for the supply of cheap power than when the
Advisory Commiittee on Brown Coal made its reconnnendation in favour of developing Morwell as
a site for a power-house, for whereas the esthnated cost of winning Morwell coal 15 still 2s. 3d. per
ton, the cost of Neweastle slack coal delivered 10 a power-house sttuated as Newport power-
house has risen from 21s. Hd., which was the price ruling at the time the Advisory Committee
made 1ts Report, to 25s. 3d. per ton. From inquiries made it seems extremely unlikely that
the cost of such coal will be leduoed iu the near Iuturc On the contrary, there 1z evideuce to
show that there will be a further rse before long.

TABLE 1 —-COMPARATIVE TOTAL ANNUAL CUSTS, INCLUDING -CAPITAL CHARGES, OF SUPPLYING
10 MELBOURNE 43,960 xw., 1x tur rorm o 20,000 voLT ENERGY, FROM A POWER-HOUSE
SITUATED AT MORWELL, AND FROM ONE USING IMCORTED BLACK COAL SITUATED AT OR NEAR
MFLBOURNF (LOAD I_*A(,TOB 1) PER (,E\T)

]
l Morwell. " AMelhourn .
Uising Brown Coal with Vintng Neweastle Coal
I Tilectrical iransmlsgion, {Sea-borne).
e e —————
Energy delivered Melbourne . .. units 161,700,000 161,700,000
Energy generated at power-house .. .. “ 183,960,000 167,326,000
Meaximum demund on power-louse .. kw. 50,000 45 490
Coal consumption per unit generated .- tbs, 3-8 L 59
Coal eonsumption per annum .. tons 312,900 118,800
Coal cost per ton delivered power- house .. .. 28. 3d. 25s. 3d.
Power-house-— Ler annum. Per annum.
Variable Charges - £ £ £ £
Coal . . - 35,200 150,000
Wages of coat and ash handhnn stafl .. - 1,250 1250
0il, water, and stures .. .. .. 1,000 1,000
e BTARO | —— - — 132.250
Standing Charges— .
Wages, maintenance, &c. . . . 26 850 41145
Capital charges .. .. .. .. 107,842 07,300
e IBL227 [~ —— - 121485
Transpission Line—- ,
Patrolling, maintenance. &v. .. .. ] 1010 !
Capital charges . . .. . 19,568
——— = 323,h55%
Terminal Station—
Wagpes, maintenanee, &e. .. .. .. 3,085
(apital charges .. .. .. .. 16,915
e — 20,500
Administration . .. . .. .. 6,300 .. 8,300
Tetal annual cast .. .. . .. 292,045 . 250,035
Cost per umit {pence) .- . | - 324 . 415
j -

o O
XoTE.—In this table the costs of 20,000 volt diztribution within the metropolitan area are nat included,

17766 —2

£
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The comparative costs of supplying energy to Melbourne from power-houses situated
respectively at Morwell and at or near Melbourne are set out in Table L, and it can be safely said
that the undoubtedly favorable position in which Morwell was placed in the Advisory Committee's
Report is fully confirmed to-day as a result of a further careful investigation of the fuel situation

and of the relative costs, hoth capital and annual, of power-houses on the two alternative sites
under consideration.

The Advisory Committee also gave consideration to the question as to whether it would be
cheaper to construct a power-house at or near Melbourne and transport the brown coal from Morwell
or Altona to 1t for the production of energy required for the Melhourne area. The recommen- -
dations of such Committee, to the effect that it wonld be decidedly more economical under present
conditions to transmit the energy electrically from Morwell than to transport the fuel to
a power-house situated near Melbourne, holds good to-day notwithstanding an increase in the

capital cost of the transmission line to Melbonrne since the date of the Advisory
Committee’s Report.

MORWELL INVESTIGATIONS.

In antieipation that it would again be demonstrated that the Morwell field provided the
most cconomical site for a power-house for the purpose mentioned, investigations have been made
with a view to choosing a spot suitable {or the erection of a power-house and to determining the
quantity of cooling water that would be available from the River latrobe for condensing purposes.
A piece of elevated ground sonth of the River Latrobe and west of the present open-cut, as described

in the Advisory Committee’s Report, seems to offer the best position for the erection of a power-
house.

The Mines Department are at present engaged in itntensive boring of this gronnd to enable
the location of the power-house wite in relation to the mine to be definitely settled. There is
every reason {o expect that the site tentatively chosen will prove satisfactory from all points of
view. It is contiguous to the proposed scene of ining operations, and whicl will enable
transportation of fuel to be carried out at a minimum cost.

The State Rivers and Water Supply Cemmission have been for some time engaged on an
investigation, with the object of choosing a suitable site for a weir across the River Latrobe, so
as to provide storage of water to enable the maximum use of the river low to be made for condensing
purposes. 'T'he Commission has chosen a site for the erection of the weir and is submitting recom-
mendations in regard to the design of such. .

Fortunately, records have been kept by this Commission over a period of about twenty
vears of the flow of the River Latrobe at Rosedale, some niiles below Morwell, and special
observations made recently by the Commission lave established the fact that the flow of water
past Morwell may be taken in normal times to be 80 per cent. of that at Rosedale. It is the opinion
“of the streani-gauging expert of the Commission that in times of drought, when the flow of the:
rver is at a minimum, the flow at Rosedale would be practically identical with that at Morwell,
as the various streams feeding the Latrobe between Morwell and Rosedale cease altogether to flow
during such times. On the basis of 80 per cent. of the minimum flow recorded at Rosedale during
the last twenty years, it is estimated that the river would be capable of supplying sufficiént
condensing water to enable the power-house at Morwell to generate about 40,000 kw. without
recourse to any special cooling arrangements. The erection of the weir, however, and the
consequent storage of water will enable the power-house to meet a demand at times of minimum
flow up to about 90,000 kw. (429 load factor). Hence, it appears that to the extent of this

larger demand there will be 1o need to install special apphan('eb for the cooling of the circulating
water.

CAPITAL COST AND CAPACITY OF POWER-HOUSE.

The Advisory Committee in their Report in 1917 estimated that the cost of a power-house
at Morwell, with an installed plant capacity of 75,000 kw., would cost £1,262,500, or £16-83
per lilowatt of installed capaclty

Owing to prices having risen 80 per cent. to 100 per cent. for machinery since pre-war days,
a complete power-house containing 75,000 kw. of turbo-generating plant, with boilers, buildings,
and other details, would cost to-day £1 442,927, as follows :—

TaBrLE [1.-—EsTimaTtep CariTan CosT oF POWER-HOUSE AT MORWELL.

1. Preparation of site, foundation, buildings, channels, &c. .. .. £296,008
2. Turbo-generating plant and auxiliaries .. .. 081,638
3. Boiler-house plant, including coal and ash handlmg, storage & .. 394244
4. Switchgear, transformers, &c. .. . -, .. .. 171,137

Total .. .. . . . .. £1,442,927
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The above expenditure would provide for the supply and installation of the undermentioned
plant, necessary to complete a power-house for the ecenomical ntilization of brown coal for an
output of 50,000 kw. at the power-house, with provision for extension when necessary to

100,000 kw.——

Three 25,000 kw. turbo-gencraturs, complete, with surface condensing plant and
pumps.

Eight boilers, each of 14,010 square {cet heating surface, geuerating steam at 275 lbs.
per square Inch at a temperature of 650° I, (omplete with travelling grates and
balanced draft eqmpmenf and stacks.

Coal and ash handling aud ceal storage plant, with bunkers, conveyors, and elevators,
erushers, weighing machines, &c.

Four feed pumps of centrifugal type, turbine driven, each of 35,000 gallous per hour
capacity.

Two starting-up turbines and generators, each 500 kw., to uperate non-condensing.

The necessary steam, feed and other piping, eva pnmtors hotwells, and other auxiliary
appamtus

Switchgear for three generators and auxiliaries, two outgoing 25,000 kw. circnits
operating at 130,000 volts., with stepping-up transformers and control panels,
wiring, instrunents, &c.

Buildings to house the above plant ; also {or offices, stores, &e.

Fitting shop with machine tools.

Railway siding and roads.

Water channels and rotary screens,

SUITABILITY OF LARGE UNITS.

In the Advisory Committee’s Report provision was made for the installing of five 15,000 kw.
turbo-generators as the first instalment of plant. Nince the date of their Report considerable
progress has been made in the design and manufacture of larger units, even up to 45,000 kw.,
and in view of the appreciably less capital cost per kilowatt of capacity of such units, and the
comparative simplicity of layout obtamable with the smaller number required of suc N units, it
has been deemed desirable, for the prrposes of this estimate, to prefer units of 25,000 kw. capacity.
Further, by the ddo]mon of the iarger unit the stcam cconomy of the power-house will be
appremab]y improved and operating expenses will beuefit.

WEIGHTS.
Facilities in the Port of Melbourne for discharging Lheavy machinery are limited to weights
not exceeding 35 tons. From inquiries made it appears that a line of steamers trading between

Great Britain and this country have their slups cquipped with derricks capable of discharging
single pieces weighing up to 50 tons.

The stator of a 25,000 kw. generator, when completed, weighs considerably more than
this, but it can be shipped in parts and assembled on the site. The heaviest single piece of such a
generator would not cxcced 46 tons. The fact that the Port of Melbonrue is not equipped with
lifting apparatus suitably situated and capable of discharging alongside a railway single pieces
of greater weight than 35 tons is a matter that should be given careful consideration to by the
authorities, in view ol the likelihood of machinery of still greater weight being imported into this
country in the near future. .

STORAGE OF COAL.

Notwithstanding that it is proposed to crect the power-liouse alongside the coal 1nine,
it will be advisable to provide for the storage of a certain amount of {uel which can be conveyed
readily into the boiler-house in case supplies from the nine are interfered with. In a power-house
being supplied with imported coal, there is always the risk of interruption due to failure of transpor-
tation. This risk will not have to be provided for in the case of Morwell, but there will always
be the possibility of a suspension of mining operations due to incleinency of the weather, or serions
breakdown of mining machinery. This risk will be sufficiently covered by storing about ten
days’ supply of coal. The cost of tlie necessary storage aceommodation, together with conveyors
and elevators, has been included in the estimates of capital costs for the power-house.

OUTDOOR SWITCH INSTALLATION.

The switchgear and transformers for stepping up the voltage at Morwell to 130,000 will be
of the outdoor type, in accordance with the latest practice in America with high-tension transnussion
hne schemes. The cost of the commplete switchgear installation is estlmated at £171,137, and has
been included in the estimate of total cost of power-house,
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TRANSMISSION LINE.

It is proposed to erect a single stecl tower line with two transmission circuits, each capable
of transmitting 25,000 kw. At a later date, as the power-house capacity is increased, it will be
necessary to duplicate this line. 1t 1s estimated that the single-tower line, with conduectors and
ACCEssoTIes complete]y erected, will cost £323,102. Owing mainly to the increase In the price
of copper cables, this estimate is £61,982 above that mentioned n the Report of the Advisory
Commuttee for a line of similar capacity. The actual cost of the line will depend to a very large
extent on the market rates for copper and steel at the time the contracts for the supply of material
are entered into. There is, however, reason to e: xpect, that the actual cost of the line when erected
will prove to be lower than the esthinute, as the price of steel taken in the estimate (£23 per ton)
is likely to fall to.a less abnormal figure when the present conditions disappear. There 18, however,
little reason to expect lower prices for copper cables, as it 1s not likely that the price of electrolytic
copper will Le reduced mucl: below the present price of £116 per ton, and the difference hetween
this and the cost of the completed cable is mostly made up of labour and other costs of manufacture,
and these are uot likely to decrease to any appreciable extent.  When the time arrives to place
orders for materials, careful consideration will be given to the claims of aluminium, which has been
nsed to a very large extent in the U.S.A. for the conductors of overhiead transmission lines.

The leading features of Lthe line on which the estimate 1s based, are as {ollows :—

Route length - . - . .. 32 miles

Voltage at generating end .. .. . .. 130,000 volts
Frequency . .. B0 cycles per second
Sectional arca and material of conductor . .. 182 gquare mch copper
Number of towers per nile .. . . .. 8approx.

Weight of towers .. . - .. .. 2°7 tons each

(.1.F. price of copper cable .. oL .. .. £158 per ton

C.LF. price of steel .. - . .. .. %23 per ton

Carcfully recorded data secured during a flying survey of the tramsmission line route by
Messrs. J. M. and H. E. Coane, consulting ctvil engineers and surveyors, served as a basls for the
estimated capital cost of such line.

A plan of the proposed route is herewtth supplied. [t will be noticed that the route of the

line generally follows the Dandenong-road from Oalkleigh as far as Drouin, and thence, owing to
the road turning too far norti, it preceeds across country in a stralght line to Morwell.

The difficulties to be met in coustructing the transmission line will be found to be extremely
few, the territory passed through being on the whole gently undulating: Ln thosé eases where it
passes through private property, provision has been made in the cstimates for compensation to
the owners.

In adopting a voltage of 130,000 volts at the generating end, the possibility of exteusion
of transmission lines throughout the whole of Victoria was kept in mind.

TERMINAL STATION.

For the site of the terminal station land has been reserved at the quarries, Richmond,
suflicient for the erection of the necessary switchgear and step-down transformers to transform
the energy fron the voltage of the transmission line to 20,000 volts, which is the voltage tentatively
adopted for the purposes of distribution in the metropolitan area.

The capital cost of the terminal station, with its switchgear, transformers, and synchronous
condensers, is estimated at £226,755. 1t may be of interest to point out that when the tinie arrives
to erect a second trausmission line from Morwell, such line would probably be taken round the
north of Melbourue to the vicinity of Footseray and Williamstown, as it is expected that in these
areas a large industrial deinand will be developed. The two terminal stations then would be tied
together by means of the 20,000-volt feeders, the first portion of which is provided hereunder.

MELBOURNE DISTRIBUTION AND SUBSTATIONS.

The Advisory Committee provided in their Report for the whole of the demand in the
metropolitan area being met by laying two groups of 20,000-volt feeders from the terminal station,
one to each of the power-houses of the two principal undertakers.

Bearing in mind that the object of the Advisory Committee was to establish a cost
relationship between Morwell and the existing power-houses, no serious objection could be taken
to this proposal for the demand above mentioned, but it must not be overlooked that the demands
in the metropolitan area are growing steadily, and the time has arrived when a higher voltage
than those at present in use (6.000 and 4,000) requires to be introduced for distribution purposes
fo efﬁclently deal with the growing business, particularly that of the Melbourne Electric Supply
Company whose area 1s extensive, many parts of which eannot be efﬁclently served by 4,000-volt
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feeders. This company is at present considering a re-arrangement of its distribution system,
with the introduction of a three-phase supply to meet the demands from factories and other power
users. The moment is considered oppoertune to bring about in the interests of efficiency a change
in the systent of main distribution.

To postpone the matter and to deliver the whole of the energy {rom Morwell to the under-
takers “power-houses will result in these undertakers having to provide for the laying of additional
feeders at the low voltages in use in their areas. This would not he economical. and would not

- Rl b . -
provide for an efficient service for all time.

Hence, provisions have heen made in the estimate for supplying these nndertakers at a
number of points cach Jocated in accordance with the demand of the particular district. At these
centres or sihstations there conld be made also available the supplies for the dozen or so
municipalities at present purchasing their power 1equivenients in Iulk {row the (ity Council or
the Melbourne Eleetyie Supply Conipany.

These substations ¢wned and controlled by the Commissioners would be served by feeders
conveying the 20.000-volt energy from the terminal'station at Riechmond, and wonld be equipped
with the necessary transformers to reduce the voltage to 6,000 or 4000, as required by the
undertakers.

By these means a standard and higlly-eflicient system of distribution of energy in the
metropolitan area would be broiight about, and the annual cost of same will naturally be imcluded
i the charges to the undertakers for the energy they rveccive. [n the Jong vun the consuiner will
benefit, as by this proposal the Commissioners will be carryimg ont, in a more efficient manner,
a funetion at present performed by the undertakers.

Although the voltage of 20,000 has been adopted in the estimates as suitable {or the main
distribution in Melbourne, investigations are being made in regard to the economy of adopting a
higher voltage, such as 33,000. *

A plan of the proposed Melbourne 20,000-volt distribution system has been prepared and
is supplied herewith. On 1t 1s indicated the approximate sites of the proposed subwstations, the
demands in kilowatts expected at these substations by the vear 1923, and the ultimate capacities
of the substations.

It will be seen that the snbstations will be connected by a ring svstem of eables which will
be laid underground, with the exception of that portion running between snbstations ©“ G7" and
“C” supplying the western municipalities. These will be served by means of an overhead line,
to be replaced at a later date when the growth of the demand justifies the expenditure on
underground cables. The amounts to be spent on cables and substations for this purpose are as
follows :—

Melbourne distribution cables . .. . . . £272,550
Melbourne substations and equipments .. .. . .. £251,058

ESTIMATED TOTAL CAPITAL EXPENDITURE ON MORWELL POWER SCHEME.

The total capital expenditure of the proposed schenie to supply Melbourne with electrical
energy in bulk, and to distribute same in the metropolitan area, is set ont herennder :-—

Tasir II1.-—EstiiateDp Tortarn Carrrar Exprnprrrre ror AN Ovrrur or 50,000 xw. vrOM

MorwELL.
Power-house £1,442 927
Transmission line 323,102
Terminal statibn .. .. .. .. .. 226,755
Melbourne distribution cables and substations .. .. .. 523,608
Total .. .. . .. .. .. £2516,392

ANNUAL COST OF 20,000-VOLT ENERGY AT THE TERMINAL STATTON,
LICHMOND.

Trom Table L. it will be seen that it is estimated that in the first stages of the Morwell
development, and assuming an annual load factor of 42 per cent., the average cost of supplying
power to Melbourne in the form of 20,000-volt energy at the terminal station, Richinond, will be
0-329 pence per unit, equivalent to an annmal cost of £4 4s. per annum per kilowatt of maximum
demand, plus 0-056 pence per unit. This is somewhat higher than the estimate in the Advisory
Committec’s Report, and ig due mainly to the advances in prices of plant and materials and partly
to higher rates of wages of operation staff, and to the smaller quantity of energy to be delrvered
to Melbourne, on which the estimate has been based. As the schieme develops and the demand
Increases above 50,000 kw., the average cost will be gradually rednced, for the spare plant capactty
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i proportion to the total capacity will be smaller and the annual load factor is likely to be
improved. It will further be noted that the estimated cost of supplying energy from Morwell
1s 21 per cent. less than that possible in the case of a power-honse that could be constructed
at or near Melbourne in which Imported black coal was to be nsed.

ANNUAL COST OF SUPPLYING 6,000 AND 4,000 VOLT ENERGY.

In order that a definite price can be arrived at, at which the existing undertakings should
be charged for the supply of energy, it is necessary to add to the cost of the energy at the terminal
station the eost of distribution to the substations and of conversion thereat. The total annual
eost, including capital charges of supplying 6,000 volt and 4,000 volt energy at the substations
In the metropolitan area, assuming the same load {actor as previously, is estimated at 0-395 pence
per unit, equivalent to £5 3s. 6d. per annum per kilowatt of maximum demand, plns 0-057 pence
per wmt,

In comparing these figures with the costs mentioned in the Advisory Clommittee’s Report,
it must be rememnbered that the former inchdes the whole annual cost of the main distribution
system as already described, which cost, under the conditions on which the Advisory Committee’s
estimate was based, wonld be borne by the nndertakers, but at a greater cost to themselves, and
consequently to the public. Tt must also be borne in mind that underground cables have increased
In price over 70 per cent. since the date of this Report (1917).

If to the costs above mentioned is added a margin of 10 per cent., the estimated
eharge to the undertalers, which could be made [or 6,000 volts and 4,000 v olts supplies at the
Commissioners' substations, would be 0-434 pence per unit (load factor 42 per cent.), equivalent
to £5 13s. 10d. per amnun per kilowatt of maximum demand, plug 0- 063 pence per unit.

GRQWTH OF THE DEMAND AND ITS EFFECT UPON THE (COST OF SUPPLY.

There 18 every indication that the demand for electrical energv in Victoria will rapidly
increase as soon as the proposed power scheme i3 in operation.  New industries for the production
of manufactured articles at present inported are bound to arise under conditions that have come
about as a result of the war, but siuch industries are likelv to settle in other States than Victoria
if the manufacturing facilities 1 the former are supericr.  An ample supply of electrical energy
at cheap rates 1s onc of the most important factors to be considered by the manufacturer in
arriving at a decision as to where an industry is to be established.

Given a supply of cheap cnergy there is ev ery reason to expect that Victoria will be looked
upon with favour ag an industrial centre, and in consequence the demand for power may be
such that in about five years from the initration of the scheme the output from Morwell will have
reached 100,000 kw. Hence, it will be interesting to examine the effect of such a development
upon the annual costs.

The increased output would require the installation of two additional 25,000 kw.
turbo-generating units with the necessary boilers, switchgear, &c., a second transmission power
line and terminal station, which at to-day’s prices would increase the expenditure on the scheme

- to the following figures : —

TaBLE IV..—EstiMaTeED Torarl CapriTal EXPENDITURE FoOR AN QUTPUT
oF 100,000 xw. FrROM MORWELL.

Power-house .. .. L . .. .. .. £2381,618
Transmission lines .. .. .. .. .. .. 662,489
Terminal stations .. S .. .. .. .. 453,510

Total .. .. .. .. . .. 13,497,617

Allowing for the increased anuual expenditure, and assuming the same load factor (although
it would be reagonable to assnme an improvement in the load factor as the output grows, with
corresponding decrease in the average cost of supply), the cost of electrical energy delivered at the
terminal station at Melbourne at the voltage of 20,000 would be 0-292 pence per unit, equivalent
to £3 12s. bd. per annum per kilowatt of maximum demand, plis 0-036 pence per unit.

PRESENT C'OST OF GENERATING AT THE UNDERTAKERS POWER-HOUSES.

As already stated, unless the Morwell scheme is able to offer a supply of energy to the
generating undertakers at less than their present generating cost, it would not be commercially
possible for the proposed scheme to take over the business of generating the present requirements
of Melbourne.

The cost of generation, excluding all capital charges on the plant, at the City Council’s power-
house for the year 1918 amounted to 0:519 peuce per unit sent out. For the year 1919, owing
to an increase in coal prices, this cost will probably be 0-561 pence. Similar costs may be taken
in the case of the Melbourne Electrie Supply Company for the same periods.
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A comparison of these figures with the cost at which 6,000-volt and 4,000-volt energy can
be made available at the proposed Commissioners’ substations, is as follows :- -

TabLe V.
Melbourne Undertakings—
Present generating cost (excluding capital
charges on power-liouse plant) .. 0-561 pence per unit sent out from
power-liouse
Morwell Power Scheme -
Estimated cost of delivering 6,000-volt :
volt and 4,000-volt energy at Commis-
sioners’ snbstations, plus 10 per cent.
margin .. . .. oo 00434 penro per unit at substation

Difference .. .. () 1 7 pence per unit

On the estimated output of these two 11nde1ta,kmm, for the vear 199‘3 viz., 108,000,000
units sent out, this difference of 0-127 pence is equiv: alent to a rednction in w 0tkmo expenses to
these undertaklngs of about £60,000 per annum.

This, however, has not taken into account the saving due to the Commissioner’s making
available their supply at the substations scattered over the metropolitan area instead of concen-
trating such supplies at the two power-houses of these undertakers. This saving will be particularly
marked in the case of the Melbourne Electric Supply Company, as under the scheme of distribution
proposed, the bulk of their requirements will be taken at places other than their power-house.

It is estimated that the ultimate reduction in cost to the two undertakings, based on the
output for 1923, will amount to nearly £80,000. This reduction. if passed ontothe public in theform
of lower chalges will, in the eves of the Velbowrne citizens, prove to be the strongest argument for
the immediate proceedmﬂ with the Morwell scheme. 1t must not be overlooked that the estimated
annual costs of the proposed scheme have included s margin of 10 per cent.  This should make the
scheme attractive from a general taxpayers’ point of view. ~

EFFECT ON COSTS OF IMPROVED LOAD FACTOR.

Although all costs have so far been calculated on the basis of a load factor of 42 per cent.,
a cheap supply of energy is likely to encourage the establishnient of long-hour consumers, both at
Melbourne and at Morwell. Hence, the costs at which a supply can be made available at these
places, assuming the energy to be taken steadily throughout the 24 hours for each day of the year,
t.e., a load factor of 100 per cent., will be of interest. It has also been assumed that the supply
is taken at the busbars of the terminal station, Richmoud, and the Morwell power-house
respectively.

LOSTS (tzvcLuping 10 pER cENT. MARGIN) OF SUPPLYING 20,000-VOLT ENERGY
(100 PER CENT. LOAD FACTOR).

Melbourne .. .. . .. 0-188 pence per unit
equivalent to £4 Zs. 10d. per
electrical horse-power year
Morwell .. . . .. 0"138 pence per unit
equivalent to £2 17s. 6d. per
clectrical horse-power year

MANNER OF UTILIZATION OF THE BROWN COAL.

The plant layout and estimates are based on the assumption that raw coal will be burned
in the boiler furnaces without preliminary drying. These furnaces will be equipped with travelling
grates, capable of burning np to 100 1bs. per square fool of grate area under balanced draft
conditions.

The furnaces will be of special design and similar to one which has been under constant
observation, and in which several thousands of tons of brown coal have been burned at the City
Council’s power-house during the past year or so.

This special furnace arrangement (see print attached) has been evolved since the date of
the Report of the Advisory Commuttee, in which Report an average consumption of 4'57 lbs. of
raw brown coal for every umit generated was adopted as the Dbasis for arriving at the annual
consumption of fuel. Subsequent experience has shown that this figure is too high, and coupled
with the adoption of a higher steam pressure, enables the figure of 3- 81 lbs. to be adopted for the
design of the Morwell power-house.

This performance is equivalent to an average evaporation of 4-0 Ibs. of water from and at
212° F. per 1b. of raw coal. Bearing in mind that the heating valne of this fuel in its raw state is
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onlyabont 6,250 B.T.U.’s, this would appear to be a very satisfactory average result, asitisequivalent
to a boiler and stoker efficicney of 618 per cont.  On tests of short duration, an efhmency of about
70 per cent. lias been obtained.

TlLe estimated fuel cost per nnit generated is 0- 0459 pence, which is probably the lowest
cost of any steain power-house in the world to-day

Experiments are being made at the present time with a view to ascertaining whether on
commercial lines the coal can be {reed ol a large proportion of its moisture before adiuission to the
furnace. From inquiries recently made in Germany in this direction, where brown coal having
even a larger percentage of moistire than the Morwell coal is used to Luge extent in the production
of electrical cnergy, it does not appear that preliminary drying of coal is resorted to.

(oal-deving apparatus to be commerci lly suceesstul must be of low capital cost, as the
waste heat available for the drying of the coal i of low monetary value. The type of coal- drying
apparatns used in the.German brown coal mines for briquetting purposes would be too elaborate
and expensive to justify itg adoption in the de%ign of a large power xcheme.

It i possible that 10 the course of time the bnunuﬂ of raw {uel under boilers may give place
to the burning ol gas obtainable from the Lrown coal b\ o sepatate distillation or gas-producer
process; but it Tho mmp]eto absence of any mformation of coal being treated in fhls manner
n powel -houses of any inportance, it can only he infe ned that go Tur there has not been produced
any distillation proeess which may Le looked npon as a commercial suecess for application to the
Morwell problem.  Should the time arrive. however, \\'}1 en such a process, together with by-product
recovery, can be regarded as eommercially satisfactory as applied to brown coal, 1t would be
comparatively simple to design fnture extensions of the Morwell power-house fo utilize the gas
as o fuel iustead of the raw coal. and it would not be a difficult or costly matter to convert the
existing frirnaces to the use of gas for heating purposes should it be possible to supply the gas at a
sufliciently low cost. At present it ix wise to cousider as practicable only the burning of the raw
coal nnder ihe hoilers.

INTERTOWN SUPPLY.

No provision has been inclnded for any subsidiary transmission lines to supply towns en route
of the main transmigsion line, but it must Le expected that applications for such will be made as
soon as the main operations commnence.  Such a development should be considered on its merits
as a commercial proposition, and auy additional capital expenditure incurred thereby must be
Justificd by a sufficient revenne-earning capacity.  Consideration of this development, therefore,
can be left over nntil the main problem is decided on. Preliminary investigations indicate that it
will be possible to convey power from Morwell to places as distant as Bendigo and Ballarat, and
supply it cheaper than it is produced at those places to-day. Between these outlying points
and the Morwell power-Louse are a large number of population eentres that can be nltimately
served by subsidiary lines giving a cheap supply of energy for all purposes.

H. R. HARPER, Clucf Engineer.

TABLE VL
MORWELL POWER SCHEME. .
Axnvarn OperaTiNGg axp Cariran Costs (Powrr House oNwy).
Maximum demand at Power House .. .. .. .. .. .. 50,000 lrw,
Units generated .. .. - .. .. .. .. 183,960,000
Units used on works .. .. .. .. - .. 3,679,200
Units sent out of Power House .. .. .. . . 180 280,800
Load factor on Power House . . .. . .. . L. 429
Yariable C‘haroes----— & per Anonm, Poace per Unit sent out.
Coal e . .. 33,200 .. 0469
Wages of ('0.1] and A&!h [mndhnﬂ‘ Beaft .. .. .. .- 1.250 .. 0017
Oil, water and stores .. .. .. .. .. 1,000 .. 0013
— 37,450 cemmms 0499
Htanding Charges -
Superviston and Clervieal Stafl .. .. .. .. .. 2,051 .. (034
Wages, Kngine Room Stall L. .. . .. .- Toohnd Lo 006y
Wages, Hoiler Houre Staff . .. .. .. .. Hhoton .. {0068
Wages, Switeh Room Staff - .. . .. .. f.6GH . <0022
Ingurance .. .. .. .. .. .. .. 200 .. 0003
Muintenanee .. .. .. .. .. .. i1,600 .. {0153
- - 20,535 - "03Dh4
Capital Cliarges—
Interest andd depreciation .. .. .. .. .. .. 107,642 .. .. -1432

Total .. - .. .. .. .. 17,677 .. . 2285
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Powrr House Cosrs.
(20,000-Volt Energy).
Based on an output of 149.000 kws,  (G5.680 eleotrical horse power).
(Toste, With 10 9% «added.
L£2 Ta 104, per annnm per kw. of 3D, plus 00499 | €305, Ad. per annune per kw. of M.D., plus 0-0549 pence
pence per unit. per unit,
3. With 42 90 LI, 0-2285d. per uait, 02511 pence per unit,
B L2 12 3d. per annun per ehup., £2 17« 6. per annuw per e.h.p.
4.0 With 100 9%, TV, 0-125d. per unit. [ 0138 pence per unit.

TABLIL VII.
MORWELL POWILER SCITEME.
Toran Asvitan Costs oF nuLIvERING 43,960 Kitowarts vo Mrenaosuryn: 1v 2ir Ford o 200000-Vour Exenay,

At Terminal Station, Rielunond

Maxtmum demnand ..
Energy deliverad ar 20.000 Volg

Power House (‘ostie—

3,960 kw.

161700000 units anunslly,

£pelr Auben,

Pence por Linit
20 000 ¥,

(See Table VIL for details) . . . . . .. 171.677 -255
Transmisston Line
Patrolling, maintenanes, &e. 4,010
Capilal eharges 10,1568
—— - 23,568 .- 035
Terminal Station—-
Operation wages 2,185
Mainteuanece 1.3490
Capital Charges 16,4915
e 20,500 .. -03)
Administration 6,300 .. 009
Tutal 299 (01 . AR

Trrurxan BratioN Cosrs.
(20,000-Volr Energy).
Pased on an ontpnt of 43,960 kws, {58,930 electrical horse power).
With 10 %, ad.ded.

£4 125, 5d. per annum per kw. of M1, plus 0062 pence

(fost~,
1. £4 450 per annum per kw. of LI, plus 006 penre
per unit. ’ per unit.
2. With 42 9, L.F. 0-329 penee per unit. 0362 pence per unit,
3. £3 15e. 4d, per annum per c.h.p. £4 29 10 per annum per eh.p.
4. With 100 9, L.F. 0-171 peuce per unit, [ 0-188 penee per unit,

, TABLE VIIIL
MORWELL POWER SCHEME.
TotaL AxNuaL Cogrs oF Denivering 42,800 kws. 70 THy UNDERTAKINGS IN THE ForM oF 6,000-Vorr on 4,000-VoLt

) Fxwnay,
At Sub-stations within the Metropolitan Arvea—
Maximum demand .. .. .. 42800 kw.
Energy delivered at 6.000 volts or 4,000 volts 157,420,000 units annuallv.
} Tence per 6,000
Terminal Station Costs — £per Aunem, or f;’,?gfgl olt
(Sce Table V1L for details) .. .. .. . . . 222,045 .. *339
Dhstribution—
Maintenance of Sub-atations, Cables, &e. .. .. .. 2,200
CUnpital Charges, Sub-stations, Cables, &c. . .. .. 34,835 :
31035 .. 056
Total 254,08 .. 395
SUB-sTATINN ('OSTS.
(6,000 or 4000 Volt linergr).
Basged on an outpul of 42,800 kws. (57,370 electrical Lip.)
Costs. With 10 9, added.
1. £5 3s. 6d. per annum per lew. of BLTY. plus 0-057 I5 132, 10d. per annum per kw. of M. D. plus 0-063 pence
pence per unit, er unit. .

0134 pence per unit.
£4 19s. 4d. per annum per e.b.p.
0219 pence per unit.

2. With 42 9, L.I¥. 0395 pence per unit.
3. £4 10s. 4d. per annwn per el.p.
4. With 100 %, L.I. 0-199 pence per unit.
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APPENDIX B.

INVESTIGATIONS OF THE COST OF WINNING COAL ON THE MORWELL
BROWN (OAL FIRLD.

Derby. Tasmania,
11th November, 1919.
The Electricity Commissioners,
Melbourne.

GENTLEMEN,

I have the honour, as instructed, to report to vou on the probable cost of winning Brown
Coal 1n the vicinity of the proposed power-house near Morwell, as folfows -

I visited the district on the 8th and 9th of December last, and was afforded every assistance
in my inspection by officers of the Mines Department,

1 attach a blue print supplied by the Director of Geological Survey (Appeudix I.), which
shows the results of boring carried out by the 3liney ])epa]tment on the site of the proposed
operations,

Sections along lines of bores, which have been more particularly nsed for the present
purpose, are shown in Appendix [I.  They are aitiated chiefly on blocks 384, 58, and 41, parish
of Narracau.

(ENERAL.

An inspection of Appendix [I. shows the great depth and continuity of the Brown Coal,
its comparatively level surface and smedl amovnt of overburden, and, generally, the favorable conditions
for open cutting.

The surface of the ground is low lving, and subject to flooding by the Latrobe River on the
north and Morwell River on the euast, with rising ground on the south and west. Comparatively
inexpensive earth embankments may be built d}O]lﬂ the higher gronnid on the southern bank of
the Latrobe River, and thence along the western side of the Failtw: ay line, which will protect the
ground fromn ﬂoodmg A system of drains on the west and south will similarly divert surface
water shed from the higher ground.

OVERBURDEN.

The bores show that, although there is a considerable amount of sandy material in the
overburden, there is also much clay and clayey sand. The Boring Foremen inform me that the
ground so described by them would correspond with the clay and clayey sand exposed in the Great
Morwell. Mine on the north side of the Lairobe River, and that some of it was very tough. An
mspection of this ground convinced me that it would be unsuitable for hydranlicing, even 1f other
necessary conditions existed. Most of the overburden may be easily worked by mechanieal shovels
and the tougher portion without niuch difficulty. It is proposed to win the coal by the same
means assisted by explosives if necessary.

SCHEME,

It.is quite evident tiat a surtable and convenient dump for the spoil cannot be obtained
on non-coal bearing ground, as large quantities of coal at a shallow depth are proved in every
direction in which such a dump might be songht. The most convenient site under the circum-
stances, and one involving a relatively small sacrifice of coal land, is situated to the north-west
of a line through bores 83 and 64, and shown on sleetch plan, Appendix 1L

Assuming that the power-house will be situated in the most northerly portion of block 384,
this dump site should provide for 3,000,000 cubic yards of spoil, which will cover a few of the less
important bores only. On the exhaustion of this site, it will probably be found advisable to
start to fill in ground from which the whole of the coal has not been extracted, rather than cover
a mucl greater area of ground containing a great thickness of coal.

Sketch plan, Appendix TT1., indicates in a general way what, 1 believe, will prove to be a
convenient lay-out of the open cut. The coal will be delivered from the northern end of the
excavation to (the stock pile at) the power-house, while the stripping will be led away to dump at
the southern end, the parallel strippiug and coal faces advancing in a southerly aud south-easterly
direction. An ideal cross-section uf the workings, after dumping therein Las been in operation
some tine, Is given. On account of the clayey nature of the overburden, the spoil will be deposited
mn comparatlvely low banks as shown. As the extraction of the coal at this time will be proceeding
at a much greater rate than the removal of overburden, there will be sufficient space to continue
the deposit of spoil and take out the lower coal face, as indicated by the dotted lines, provided the
initial spoil area on the surface 1s not very serlously curtailed.

It is assumed the power-house will be sitnated within the area shown. However, any
moderate variation from this, necessitated by further information obtained later from bores or
survey, should not seriously affect the abovo general arrangement.
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DrAINAGE.

Departmental records show that, so far, artesian water has been struck in nine bores. The
drill foreman who put down the bores informed me that the main body of Brown Coal during
drilling operations was perfectly dry, and that much water was not met with until a depth of
100 feet below the coal was reached. In Appendix II. the strata below the main body of coal are
shown to consist to a considerable extent of clayey material. Although the coal in the open face
of the Great Morwell Mine is traversed by a nuniber of vertical joiuts, and similar jointing is to be
expected on the south side of the river, which may permit percolation at a considerable rate, vet
the favorable underlying strata, combined with the drilling foremen’s experience, lead ne to beliove
that the rate of percolation will ot be excessive. It is impossible to say what amount of water
will have to be dealt with, but 1 think it unlikely that provision will have to be made for greater
quantities than have been dealt with in the large alluvial gold mines of the State (about 3,000,000
gallons per day). At any rate, this will be the case until the depth of the cutting has become
considerable. 1t will be possible, under the conditions that will exist at Morwell, to pump such
a quantity at a cost of 2d. per ton of Brown (‘oal on an output of 2,000 tons per day until the cutting
reaches a depth of 200 feet. Provision for dealing with this amount is included in the estimate.

Cost orF ExTrRACTION AND EQUIPMENT.

Within the relatively small area B, C, D, E, F shown on the plan, Appendix 111., the average
depth of coal is 58 yards, and the amount of Brown Coal 76,000,000 tons. The depth of cverburden
i¢ 11 yards, and each cubic yard of overburden covers on the average ratlier more than 4 tons of
coal. In deciding the proportion of overburden expense that each ton of coal should bear, 1
think this ratio should be increased to 1 cubic yard of overburden to 3 tons of coal. The depth of
coal for this purpose would be 40 yards. Coal below this depth would be relieved of any overburden
charge, which would compensate for slight extra cost of winning due to increased depth, irregularity
of bottom, &c.

1 estimate cost of overburden removal, including maintenance, depreciation, and interest
on plant, at one shilling and threepence (1s: Jd ) per cubic yard.

It is generally considered advisable to somewhat increase the charge on each ton -of ore or
coal for overburden removal during the earlier part of the life of a mine, while shallower levels
are being worked. In order to provide interest on the money locked up in overburden removal,
and allow a margin over the estimate, I suggest that a charge of 6d. per ton of coal be made durmg
the earlier life of the mine. Any uecessary adjustment can be made at a later stage.

Under the present conditions for an output of 1,500 tons of Brown Coal per day, I estimate
the cost of delivering a ton of run-of-mine coal at the stock pile at the power-house, inclusive of
the above charge of 6d., at two shillings and fivepence (2s. 5d.}, and the cost of equipment at
£162,500.

For outputs of 2,000 tons and 3,500 tons per day the working costs would be 2s. 21d. and
2s. 2d. per ton respectively, and the cost of equipment £171,000 and £223,700 respectlvely In
addition to the above, it would be necessary to spend £40, 000 in the prehrmnary removal of over-
burden, preparation of dumps, &ec.

LINDESAY C. CLARK.
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APPENDIX C.

INVESTIGATIONR OF THE COST OF WINNING COAL ON THE ALTONA BROWN
('OAL FIELD.

Melbourne, Victoria,
25th October, 1919,
To the Electricity Commissioners,
Mclbourne.

Dear Sirs,

We respectfully beg to advise that, in accordance with your reqnest, we have examined the Altona coal-field
with the view to determining the most suitable method of mining and the cost of winning brown coal.

The property owned by the Melbourne Altona Company comprises 2,269 acres, approximately 4 square miles.

From the information revealed by the Government bores Nos. 1 and 2, as per the blue print attaclied, apparently
the depth of coal approximates 72 feet lying between the vertical depths of 349 feet and 421 feet. Tn the company's
present shaft the thickness is 69 feet.  We hiave talen the average thickiess at 70 fect as a basis for vur ealculations.
Before embarking upon an exiensive scheine of mining we would recommend that these data be checked Ly further
boring along the eastern and western boundary lines of the property to define more accurately the pitch of the seam,
and 18 a test of its regularity. It would be advisable to keep the bores away from proposed workings to avoid flooding
of same  In outlining our schemes of operating we have combined the above data with those snpplied by Mr. Burman,
the company’s engineer. The estimated quantity of eoal available by safe methods of mining is 100,000,000 tons.

The Aitona Company has done a fair amount of work under difficult conditions, and we are indebted to their
cengineer, Mr. Burman, for much valuable information respecting the work already done. Further, we have collected
similar data from other individuals who have had mining experience at Altona.

An artesian or sub-artesian water pressure obtains immediately under the coal bed, while the cover or roof over
the seam is a swelling sandy clay. Such conditions as these clearly indicate that the proposition is beset with difficulties,
and demands that a very safe method be adopted for mining the coal.

The evidence we have collected reveals several instances of “ heating,”” indicating that the coal is liable to fire
by spontancous combustion.

Under the above conditions the only methods of mining, in our opinion. that should be adopted are: (a) that which
depends upoa bulk timbering and close filling, and () that of sectionally ** eaving.” [t is essentiul to keep weight
on the bottom section of the coal seam to counteract the water pressure, and as only limited spaces can be opened owing
to its {riable nature, it will be necessary to mine sectionally fur a height of 7 feet. In the case of (a), or filling system,
these sections would approximate 100 feet x 100 feet.

We estimate that of the 70 feet of coal depth only 35 fect of it can be safely extracted. Startingat a point 20 feet
from the hottom of the seam tle eoal would be first mined sectionally as above described for a height of 7 feet. It could
be mined and the vacant spaces filled with sand filling until a considerable area of the 7 feet height had been extracted,
when the second layer of 7 feet could then be atiacked and so on until 35 feet of the coal depth had been extracted,
leaving 15 feet of coal overhead as a protective cover.

In (b), or the ““ caving ”* system, narrow developmental headings, 7 fect in height, would first be driven. leaving
14 feet of roof coal overbead to timber to, a portion of which would subsequently be recovered in pillar extraction. The
coal would be eut up hy the headings into small panels or seetions of work about 100 fect square, and provision would
be made for readily scaling off a panc] in case of spontaneons combnstion oceurring. The coal in the panels would be
worked back in 10-fL. wide lifts, each lift about 50 feet in length, in a similar manner to that adopted in working alluvial
deposits. Actual experience gained in working the seam would demonstrate the safest and most economical dimensions
for the panels and the Jifts. As the panel pillars were extracted, as much of the timber as possible would be withdrawn
and the top coal and roof allowed to cave.

From the nature of the strata overlying the coal, and the difficulty cxperienced by the Altona Company in
maintaining their narrow drives near the roof, there is no doubt that the ground would cave immediately following the
extraction of the pillars. _ '

After the first layer of coal was worked out over the whole of the area to be mined, the method of procedure
would be to start at the shaft pillar again and drive another set of developmental headings, leaving a certain thickness
of top ceal over the narrow work to form a roof, and then proceeding to workthis layer as in the former instance. The
thickness of the coal left on top of the drives would be arrived at from the experience gained in working the top layer—
probably from 3 to 4 feet would suffice—and a portion of this coal would be obtained by caving in the extraction of the
pillars. ‘

Again, after the second layer was exbausted, a third layer would be exploited in a similar manner, and so on,
till the whole seam was exhausted to within 20 feet of the botton, namely.the depth of bottom allowed for in the filling
system.

The caving method of mining would cause enormous surface subsidenee, which eould be lessened, although not
entirely climinated, by close filling with sand ;- and 1if it 1= necessary to maintain the surface level, it would be more
econcmical to dump sand on the surface as the ground subsided. In any case it wounld be advisable to leave plll:ars
of coal of adequate sizc under proposed building sites, railway lines, &e., and it would be a very neceswary precaution
to leave a large coal barrier adjacent to the sea beach.

These systeins, allowing for an actual recovery of 30 feet, would yield 100,000,000 ions of coal, and on the basis of
maximum extraction, 7.e., 2,000 tons of coal per day for 260 working days per year, this area would supply coal for over
190 years.

In either of the schemes of mining we would cmploy =cif-dumping gkips operated in vertical shafts, At the
bottoms of the shafts underground storage hins would he provided from which the skips would be filled by gravity.

The underground haulage would be by a rope system or by electric traction, either of which would be satisfactory.
The hauling shafts would be operated by electric winders,
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The shaft plats and storage bins would be constructed ol reinforced concrete, thus providing good substantial
structures necessary to take the weight of the averlying coal with iis swelling clay roof. The accompanying drawings
matked “ No. 1 and ©“ No. 14 7 show the lay-oul of the filling schemne in plan and vertical section respectively, whilst
“ No. 1s " illustrates the caving scheme.

. Sketch plan marked “ No. 27 shows the position of the present shaft and that of the proposed shafts. The
present shaft might ultimately be used as a ventilating shaft, but as it is unfavorably situated a» a site for permancnt
mining operations it would be necessary, for an output of 1,000 tons per eighi-lhouvr day, to sink the twe shafis provided
for in the attached estimates, one of which wounld be the winding and the other the ventilation shaft. This scheme
would also apply to the hasis of 2,000 tons output pri sixseen-hour day.  To produce 2,000 tons per eight-hour day
would require two winding shafts. in this evenl the present shaft would be connected with the new shafts and
converted into the ventilation shaft, making availuble both of the new shafts for winding.

We would answer the questions submitted to us i your Jetter of 22nd SBepteniber lust as [ollow :—
{1) (a) By filling system : Eight shillings and fivepence (8s. 5d.) per ton,
By caving svstein : Seven shillings and one penny (7s. 1d.) per ton.
As per statements attached.

{b) By filling system : Bight shillings and twopence {8s. 2d.) per ten,
By caving system : Six shillings and tenpence (6. 10cL.} per ton.
As per statements attached.

Alternatively, two shifts of eight hours cach per day :—

By filling system : Scven shillings and eighipence (7s. 8d.) per ton.
By caving system : Six shillings and fourpence (6s. 4d.) per ton.
As per statements attached.,
The coal geam would be penetrated to within a depth of 20 feet of the bottom of the coal by
vertical shafts 14 ft. 6 in. x 7 feet, divided into three compartments, two for winding of coal and men
and the third for timiber and supplies.

The methods of mining, namely, (2) filing and (b) caving, have been outlined herein, and details
as to costs are attached.

(2) The coal seam can, in our opinion, be safely worked to a thickness of 35 feef, perhaps in the caving system
to a greater extent, We have, however, calenlated upon an extraction of 30 feet only.

{3y From the company’s land there can he obtained about two years’ supply of sand filling, after which
it would be nccessary to obtain this filling by dredging the sea Teach, which apparently contains an
uniimited supply. We estimate vhe cost of sand at 9d. per 1on, delivered on the mine.

(4) We are of the opinion that so long as the coal seam is not penetrated bevond a total depth of 5O feet,
difficulties in respeet to water necd not be feared with either of the svsten:s of niining recommended.

As a protective measure it would be necessary as niining operations progress to carry out a
svetem of auger boring in the botiom 20-ft. layer of coal, and kee)r close records of Lle data obtained
therefrom, 1t is essential tlat the depth of coal underfoot should be kept at the sale limii of
20 feet.

(3) The schedules attached set out the equipment required and the capital cost of same.

The capital cost of equipment to supply 2,000 tons per diem of cight hours would be about
double that required to supply 1,000 $ons of coal per eight-Lhour day.

(6) Tt would he necessary to build hauses for the workmen. On the basis of 1,000 tons cutput per day we
estimate about 200 worknien’s cottages should be built. The cost of these wonld approximate
£500 each, or a total of £100,000. The rents from these cottages shonld of course cover interest,
depreciation, and redemption of capital.

In conelusion we would state that as the inforruation we have obtained in conrexion with our investigations
shows a difference of opinion respecting the standing nature of the coal, it would be advisable to ity out euch of the
proposed systerus experimentally in the company’s mine, in order to definitely determine the system best suited to the
conditions.

We are, dear Sirs,

Yours farthfully,

GEO. 11 BROOME,
G. C. KLUG.
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ALTONA BROWN COAL FIELD.

STATEMENT OF CAPITAL EXPENDITURE.

FriLing SYSTEM.

Plant required for an Output of 1,000 Tons per Day of Eight Hours, or 2,000 Tons per Day of Stateen Hours.

Main shaft and ventilation shaft, each 14 ft. 6 in. x 7 feet x 100 feet, divided into three compartments
Main electric winder . o - .
Auxiliary electric winder for thlrd compartment of main %haft
Winding ropes . .. . . - .
Sinking and refitting existing shaft for puinping and ventilation purposes
Head gear and bins
Main shaft—
Three self-dmnping skips
Five cages
Plat and underground bins
Main shaft pump . .- . . .
Underground drives and cross-cuts to dev elop up to an output of 1 000 tons per day of eight hourq this
includes drainage and ventilation drives
Underground rope haulage system
{(Nors.—If electric haulage dectded upon thm cost would apprommate £10, 000 )
Ventilation fan, 160,000 cuhic feet of air per minute, at water gauge of ¢ inches, direct motor driven installed
at existing shaft . . .
Underground trucks--500 of 1-ton capacltv fitted wtth specml ail heaung‘l eqtlmated coat £12 each
Mine rails—150 tons 30-1b. and 20-1b. rails
Power substation—transformers, &e., 1,000 h.p.
Undergmund and surface electric lighting
Underground power transmission - .. .. .- .. .. .. .-
Hydraulic stowage system, inclusive of bores, pipes, pumps, and pump column at existing or pumping shaft ..
Sand plant to supply filling for hydraulic stowage aystem, consisting of locomotive, hopper-hottom trucks,
steam shovel, rails, &eo. . . .
Dredge, suction-pump type, 16-in. centnfugal ﬁtted with sand cutter, for dredgmg sea beach capaclty
1,300 tons of sand per day of eight hours
Stables and ponies
Railway sidings .
Engineering and carpenters’ shops
Changing house
Manager's house
Mine offices

Add 10 per coent. for contingencies

Total

£
10,400
5,000
3,000
300
1,500
3,000

900
1,000
7,500
1,000

12,000
5,000

3,000
6,000
3,000
3,000

900
1,100
5,300

10,000

20,000
1,500
3,000
5,000
3,000
2,000
2,000

119,400
11,940

131,340
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ALTONA BROWN COAL FIELD. :

STATEMENT OF CAPITAL EXPENDITURE.
Caving SvsreM,

Plant required for an Output of 1O Tons per Day of Eight Hours, or 2,000 Tons per Day of Suxteen Hours.

£
Main shaft and ventilation shafi. each 14 ft. 6 in x 7 feet x 400 feet, divided into three compartments | .. 10,400
Main electric winder .. .. - .- .. .. 5,000
Auxiliary electric winder for lhlrrl comyp artmvnt of main nle[t .. .. .. .- .. 3,000
W mrllnff ropes .. 300
Ninking “and refitting ex Mmg <halt for pumpmu and ventilatiou plupnseb .. . .- .. 1,500
Head gear and bins .. .. .. . .. 3,000
Main shaft- ’
Three self-dumping skips .. .. .. . . . .. .. .. 00
Five cages .. .. .. .. .. .. .. .. .. 1,000
Plat and uudetgmund bl!lb .. .. .. . .. .. .. .. .. 7,500
Main shaft and auxiliary pumps . 3,700
[Tnderground drives and eross-ciats to de \Plf)p wp to an -mt]\n‘r of 1 000 Lons pur day f)f eight h")llT"' t this :
1mlmles drainage and ventilation drives .. .. .. .. .. .. .. 24,000
Electrie haulage svstem 10,000
Ventilation fan, ]60 000 cubic [ui Ul alr per rlunu’lf‘ .at waler Ed]lﬂ'(‘ 0[ 1 e les, duelf MooT drl\« a1l lnsfﬂlled
at existing shaft. .. . 3,000
Undergronnd trucks 300 of l-bnn u‘d.p:wit}', fitted with spcciul oil be-:tl'ings, estima‘twed cnst £12 each o 6,000
Mine rails --300 tons 40-11. and 20-ib, rails .. . .. .. . .. .. 6,000
Power wubstation- -transformers, &c., 1,000 h.p. .. . .. .. .. . .. 3,000
Underground and surface electric lighting .. .. .. . . .. .. 900
Undergumnd power fransmission e . . . . .. 1,100
Sand plant to suppty (lling for rec lamation of surface o) (‘1!11Hiﬁti]‘lg of locomotive, hupper-hottom trucks, steam
shovel, rails, &e. .. .. .. .. .. .. . 10,000
Dredge, suction—pump 11, 16-in. t,:cntrifugal, fitted with sand cutter, for dredging sea heach, capacity
1,300 tons of sand per day of eight hours .. .. .. . .. .. .. 20,000
Htables and pontes .. .. . .. . .. .. .. .. .. 1,500
Railwayx SBidings . .. . .. .. .. . - .. 3,000
Fngineering and (drpmt( s’ L.mp~ .. . . NN .. . . .. 5,000
(han(rum house .- .. .. .. .. . - . .. .. 3,000
Manager's house - .. .. .. . .. .. . .. . 2,000
Mine offices .. .. .. .. .. L .. .. .. . .. 2,000
) ) 136,800
Add 10 per cent. for contingencics .. .. - .. .. 13,680
Total s .. .. .. .. - .. 150,480
ESTIMATED MINING COSTS BY FILLING SYSTEM.
1,000 Tons per 2,000 Tons per 2,000 Tous per
- Eight-hour Day. | Eight-hour Day. |Sixteen-hour Day.
: Cost per Ton. Cost per Tou- Cost per Ton. .
5. d. s d. 5. d.
Mining 2 0 2 0 20
Filling 1 9 9 I 9
Timber and tlmbermcr for bulkb and drn es 2 0 2 0 20
Haulage and tlucklng 0 6 0O 6 0 &
Pumping 0 25 0 1-25 0 125
Ventilation 0 2 0 2 0o 2
Winding . . 0 15 0 15 0 15
Supervmon clerical staff 0 6 0 4 0 4
Eixtra cost wages, afternoon shift o . 0 18
Interest, 5 per cent ; depreciation, T per cent. 1 2 1 2 0 66
8 5 8 2 7 8
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ESTIMATED MINING COSTS BY CAVING SYSTEM.

1,000 l'ons per 2,000 Tons per 2,800 Tous por
- Eight-hour Day. | Eight-heur Day. |Sixteen-lour Day.

Cost per Ton. Coat per Ton. Cost per 'Con.
s. d. s d. s d.
Mining 2 0 2 0 20
Tlmber and tlmbermrr 1 6 1 6 1 6
Haulage and trudqng 0 6 0 6 0 6

Pumping 6 20 0I5 0 15
Ventilatiou 0 2 0o 2 o 2

Wlndlng 0 15 0 15 0 15
Bupervision clerical staft 0 6 0 4 o
Reclamation 0 9 09 6 9
Extra coat wages, afternoon shitt . .. 0 2
Interest, 5 per cent. ; depreciation, 7 per cont. 1 4 1 4 0 8
71 6 10 6 4

APPENDIX D.

BROWN ('OAL DEVELOPMENT IN GERMANY.

I. Through the efforts of the Aceut-General (Sir Peter MeBride) and Lieat.-General Sir Johu Monash, and by
cotrtesy of the War Oflice, a paity of engineers and draughtsmen was made available Lo report on ilie Rhiveland Brown
Coal fields. This party has made a very thorough investigation into the methods employed in working these hrown
coal deposits. and a valuable report has been rveceived ws u result ot thelr mauiries.

Aq cxamination of this report and the photographs and drawings aceompanyivg ity hing out very clearly the
simiarity in many respects to the conditions obtaining at Morwell,  The phosical charactoyistics of the voul depusits
show many like features, and the method. of working, particnlarly since the war conditions rendered 1l adoption of
mechat ical appliances imperasive, could quite simply be adapted to the Morweil Brown Coal-fields should such a course
be considered desirable after comparison with modern practice in other parts of the world.

The report shows that— largely as a result of the demand of men for the army—the breaking and handling of the
coal by mechanical appliances has been developed very considerably duving the war peried. At the Fortuna Mine,
Quadrath, near Cologae, Germany, 4,300 to 7,000 tons of coal are raised every twenty-four hours on the open-cut system.
This method 1 emploved where the ratio of the overburden to coal is as mueh as two to one.

2. The removal of the overhurden is aceomplished by means of land dredges in bencles of about 33 feet each.
These maciiines are set on rails, and slowly trayverse the face, removing the matula] and loading into self-ipping truc les
in the one operation. The material is then conveyed by locomotives to the dumping avea, where it is dumped and
distributed by means of a mechanical spreading machine.  {Print 3.)

The tracks on whiclh the various maclines traverse the face are moved by neans of a special machine invented
duaring the war.  Tull details of this machine we also included in the report.
Juring the war. Full details of tl 1 Iso included in the report

3. Various types of nachines have heen tried in winning the coal.  Of these the machine which s described as
ideal 19 lustrated herewith.,  (Print 4.0 This machine travels on rails at the bottom of 1he face, and cuts and loads
with a crew o1 two, one mechanic and one assstant. 1t way be construeted for any height of face up t2 100 feet, and,
briefly, consists of a body travelling on rails from which is suspended o framework supporting two iink helts carrying
the outters. Underneath are suspended the loading buclets,  The machine is worked and controlled electrically, and
ciits and loads the com in one vperatiow.

'The haniage of coal is done by means of endiess chains operated by winding gear.  'The coal trucks are of standard
gize and are bridged in the centre. On this bridge is nlaced a fork which engages with the lirks of the endless chain.

4. At the Fortuna workini;s 6,500 te 7,000 tops of coal are raised daily.  Of this quantity 200 to 1,000 tons per
day of raw voal are sold direct to local factories, and the balance ig utilized in the generation ef electricity for industrial
purposes and the manufacture of briquettes. The capacity of the electrical plant is 36,000 kw.

5. The syndicate coi trolling the Rhincland Brown Coal-fields produces 20,000 tons of hriquettes per day, which
are sold all over Germuny for industrial and domestic purposes. The manufacture, briefly, consists of first screening
and crushing the coal (any oversize and woody portions being conveyed to the boilers). The coal is then dried and fed

to a special “machine wheie it undorgoes & pressure of 19,000 to 25,000 Ibs. per squaze inch. No binding material is
used.

By Authority : AIBERT J. MULLETT, Government Printer, Melbourne,
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Fig. 17.—Brown Coal Qpen Cut.

Fig. 20.—Underhand Machine on Overburden, Fortuns.
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