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EXTENSION OF ELECTRIC SUPPLY SYSTEM.

The Hon. T. Tunnecliffe, M.L.A..
Minister in Charge of Electrical Undertakings,
Melbourne.

Bir,

1. For the past twelve months this Commission has had under active consideration the
question of making adequate provision, beyond that already approved by Parliament, for the
steadily increasing public demand for electric services throughout the State. The Commission
has, on several occasions, intimated to you that the time was approaching when this question
would have to be dealt with.

2. The present Report, which sets out the considered recommendations of the Commission
upon - this important question, and a full statement of the reasons for same, is now submitted,
pursuant to the requirements of section 11 of the State Electricity Commission Act No. 2996 of
1918.

3. Appended hereto are the following annexures :—

“A” Report of the Chief Engineer (Mr. H. R. Harper) setting out, in detail, the
results of a comprehensive investigation into the economics and technicalities
embraced in this inquiry.

“B.” Report of the Power Advisory Board (Messrs. T. P. Strickland, Chief Engineer -
of the Melbourne and Metropolitan Tramways Board, H. P. Colwell, Chief
Electrical Engineer of the Victorian Railways Commissioners, and H. R. Harper,
Chief Engineer of the State Nlectricity Commission), reviewing the Chief
Engineer’s report, and expressing categoric approval of the data, results, and
recommendations contained therein.

“(.” Report of the Engineer i/c Briquetting and Research (Dr. H. Herman), dealing
specially with the economics of the production of pulverized dried brown coal.

“D.” Extracts from the Report of this Commission to you, of 20th May, 1927,
describing, in full detail, the scheme already approved for the future development
of the new open-cut workings at Yallourn in so far as this scheme is correlated
with the main question dealt with herein.

4. The several technical questions involved will be found to have been exhaustively dealt
with in the above-quoted annexures, which the Commission, after full consideration, has adopted
and approved. It is therefore necessary and desirable to deal, herein, mainly with only the
policy and financial aspects of these proposals.



PART 1.-BASIC CONSIDERATIONS.

5. As a vreliminary step to a closer analysis of the several alternatives which present
themselves, it is desirable first to consider, in some detail, (a) the extent of the provision of further
generating plant which should now be determined upon ; (b) the bearing which the question of
coal-winning costs has upon the choice to be made; (¢) the question whether water- -power or
heat-power ‘should be the source to be selected ; and (d) the ohservations of Mr. W. H. Sawyer
(in his report of 19th May, 1926), which deal Wl’uh the general question of fuel supply and location
of further power installations.

6. Growth of Demand.—The Commission has at its disposal statistical material and
experience covering many years upon which to base conservative estimates as to the future, and
upon which to make reliable forecasts of the probable load on the system for a series of years to
come. As you are aware, similar forecasts made dhring the past seven years have been closely
realized, the load having in no previous year fallen below the amount forecasted. The subjoined
prospective figures have been based on identical data and assumptions.

7. The system load anticipated during the next ten years is as follows :—

1928 .. .. .. 33,000 kilowsatts
1929 .. - .. 92000 s
1930 .. .. .. 100,000 .
1931 .. .. .. 119,000 s
1932 .. .. .. 129,000 ’
1933 .. .. .. 139,000 .
1934 .. .. .. 149,060 .
1935 .. .. .. 160,000 ’
1936 .. .. .. 172,000 ),
1937 .. .. .. 184,000 .,

8. The generating capacity at present availuble, and shortly to become -available,
comprises ;—

(@) Yallourn Power House—originally desmned for 50,000 kw., but as the

result of improvements in combushon conditions, now capable of Kv.
producing .. .. .. .. .. .. 60,000
(b) Newport “ B * Power Hoube . . .. e .o 16,000

(¢) Sugarloaf—Rubicon Hydro-Electric Scheme (taking into consideration
only that portion which can be relied upon as available during the

winter months) .. .. .. .. 11,560
(d) Richmond Power House (to be reafly in 1929) .. .. .. 15,000
102,500

43

9. The comparison between

available ” and “ requisite ”” plant can, therefore, be seen
from the following table :—

Year. System Demand, TOtngég%iylflble ]Sjgjri}().}gscoyr

Kilowa'ts. Kiowatts, ‘ Kilowatts.
1928 - .. 83,000 87,500 -+ 4,500
1929 .. .. 92,000 - 102,500 -+ 10,500
1930 .. o 100,000 102,500 -+ 2,500
1931 .. 119,000 102,500 — 16,500
1935 .. .. 160,000 102,500 — 57,500
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10. It will thus be seen that further generating plant, beyond that already authorized by
Paxliament, must become available for the winter of 1931, and that the deficiency in plant, unless
fresh provision is made, will, by 1935, exceed 50,000 kw. T for reasons given elsewhere, any further
installations should comprise generator sets of not less than 25, 000 L. capacity each. The
Commission therefore proposes the provision of a total increment of 75,000 kw. of plant. Of
this quantity, 25,000 kw. would represent one spare or reserve unit, leavmo 50,000 kw. available
for regular use. Tne first unit, of 25,000 kw., must be available for the winter o{ 1931 the remainder
’being installed progressively, in later years, as required, all to be available before 1935.

11. Lest it may be thought that large further investments in generating plant can be
obviated or postponed, it should be explained in general terms that the growth of demand is beyond
the control of an electric supply authority. Ivery tenement and every factory is free to draw
current and to increase its consuming devices at its own will and pleasure. Consequently, when
an existing system of supply has reached full-load conditions, the inevitable further increase of
consumption cannot be prevented, with the result that the system becomes overloaded. The
effect of sustained overload—apar’r from the risk of serious breakdowns of essential plant—is
to render the service, in its entirety, irregular and unreliable, to the disadvantage and inconvenience
of the whole body of consumers. It is, therefore, the paramount duty of every supply authority
to ensure that its plant capacity is, at all tlme% available in advance of pubhc requirements.

Should the plaklt capacity of the State system be allowed to fall q}lort of requirements in 1931,
the results to the community would be very serious.

Broww (oar.

12. This Report embodies a recommendation that the extensions of power supply, herein
dealt with, should bebased on heat power, provided by the use of brown eoal won from the Yallourn
open cut. The results of the exhaustive investigation, appearing hereunder, demonstrate that
at present actual coal-winning costs, the use of Yallourn coal, in a generating plant located at
Yallourn, is economically superior to any other competitive proposal involving either alternative
fuels or alternative locations. Such a recommendation, if carried out, Would however, have
far-reaching advantages altogether apart from the spemﬁc scheme of extension to which the
above-mentioned investigation was directed. In a report to you of 20th May, 1927, the whole
question of coal-supply development at Yallourn was very fully dealt with. The latter report
bas so important a bearing upon the present question that lengthy extracts from it are represented
as an Appendix hereto. (See Appendix I).)

13. Briefly summarizing here the main conclusions of Appendix D, it is shown that the
cost of coal, at per ton won, 1s closely related to the total output, that the cost per ton falls
appreciably with every increment of output, and that, therefore, a substantial increase in coal
output, such as would result from locating the power plant extension at Yallourn, will have the
effect of reducing the present-day cost of coal not merely for the benefit of the extension itself,
but also for the existing plants at the Power House and the Briguetting Factory. Stated
specifically, the existing plante consume, roundly, 6,000 tons of new-cut coal per day. The
contemplated extensions will, by 1931, consume an additional 4,000 tons per day. Such an
increase in the total coal productlen will reduce the cost, per ton of coal, not merely for
the additional 4,000 tons, but also for the whole 10,000 tons. Thus, existing installations
would be definitely advantaged by a decision to extend the coal- -consuming activities at Yallourn.
This is a policy aspect which strongly confirms the present proposals apart from the intrinsic
merits of these proposals per se.

Warer Powger.

14. The Commission has not overlooked the possibility of developing the requisite
increment of the present power, supply in the form of hydro-electric power. In this context,
however, it is only necessary to refer to the Commission’s Report of November, 1920, on the then
proposed Kiewa Scheme, and in particular to those passages which explain that, owing to the
geographical, climatic, and meteorological conditions in this tate, the capital cost of works of
water conservation in our mountain regions is prohibitive as compared with heat power, unless
and until there is available a load of sufficient high load-factor to earn, throughout every hour
of ever y dav, the revenues necessary to meet these capital charges. That stage in the development

of the daily load upon the Victorian power system has not yet arrived, and until there is available
a practlcally constant demand, throughout the 24 hours, of 30,000 kw. or upwarde any hydro-
electric scheme involving extensive and expensive hydraullc storage works must be considered
to be premature. For this reagon, the full development of the Klewa Scheme (of which the
Su;,arloaf—thlcoo Works now under construction form a part) must be postponed.
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15. Serious consideration of the Kiewa and other hydro-electric schemes merely awaits
the development of the requisite economic load conditions, and, Lerefore, the Commission is
leeping this matter under close observatien, both by systematic gauging of the streams and by
the continuance of detailed surveys direc ted to per fec‘mm the ormml proposals. In the same
context, the Commission is devoting attention to the possﬂalhty of the economic devplopment
of power schemes both from the Mitta River and from the outflow from the Hume Reservoir when
completed. In due course these alternative sources of hydro-electric power will receive close
consideration in eomparison with the Kiewa River.

Mr. W. H. Sawvrr’s REPORT.

16. The Royal Commissioner, Mr. W. H. Sawyer, in his Report to the Government, dated
19th May, 1926, dealt lengthily and specifically with the subject-matter of the present proposals

In the main, the Commission’s present recommendations harmonize with the views so expressed.
|

On the question of the urgent necessity to take early steps to increase the generating
capacity of the State system, Mr. Sawyer reported as follows :—

“Data have been submitted to me showing the electrical load anticipated for
an extended future period. These data show that, in the winter of 1929, with an output
from Yallourn Station of 54,000 kw. and from T\Tewport “B” of 16, 000 kw. , together
with 11,500 kw. from Sugmlﬂ:}f group (not ucludmg Snob’s Creek Section), this available
supply of 81,500 kw. will be slightly under the demand of 86,000 kw. estimated for
that year. We have spent considerable time on checking the above demand, both as
to kilowatts and as to kilowatt-hours, and as a result of this cheok, 1 estimate a somewhat
higher demand than the dsta submitted indicated, and believe it is essential to provide
for some additional supply in 1929 over the %upply of 81,500 kw. referred to above,
and also that appreciable additionsal facilities should be momder? not later than the
winter of 1930. Melbourne’s electrical load is growing rapidly, and will continue to

grow.”

“ The indications ate, therefore, that Melbourne will soon be, in effect, almost
entirely dependent for industrial and commercial power and horht]ng supply upon the
Electricity Commission, and it is most essential that the Commission take steps at an

early date to provide additional facilities, looking toward giving sufficient service in
1929 and thereafter.”

17. As to the nature and location of the new plant, Mr. Sawyer summarizes his recom-
mendations as follows :—

1. Do not install another turbine of less than approximately 25,000 kw. capacity.

2. Use Old Cut coal to whatever extent advisable until studies and tests can be
completed and Yallourn boiler plant brought up to 60,000 kw. capacity, using
65 per cent. moisture coal.

3. Proceed at once with installation of boilers at Newport ““ B,” so. that both turbines
can be operated to full capacity.

4. Hold Richmond Power Statlon in reserve, as planned, but do not expect to operate
it in an “ emergency ” unless it is kept under fire, carrying some load.

5. Proceed at once with practical tests at Yallourn to determine the economics of
drying coal from 65 perfcent. moisture toi15%per cent. moisture.

6. Proceed with studies of new plant, and, if indications are that new plant will not
be in operation by the date needed, install an additional 25,000 kw. turbine at
Newport “B” in space now available in the present turbine room.

7. Unless the economics are distinctly against it, locate the new plant capacity at
Melbourne.

8. Inciude in the study of the plant at Melbourne a study based on this plant being
normelly operated as a peak load station.

9. Include in the study of a new plant at Melbourne a study of burning pulverized
coal.

10. Outside competent engineers should preferably be employed in connexion with the
study and construction of a new plant, and one or more men of the Commission’s
staff should be sent ahroad at once to study the latest designs of large power
plant.
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18. The Commission desires to make the following commentary on these recom-
mendations :-—

(a) The several investigations mentioned have all been made. They have been

prolonged, thorough, and exhaustive, and the results are embodied in Appendices
A, B,and C hereof.

(b) The decision (already approved by Parliament) to re-equip the Richmond Power
Station with a modern generating plant has justified the indefinite postponement
of recommendation No. 3 above. The duplication of the Newport “B”
boiler plant will not now be necessary for at least five years.

(¢) The Commission’s investigations have definitely established that, as regards Mr.
Sawyer’s recommendation No. 7, the economics are distinetly against locating
the new plant in Melbourne, under the load conditions expected to obtain in
1935. As this would appear to be an important departure from the expectation
formed by Mr. Sawyer, Part II. of this Report is specially devoted to a discussion
of the reasons for locatmg the new plant at Yallourn.

(@) Outside competent engineers have endorsed the Commission’s present proposals.
(See Appendix B.)

(¢) Of the Commission’s staff, Mr. Briggs, Mechanical Engineer, and Mr. Roberts,
CombustionFEngineer, have made extensive studies abroad, in Furope and
America, of modern steam-raising and combustion practice, while the Electrical
anmeer Mr. Bate, is at present abroad studying the electrical side of the
proposed scheme.
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PART II.—STUDY OF ALTERNATIVE PROPGSALS.

19. What alternatives are available 7—The use of water power having been eliminated
from consideration, for the reascns given in paraoraphs 14 and 15 supra, attention must be directed
to the various classes of fuel which are available, viz. :

(a) Black coal from New South Wales or from Wonthaggi.
(b) Brown coal from Yallourn.

(v) Brown coal from other Victorian fields, such as Altona or Bambra (Otway
Forest).

But, closely associated with the choice of the fuel, is the choice of the best location for the new
plant. Clearly, if black coal is to be used, the plant must be located at a seaport (L.e., Melbourne
or Geelong). If brown coal is to be us ed there are the further alternatives of submg the plant
on the coal-field, and transmitting the energy to Melbourne, or of siting the plant in Melbourne
and railing the coal to it. Any proposaﬂ to place the plan‘a at the source of fuel supply (e.g
Yallourn) must necessarily take into caleulation the cost of transmitting the energy to the punclpal
mazket (ie., Melbourne). Again, if brown coal is to be railed to M elboume the study must include
the alternative of railing wet raw coal, or partially dried coal, or fuhy dried coal, preferably
pulverized. Turthermore the type of grates and furnaces to be used furnish sul bsidiary alternatives
which require cons sideration hefore finality can be reached.

20. Load Fuactor.~——Superimposed upon above conziderations is the question of the load
factor at which the plant is to operate. Of any two alternatives, the advantage may lie with
one or the other, according to the character of the available load. As a broad principle, the higher
the load factor, the more does the advantage lie with the transmission of the energy as agalnst
the transport of the fuel. That amounts to saying that if the load factor is of a high order a
transmitted supply can be more ecenomically opeiated than one generated at the centre of demand
(i.e., in the metropolis). Because of this consideration, the investig gation by the Commission’s
technical staff covered a study of the economics of every one of above alternatives, in every
practicable combination, under varying load factors, ranﬂing from 35 per cent. to 55 per cent.,
these being respectively 4&1‘[6 lowest and highest p1 obable load factors available to this plant. The
range is conselva’rwe seeing that the Y allourn Power Station is O}‘GI‘& ted to-day at a load factor
averaging 60 per ce ent. 1t may be mentioned that the distribution cf the dallv load cannot be
forecasted with the same certainty as the total load (i.e., maximum demand), hence the desirability
of considering a wide range of probahilities.

21. The whele investigation above described is set out, in great detail, in the report of
the Chiel Engineer, annexed hereto. (See Appendix-A.) As the re]lablhty of the fundamental
data employeﬂ in the calculations is of importance, these data and all source material have been
set out in full detail. Test it may be thought that the Commission’s staff would be influenced
by an unconscious bias in faveur of an ex xtension of the Yallowrn plant, it should be pointed out
that, under instructions from the Commission, wherever, in the courQe of the study, more or less
arbitrary assumpulons Wwere necessary, these were made to the disadvantage of Yallourn and
in favour of one cr other of the competing alternatives. Numerous policy considerations in favour
of Yallourn referred to herein have heen 1ntent10nally disregarded in the Chief Engineer’s report.

Every case investigated has been reduced to a *“ common denommabm by basing all estimates
on the over-all cost of delivering 44,000 kilowatts of power at a receiving station in the metropolis.
Thus all incidental costs, both capital and operating, such as transmission costs or coal transpor-
tation costs, have been duly taken info account in their respective contexts. Appendix A forms,
in fact, a valuwble and comprehensive thesis upon the eccnomics of large heat-power stations
in Vlctona
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29. Page 22 of Appendix A contains the ultimate financial results of a study of no
less than 130 alte*nahvw of which the foﬂowmg characteristic selections will indicate, sufficiently
fully, the broad e conclusions to be drawn from this i mqul*‘v ------

Total Annua’ Charges.
Location, Coal, Firing.
. Ab 85 per cent. | At 55 per cent.

Load Factor T.0ad Factor

£ £
Yallourn .. | New Cut, 65 per cent. moisture .. .o .. | Grates .. 333,650 374,040
Yallourn .. | New Cut, 15 per cent. moisture .. .. .. | Grates . 346,390 395,940
Yallourn .. | New Cut, 15 per cent. moisture .. .o .. | Pulverized .. 351,270 403,810
Newport .. | Bambra, 50 per cent. moisture .. .. .. | Grates . 268,370 454,120
Newport .. | Yallourn New Cut, 15 per cent. moisture .. .. | Grates .. 380,640 467,310
Newport .. | Yallourn New Cut, 15 per cent. moisture .. .. | Pulverized .. 381,610 469,480
Newport .. | Wonthaggi .. ‘e .. .. | Grates .. 397,330 508,050
Bambra .. | Bambra, 50 per cent. moisture . . . .. | Grates . 406,300 457,580
Newport .. | New South Wales . . .. | Grates .. 406,420 .| 522,850
Altona .. | Altona, 54 per cent. moisture (600 lb ) . .. | Grates .. 418,030 501,930
Newport .. Al’oona 54 per cent. moigture (280 1b.) . .. | Orates .. 464,520 598,280

23. Concelusions.—~The investigation has established that a scheme based on the use of raw
brown coal from the new Yallourn cut, in a power station located at Yallourn, has substantial
ecomonic advantages over every available competitor, even if operated at only 35 per cent. load
factor. If, asis probable this new plant (bemp“ necessarily of more modern design than the existing
plant) be atilized on the basic portion of the daily load, and therefore on a high load factor (55
per cent. or over), these advantages will be still more pronounced.

In addition, such a scheme, as pointed out in paragraph 13 supra, will epnavce coal
production by roundly, 4,000 tons per day, and will therefore effect savings in the cost ;L coal-
winuing to the extent of at least 3d. per ton. This will reflect itself in a saving of the cost of coal,
to plants already in existence, to the extent of, at least, £20,000 per annum.

24. Even if the dlspauty in favour of brown coal won at Yallourn, as against brown coal
from any other source within the State, were much less pronounced than proves to be the case,
the Commission would have hesitated to adopt any scheme which would necessitate the c‘evelop-
ment of a new coal-field in a different part of the State, involving as it would heavy capital
expenditure in plant, equipment, and housing provision, as well as divided administration and
supervision. Any expectation of having to face such a necessity has been dispelled by the certainty
that the Yallourn field proves still to be the most economic source of fuel supply, thus fully
vindicating the original selection of that field.

TrarnsmIssioN 1INz,

25. Anintegral part of the scheme above selected, and forming pact of the computed capital
cost of same, is the duphcahon of the main transmission line from Yallourn to the mefroho]ﬁ
and the establishment in the latter of a second termmal station. In the original Morwell Scheme
it was pronosed to erect, for the transmission of the first 50,000 kw. of output, a single tower
line carrying two circuits (i.e., six conduetors). This has been done, and the line has operated
successfully for three and a halt years. Recently, however, owing to growth of demand, and to
the fact tlm‘ the Yallourn Power House has been found to be camble of oeneratmo up to 60,600
g actually done so for several months past—the important question of the security
of supplv a-onJ this smgle line has recently come into prominence. T here is little doubt that,
quite apart from any extension of the Yallourn Power House, the matter of duplicating the main
transmission line would have had to be seriously considered in the very near future. The scheme
of extension proposed in this report provides for such a duplication, and assures the future secure
operation of the present line. ‘

ExmsTing ProvisioN ForR HXPANSION AT YALLOURN.

26. A further policy aspect of the final choice of location for any extension of plant lies
in the fact that a considerable investment has already been made at Yallourn, in a“ntlolpmtmn
of some future extension at that site. Thus, site prep?ratmn, circulating water systems, river
barrage, switch-house, WOI‘k%hOpb roads, railways, stores, draing, and numercus services have
%lready heen effected, and are available Wlthout mateual expangion to serve any increment of
the existing Power House. All thege services, famhtles, and works would Lave to be brought
into being anew at any new site.
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RicrmoND TERMINAL STATION.

27. The present metropolitan terminal of the Commission’s system is at Yairaville. It
18 now nrmosed that the terminal of the second or duplication transmnission line shall be at
Richmond. When the first terminal was completed (in 1923) the greater part of the load was
provided by the industries and consumers lying in and to the west of the. City of Melbourne. In
recent years, however, both residential and industrial load has heen steadily spreading eastward-—
a trend which will undoubtedly continue. By establishing a second terminal station at Richmond,
a more equably balanced distributory system can be put into operation than that which is at
present based upon the single terminal at Yarraville.
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PART IIl.—FINANCIAL.

28. Oapital Cost.—As a result of a revision of the most economic alternative, it is now
estimated that the complete scheme covered by this Report will cost £2,806,000. This estimate
is based upon present-day world price levels and present-day cost of loan moneys, and includes
provision for interest accruing during the construction period before the respective units of the
plant come into commercial operation. The distribution of this sum over the various works

comprised in the scheme is as follows :—

POWER S8TATION—

1. Site works, buildings, foundations, &e.
2. Machinery and plant . .
3. Switchgear and electrical equipment

4. General and miscellaneous

B. Interest during construction .

TERMINAL STATION-—-

1. Land, buildings, structures, and crane
2. Transformers and gwitchgear

3. Machinery and other equipment

4. Overhead snd contingencies ..

TRANSMISSION LINE (swo circuits)

Lr)

£308,000
1,511,400

200,000
24,000
156,600

s £2,200,000

£48,000
136,000
58,000
22,000

e 264,000

.. 342,000

£2,806,000

A more detailed distribution of above total sum will be found set out in the report of the

Chief Engineer, Appendix A, page 17.

29. Segregation.—The segregation of the expenditure into the financial years in which the

loan funds will be required, as the works proceed, is as follows :

R - -

Yenr, ‘ Powsr Station. Tronsmizsion Line, Terminal Station, Total,
£ £ £ £

1927-28 . . 10,600 .. .. 10,600
1928-29 . . 157,200 150,000 72,000 379,200
1929-30 . ‘e 367,000 65,000 118,000 560,000
1930-31 .. .o 733,200 .o . 733,200
1931-32 .. .. 534,000 127,000 50,000 711,000
1932-33 .. .. 292,900 .. .. 292,900
1933-34 .. . 105,100 24,000 128,100

2,200,000 342,000 264,000 2,806,000

30. Heonomics of the Scheme.—The total capital cost per kilowatt of plant capacity is given

by the following table :—

Yallourn Power House, per k.w. installed of new
generating plant

Yallourn Power House, per k.w. available

Complete scheme, per k.w. available

75,000 k.w. = £29-3 per k.w.
50,000 k.w. ==£44 per k.w.
44,000 k.w. = £63'7 per k.w.
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ol. Comparison with Kiewa Scheme.~1t is interesting to note that the Kiewa Scheme
as envisaged In 1920 was estimated to cost £3,715,000 and to prowde 37,000 kilowatts. It is
certain that this cost would be mueh greater at present-day price lew els. Such a scheme would,
therefore, apart from other considerations, involve, relatively, a much greater Gapltal investment
than the scheme submitted herein "

32. Total Annual Cost.—The estimated total annual cost of the completed scheme, including
all capital, managerial and operating charges, is as follows, viz. *—
When operating at 35 per cent. load factor .. .. £335,060 per annum.
When operating at 55 per cent. load factor .. .. £366,660 per annum.

These ch harges represent the foliowing costs of 22,000-volt energv at the Richmond Terminal
Station, after allowing for hne and other electrical losbeq viz.

At 35 per cent. load factor . .- . . .. 0+D97 pence per k.w. hr
At B3 per cent. load factor .. . v .. 0415 pence per kw. hr.

33. The plant is proposed to be installed progressiv ely, unit by unit, in sympathy with the
growth of pubhc demand. Thus the first 25,000 kw. generator set, with appropriate boiler plant
and accesgories, should be for commercial operation early in 105] and the last or third set
in 1933, Thus the scneme Wlll commence to produce revenue when g about one-half of the total
investment has been made. ’




PART IV.—RECOMMENDATIONS.

34. We have the honour to recommend to the Government as follows :—

(@) That approval be given to the increase of the existing generating capacity of
the State Electricity Scheme by 75,000 kilowatts installed capacity or 50,000
kilowatts available capacity, the first unit of 25,000 kilowatts to be available
for service early in 1931 ; the whole installation to be completed in 1933.

(6) That the generating plant be located at Yallourn, and be based upon the combustion
of brown coal from Yallourn open cut.

(¢) That the main transmission line from Yallourn to Melbourne be duplicated with
two additional circuits, the first of such circuits to be ready for service by 1936 ;
and that a Terminal Station be erected at the Richmond site.

(d) That immediate authority be given for the preparation of detailed designs and
specifications and calling of tenders for the whole of the works embraced in
this scheme.

We have the honour to be,

Yours cbediently,

JOHN MONASH, Chairman.
THOMAS R. LYLE,

ROBERT GIBSON, L Commissioners.
F. W. CLEMENTS, J

R. LIDDELOW, Secretary,
4th April, 1928.
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APPENDIX “ A’

REPCRT OF CHIEF ENGINEER (Mr. H. R. BARPER) ON PROPOSED MAJOR
EXTENSION OF POWER SYSTEM.

GROWTH OF DEMAND.

1. The forecast of power requirements prepared towards the end of 1926, and on the basis of which the Commission
decided to install a 15,000 kw. generator at Richmond, has been subjected to a complete revision as a result of the
experience gained during last winter, when it was found that the system demand had actually exceeded the forecast
by abou‘t 5,000 Lkw.

2. A graph has been ‘prepared, and is submitted herewith (see Plan No. 1), showing the system loads expected
during each of the next ten years. In this revised forecast allowance has been made for the extension of the State
scheme to those parts of Victoria of which Ballarat and Bendigo are the chief centres, and to Geelong.

3. From this graph it will be seen that the position during the next four years (1928 to 1931) with regard to
the expected demands on the system and the capacity of the plants including the sixth generator for Yallourn recently
ordered, is estimated as follows :—

Year. System Demand, l Total é,:;;lg%,e Tlant Surplus or Deficiency.
) [ i
Kw. | Kw. i Kw.
1928 e . 83,000 87,500 + 4,500
1929 .. .. 92,600 102,500 + 10,500
1930 .. .. 100,000 102,560 2,500
1931 .. .. 119,000 102,500 - 16 500
The total available plant capacity of 102,500 kw. in the above table coraprises the following :—
Yallourn .. . .. 60,000 kw.
Newport “B” .. . .. 16,000 kw.
&ugarloarRubmon Hycho o 11,500 kw.
Richmond . . .. 15,000 kw.

4. The figure for the Sugarloaf-Rubicon Hydro Scheme does not include the plant now being installed at the
Eildon Weir, as it is uncertain as to the extent to which the latter will be available during the months of June and July
in each year, if at all. Thevefore, the capacity of the Hydro Scheme has been taken as solely that of the Mountain
Stream Power Plants, which, on account of the pondages being provided, can be relied upon to the extent of their
maximum capacity during peak load hours. These plants, it is confidently expected, will be brought into operation
in time for the winter load of 1928, and in July of the same year it is expected that the sixth ge enerator (12,500 kw.)
on order for Yallourn will also be available. These increments of plant capacity, together with the standby capacity
of Newport ” should enable the system demand of 1928 to be met with a reasonable margh of security.

The Bmhmond plant extension (15,000 kw.) is planned to be completed in time for the winter load of 1929,
and tms together with the extensions abovementioned, should enable the several power houses to meet all demands
likely to arise until the year 1931.

6. By the winter of that year, the demand is expected to be such that if no plant extensions further than those
already mentioned have been provided, a shortage will be experienced of about 16,500 kw. To obviate such a result,
it will be necessary to have ready not later than early in 1931, the first instalment of a comparatively large or major
installation of plant, which in its complete form should, provide for the growth of the demand for a number of years.

7. The new installation should, be planned, with an output capacity of not less than 50,000 kw., equalto that
of the existing Yallourn plant. Judging by the estimated growth of the demand, the whole of this capacity will be
fulty abserbed within a period of four to five years from the date of coming into operation. -

SITE OF NEW PLANT.
8. In determining the most economiic site for such a large installation, the following conmd rations have been
kept in the foreground :——
(@) Whether such an installation should be established in Melbowrne, Yallourn, or one of the other brown
coal-fields of the State.
(b) Whether the choice of location would be afiected by the adoption as fuel of brown coal partially dried
before introduction to the boiler furnaces, instead of the present method of burning raw brown coal.
{¢) To what extent would variations of load factor influence the choice ot location.
In the exhaustive investigation that has been undertaken on this aspect, the use of coal from the following
tields has been considered :—

Field. FLocation of Plant.

Brown coal-fields— ’

Yallourn .. ve Yaullourn.

Altona .. ]_ T ¥ pmal of other undev Pd fields (Altona or Melbourne.

Bambra (Otway l‘orest) § similarly situated 1 Bambra or Melbourne.
Black coal-fields— '

Wonthaggi . . . . . .. Melbourne.

New Sonth Wales .. . - . .. .. Melbourne.

BABES AND DATA EMPLOYED IN INVESTIGATIONS.
9. The bages and daia employed in this investigaiion are as follow —

(i) Plant Capacity~That plant located at Yallourn burning raw coal s to be capable of & commercial
output of 50,000 kw. The capacities of plants in other alternative schemes are to be such as to
provide the same amount of power for distribution fiom a terminal station in Melbourne as would
be available from the Yallourn alternative.
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(ii) Basis for Installed Plant Capacity-—

Turbo-generators— » . _

(a) Melbowrne (Newport B ”’).—That the required output is to be obtained without additional

spare plant, on the grounds that Newport “B” Station hss one spare 15,000 kw. set
ah‘eady which would then sorve as the spare unit for the extended plant. The margin
of one snare set out of five sets is inadequate were it not legitimate to count upon

Newport A (Railway Power Station) in an emergency.

@) YaLlown.——lhat in addition to the plant that may have to be operated for an output of
50,000 kw. there is to be provided one spare geherator unit.

(¢) Altone end Bambia.—(Typical of others similarly situated.) That, in addition to the plant
that may have to be operated at any time for the necessary output, there is to be
provided one spare generator unit. Such an allowance in an isolated station is barely
adequate, but was adopted in order to give such cases the advmn’uave over Yallourn
and Newport.

Boilers—
(@) Newport < B.”—Four boilers steaming, plus one boiler spare in each boiler-house.
(b) Yeallourn.—Ten boilers per boiler-house steaming, plus two boilers spare.
(c) Altona, Bambra, or.other typical plant.—Ten boilers stcaming, plus two boilers spare.

(iii) Energy to be Delivered to a Terminal Station in Melbourne—In all cases the energy to be delivered to
the Melbourne Terminal Station is assumed to be equal, and is calculated by a}plymcr the load
factor to the power to be made available at the terminal station when derived from Yallourn.

Allowances have been made in the energy to be genevated for that vequired for drying and
pulverizing in such cases where the coal is dried or pulverized.

(iv) Capital Cost—This includes land, buildings, plant, and preliminary work in each of the following
sections :—

Section 1.—Power station extending from the coal-receiving station, including coal-ctushing
storage and conveying plant, boiler plant, turbo plant up to and 1ncludmg SWltChﬁ'eal‘

Section 2—Drying plant, including additional coal-crushing and conveying plant, with addi-
tional bunker storage, also the drylng plant, dust extraction, and accessories,

In the case of drying plant for 15 per cent. moisture coal, allowance has been made
for a coal cooling-house similar to that at the briguetting iactorv on the grounds that
such plant would be necessary in view of the tendency of such dry “coal to 1gm‘ce elsewhere
than in the furnaces, whereas with 35 per cent. moisture coal such provision is considered
to be unnecessary.

For the same reason 15 per cent. moisture coal would be dried in a building detached
from the main building, whereas the drying plant in the case of 35 per cent. moisture coal
could be accommodated either in the boiler-house building or in a detached building.
The cost of incorporation in the boiler-house building would be slightly less than in the
case of & detached arrangement, but the difference is so small that no allowance has been
made in the comparison.

Section 3. —vaenzlng plant costs have been subdivided into those attributable to pulverizing
ag distinet from those attributable to the firing equipment. The latter have been in-
corporated in' the power station costs in the rlace of grate eqlement and the former
have been included in a separate section designated ° Puwemzlng Plant.”

Section 4.~—Transmission line costs include —

(@) Newport : cable connexions to & terminal station at Richmond.

(b) Yallourn : transmission line to a terminal station at Richmond.

(¢) Altona : similar to Newport.

(d) Bambra (or other similarly situated): similar to Yallourn plus Newport as an
approximation only.

5.—Terminal station costs include—

a) Newport “ B " ¢ a termiual station at Richmond.

b) Yallourn : a terminal station with synchronous condengers at Richmond.

¢) Altona : similar to Newport ““ B.”

d) Bambra (or other similarly situated): similar to Yallourn, as an approximation
only.

All capital costs are estimated on previous experience relating to Yallourn and Newport
“ B * installations adjusted according to the latest av ailable information.

{(v) Plant Design.—

() Newport ““ B is assumed to have the same steam couditions, voltage, and arrangement of
boiler-houses and turbine plant as those in the existing station.

(5) Yallourn ig assumed to have ‘the same steam conditions Voltage: and arrangement of boiler-
house and turbine plant as those in the existing station.

(¢) Aliona~-In order to give every reasonable advantage to this case, two alternatives have
been set down—

(¢) One having steam conditions and, therefore, specific heat economy similar to
Yallowrn Power Station. .

{(6) One having a gjrcater steam raunge of pressuve and temperature combined with
reheat and other economizing devices, with a consequent betier specific heat
€CON0NY.

(@) Bambra (or other typical plant).—As in the ¢
-reagonable advantage to this case, the est

pressure, bemperature, &o.

(e} Diying Plant—The location of the dx3 ying plant Las in all cases been assumed to be adjacent
to the existing power station at Yallonrn whether the coal be transported to Newport or
burned at Yallourn. In the case of coal being transported to Newport, allowance has
been made for an extra storage bunker at the truck-loadivg station.

Sectron

(
(
(
(

ase of Altona, it heing desired to give every
nates are baged on a greater steam range of
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{v1) B[fficvencies.,—Al efficiencies have been based on sctual results usually obtained in practice—

(@) Turbine Plant—Although there is no real justification, other than a desive to allay any
suggestion that the case for Newport has not been sufficiently favoured, the steam
results assumed for Newport have been taken to be 1+9 per cent. better than those for
Yallowrn or any other power station.

() Boiler Plant.~—For the sake of; s*mpnmt", it has been assamed that all plapts have ewnomiz-
ing devices to the extent of air heaters only. At Newport ° B ™ these have proved
themselves to be moderately advantageous, and the cost is less than water economizers. ?

In the case of brown coal having a high .nolsi-ure content, it is anticipated that
apart from the measurable advantages in efficiency, air hesters may assist in the ignition
and thus help the manipulation of the furnaces on a rapidly-rising load. Tt was, of
course, impossible to rtpmamt this Lmu advantage in the comparative figures.

The assumed yearly boiler plant efficiencies have been based on what may
reasonably be anticipated in the Light of pre :,m data obfained in practice. These
officiencies with each class of coal are as follows

Bomer Prant Ovar-ann EFFiciEnNcies (AVERAGED THROUGHOUT THE YEAR).

Molsture Content.
— Black Raw Brown Coals Semi-dried Brown Coal.
Coals. * :
65 per cent.| 54 per cent. 50 per cent. |48 per cent..| 35 per cent.| 15 per cent,
|
|

Yallourn new cut coal— .

Grates e .o .. 0-64 e .o .. 076 Q-78

Pulverized .. .o .. e .. e .o 081 0°83
Yallourn old cut coal—

Grates .e .. . .. - 0-74 0-76 078

Pulveérized .. .e .. . .o .o 0-81 083
New South Wales coal— P

Grates ve .o 0785 e . .o .o . oo
Wonthaggi coal-——

. Grates .e oo | 0°765 e . . e .. ..

‘Altona coal—

Grates e o .o .- 0-705 . s e .o
Bambra coal— ‘

Grates .o .. .o e . 073 . .o s

(vii) Oosts of Raw Coal—
(1Y Yallowurn New Cut and Old Cut.—Prices estimated by Engineer for Coal Supply to the State
Electricity Commission.
(2) New SouthsWales Coal.—Information” taken™ from records” overTpast year or se, and

information supplicd by Vietorian Railways Commissioners, with ad]ustments to arrive
at the anticipated priee for the future.

(3) Wonthagyi.—Similarly as in (2).
(4) Altona.—Report of Messrs, G. H. Broome and €. C. Klug, dated 35th Gotober,” 191@
 adjusted for present increased cost of labour and material.
(5) .Ba;nbrflz,~Prices basod on those for Yallourn old cut, with adjustment for loonl rmilway
acilities. :

.

{vili} Basis for Costs of Prepared Coal—
Dried, pulverized—
{@) Performance of d,r\,ct drysra based on information supplied by Bittner, Germany, and
supported by German technical journals.

{b) Performance of steam dryers based on experience at Y&Hourn Briquette Factory, and
supported by German authoritics.

-(¢) Performance of pulverized cosl phnt ‘based i on “various “authorities as Fuller Lehigh,
Raymond, Atritor, Continental Babcock, and varicus American planro. Also  test
carried out at Melbourne City Council’s bpmeez strce Power Station, and Dr. H.
Herman’s report on dried and pulverized brown coal, all revised and adjusted by
estimabes to suit the case under consideration.

{(d) Dutta, Jar Coal Dryer Caloulations—

o e Direcv Fired Dryers ‘ U 5

Moistute Content %‘E‘;‘e g‘)’(}}rf{% "% (Raw gcal Consumed | gg?silrgilaz‘ves c.’-;’l

of Dried Product. Prodlilc“‘l; ‘ in Dryer Furnace | gf Product.
v | per 1b. of Produet). . TR

Raw Drown Coal and Moisture.

% I

|
| 1b.
. New cut: 65 per cent, .. 16 255 § 1005 ; 356
35 | 195 | 0055 | 258
Old cut : 48 per cent, .. 15 171 f 627 % 1-98
: o 35 - C o1 | o125 | 1435

| ¢

() Freights on semi-dried coal are based on information supplied by the Victorian Railways
~ Commissioners.
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{ix) Operating Costs—
A. Varlable costs—

(6) All operating costs are basod on those prevailing at Yallourn and Newport “B ™ with

© suitable adjvstments, and allowances have been made for taking advantage of the existing
supervisory operating stafl in the vase of Yallourn and Newport. .

(b) The operating costs of the drying plant sssume supervision under the Power Stution
Buperintendent. ]

(¢} The operating costs of unit pulverizers for 35 per cent. moisture coal are incorporated in
the operation of the boilers, and thus no additional allowance has been made, whereas
the central pulverizing plant for the 15 per cent. moisture coal requires an operating
staff which, in the case of Yallourn, would come under the supervising officer in charge
of the drying plant.

{d) Maintenance costs are based on existing conditions and similarly, in the case of Yallourn
and Newport, take advantage of the existing supervisory ataff, as well as of the existing
workshop organization and equipment. ‘

(¢) In assessing the maintenance on a plant at Newport, much larger than the existing plant,
conservative figures have been taken so as not in any way to prejudice the Newport
sase.

B. Capital charges-——
These are based uniformly for all works on—

. , %

Intersst on capital expenditure .. .. .. .. .. 5125
Sinking fund at 43 per cent. for a life of 25 years .. .. o 2240
7-365 -

C. Sundry apportionments, &o.—
In all cases, except Bambra (or other similarly situated), there exist local facilities and services,
the cosy of which is already provided for, so that allowance only has been made for
services directly chargeable.

INFLUENCE OF LOAD FACTOR.

10. Before studying the results of the investigations in detall, it is necessary to examine the load conditions
likely to prevail when the major extension is in full operation, because such conditions, to a large extent, determine
the lecation of the extonsion.

The importance of this factor is clearly indicated in a graph attached to this report, Plan No. 2, in which is
plotted the comparative results of all the alternative schemes considered with varying load factors. It will be seen
that at a load factor of abeut 20 per cent., tho financial results of all the alternatives approach equality, whilst with
improving load factors, they steadily diverge, some of the alternatives being in a predominantly superior economie
position at a high Iead factor, such as 55 per cent.

11. The guestion as to the likely load factor of that portion of the future daily output which would be served
by the proposed major installation has, thevefore, received careful consideration, and it has been calculated that the
load factor at which the proposed installation would operate in that year is 35 per ceant., but the actual figure will
depend on the location of the plant. If located ot Melbourne, the loud factor is not likely to be higher than 35 per
cent., and probably during the greater part of the life of the extension would be even less, for the reason that so long
as the new plant, if located at Melbourne, is operated up to s full kilowatt capacity, the highest interests of economy
would bo served by transmitting to Melbourne the maximum number of kilowatt hours from the existing Yallourn
vlant, becausa of the lower fuel cost per kilowatt hour applying to the latter plant.

12. On the other hand, if located at Yaliowrn, the load facter on the new plant starhing at 35 per cent. would
steadily improve beyond 1935, as the system output developed. In addition, if the new plant, as is certain to he the
case, should prove to be more economical than the existing plant under the Yallourn conditions, the former would
take the place of tho latter in supplying the basic portion of the output from that station, and thus would operate at
a much higher load factor than 35 per cent. This matter of load factor will be referred to again, but at this stage it
will suffice to say that the comparison of the numercus alternative schenies is based on a load factor of 35 per cent.

WATHE POWER.

13. Aithough the figures contained in this report deal with fuel power station alternatives, the claims of water
power developiments bave not been overiooked. For several years the Commission’s civil engineering staff has been
engaged in exploring the potentialities of water power within the borders of the State, bestowing particular attention

upon those areas where the power to be predusced would be of such a magnitude as to constitute valuable adjuncts

to the schemes slready in operation. Such areas would include the watersheds of the Kiews and Mitta Rivers, where
large blocks of power gwait development. The time is not ripe for the prosecntion of water-power schemes of con-
siderable magnitude, even if the preliminary investigations had been sufficiently advanced to enable them to by
considered as concrete propositions. The demand for energy throughout the 24 hours is not of sufficient continuity
and magnitude to justify construstion works being ducided upon for some years to come.

TFurther power schemes based on hydro-electric development must, therefore, be held over until the deman:d!
sonditions jusiily their prosecution, and cannot. be considered at this stage as an alternative to the installation of
fuel-power plan$ extension,
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15, Considering for the moment those alternative schemes, based on a load factor of 35 per cent., it will be nobed
that they naturally fall into two main groups, as defined and set out below. The alternatives in the second group
have been investigated on the assumption that the proposed plant, if situated in the vicinity of Melboutne, weould bs
installed as an extension of the existing Newport “ B 7 Station. No other site in the metropolis offers the facilities
which exist at Newport for the constraction and efficient operation of so important a power plant as the one now
under consideration. The two main groups mentioned above are as follows

THOSE BASED ON GENERATION AT A SITE IN THE VICINITY OF ONE OR OTHER OF THE BROWN COAT-FIELDS OF THE STA’ rr:,
ARD THE TRANSMISSION ELECTRICALLY OF THE ENERSY TO MELBOURNE As TAE Maix CeNTRE oF DISTRIBUTION

FOR THE STATE.

( |
" ! 508, ota t:
Power Station. ‘ Coal. : » Firing, Annu'aI,’l éilarges. Ex%i-]r)lgfat-lure.
- £ £
Yallourn .. | Yallourn—
1d Cut, 48 per cent. moisture . . .. | Grates .. 324,570 2,466,800
' .. New Cut, 65 per cent. moisture .. .. .. v .. 333,550 2,691,600
Yallown .. | Yallourn— '
New Cut, 65 per ceat. moisture, dried to 35 per cent. .. | Grates . 345,520 2,650,540
- .. New Cut», 65 per cent. moisture, dried to 15 per cent. .. s .. 346,390 2,662,280
» .. 0ld Cut, 48 per cent. moisture, dried to 35 per cent. .. » .. 346,930 2,546,860
u Old Cut, 48 per cent. moisture, dried to 15 per cent. .. 5 .. 348,860 2,563,760
Yallourn .. | Yallourn—
New Cut, 65.per cent. moisture, dried to 15 per cent. .. | Pulverized .. 351,270 2,768,910
5 .. Old Cut, 48 per cent. moisture, dried to 15 per cent. .. . .. 352,900 2,673,520
- .. r New Cut, 65 per cent. moisture, dried to 35 per cent. .. 9s .. 253,440 2,783,945
v Gld Cut, 48 per cent. moisture, dried to 35 per cent. .. 9 - 354,140 2,686,255
J
Bambra Bambra, 50 per cent. moisture .. .. o .. | Grates .. 406,300 3,148,300
Altona (600 lb) Altona—
54 per cent. moisture .. .. .. .. s .. 418,030 2,558,200
Altona (280 1b.) .. 54 per cent. moisture .. .. e . » T 434,930 2,350,600

THOSE BASED ON (IENERATION AT A SiTE WITHIN TAE MuTROPOLIS OF MELBOURNE, SUCH AS NEWPORT, USING AS FUEL
wirHER BLacR Coan (ImMporTED oR Locar) or Brown Coar.

Power Station. Coal. TFiring. Anuu’;flo(t}?xlarges. I‘)g)?llg?tlure.
£ £
Newport .. | Bambra, 50 per cent. moisture .. .e . .. | Grates .. 368,330 2,065,130
s .. | Yallourn—
Old Cut, 48 per cent. moisture .. ve .. » .. 375,380 2,046,440
» . Old Cut, 48 per cent. moisture, dried to 15 per cent. .. » .. 379,710 2,141,200
' .. New Cut, 65 per cent. moisture, dried to 15 per cent.- .. ’ .. 380,640 2,235,740
» . 0ld Cut, 48 per cent. moisture, dried to 15 per cent. .. | Pulverized .. 380,710 2,252,360
» .. New Cut, 65 per cent. moisture, dried to 15 per cent. .. » .. 381,610 2,340,510
. .. | Wonthaggi .. | Grates .. 397,330 1,860,400
' . .. iYa]lourn, 01d Cut, 48 per cent molsture, dried to 35per cent .. » .. 405,150 2,151,130
' ‘ .. | New South Wales . . . .. .. ' .. 405,420 1,841,000
4 .. | Yallourn— .
' Old Cut, 48 per cent. moisture, dried to 35 per cent. .. | Pulverized .. 408,400 2,295,840
. Now Cut, 65 per cent. moisture, dried to 35 per cent. .. | Grales .. 408,850 2,249,430
2 New Cut, 65 per cent. moisture, dried to 35 per cent. .. | Pulverized .. 412,420 2,389,485
» Altona, 54 per cent. .. e . . .. -| Grates . 464,520 2,113,010 -
]

16. The second group in the foregoing table includes alternative schemes, one involving the use of black coal
from the State Coal Mine at Wonthaggi, and another, coal from New South Wales. Whilst the former has a greater
clalm upon our attention for the reason that it provides for the utilization of what is one of the natural resources of the
State, the estimates indicate that the adoption of any of the alternatives under this vmup would result in comparatively
high annual charges.

17. There is nothing to be gained by further consideration of this second group, and its elimination reduces the
investigation to a consideration of alternatives placed upon the common bhasis of the utilization of brown coal, as the
sole source from which the required power is to be produced.

18. Certain of the brown coal-fields, in addition to Yallourn, have received attention in this investigation, and
their claims for exploitation have been considered. The fundamental data with regard to all fields, other than Yallourn,
is uncertain, and based upon estimates which, while founded on reasonable assumptions, have to be accepted with
considerable reserve, as no two fislds are likely to be developed under precisely similar conditions. Nothing has been
revealed which would suggest the advisability of starting operations on a field other than Yallourn, and the same resuls
would apply to fields other than those mentioned in the investigation.

19. The main object in considering the claims of the Bambra and Altona fields was to ascertain whether either
of the fuels therefrom would place a power station in Melbourne, such as Newport, in a position to compete economically
with & Yallourn extension. For that purpose, these two fields were looked upon as being the most likely of all those
available to produge the moss economic results. The conclusions show that Bambra coal burned at Newport was
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slightly more cconomical than Yallourn coal burned at Wewpert, while Altona coal, for the same Durpese was aven loss
econcmiea] than the black coals (Wonthaggi and New South Wales). Neither of these brown coals, when uged at Newport,
«could compete economically with Yallourn .coal burned in the Yallourn power station, coupled with the transmission
of the energy therefrom to Molbourne.

20. Bince the completion of this investigation, an offer has besn received {rom the owners of the Altona Mine
to supply the Commission with coal at 6s. 3d. per ton at the pit. The cost assumed in the investigation is 10s. per ton
at the pit, a figure considered to be the minimum eost likely under the exceptionally difficult mining conditions pxcvaﬂ,nﬂ
at Altona, and more in consonance with the results of the investigation earried out on behalf of the Commission in 1914
by Messrs. Klug and Broomu, after allowing adjustments for increased labour costs gince that date. The ascephance of
the above-mentioned offer of the mine-owners, however, would have no farther effect than placing the Altons alterna-
tive approximately level with the black coal alternatives at Newport, which, as already mentioned, are comparatively
high in annual charges.

21. In view of the above, and the economic positions oceupied by the alternative schemes based on the use of
brown coals, there is nothing to be gained by further consu‘ermo the claims of coal-fields, other than Yallourn, as a source
of fuel supplv for either a Melbourne station or one situated on the coal-feld.

22. The elimination of all other brown coal-ficlds reduces the two groups of schemes for further consideration to
one involving an exten'ﬂon of the present Yallourn Power Station with transmission to Melbourne, and the other an
extension of Newport “ B "/Power Station, in each ease using Yallourn brown coal, either from the new cut or the old

cut.

23. Several of the alternative schemes considerad are based upon the useof coal from the old cut at Yallourn,
Consideration of such alternatives has heen undertaken more as an academic study than from the point of view of
practical propositions, for the Commission has definitely stated that coal from the old cut would not be available as
fuel for future power station operations, owing to the limited quantity available.

24. From the ostimates, it will be noted that with a load factor of 35 per ceut. the estimated annual charges of
an extension of power station plant at Yallourn, are as follow :—

Power Station. Yallourn Coal. Annual Charges.
Yallourn ‘e .. 0ld Cut, 48 per cent. moisture .. £324,570
Yallourn .. .. New (‘u’c 65 per cent. molstare .. £333,650

25. The difference in favour of old cut coal, for a Yallourn Power Station, is about £9,000 per annum, and is
baged on estimated coal costs per ton of 2s. for the new eut and 4s. 7d. for the old cut.  This difference would be more
than wiped out by a reduction in the'new cut coal cost to Is. 8d. per ton, which is"the estimated cost of new cut coal
on a daily output of 10,000 tons.

26. Tt that be the situation as regards the alternative uss of old and new cut ceal for o power station extemmn
at Yallourn, what is the position ag reaards these two fuels in the case of a power station in Melbourne ¢ With the
same load {actor the lowest estimated znnual charges of an ‘extension of Newport with new cut and old cut coal
respectively are as follows :—

Power Station. Yallourn Coal, Anwual Charges.
Newport . .. 01d Cut, 48 per cent. moisture .. £375380
Newport .. .. New Cut, 15 per cent. moisture .. £380,640

27. The difference in annual charges in favour of old cut coal is £5,260, which would be entirely eliminated by a
reduction in new cut coal costs from 2s. to 1s. 93d. per ton.

This is well within the possibilities of the new cut operating costs under the conditions of greater output likely
to prevail within the next four years.

28. Yallourn old cut coal being thus eliminated, the albernative schemes remaining to be considered in the two
groups are all found to rest on the common basis of the use of Yallourn new cut coal, one group involving an extension
of the Yallourn power station, and the other an extension of Newport * B.”

29. These remaining alternatives may now be set out as follows :—

GrovUy OF ALTERNATIVE SCHEMES BASED ON GENERATION AT YALLOURN witTH NEW Cutr CoAL AND
TransmissioN To MersoURNE (Loan Facror, 85 PER CENT.).

Power Statlon. Yallourn New Cut Coal. Method of Firing. Annnal Charges.
.
Yallourn .. .+ | 65 per cont, moisture .. .. .. . o« | Grates .. .. 333.550
Yallourn .. .. | Dried to 35 per cent. moisture .. .. .. e 5 .. - 345,520
Yallourn .. .. | Dried to 15 per cenf. moisture .. .. .o . 5 .. .. 346,393
Yallourn. .. .. | Dried to 15 per cent. moisture .. .. .. .. | Pulverized .. 351,270
Yallourn .. .. | Dried to 35 per cent. moisture .. .. .. .. » - 353,440

Group or ALTER‘\IATIVE Scamms BASED ON GeveraTION AT NEWeoRT “ B ” wita NEW CUT COAL

Power Station. Yalionrn New Cnt Coal. Method of Wiring. Annual Charges.
: £
Newport “B” .. | Dried to 15 per cont. moisture .. .- . .. | Grates .. . 380,840
Newport “B” .. | Diied to 15 per cent. moisture .. . .. .. | Pulverized .. 281,810
Neowport “B" .. | Dried to 35 per cent. moisturs .. .. .. .. | Grates .. .. 408,850
Newport “B” .. | Dried to 35 per cent. moisture .. . .- .. | Puiverized, .. 412,420




30. It will be notleed that alternative c‘wmes in bhoth groups have been worked out for Yallourn new eut a.oai
redueed in moisture content from 65 par cent. to 35 per cent. and 15 per cent. remeotvvely and, in addition, in the firs
group, viz., the Yallourn Power Station alternatives, f wrn new oot coal used in the raw stats (65 per !-ent
molsture content). This last mentioned is the most economieal ¢ ]tem ve of all, but it is interesting to note that
all of ths L[umtwm in “'he first proup are move economical than avy in the second group.

31. A com
charges would accrue ‘W adopt
the Newport “ B " puwar shati
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1 power station in preference o extending
from Yallourn to Melbourne.

32, Tn the event of the extension bei
more modern plant being higher in e ﬁﬁ'w
per annum would seerue by Lﬁ izing

estimated that owing to the pmbabliity of the
) } urn, & eollateral aﬁvemtag of about .I), W00
ortion of the load curve.

33, The location of the extension at Vﬂioum mu‘ he refore, s‘how an advantage over an extension at Newport
equivalent to £562,000 in annual charges. This advantage § o substantial that nothing would be gained by a further
examination of thé two rival schemen.

34. Although it has been shown that on purely economic grounds the qupplv of & 50,000 kw. block of power
hy transmission from Yallourn is the most favorable, the duplication of the transmission lins has & distinet bearing on
the question as to whether an extensioa st Tallowrn should be preferred to one at Newport.

35. Transmission Eine~—The present transmission lne consists of two circuits, having a combined maximum
capacity at the sending end of about 60,000 k. within reagonable imits of regulation The load at present being
carried by this line is well over 50,00 7. with the extension of rabing nlnnt already arranged for, and
nnp“ovem ents bmny ef‘e ad 3 in f}m botler rﬂaﬂ‘m ’me line will be called upon to trangmit 1‘egtﬂariv loads equal to the

© mazimum ¢ ap'w by of 1tq cireuits. In the event of failure of one of the circuits, it would be found 1m110§,31b]d for this

Hine to maintain other than a re r’vcfm supply to Melbourne during the period of failure, for the mazimum that could
be tmmmlt’csd through on i it under smergensy conditions is 40,000 kw.
Tn the construction of this line, sufficient width of right-of-way wae secured to enable a socond gteel tower

¥
warranted 16, This duplieation would enabls double the present amount

ae of the cireuits, with the remaining clruit cut of use.

line to bs‘ erected. whenever the clrs
of power being transmitted through £

57. '111 me hag arrived Wheh from the point of view of security of sum)l*;f, the duplication of the ne should
bhe pmueedu{ . The coonomie facto igh heavily in favour of an extension of plant at Yallourn, and the dupli-
cation of the line wilf;m § 28 2 mather ¢ t the need for dunlication for the sal\ ¢ of seenrity wounld have more

shan offset o considerable economic dissl guch existed in connexion with a Vallourn plant extension.

28. Tt may be argued ‘r‘l.f.)w-;

E
4, g transm "i‘*uj sunply does not possess the samne degree of reliability as one
from a power ste

\ *x:he point of demand. This ar rgument carried a great deal of weight in the
early days of development of the ghrical transmission, but experience has brought about such 1mprovemenm
in design and ma ufaeture o" ingtlat rials that this limitation has been almoat entnely’ removed. Under the
elimatic conditions nrevailing in Vi 1th a, there shonld be no anziety as to the reliability of transmission at the voltage

employed on the Yallourn o Methourne line,

Hon g 1tu&’red

CONOLUSIONS.'

39. The conclusions that have heen reached as the result of a careful study of the position with regard to the
power requirements of the next few vears, and the means Whureoy these requirements could be sausmctoml met,
are -—

1) That the estimated system demand during the winter of 1951 is 119,000 k
9) That if no further seneru.’rrm plants be provided, other than those now under construction, or ordered,
- there will be a deficie mey in plant capacity of the order of about 16,500 kw. in meeting the estimated
gystem demand of the year 1931.
{3) That the estimated system demand of that yvear, and following years, warrant the (‘ommisqion in under-
taking an extension of gencrating plant having an av vailable capacity of the order of 50,000 kw., the

>

(
(

first instalment of which should come inte operation nob later than early in 1831,

(4) That this extension of plant shouid be Ioca.ted at Yallourn,

40, In arriving at thess conclusions, the Hmitations of the Latrebe River for cooling purposes have not been lost

sight of. A continuous recsrd of river gaugings at Ya“O urn has heen kept for several years, supplemenfm,t: the records
kepm by the State ‘ﬁverq and Water nup'( Iy om'rv ssion for a prcvxnv‘s period of 40 vears, and from these it is possible
to state that there will be ne dificulty in designing this extension” “plant so that the full power ouf[‘u is chtainable

under conditions of minimum river flow. T’he circulating water situation would be definitely "eased should it be
deeided to reduce the moisture’content of the coal by theinstallation of "steam driers.

41. A time prom*amme of the works 4o Ll, undertaken in connexion with this extension has been prepared, which
indicates that, provided the authority te prepare and lasue speeifications for plant is furnished without delay, there is
every reagon to cxpect that the fizst instalment of the extension could be ‘b'oufr}*’r into operation in time for the winter
load of 1931, subiect, of course, to the additional coal being 1 made available as and when required.

e

. A number of alternative schemes based on various methods of firing the new cut coal have been axamined.
"he one D")bS(ﬂsan‘ the feature of lowest annual charges i based on the hnnmg of raw coal on grates, which is the
Wt.‘cnm in operation in the present power station at Tallourn. Alternative schemes rmv*do for the rreﬂr“?nfr of the
coal to 37 per cent. and 16 per cent, moisture content, and their utilizatien on grates and in pulverized form respee-
tively. Tt is interesting to nots that for an insinllation In'the vicinity offthe coal-field, the annual charges of & num?ﬁ»er
of alternative scheres svwrdvm'xy “the' drying of brown coal, are on'an ascending’seale, as the moisture content in the coal
sssumed is reduced from 65 per vent. to 15 per cent, whersag for an zrs{“:ﬂ?atm remote from the coal-field, snch™as™at
Newport, the reverse holds good.  Thia fa due to the influence of freight on the water content of coal transported over
long’ distances.
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43. It will have been noticed that several of the schemes have been based on the use of semi-dried fucl at
Yallourn; the drying would be effected either by a direct drying oz a steam dlying method. These schemes are to be
accepted at present only as an indication of their comparative commercial value, and not in the sense of a final estimate
in any individual case. Whilst the steam methed of drying indicates an economy over the other method, both of them
are somewhat inferior in this sense when compared with the method of bhrmng raw fuel on grates. The superiority of
the latter at 35 per cent. load factor, however, is less than £12,000 a year in annual charges, and as this figure repre-
sents an estimated difference of about 3 per cent.,it will be readil y seen that such a margin might easily disappear in a
comparigon of final and detailed designs. The stage has not yet been reached when a definite recommendation can be
made as to whether one system of fuel treatment or another should be adopted.

44. It is ulso of interest to point out that the alternative schemes dealing with Yallourn new cut coal have all
been prepared on the assumption that the moisture content of the coal in its raw state, as it reaches the place of
utilization, will be 65 per cent. This is the maximum moisture content found in the new cut coal as delivered to the
boiler-house at Yallourn. At the present time it averages about 63 per cent., and when the cut is further developed
there is every reason to expect a still lower moisture eontent. To show the effect of this factor on the annual charges -
of the proposed extension of plant, it has been calculated that on a basis of 62 per cent. moisture content, these charges
would be reduced in the case of raw fuel being burnt on grates, by £14,000, with a load factor of 55 per cent., a reduc-
tion in total annual charges of 1- 25 per cent., or in coal charges of 5 per cent. for every 1 per cent. reduction of moisture
content. The less mmsture in the coal {mm the new cut, the less advantage there is to he gained by adopting pre-
drying methods in a plant situated at Yallourn, and in the event of an ultimate recommendation being made to install
a system based on pre- drymg, considerations other than financial will be found to have carried weight. Insuch consider-

ations will be inciuded the relative facilities with which steam can be raised quickly, and controlled, the reduced labour
in the boiler-house, and the possibility of undertaking the supply of semi-dried fuel for the power station at Newport.
These are matters which are still under consideration.

45. The estimates, partmularlv those for the most economic alternative, viz., the installation of the extension at
Yallourn, burning raw fuel provide for a generator plant of installed capacity of 62, 500 k. *, costing £2,100,000 approxi-
mately. The capacity to be finally adopted will depend on the size of unit chosen, cither before or after tenders have
been received. A decision thercon will depend to a very large extent on the maximum size of unit considered satis-
factory at the speed of 3,000 revolutions per minute, and the corresponding spare plant capacity. It may also depend
somewhat on the decision as to whether a coal pre-drying method is to be a feature of the design.

46. The estimates also prov1de for the duplication of the existing transmission line at a cost of £342,000, and a
terminal station at Richmond costing £264,000. The transmission line will follow the route of the present line as far as
a point near Wheeler’s Hill, dlvertmv thence on a right-of-way already acquired along Gtardiner’s Creek, to the site of
the new terminal station, near the old quarries at Richmond.

RECOMMENDATONS.
47. I have, therefore, the following recommendations to make :—
1. That the Commission approve of the proposal to install an extension plant and switchgear at the

Yallourn Power Station, capable of an output of 50,000 kw., the first portion of which is to come into operation
not later than early in the year 1931.

2. That approval be given to the proposal to duplicate the existing transmission line and to install a
terminal station with the necessary machinery therein, to be ready preferably by the wiater of 1930.

3. That authority be given to proceed at once with the drafting of specifications, and the calling for
tenders for the whole of the works mentioned. .

H. R. HARPER,

Chief Engineer.
26th Septcmiber, 1927,

i
* See Chief Engineer’s Supplementary Report of 5th March, 1928,
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SUPPLEMENTARY REPORT OF THE CHIEF ENGINEER (Mr. H. R. HARPER).

PROPOSED MAJOR EXTENSION OF POWER SYSTEM.

In my main report on the above subject, there were mentioned certain matters concerning the design of the
proposed power station plant extension, which were left over for further consideration, viz.:—

A. The advisability of using partially dried brown coal in the boiler furnaces.
B. The unit capacity of the turbo-generator plant.

In this memorandum, not oniy are the above matters dealt with, but estimates of capital expenditure and annual
charges are submitted, based upon the works which I recommended the Commission to undertake as a result of the
decision to locate the major installation at Yallourn.

ATt will be remembered that in the main report above referred to, a table is shown in paragraph 29, setting
out the final group of alternative schemes based on generation at Yallourn. Tn this table the most economic alternative
was the scheme which provided for the burning of raw coal in a plant to be situated at Yallourn and the estimated
annual charges of this alternative, at 35 per ceut. load factor, were approximately £12,000 less than those of the scheme
in which partially dried fuel (35 per cent. moisture) was assumed to be used.

The plant that is intended for installation at Yallourn will probably operate at a load factor of at least 55 per
cent., and under this condition the difference in annual charges between the raw coal and dried coal schemes will be
increased to about £20,000 in favour of the former. .

Congideration has been given to the question as to whether the use of partially dried fuel in the power station
boilers would offer advantages of sufficient weight to more than off-set the higher annual charges involved. The greater
fuel economy obtainable from the utilization of partially dried fuel was fully allowed for in estimating the annual
charges of the numerous alternatives considered in the main report, in which this class of fuel was assumed to be used.
There romained, however, guestions as to the quality of service that might be expected from the use of dried fuel, as
apart from economy, so the matter of a final decision as to the type of steam plant was held over pending further
congideration.

Undoubtedly the use of dried fuel in the power station would facilitate the rapid raising of sbeam at peaks and
other times when rapid increases of load have to be met, On the other hand, the simplicity of operation where the
preparation of fuel has not to be undertaken, and the fact that the process of burning raw brown coal presents no
serious uncertainties, make one loath to advocate a system introducing new problems, and at a considerably greater
annual cost.

I have come to the conclusion, therefore, that the additional link in the process of fuel combustion that would
be introdaced if a drying plant were provided, and the consequential higher annual charges, are not justified by the
results ohtainable by using semi-dried fuel.

——————

B. The original investigation as to the most economical scheme for the supply of 50,000 kw. was based, so far
as the Yallourn alternatives were concerned, wpon an installation of 62,500 kw. composed of five units, of which one
was to be a spare.

The number and size of units mentioned were chosen, in this case, in order that the spare plant capacity ratio
in all alternative schemes would be approximately the same, : 7

. Having decided as to the most suitable alternative schems for adoption-—~namely, the extension at Yallonrn—the
question as to the number and size of plant units has received further consideration, and I now recommend that tenders
be invited for three units, each of 25,000 kw. capacity, inclusive of one spare unit. My reasons for this may be stated
thus = !
(i) The Yallourn Station has already six units, each of 12,500 kw., ‘and to continue extending the station

indefinitely with units of this capacity would result in a number of plant units unnecessarily great
for the safe carrying of the station load, with consequential higher costs of supervision during
operation than would be necessary if fewer and, therefore, larger units were installed.

(i) The larger units of plant are likely to be more economical in steam consumption.

(iii) The increased capacity of the spare unit would increase the reliability of the whole station, and at a
cost but slightly greater than that of the alternative. Actually, the cost per kw. installed will be
lessened. '

(iv) The unit size of 25,000 kw. is not too large for Australian manufacturers to handle.

Estimated Capital Expenditure and Annual Charges.—In view of the decision reached to recommend that
tenders be invited for three 25,000 kw. turbo-generators, and the fact that the proposed plant extension at Yallourn
will probably take the basic portion of the station load—that is to say, it will operate on a load factor of at least 55
per cent.—it has been necessary to slightly amend the estimate of capital expenditure previously submitted.

The revised estimate, which includes interest during construction, provides for an expenditure as follows :~—

Power station (Yallourn) .. . .. . .. .. .. £2,200,000
Terminal station (Richmond) .. .. .. .. .. .. 264,000
Transmission line (2 circuits) .. .. .. . . .. 342,000

Total . .. . .. .. .. .. £2,806,000



This capital expenditure will be spread over a period of years as stated below :—
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Year. Power Station. \ Transmigsion Line, Terminal Station, Total,
’ £ £ £ £
1627-28 .. 10,600 .. .. 10,600
1928-28 .. 157,200 180,000 72,000 379,200
1929-30 .. 387,000 85,000 118,000 560,000
1930-31 .. 733,200 .. .. 733,200
1931-32 .. 534,000 127,000 50,000 711,000
1932-33 .. 292,900 .e . 202,900
1933-34 .. 105,100 24,000 129,100
2,200,000 342,000 264,000 2,806,000

Consequential upon the revision of estimated capital expenditure, a revised estimate of the annual charges has

been prepared as follows :—

37 per cent. load {actor
55 per cent. load factor

Details of the estimates of capital expenditure and annual charges are set out in attached Schedules Nos. 1 and 2.
Programme.—The following is submitted as the time schedule to which construction will be expected to conform

in order that the future demands for energy can be safely met :—

Power Station— -
Turbo-generators—

1st wnit to be ready for service
2nd unit to be ready for service
3rd unit to be ready for service
Boilers— :

1, 2, 3, 4 to be ready for service
5, 6, 7, 8 to he ready for service
9 and 10 to be ready for service
11 and 12 to be ready for gervice

Transmission Line——
1st circuit to be ready for service
2nd circuit to be ready for service . .
Terminal Station—

- Initial stage to be ready for service
Final stage to be ready for service ..

£535,060
£366,660

January, 1931
March, 1932
May, 1933

January, 1931
June, 1931
February, 1932
February, 1933

March, 1930
March, 1932

March, 1930
March, 1932

H, R. HARPER,
Chief Engineer.



SCHEDULE No. 1.
Prorosep Masor ExTeENnsION oF POWER SYSIEM.—SCHEDULE OF EsTIMATED CAPrral EXPENDITURE.

Yaliourn Power Station (installed generator capacity, 75,000 kw.)—

- “ £ £
1. Land, site works, drainage, roads, fencing, and steel structural buildings 308,000
2. Coal and ash handling .. . .. .o 128,000
3. Tanks, heaters, filters, evaporators, feed pumps, &c .. - 61,400
4. Cranes and hoists . o . 6,600
5. Boilnrs firing equipment, chimneys, flues and da.mpers, galleries and
: ladaer&s, &o oa . .. - 817,000
6. Turbo alternators and condensmg plant .. . .. .. 374,000
7. Circulating water system . .. .. .. . §,400
8. Piping, valves and fittings, &e. .. .. .- .. .. 106,000
9. Switchgear .. .. 200,000
10. Auxiliary fixtures and ﬁttmgs. preummary work, mvest1g<ut10ns, tests,
and general .o . .. .. .. - 24,000
11. Interest during construction .. .. .. . .. 156,600
e 3,200,000
Terminal Station (Richmond)—
1. Land, buildings, structures, and crane .. .. . e 48,000
2. Transformers and switchgear .. . . .- .. 136,000
3. Machinery and other equipment .. .- . . 58,000
4. Overhead and contingencies .. .. .. . o 22,000
o —— 264,000
Transmission Lins (2 circuits) .. . . . as .o ea 342,000
Total .. .o e o oe oo 2,806,000

SCHEDULE No. 2.

ProrosEnr Major ExtensioN oF Powmr SysTeM.—SCHEEDULE oF EsTiMaTED AwNUAL CHARGES,

— Load Factor, 55 per cent, Load Fastor, 3% per cent.
£ £ £ £
Power Station—
Variable Charges—
Coal .. .o 78,200 51,000
Coal and Ash Handlmp‘mi)pefafwn . . 7,8 50 7,860
QOperation Stores . . .. 2,900 2,700
Standing Charges—
Capital C harges . .. .. 162,000 162,000
Coal and Ash Handhng—Mamtenanee .. . 8,100 7,300
Remainder of Plant—Operation e . . 16,060 16,000
Remainder of Plant—Maintenance .. . .. 32,400 29,000
Sundry Apportionments .. - . .- 1,200 1,200
Total Generation Charges .- . .o 308,660 .. 277,080
Travnassion Line—
Operation, Maintenance, Salaries, Wages, &c. .o 3,300 3,300
Capital Charges .. .. .. . .o 28,200 25,200
_ — 1 98500 ——— 98,500
Termanol Statron—
Operation, Maintenance, Salaries, Wages, &c. - 10,000 10,600
Capital Charges % .. .. . .. .. 19,500 18,500
— 29,600 - 29,500
Total Annual Charges .. .. el 366,660 .. 335,060
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MEMORAN’DUM FROM THE CHAIRMAN OF THE STATE ELECTRICITY COMMISSION
OF VICTORIA TO THE POWER ADVISORY BOARD.

The Board is asked to submit its views on the conclusions reached in the report of the Chief
Engineer on a ““ Proposed Major Hxtension of Generating Plant,” dated 26th September, 1927, and
recommendations therein, and the accompanying investigation of the M./E. with regard to the location
of major generating plant extensions, dated 26th July, 1927, particularly in regard to the following
gpecific matters related thereto :—

1. The rate at whichk the demand for energy from the State scheme is likely to grow during
the next five years or more.

2. The extent to which the Commission’s generating plants, existing and under construction,
will be able to satisfactorily cope with the cemands estimated to arise in those years.

3. The date by which a further increment of generating plant must be constructed and brought
into operation to maintain a satisfactory margin of security, and the ultimate capacity
of such extension,

4. The most economic location of this extension with due regard to the point at which the
energy will require to be delivered,

(Sed.) JOHN MONASH,
‘ Chairman,
28th September, 1927,
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The Ohairman,
State Electricity Jommission.
Hig,

In regponse to your request of the 8th ult. for the views of the Board on the conclusions reached in the Report
of the Chief Engineer on ““ Proposed Major Extensions of Power Systers,” dated 26th September, 1927, and the
recommendations therein, &ec., the Board has pleasure in complying therewith, and teking the specific matters
mentioned in your memo., begs to reply thereto as follows :—

1. We have examined the Commission’s records of the system demand over a period of several years, up to
and including the Wmter of 1927, and the estimates of growth for future years as set out in the graphs accompanying
the Chief Enginser’s above-mentioned report.

It is always difficult to estimate correctly the demand, especially for several years ahead, notwithstanding the
data collected in previous years as to the actual growth. We are of the opinion, however, that the estimates
submitted to the Board may be taken as reasonable a.:sumntlons of the demands likely to develop during the next five
years or so on which to formulate plans for extensions of gELemtmu plant. To take any lower estimate would be
looking for trouble, particularly in view of the experience during the recent winter, when the demand was found to
have much exceeded the estimate,

2. We have considered sll the dats and information avallable with regard to the eapacities of the Commisgion’s
existing plants, and those under construction, and axe satisfied that with these plants the Commission will be able to
meet the estimated demands on the system thet will occur up to, but not beyond, the winter of 1930. In reaching
this cmcluslon, the Board has kept in mind the fact that for this period at least material assistance will still be
svailable from the surplus plant eapacity of Newport “ A,” in conjunetion with the frequency changer plant at the
Yarraville Terminal Station.

3. We ure of the opinion that 2 substantial increment of generating pla,nt, ca,pamty must be provided by the
has Commission in anticipation of the winter demand of 1931.  J. udgxna by the rate at which the demand on the system
grown, and the considerable increment of load that will acerne when the cont empmted extension of the supply system
in the direction of Bendigo, Ballarat, and Geelong is carried out, the Board has formed the opinion that the capacity
of the generating plant to be pmvlded should be of a major character, sufficient for the growth of several years.
Assuming at this stage that the extension will be located at Y.Jlourn. and taking into consideration the general
layout of the plant, space reserved for extensions, and the capacity of the existing boiler-house, the proposed extension
should provide for a plant capable of an outpub of at least o‘,,ﬂC’) kw. Huarther, as the luoatlon of an extension plant
at Yallourn of even much less capacity would llﬂ’(ﬂ\m the erection of another transmission line to Melbourne, there
ghould be some correlation between the capacities of plant and live in order to obtain the most satisfactory zeturm on
the total investment. The present transruission line hes a capacity of at least 50,006 kw. To construct a second line
of less capacity would be uneconomic, and there are sound reasons for designing the second line as a duplicate of the
original. '

4. The Board has given particular attention to this queqlao,_, which refers to vhe most oconoqnc site for the
location of the proposed extension of generatmiz plant, and, In 8o doing, hag considered the results of the exhaustive
investigation completed by the Mechanical Engineer, dated 21at July, 10.3

Speakmg broadly, the problem resolved itself into an mqul y a8 LO whether, for the delivery of a certain block
of power to Melbourne, it would be more economical to gencrate at Yallourn or at & site in Melbourne—such as
Newport ¢ B ”—in the latter case using black or brown coal.

Of the several factors entering inte an investigation of this kind there are two of great importance, to which
dne sttention has been given by the Board, and they are—

(@) The likely average annual loading which the p mpeseu plant iz expected to carry.
(6} The costs at which the fuel is likely v to be mwade available.

(8) With regard to the load factor, we consider ressonable the Uhief Hngineer's asuumpnon for the purpose of
this zeport that the annual load factor likely to “pply to the part ¢ portion of the future load which will be served
by the propased extension of genexating plant will be of the order > per cent.

(8) As regaxds the likely fusl costs, 16 is to be nobed that in

4"

rarvions albernative schermes prepared by the
Mechanical Engineer, a price has been assumed of Zs. per ton for Yaﬂouh. new-cub coal de-lfsvered to the power
station sie. After a careful examination of the statements of coal-winning costs, both actual and estimated,

submitted by the Commission, the Board is of the opinien that this price I 2 congervative estimate of future coal-
winning costs.. It has been noted with satisfaction that the latest cost sheets establish the fact that coal-winning

£

costs are already down to Zs. 9d. per ton, inclusive of screeaing and transportation charges. This result is being
obtained on the basis of & daily cutput of about 4,000 tons of coul from the new cut.

The fuel 'requn* ements for the proposed nsion of power-station plant and for the enlarged briguetting
factory, when added to the present output of the mine, wiil ;\:mg Luc aily ouu[‘m in the new oub to over 16,000 tons.
After allowing for the cons‘dem.biy increased capital that iz being incurred by the installation of modern
coul-winning and ovcxbur en removal plant, and the introduction of the new electric loco. haulage systemand providing
for the amortization of the expenditure on all assets thrown oub of use by the dev elomawml cnaﬂgc, resultant upon
the introduction of new methods of eperutlon theu is every reason to expect that the Commission’s estimate of futurs
coal-winning costs—viz., 18, 8d. per ton—will be reslize A when the outpub reaches the magimum figure mentioned
above. The higher fignre of 25. assumed for the purpose of the investigation is, therefore, considered to be on the
safe side,
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The assumed costs of all other fuels were either based upon market prices or estimates that appeared to be
reasonable.

It was evident from the very superior economic position of the Yallourn alternative schemes that considerable
adjustments to the estimated or actual costs of coal could be made hefore the relative positions of the alternative
schemes concerned were affected.

For instance, in order that the black coal (New South Wales) alternative at Newport “ B’ could be put on
an economic level with the Yallourn raw coal alternaiive, a reduction in the cost of New South Wales coal of 12s. 9d.
per ton would he necessary, or, alternatively, with present price of black coal, the cost of Yallourn new-cut coal would
have to increage from 2s. to 4s. 5d. per ton.-

It is to be noted that in the final comparison of those alternatives deemed the most economic, there is little to
choose between the claims of the old cut and the new cut at Yallourn as gources of fuel supply. It is understood,
however, by the Board that the Commission has definitely pronounced against the development of the old cut for
the purpose of power-station supplies. Regardless of such & decision, it is evident that the increased scale of
operations foreshadowed in the new cut will bring the coal-wirning costs down to a figure with which it would ke
Impossible for the old cut, with its much less favorable disposition of overburden and coal, and smaller output, to
compete,

The Board is therefore of the opinion that the question as to the utilization of old-cut coal is definitely and
rightly settled by the Commission’s intentions to concentrate its attemtion upon developing the new cut to the
exclusion of the old cut for the present and future coal supplies to the power station and briquetting factory.

On the foregoing grounds, the Board has no hesitation in concurring with the recommendations in the Chief
Engineer’s report to the effect that the location of the 50,000-kw. extension plant now proposed should be at Yallourn
a3 being the more economical alternative than an extension at Newport “ B.” °

The Board also concurs in the consequential recommendation that a second transmission line should be
constructed between Yallourn and Melbourne, with the necessary terminal station at Richmond, from which to
distribute the energy for metropolitan and other requirements.

(Sgd.) T. P. STRICKLAND,
(Sgd.) H. P. COLWELL,
(Sgd.) H. R. HARPER,

] Power Advisory Board.
5th October, 1927.
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APPENDIX «C.”

8th June, 1926.

COST OF DRIED BROWN COAL FOR USE AT NEWPORT “B” POWER STATION.

~Berorr or H. Hermax, B.CE, MM.E, F.G.S, D.Sc., Engineer in Charge of Briquetting and Research, State
Electrlclty Commlssmn

The Chairman,
State Electricity Commission of Victoria.

Sir

) 1. GENERAL CONSIDERATIONS.
1. This is in reply to your memo. of 27th ult., asking for a comprehensive report on the general question of the
drying of brown coal at Yallourn for the purpose of its trangport to Newport, and its use there, preferably in pulverized
form, for firing either the present Newport “ B plant or some further extensmn of that plant

2. The fundamental data are those given by yourself, viz, :—

(@) Raw coal to be that mined from the new cut.

(b) Present known percentage of moisture in the raw coal is used. This I take at 65 per cent.

(¢) The coal is to be dried down to 15%, H,0.

(d) The quantity of dried coal required per annum is 200,000 tons.

(¢) The cost of raw coal delivered at the drying plant is taken alternatively at 2s., 2s. 6d., 3s., and 3s. 6d.
per ton.

3. The problem of drying raw brown coal for pulverizing is almost precisely the same as the problem of drying
raw brown coal for briquetting. After the drying has been effected, the cooling required for briquetting can probably
be safely eliminated for pulverizing. I have not included cooling plant in my estimates herein. Briquetted -coal has
- to be: conveyed to the loading shed and loaded into trucks. Pulverized coal, or the coal merely dried without
pulVerlzlng, has to be conveyed to bunkers, and therefrom loaded. into trucks. It will be seen therefore that, up to
the point where the drying of coal has been completed, the costs are almost identical in the two cases. After that
point, the cost for pulverized coal becomes somewhat lesg than for brlquettes on account of the elimination of coohng
costs (which are not very heavy), and on account of the somewhat lower costs of pulverizing than of briquette pressing.

4. 1 have made calculations of cost both by direct drying and by steam drying. The calculations for the
direct-drying plant are more academic than practical. After going into the merits of direct drying in connexion
with the proposed extensions of the briquetting factory, on the basis both of our experience at the Newport experi-
men’ial plant and consultatlons w1‘rh 1ead1ng authorities in Ge*many, 1 have come definitely to the following
- conclusions 1 : . . A . :

_( ) That, the net cost per ton of dried coal by direct drying, after takmg into account revenus from sales
of by-product electrical energy, is not likely to be much less than the cost by steam drying.

It has further to be borne in mind that data based on practical experience as to capacities
and costs of direct drying plant, used in a large way, for very wet fuels are not obtainable even
from Germany. The figures on which the calculations herein are made for direct drying are
consequently based fundamentally on makers’ guarantees unsupported by adequate data from
commercial running.

In marked contradistinction to this, the capacities and costs of steam-drying plants are
now known, not only from our own experience at Yallourn, but from’ performiances from scores
of similar plants that have been for years operating in Central Europe.

(b) Apart from the question of relative costs of drying, arises the question of the safety in operation with
the two systems. It is a matter of common knowledge that the direct drying of brown coal was
abandoned in Germany many years ago, primarily on account of disastrous explosions which
occurred from fime to time. The comparative immunity from danger of the steam plants is so
widely recognized in Germany that direct drying for briquetting is practically prohibited by law.

Although the increasing use of pulverized fuel has led to renewed attention belng given in
Germany to direct drying of brown coal, very little progress has so far been made in introducing
direct drying into commercial plants.

If a direct-drying plant were established by the Commission, either for briquetting or for
pulverizing of brown coal, and a serious explosion occurred therein, the Commission would have
no adequate defence to oﬁer if it were charged with having adopted a system of operation which,
on account of its danger, had been practlcally discarded in a country where a vast experience with
drying systems had been obtained.

5. It appears, further, that even in the comparatively simple problem of drying black coal, the difficulty of
drying with hot gases has not yet been overcome. During a visit last year by the Commission’s officers to the Vitry
power station near Paris, where pulverized black coal is burned, it was found that the flue gas-driers were not at the
time functioning at all. The problem of drying the coal by such means had not, up to that date, been satisfactorily
solved at this station. _

The recently-deceased Dr. Klingenberg, probably the leading power-station engineer in Germany, and designer
of the new Rummelsburg power station near Berlin, which burns pulverized black coal, installed for the drying of the
black coal (containing as a rule from 2 per cent. to 12 per cent. of moisture) steam driers precisely similar to those
used in the brown coal briquetting industzy.
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8. One of the alfernatives that has been considered is the burning at Newport ‘B” of run-of-mine coal
crushed, but not sieved, and then dried down to ‘15 per cent. moisture. The experience obtained at the Newport
pulverizing plant was that great difficulty was met with in drying old-cut coal down to an average of about 20 per cent.
moisture, unless the maximum size of grain was less than 1 inch diameter. With Yallourn coal, running two driers
in series, the necessary drying could not be effected even with the maximum size of grain under an inch. To get even
drying and a reasonable capacity out of steam driers in briquetting plants, it is found that the maximum grain passing
to the driers, viz., about § inch to % inch, is quite large enough. FEven with this maximum size of grain, one function
of the coohng plant is to even up the moisture content throughout the mass of under- drled large particles and
over-dried small particles.

In view of the experience obtained during the last two or three years at Newport, and of briquette factory
experience at Yallourn andin Germany, I feel satisfied that. the only rational assumption to be made at the
present time is that, if 15 per cent. moisture content brown coal is to be used at Newport “ B power station, it
will be used either pulverized or briquetted. For this reason I make pulverizing, whether effected at Ya]lourn or at
Newport, an essential part of my calculations herem

II COSTS OF DIRECT DRYING AND STEAM DRYING PLANT RESBPECTIVELY.

T Although I have already stated that, in the hght of present experience, direct-drying plant should not be
used, I give hereunder estimated capital and operating costs of direct-drying as well as steam—drymg plant, for
purposes of comparison.

8. Savings in capital cost of a direct-drying plant compared with a steam-drying plant may be made principally
in the following items :— *

(@) Boilers and turbines can be entirely eliminated.
(b} The cost of the actual direct-drying plant, based on guarantees of the character described in 4 (a), is
about four-fifths that of the actual steam-drying plant.

- All other costs, such as clearing, levelling, surface drainage, water supply, railway connexions, coal receiving
and conveying, wet crushlng and screening, dust extraction and sundry plant, housmg, repair shop, store, &c., are,
on the whole, practically the same for either system.

9. T assume that for a steam-drying plant, high-pressure boiler plant (about 37 atm.) and turbines would be used.

10. The cost of a plant and its railway connexions varies, to some extent, with its location. As a special and
possibly.lengthy study would have to be made of various sites before making a definite choice, I shall assume that a
site would be available for a drying and pulverizing plant with about the same conveniences and costs for plant layout
and rail connexions as obtain with the present briquetting factory.

11. The following estimated costs respectively of a steam-drying and pulverizing plant to produce 15 per cent.
moisture coal from raw coal with a moisture content of 65 per cent. are based, as to all operations up to pulverizing,
on our experience of actual costs of the present Yallourn briquetting works.

In the following estimated costs of & direct-drying and pulverizing plant, the figures for the driers are based on
information much less definite than those available for estimates of steam-drying plant. The information as to
capacities and costs of direct-drying plant are based mainly on quotations received from the Buttner Works in
- Germany.

 12. The estimates of capital cost do not include haulage lines, rolling-stock, motors, and driving gear for
delivery of coal from the mine to the drying and pulverizing plant. The capital cost of the corresponding works for
the Yallourn briquette factory was about £45,500.

13. In Table II. details are given of cost of coal, capital charges, and operating costs both for steam and direct
drying, so that the total costs per ton at Yallourn of dried and pulverized coal, with variable costs for raw coal, may
be obtained. In Item 3 (¢) the figure 0-5d. is that used by the Electric Supply Branch for a similar calculatlon with
coal-at 2s. per ton. The figure 0-56d. allows for costs with coal at 3s. 6d.

14. Tf coal were to be only dried at Yallourn and pulverized at Newport, the costs would probably be slightly
_ higher than shown, owing to having two separate organizations for drylng and pulverizing respectively. This extra

-expenge would' probably be from 3d. to 6d. per ton. :

Table I.—Estmated Capital Costs of Plant for Drying and Pulverizing Yallourn Brown Coal. Eaw Coal
65 per cent. H,0, Dried Coal 15 per cent. Hy0, Output 200,000 tons Dried Coal per Annum.

i Method of Drying.
Ttem. |, . » ) L e S,
Steam. Direct.
’ ’ : : £ £ £
1 Prehmma,ry expenses, preparation of plans and investigations 10,000 10,000
2 | Clearing,levelling, surface dra,m&ge fencmg, unloadmg and handlmg of pla,nt and .
water supply .. . . 17,000 17,000
-3 Railway connexions .. ’ ' .. 17,000 17,600
4 Wet crushing plant, and plant conveymg coa.l thereto fxom recelvmg hopper .. 70,000 50,000
5 Drying plant (8 8-metre steam driers or 6 Buttnertype direct driers) .. .. 144,000 ) 116,000
6 | Dust extraction plant (apart from drying section) 7,500 7,500
7 Pulvenzmg plant (1342—Fuller m]]lg, or equivalent, W1th motors, pum ph,
pump motors, compressor, air receiver, conveyor plant .. . . 80,000 80,000
8 | ‘Storage bing and loading equipment (1, 000 tons storage) . .. . 10,500 10,500
9 Boiler plant (37 atm.) .. .. .. 180,600 —
10 Turbines (two 6,500 kw. sets, Wlth housmg and aooessones) .. .. 75,600 —
11 Repair shops, store, and office .. .. 12,000 i 10,000
12 | Temporary plant and building, erectmg gear sanitation and seWerage . 15,000 | 10,000
. : _ 638,000 | 328,060
13 | Interest during constructxon .. . .. .. .. o 40,000 21,000
14 Contingenciés, 5 per cent. .. .. .. .. .. .. 34,000 17,000
712,000 I‘ " £366,000




Table:11.—Estimated Costs of Production-of Pulvericed: Brown Coals.: Raw.Coal 65, per cent. Hy0;.
Drwcl C’ozl 15 per cent H z0 Output 200 090 tons, per~Annum

‘ Method of Drymg,
Ttem. —_—
Steaml Direct,
| L T
1 Raw coal reguired per ton of dried coal—
(a) For the dried coal t. 256 265
(5) Boiler coal, turbine full load 24 hour:- t, 1°34
(¢} Boiler coal, turbine- full load 17 hours- t 130 - ..
(d) For heating direct driers . . t. .. 108
(e)- Total of (¢) and (b) B 3-89 ..
(f), Total of (a) and (c) t, 3-85
(9) Total of (z) and (d) t. .. 363
2 Cost of raw coal per ton of dried coal (Refer to 1 ( e), (f), and(g))—
(@) Coal at 2s. per ton .. . .. .. 8. 7+78- 770 7°26
(5) Coal at 2s. 6d. per ton EN 9:72-.962 9-07
(¢) Coal at 3s. per ton 8. 11-67-11°55 10°89
(2) Coal at 3s, 6d. per ton 5, 137 61-13"47 12470
3 Operating costs, per annum—
: (e)-Capital charges at 8 per cent. on £712,000 £ 56,960
(b) Capital char {ges at 8 per cent. on £366,000 £ .. 29,280
(¢) Operating staff, mcludmg maintenance crew and management £ 50,000 ©40;000:
(d) Administration .. . .. .. £ 5,500 5,500
(¢) Common services . . £ 2,500 2,500
(f) Operating and maintenance stores. .. .. £ 10,000 7,000
(7) Energy parchased, 4,800,000 kw. hr. at *5d. to. *56d. . e R 10,000 to 11,200
() Totals of above .. . .. £ 124,960 94,280 to 95,480 .
4 | Operating costs per ton 8. 12+50 _ 943 to 9+55.
5 Energy generated and used by pulverizing pla.nt - :
(¢) Normal output .. . . .. .. kw. | 6,400
(b): Annual output, full load 24 hour\ .. ..+ .. kw. hr. 46,080,000
(¢) Annual output, full load 17 hours .. .. kw, hr. 34,300,000: .o
(d) Energy consumed by pulverizing plant per &nnum, .. kw, hr. | 5,700,000 | 4,800,000-
€ Energy for sale by pulverizing plant, nmning as per d. (¢)—
(@) Annual Sales .. . .. kw. hr. 28,600,000
(b) Valuation of E.S. Branch, ‘with. raw coa,l ab—
25. 0d. per ton (+0882d. per kw. hr.) . £ 10,510
2s. 6d. per ton ('1076d. per kw. hr.) .. £ 12,810
3s. 0d. per ton (°1271d. per kw. hr.y .. £ 15,110
3s. 6d. per ton' (-1465d. per kw. hr.) £ 17,410.
7 Value of 6 (b) per ton of dried coal, with raw coal at—
) 2s 0d. .. .. . S, 105
. 6d. 8. 128,
33. od. 8. 1-5-
3s. 6d. 8 1-74
8 Net cost per ton of pulverized coal at Yallourn, as per items 2, 4, and- 7——
(6) with raw coal at 2s. per ton .. . . . 8. 19°15 16°69
(b) with raw coal at 2s. 6d. per ton .. .. .. .. . 2084 1854
(¢) with raw coal at 3s. per ton .. .. .. .. 8 2254 2040
(d) with raw coal at 3s. 6d. per ton .. .. . .. 8 | 2423 2225

15. Assuming that the Railways Department would not charge a higher rate to.compensate. for the. building
of special trucks, the costs at Newport of pulverized coal would be about 6s. 6d. per ton higher than the costs above
stated.

16. The cost of pulverizing at Yallourn may be taken at about 2s. 6d. per ton, If this.amount be-deducted from
the costs shown in Item 8 of Table II., the costs at Yallourn of dried, but unpulverized, coal may be obtained.

1II. SUMMARY.

17. Owing to difficulties in drying the brown coal, unless it is crushed to a fineness quite unsuitable for use
on travelling grates, the estimates made ‘herein are on the basis that pulverized brown coal would be used in the Newport
boiler furnaces (para. 6).

18. As direct drying of the coal should not, for reasons of safety in operation, be attempted at present on a large
commercial scale, only steam-drying plant should be considered for the preparation of dried brown coal for use in the
pulverized form (para. 4(b) ).

19. The capital cost ‘of a steam- -drying and pulverizing plant at Yallourn to produce 200,000 tons: per. annum
of coal, dried from 65 per cent. to 15 per cent. moisture, would be £712,000 (Table I.). Con.nexmn with the mine may
prov1510nally be estimated to cost £45,000 (para. 12). The total caplta,l cost involved in establishing the proposed
,plant is therefore £757,000.

20. The estlmated costs per ton of an output of 200,000 tons per annum of pulverized: coal containing 15 per
cent. moisture, prepared from raw coal containing 65 per cent. moisture, are as follow f.o.r. Yallourn (Table II. yi—

,
S | 8.
25 :

20-34

8.

J

‘ 8,
Cost per ton of raw coal .. .. .. [ 2:0

\

35
24'2,3

e
e S
o ©
b

|

| {
Cost per ton of dried and pulverized coal 19-15 : i i i
(Sgd.) H. HERMAN

8th. June, 1926. Engineer in Charge, Briquotting andrReseamh.
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APPENDIX “D.”

COAL SUPPLY OPERATIONS—YALLOURN.

(ExTrRACTS FROM REPORT OF THE COMMISSION TO THE GOVERNMENT, DATED THE 20TH MaY, 1927.)

Coal Supply—The development of coal-winning operations at Yallourn must not only keep pace with,
but must effectually anticipate the steadily increasing requirements of coal. It must be emphasized that there is no
escape from the necessity that, as the demand for voal increases, additional plant must be provided to remove
overburden, to dig coal, and to transport both to the respective points of disposal. This necessiy s tndependent of the
type of plant and character of operation adopied, ie., whether it be on the lines reccmmended by Klitzing, or on
some other lines. Naturally, the Commniission will recommend that type of plant which it considers will result
in the most economic methods of operation. On this point the Cemmission has no hesitation in advising the
Government that all future developments of coal-winning operations should follow, as closely as possible, the most .
modern methods in use on the brown coal-fields of Central Europe.

As to quantities of coal output it was decided, when the works were originally planned in 1920, that the Yallourn
coal-field was to be laid out so as to permit of a progressive develorment to enable an output of 10,060 tons of coal
per day to be reached in ten years. The selection of site for opening up, the lay-out, location, and capacities of all
railways, ropeways, roads, drainage, dumps, &c., and the unit capacities of the various items of plant were all governed
- by this underlying policy, the plan being to instal ab initio only sucli actual items of plant as were requisite to provide
the initially required output, and to supplement same from time to time as the demand for coal increased. This policy
has been in no way altered.  -The plant- originally- provided and added to from time to time has hitherto been
adequate to meet requirements as they arose, while the general lay-out is such as to permit of an expansion, within
the ten-year period, to 10,000 tons per day. This limit may indeed in the more remote future be increased to a higher
figure by no very serious increment of cost.

The time is now rapidly approaching, however, when consideration must be given to increased coal-winning plant
capacity. The Commission has no hesitation‘in recommendlng that all coal-winning plant to be acquired in the future
should be of the general type in use on the brown coal-ficlds of Central Europe, with such improvements thereto as may
come into recognized practice as time goes on. The important outstanding question is to decide by what successive
dates the various items of such plant will have te be acquired.

Tt is important that it should be made clear that it is not merely a question of purchasing a picce of machinery
and placing it in operation by a specified date. Much preparatory work has yet to be done before such mackinery can
commence to operate. For example, a coal dredger, before it starts work, must bave an adequate bedy of uncovered
coal and a proper coal face to operate upon ; it must have its working bench at the right level to suit its vertical range
(upwards or downwards), and also to suit the operation of its transportation plant; and the latter must fird ready
the prepared route to its points of delivery. This is merely an illustration, which apphqs all along the line. All such
preparstory work must be done by the plant presently available before the new plant comes in ; and, morecver, that
work, and the rate at which it can be execuicd, are closely related to the rate at which coal is presently bemg consumed,
for it would be out of the question /econcmically) to prepare benches, levels, faces, grades, inclines, wnd drainage
arrangements other then as part of the normal process of winning coal for immediate consumption.

Above considerations illustrate that the processes of to-day must be designed and executed-in prbpulatxon for -
the needs of to-morrow, and that the whole proccdule must be governed by a carefully considered time programme,
which must be rigidly adhered to throughout,

It should now be clear that even a somewhat remote future date {or the coming inte vperation of any new coal-
consuming activity (such as an enlargement of the Briquetting Factory, or the installation of a large turbo-generator)
has a direct bearing upon the activities of to-day, for the dates of such future installations govern the dates by which
plant has to be available, and these latter dates govern the dates by which preparatory works have to be initiated. Thus,
in the year 1927, plans must be made and works initiated to ensure the efficient availability not only of adequate supplies
of uncovered accessible coal, but also of all coal faces of lengths and depths requisite to give the outputs which will
be called for in 1930 or 1931. Moreover, it is repeated that the raie at which sueh preparatory works can be effected
is entirely contingent upon the rate at which present-day coal consumption permits of the removal of the quantities of
coal necessary to lay bare and otherwise prepare the faces, benches, grades, &c., &c., above referred to.

Coal-winning Costs.—The overall cost per ton of coal produced by coal-winning operations, at any one period,
is dependent upon two separate and independent factors, viz, :—

(a) The character of the plant and processes employed.
(8) The total output of coal.

Each of these factors affects different portions of the aggregate unit cost ; that is to say, the plant and processes
influence the quantity and therefore the cost of the labour, stores, fuel, power and repairs required, while the total
output influences the proportion which each ton of coal has to Lear of the overhead charges, comprising interest,
depreciation, staff, common services and the like. In addition, the capital invested in the processes of development
of the coal deposits has to be amortized over the subsequent output over a series of years, and the greater this output
becomes the smaller will be the burden of this charge upon each ton of coal.

A proper criterion of the fluctuating cost of such an operation as coal-winning cannot, therefore, be formed
unlcss an analysis be made to see how much of the total cost is due to direct operating expenses, and how much is due
to overhead busdens. Careful management and the employment of efficient plant and methods can favorably influence
the former ingredient, but it is only increase of output that can depress the latter ingredient.

This is pointed out in order to emphasize the important influence which output has upon unit costs. A mere
comparison, therefore, of total costs of two different periods is valueless, unless account be also taken of the respective
outputs of the two periods. : .

To illustrate this in actual figures, the ““ overheads ™ allocable to coal-winning at Yallourn during the past three
months amounted roundly to £60,000 per annum., This comprised interest, depreciation, Yallourn and Melbourne

offices, stores, stables, insurance, superintendence, &c., being fixed charges, almost wholly independent of output.



41

Such a charge upon the present output of about 3, OOO tons per day is 16d. per ton of coal ; but upon an output of
6,000 tons per day would ke only 8d. per ton of coal. Thus, if present output is doubled the cost of the coal
would be reduced by 8d. per ton, quite apart from the many economies in actual operation expenses incidental to the
greater production.

The conclusion to be drawn is that one very effective method of substantially reducing cost is to increase
output, while any reduction of output will similarly enhance unit costs.

It is, of course, true that increased output involves increased investment in plant and therefore of overhead
charges, such as interest and depreciation. But this has only a relatively limited influence upon cost, because a great
proportion of these overheads relate to matters which are constant, and which do not fluctuate with output. For
example, the whole investment in past developmental work is fixed and unalterable, and holds good for all future
increments of output.

The actual experiences of coal-winning operations at Yallourn during the past two years are fully illustrative
of above principles, and the gradual decline in the unit cost is traceable, to a substantial ‘extent, to the progressive
increase in output. It has, of course, been possible also to effect economies in actual operation, as the working force
became trained in its duties, but such economies have practically reached their limit with plant and processes of the
type at present in use.

Turning now to the future, and the previously expressed recommendation of the Commission in favour of adopt-
Ing improved types of plant for any future expansion of coal-winning operations, it is pointed out that the Commission
now has at its disposal, not merely the experience gained by its own officers during official visits to Central Europe, but
also the considered advice both of Mr. Gaudlitz and Mr. Klitzing, as well as the continuous supervision of the latter in
his capacity as Consulting Engineer to the Commission. It also now has on its Yallourn Coal-Winning Staff, Mr. G.
Beck, who is a qualified coal-mining engineer, and has had several years’ experience in that capacity on some of the
largest German brown coal fields. The modern plant and methods, which all the above advisers concur in recommend-
ing, are characterized by a great advance over present plant and methods, in the direction, both of the reduction of
labour, and of increased capacity for a given capital investment. These are the lines, therefore, on which the Commis-
s1on proposes to develop—the works already a authorlzed viz Bunker and the Overburden Dredger, together with
ibuti in this directi Substantial

economies in operating costs can be safely anticipated from such a policy.

The combined effect of improving the plant and of increasing the output will thus be to effect material
reductions in the cost of coal-winning operations. This eost has already been reduced, in the past,to a fairly
satisfactory figure, but the poss1b1htles in the same direction which lie open to the Commission in the future are to he
measured by annual savings which may, in due course, run to much over £250,000 per annum, afler providing fully
Jor all new invesiment therein.

In another part of this report, the Commission makes further reference to the progressive abatement in the cost
per ton of coal, which, it feels assured, will eventuate, for the reasons above discussed, if the programme of development
kerein recommended is adopted in its entirety.

Tee Proroszp ScHEME oF DEVELOPMENT.

N.B~The proposals explained hereunder, and the time-programme designed to govern same, have been
expressed graphically in the diagram appended to this report. (See Flan No. 3.)

Basic Factors—The coming into operation, in May, 1931, of a major extension of generating plant, based on the
use of brown coal, is the governing objective in the design of the subjoined scheme. This date, therefore, is the ¢ con-
trol ” which determines the prior dates by which the Commission must realize all steps leading to that objective.

The second objective is to develop the coal-winning procedure in the New Cut, so that, by the date named, the
equipment provided shall be capable of an output of 10,000 tons per working day, with due provision for stand-by plan
to meet brezkdowns of major machines. The expectation is that, with such an output, the cost of coal from the new
~cut will fall, by that date, to a figure less than two shillings per ton.

The earliest date by which any extension of the Briquetting Factory can now be brought into operation is April,
1930. The resulting increase of coal consumption by some 2,500 tons per day is an essential factor, both in the com-
puted abatement of coal costs, and in the choice of the capacities of the coal-winning and transportation plant to be
installed.

Coal-winning Plant—The major plant required to give a continuous and reliable output of 10,000 tons per day
is as follows :—

(@) One deep coal dredger, having & capacity of 2,500 tons per eight hours.
{h) Ome scraper coal dredger, having a capacity of 2,500 tons per eight hours.
{¢) The present Ruston electric power shovel.

All this must be fully installed and in operation at latest by March, 1930. In order that above plant may by
that date have the necessary faces on Which to operate, the coal deposits must have been opened up to their full depth
of 180 feet. This work of *“ opening up * can proceed in no other way than as part of the normal process of coal-winning
for daily consumption. That is to say, every ton of coal dug in the process of opening up must pass immediatel - and
directly to the point of ultimate consumption. The rate of this opening up and the time that it will take are, therefore,
governed by the rate at which coal can be usefully consumed.

The plant available to prepare the * faces ”” for the second or “ scraper ” coal dredger will be the deep coal dredger
and the electric shovet ; while the plant available to prepare the * faces ” for the deep coal dredger is the present electric
shovel.

Computations had therefore to he made, working backwards in point of time from 1931, in order to determine
the dates by which the several items of plant must be installed, so as to allow time for this preparatory work.

It has, in this way, been determined that, in order that the scraper dredger may commence to operate by March,
1930, the ﬁrst or deep dredger, must be completely installed by October, 1928. And in order that the latter date ray
be realized, the present electric shovel and the overburden plant must from now on be operated in a manner which will
prepare the “ faces ” in time to be ready for the deep coal dredger by October, 1928.

Concurrently, the several benches, grades, inclines, and roads to accommodate the associated transportatlon
plant, and the whole of the drainage arrangements must also be executed in pre-determined sequence. Throughou*
the whole period of development the necessity to maintain uninterrupted coal supplies to the consuming activities is
paramount, and controls all detailed procedure.

3035.—4



42

Overburden Plant—No additional major overburden plant, beyond that already authorized, will be required
in order to realize the above programme. It will be necessary only from time to time to augment the transportation
plant (already authorized) by some additional locomotives and wagons, in order to increase the rate of overburden
removal, in sympathy with the increased coal production. The addition of a specialized machine, known as an
** Overburden Spreader,” will also be desirable at a later date, in order to reduce tbe labour required on the overburden
dump ; but the acquisition of such a machine, while definitely included in the estimates submitted, may be postponed
until the present dumps are brought to a stage at which the new machine can operate to advantage, say by the mlddle
of 1928.

The scheme provides for the operation of the overburden plant (actually now available and in process of acquisition)
vin such a manner as gradually to restore a full vear’s supply of uncovered accessible coal, and thereafter to maintain
that margin, but no more. Experience at Yallourn has shown that exposure of coal surfaces in this way operates very
-beneficially in dissipating moisture, and thereby improving the calorific value of the fuel.

Estumate of Cost—The estimated cost, fully instatled and ready for operation, of the whole of the new plant
required for above coal-winning developments between now and 1931 is £334,150, spread over succeeding hnanclal
years (July to July) as follows :—

Financial year 1927-28,. .. .. .. .. .. £157,700
., ., 1998-29.. .. . . .o .. 96,200

" ,, 1929-30.. - .. .. .. .. 80,250
Total .. ... . - . .. £334,150

This sum is less by roundly £160,000 than Mr. Klitzing’s total estimate for his main scheme, which was £490,000.
The reason for this difference is mainly because Klitzing’s transition scheme, and the overburden plant now under
acquisition (both of which have already been authorized, and for which funds have already been ;provided by
Parliament) have been so designed that expenditure to that extent on the main scheme has been obviated.

The new expenditure proposed has been postponed to the latest respective dates that are considered prudent,
if the programme is to be realized with certainty.

Mr. Klitzing’s Scheme.—Above proposals conform, in every respect, as to type of plant and character of processes
to Mr. Klitzing’s recommendations. His time-programme, however, has of necessity had to be radically altered.

There remains the question of the alignment on which these several stages of development are to be materalized
This is & question which has been considerably affected by the lapse of time and the altered situation. At the time of
Mr. Klitzing’s inspection (March, 1926) the Yallourn open cut was only 530 feet wide, measured on the coal surface.
After allowing for the necessary batters and berms to ensure stability of the boundary walls of the cut, insufficient
width remained to permit of the introduction in the present site of the principle of radiating cosl faces. That is the
main reason why Mr. Klitzing propounded the adoption of a new alignment involving a south-easterly extension of
the open cut.

But by reason of the postponewment of this scheme, the position now arises that, by October, 1928, when the first
of the two coal dredgers is timed to come into operation, the width of the present open cut will have been increased to
more than 1,100 feet. A very large body of coal lying below the 70-teet level (which is the present ° floor ” of the cut)
will have been laid bare, amounting to over a year’s supply of coal, and it would be a serlous economic waste to leave
these coal reserves unused. A proposal is, therefore, being worked out to put the first coal dredger to work, on the Klit-
zing radiating-face principle, in the present cut for a period of 12 months or more, and to postpone the south-easterly
extension by a similar period. This alternative will not, however, be adopted without prior consultation with Mr. Klitz-
ing, whose services, in a consultative capacity, remain available to the Commission.

Cost of Conl.—Ithas beenexplained above that the over-all cost of winning coal is compounded of actual operating
costs and of capital charges. The Commission now hag at ils disposal lengthy experience of operating costs under
present methods. Mr. Klitzing has furnished, in great detail, similar estimates for the new methods recommended by
him, and these have been adapted by the Commission’s expert officers to the actual local conditions and interpreted in
the light of our past expericnces. In addition, growtk, on the one hand, of capital investinent in additional plant, and,
on the other hand, of coal output, permit of accurate estimates being made of the future incidence of capital charges.

As a result, the Commission is in a position to forecast, with considerable reliability, the probable over-all cost
per ton of coal, and its gradual abatement during the progress of the developmental work foreshadowed in this report.
The results of this investigation have been embodied in the diagram submitted, and may be epitomized here, as fol-
lows :—

*(Jost Of Coal-— ) Pence per ton.
At present .. . .. .. .. .. .. 42
By 1st October, 1928 .. .. . .. . .. 30
By 1st April, 1930 .. .. - .. .. .. 24
By 1st May, 1931 .. .. .. .. .. .- 21

The above estimates include a liberal margin for contingencies.
The total annual savings which are possible, if above costs can be realized, over and above costs prevailing to-day
are as follows :-—

Year, j Tons %‘égpggy' ‘ Baving Pex;u.ggu of Coal. Total Annual Saving,
‘ | £
1929 | 5,900 - 12 88,500
1930 . oo 8,800 18 198,000
1931 ’e -7 10,300 21 270,000
j |

The aggregate savings which it will be possible to realize by the end of 1931 will be £550,000, or much more than the
proposed investment in new plant.

Diagram. —The diagram furnished with this report merits close and detailed perusal. (See Plan No. 3). oIt
embodies, n graphic form, the whole of the programme now submitted. A description of the lines and annotations of
this diagram, to facilitate its perusal, is prefaced thercto.

* in order to take a conservative view of future savings, the present day cost has purposely been stated at the lowest figure vet touched.
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No. 3.

PLAN

OPEN CUT.

PROGRAMME OF OPERATIONS—YALLOURN

{See Explanatory Reference on Page 43.)
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-PLAN 'OF COAL SUPPLY DEVELOPMENT, YALLOURN.
REFERENOE TO arracuyp Prav No, 3, AND TC BE READ IN CONNEXION THEREWITH.

1. All material factors have been graphically expressed.

2. The Abseissae, or horizontal measurements, represent tvme, extending from st January, 1927, on the left to
the beginning of the year 19332.

3. The Ordinates, or vertical measurements, represent quantities or money values, those applicable at any given
date being represented by the height of the relevant curve above the base line, on that date. The scales respectively
employed for these quantities, or values, are shown in both margins of the diagram, in colours correspunding to the
curves themselves.

4. The lines and notes in black, refer to coal consumption, and the curve shown is an integration of the total coal
consumed since 1st January, 1927. The rising daily rates of coal consumption are entered upon the curve itself.

5. The lines and notes in red refer to Overburden Operations. The curve is an integration of the total ¢oal designed
to be uncovered, as from 1st January, 1927 ; the successive daily quantities, and the method of employing the plant
being entered upon the curve itself.

6. The red dotted line is a curve showing the difference between the above two cuirves, and represents, at any point
of time, the total accessible uncovered coal which has not yet been consumed. The objective is to reach and maintain
a full year’s supply of such coal.

7. The blue lines in the lower diagram show the capital expenditure which will be necessary to develop the coal
supply operations herein described, and its distribution, in point of time, over the period dealt with.

8. The keavy green line represents the line of cost per ton of the production and delivery of coal ; this line gradu-
ally falls, in sympathy with the progressive introduction of labour-saving machinery, and the increase in output. This
lins is not an integrated curve, its purpose being to indicate the probable cost of coal on any given date.

9. The green dotted line, similarly, shows the anticipated growth in the total savings in coal supply operations,
as against present costs, thess savings being expressed in terms of pounds sterling per annum. This curve is com-
pounded of the coal cost at any given date, with the coal output at the same date.
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