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STATE ELECTRICITY COMMISSION OF VICTORIA.

The Hon. the Minister In Charge, Electrical Undertakings,
Melbourre.

S1r,
EXTENSION OF STATE ELECTRICITY GENERATING SYSTEM.

1. An essential duty devolving upon the Commission 1s the necessity to forecast and
provide for the growing demands upon the State Power System. As it is estimated that the
capacity of the Commission’s generating plants, including extensions now in progress, will be
overtaken in 1940, and as preparations for installing new plant must necessarily be made as much
in advance as possible, the time has arrived for the Commission to submit to the Government
definite proposals for major extensions to the generating capacity of the State system.

2. The Commission’s considered recommendations in this respect, supported by a
comprehensive survey of the position and an analysis of all factors bearing thereon, are set forth
in this Report, which is submitted pursuant to the requirements of section 13 of the State
Flectricity Commission Act No. 3776 of 1929.

3. Appended hereto are the following :—

(a) Report of May, 1937, of the Chief Engineer, Power Production (Mr. E. Bate),
setting out particulars of the technicalities and economics of a hydro-electric
scheme utilizing as a major development the waters of the Kiewa River (North
BRastern Victoria). (Appendix “B ™).

(b) Report dated L1th June, 1937, of the Chief Engineer, Power Production, as to the
necessity for also adding to the existing metropolitan steam-generating stations.
(Appendix “ B 7). ‘

(¢) Report of Rendel, Palmer, and Tritton, Consulting Engineers, 55 Broadway,
Westminster, London, 8.W.1, who were appointed, in association with Messrs.
Vattenbyggnadsbyran (VBB) of Stockholm, Sweden, to investigate and report
on the Kiewa hydro-electric project. (Appendix “ A ™).

4. The several technical questions involved have been treated exhaustively in the above-
quoted annexures, which the Commission, after full consideration, has approved and adopted.
In this overriding report, therefore, the Commission deals only with the econoniic comparisons
which are involved, and the policy and financial aspects of its recommendations to the

(tovernment.
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PART 1-BASIC CONSIDERATIONS.

5. When the fundamentals of a large-scale electricity generating system have been
established, as is the case with the Commission—with its large heat-power station at Yallourn,
based on brown coal, its peak load metropolitan stations based on black coal and brown coal
briquettes. and its water-power development based on the resources of Sugarloaf-Rubicon—
certain important considerations present themselves immediately major extensions to such a
system become necessary. These considerations must be especially directed towards securing
the most economical overall unit cost of generation at all times, having regard to the fluctuations
in demand which necessarily occur throughout the day and from month to mouth throughout the
year. Consequently, any review must centre in a careful study as to when each instalment of
new plant in the extended system should come into operation, so that as the system 1s pro-
gressively enlarged, each part of it shall take its proper place in and economic share of the total
load to be supplied. It 1s necessary, therefore, that attention be given both to the increase in
the peak load (measured in kilowatts) and to the additional energy (measured in kilowatt-hours)
which the system will be called upon to supply.

6. Growth of Demand. The Commission has at its disposal statistical material and
experience covering many years upon which to base estimates as to the future, and upon which
to make forecasts of the probable load on the system for a series of years to come. There 1nust
always be an element of uncertainty in such forecasts, due to unforeseen circumstances, but,
on the outlook at present, it is necessary that the generating system should be prepared to
deal with the following anticipated requirements over the next few years:—

Year. Kilowatts. Kilowatt Hours.
1938 .. .. .. 166,000 .. 815 milhions.
1939 .. .. .. 179,000 .. 875 .
1940 .. .. .. 194,000 .. 950 .
1941 o . .. 210,000 .. 1,030 .
1942 .. .. .. 227,000 .. 1,115 i,
1943 .. .. .. 244,000 .. 1,200 ’s
1944 .. o .. 265,000 .. 1,300 ’
1945 .. .. .. 286,000 .. 1,400 .

7. The total generating capacity, including spare plant, which will be available when the
extensions at Yallourn and Newport “ B Power Stations are completed in 1939 will

comprise i—

Yallourn Power Station .. .. .. .. 136,000 kw.
Briguetting Factory . . . . 8,000 |,
Sugarloaf-Rubicon Power Stations .. .. .. 11,000 ,,
Newport “B " Power Station .. .. .. 43,000 ,,
Richmond Power Station .. o .. .. 15,000 .,
Geelong Power Station . .. .. . 7,600
Total .. .. . .. 225,500

8. To avoid the possibility of demand overtaking net capacity, it is necessary that
reparations be made immediately for still further plant to be in operation in the winter of
1941. At the present rate of increase in the demand, the deficiency in plant, unless timely
provision be made, will, by 1945, exceed 50,000 kw.

9. The following comment, which was made by the Commission in 1928, when submitting
its recommendations in regard to the last major estension of the generating system, 1s
reiterated for the purpose of emphasizing the obligation which rests upon the Commission to
keep abreast of public requirements i— . - .

: “ Lest it may be thought that large further investments in generating plant
can be obviated or postponed, it should be explained, 1n general terms, t‘hat the growth
of demand is beyond the control of an electricity supply authority. Every 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 car}not be
prevented, with the result that the system becomes overloaded.  The effect of
wustained overload—apart from the risk of serious breakdowns of essential plant—1s
to render the service, in its entirety, irregular and unreliable, to the disadvantage and
inconvenience of the whole body of consumers. It 1s, therefore, the paramount.du’cy
of every supply authority to ensure that its plant capacity is, at all times, available
i adrance of public requirements.”
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10. In every formi of generation of electricity, the ultimate cost to the public is divisible
into two parts, viz., that depending upon capital and other fixed costs (called “ demand
component ), and that depending on operating cost (called ““ energy component ”’).  The most
economic generating system is obtained when the total of these two parts is at a minimum.

11. The constitution of the Commission’s generating system to-day (and as, of course,
it still will be when the extensions at present proceeding are completed) is such that by far the
greater part ol the totul generating cosl is represented by capital cost.  This is because most of
the total plant capacity 1s located at Yallourn and at Sugarloaf—Rubicon, thus involving long
transmission lines for delivering electricity to the main load centres. At Yallourn the operating
cost is low due to the relatively low cost of brown coal fuel for steam raising, while the operating
cost of the Sugarloaf-Rubicon hydro-electric scheme is very small in relation to the fixed charges,
this feature being characteristic of all hydro-electric schemes. In order then to achieve the
most economic generating costs the capital charges must be spread over the largest possible
number of kilowatt hours.

As a consequence, the Yallourn and Sugarloaf-Rubicon Stations of the existing system
operate most economically when supplying a load as uniformly distributed as possible throughout
the 24 hours of the day—that is, these stations should be operated at the highest possible load
factor by supplying the base portion of the system load.

12. The base or high load factor portion of the system load having been allotted to the
Yallourn and Sugarloaf-Rubicon Stations, it is economical to deal with the remaining load of
lower load factor through generating plants of low capital cost, even if a more expensive fuel
must be used in such stations.

Combined with the low charges upon capital, even the higher cost of fuel may result in
a lower overall cost per kw. hr. for energy generated in such stations than wonld be the case in
a plant of higher first cost when operated at the same load factor. :

It will be pessible, for some years to come, to increase the utilization factor, and therefore
the load factor of the Yallourn Power Station, but it will be necessary progressively to make
provision for the installation of plant to deal with the increment of load, and for a tew years the
plant thus provided will be required to operate at a relatively low load factor.

It is shown in this Report, however, that after 1941 there will be a portion of the system
load, after the requirements of economical operation of Yallourn and Sugarloaf-Rubicon have
been satisfied, which will have such a load factor as to carry economically the charges associated
with schemes of comparatively high capital cost without adversely influencing the overall unit
generating cost of the system. Tle method of operation under these circumstances will be that
the plant provided for dealing with the peak load will continue to meet that portion of the load,
and the subsequent addition to the generating plant will be allocated to the moderate load
factor portion of the load.

By pursuing a policy of extending the generating system generally in accordance with
these principles, the lowest possible generating costs will be obtained at all times.
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PART 1i.—-STUDY OF ALTERNATIVE PROPOSALS.

13. The reports of the Chief Engineer, Power Production, on the Kiewa hydro-electric
scheme, and on the metropolitan steam stations, set out in full detail the considerations described
in paragraph 5 supra. As the reliability of the data employed in the conclusions arrived at is
of paramount importance, the data and all source material have been included by the Chief
Engineer in Lis reports, which form Appendix * B.”

14. These investigations were directed towards designing a long range programme for
angmenting the State’s resources of power plant, and they have clearly established that the
characteristics of the anticipated increments of system loading are such that the lowest possible
generating costs will be secured by the combination of a large-scale water power scheme with
the installation of additional plant at a heat power station in Melbourne, both installations to
be developed in stages according to the rate of growth in the class of demand which each project
is designed to serve.

WATER POWER SCHEME.

15. This Report embodies a recommendation by the Commission that, for such portion of
the anticipated additicnal loading as will have a load factor approximating 48 per cent. in an
average year, generating plant be provided to utilize the power resources of the Kiewa River.
This conclusion has been reached after exhaustive examination of the other competing
alternatives, viz., extension at Yallourn and the establishment of a metropolitan plant.

For the purpose of this examination, ail three alternatives are reduced to a common basis,
which requires delivery of 92,500 kw. to the system at equivalent load points. The
alternatives compare as follows :—

Costs of providing 92,500 kw. delivered to the System at Equivalent Load Centres.

Estimated Capital ’ Fstimated Annual
Cost. Expenditure.

|
\ £ £
o

Alternative.

1. Extension of Yallourn Power Station 4,981,000 620,000
9. Establishment of Metropolitan Station 3,598,800 694,000
3. Kiewa Project .. .. 6,136,000 433,000

16. Analysis of the annual costs of delivering 92,500 kw.—390,000,000 kwh.—at load centres
gives the following conclusions :—

(a) The Kiewa project is economically superior to the Yallourn extension at all load
factors of which the former is capable.

() The Yallourn extension and the metropolitan station are economically equivalent
at about 30 per cent. load factor, above which load factor, on the basis of
present costs of black coal and raw brown coal respectively, the Yalloum
extension is the more economical.

(¢) The Kiewa and the metropolitan station are economically equivalent at about
10 per cent. load factor, above which load factor Kiewa is economically
superior to the metropolitan station.

(d) At the time when the Kiewa plant is fully developed the range of load allotted
to the plants of this scheme would be between 34 per cent. and 62 per cent.
of the system load, and for this particular band of loading there is no portion
of the Kiewa load which could economically be taken by metropolitan plants,
and it follows that no combination of metropolitan and Yallourn plants could
oive more economical production of energy for this portion of the loading than
the Kiewa plants. A

17. The lengthy investications made have resulted in the design of a scheme which can be
applicd ceonomically to that part of the load which will be available to 1t within a few yvears from
this date. Although the eapital cost o the whole scheme is estimated to redeh the comparatively

Ligh tigure of £66-33 per kw. of output at load centres, the capital ontlay can be lumited to amounts

9

from which benefit can be derived within short periods and the hydraulic works will be of such a
permanent nature that they will be subject to a very low rate of depreciation, with the result
that the overall annual charges will amount to only 7 per cent. of the capital cost, corresponding

to the satisfactory figure, for the completed scheme, of £4-68 per annum per kw. of output at
load centres.

Kiewa, as designed, will not be capable of operating at the same high load factors which
are the .functum of the Yallourn plant, but despite the fact that its capital cost is higher than
that of the available alternatives its economic superiority over such alternatives is very
marked. The Commission’s Counsulting Fngineers—DMessrs. Rendel, Palmer and Tritton—
have endorsed this conclusion in the following terms —

“ We shure the opinion expressed by the Chief Engineer of the Commission that
an analysis of basic annual costs of power clearly denionstrates the economic superiority
of the Kiewa project, and that the Kiewa scheme is technically and economically to be
preferred to major extensions of the steam stations. It is reasonable to assume that
power from the Kiewa scheme when fully developed can be delivered at load centres

at a cost of approximately two-thirds of the cost of power generated by coal {rom such
major extensions.

As a conclusion we would say that in our opinion the Kiewa project contains all
the elements of a successful hydro-electric power undertaking, which, operated in
conjunction with other sources of supply counsidered, would meet the growing demand
on the Commission’s electric supply system in a suitable and economical way.”

18. While it is thus clear that economically Kiewa possesses very real advantages over the
competing alternatives, there is another equally important consideration which bears on its
selection, particularly as it will be somie years before the extension is fully loaded. As designed
the scheme will be constructed and operated in stages of moderate capacity, and thus avoid
charges on unproductive capital that would arise should the scheme be of such a nature that
expenditure on assets would not at once be utilized to the full. A further advantage over other
available alternatives is that, from the standpoint of reliability, Kiewa will be a highly favorable
source of supply, giving the same splendid service which the smaller Sngarloaf-Rubicon hydro-
electric scheme has afforded during the ten years of its existence, for o%eration will be la}gely
automatic, requiring but.a small staff. This is a very marked advantage, as the operation of the
stations will have almost complete immunity from industrial dislocations.

19. In the form proposed, the Kiewa scheme Is the culmination of investigations carried
out by th_e Commission since 1919, coupled with a close study of the hydrological and
meteorological data available from the year 1865 in respect of rivers and localities situated close
to the Kiewa watershed. As part of the investigations, discharge of the Kiewa River itself has
been gauged accurately for the last ten years. Over the period for which records are available,
some very dry years have occurred, particularly the years 1902 and 1914. The most severe
drought since the year 1865 was that during the period from December, 1913, to July, 1815, but this
was not taken as giving the most extreme conditions which might oceur, and the water storage
capacity in the design has been based on the actual drought period mentioned, plus an assumed
additional drought period of one year immediately following. Such storage capacity avoids the
necessity for providing standby steam plant at load centres to tide over the periods of mmimum
water flow. On the advice received and the information available, the Commission has no doubts
as to the adequacy of the water available, and of the arrangements proposed to maintain the
designed output trom the scheme.

~ 20. Due to the fact that some portions of the scheme are situated at altitudes which are
within the region of heavy and regular winter snow fall, one or two features unusual to water
power schemes in Australia are introduced. Investigations have shown that the conditions
at the higher elevations are so severe that open water races at these levels wonld be inoperative
in the winter months, owing to blockage by snow and ice. Hence, it is proposed to convey water
almost entirely i tunnels driven i solid rock. The good qualityj of the rock permits of unlined
tunnels, excepting for short lengths where the geological conditions will necessitate concrete
lining. Similar unlined tunnels have been constructed ‘and operated successfnlly in Sweden and
other countries for a number of years, and the advice of authorities in Australia who have gained
experience of mining In rock is reassuring. The opinion of the Cousulting Engineers is that,
pl:OVlded care 1s exercised n locating the tunnels in the best rock available Tlllin; of the tunnels
will be needed only in those places where broken rock or faultx ave known to exist.  No
msurmountable difficulties of construction are anticipated.

2],.‘ The Commission believes that it should again call attention to statements in 1ts earlier
reports that a development based on Kiewa does not permit of sevious consideration for any
objective that excludes the metropolitan load. The engineering studies make 1t clear that the
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scheme could not be developed for small outputs, except at prohibitive costs. For instance,
the north-castern district of Victoria, in which the Kiewa River is located, at present is supplied
from the State power system, but the load of this area alone is altogether too small to justify
the Kiewa project. The establishment of the designed scheme as part of the main interconnected
State power system is made possible only by anticipated major loading in the metropolitan area.
The development of Kiewa ix advantageous to all ferritories capable of being served from the
State system, for its addition to the main generating system will result in ultimate lower overall
unit generating costs.

22. Earlier reports of the Commission have mentioned the Mitta River and the outflow
from the Hume Reservoir as alternative sources of hydro-electric power, which, at an appropriate
stage, would need to receive consideration in comparison with a development based on Kiewa.
The Commission endorses the recommendation of the Chief Engineer, Power Production, in
preferring Kiewa to the other sources of water power. '

The grounds for this conclusion are disclosed in detail in the Chief Engineer’s Report,
(pages 47-8) : briefly, they are as follow : — ,

Concurrently with its work on the Kiewa River, investigations have been made into the
possibilities of utilizing the Mitta River and the Hume Reservoir, and it would seem that the
cost of electricity from these sources would approximate to that estimated for the Kiewa. But

the Mitta River 1s one of the main sources of water for the Hume Reservoir, and storages on that

river such as would be involved in any power scheme are believed by the River Murray Commission
as likely detrimentally to affect irrigation interests, and at this stage it has been unable to
signify 1ts concurrence in such a project. More important still, the geological conditions on the
Mitta River are less favorable than those on Kiewa.

Despite the view that Kiewa is the best source of water-power available in the State for
the conditions of load which the project is designed to meet, it 15 the Commission’s intention to
continue investigations into the Mitta, Hume, and other hydraulic potential power sources within
the State, as their possibilities may be snch as to place them ultimately in the list of adjuncts to
the State’s ever-expanding generating system.

TRANSMISSION LINT AND TERMINAL STATION.

23. An integral part of the project above selected and forming part of the estimated
capital cost 1s a transmission line from Kiewa to Melbourne-—a distance of 158 miles. This line
is estimated to cost £975,500 (including Kiewa step-up station), and will consist ultimately of
two circuits operating at 165,000 volts. This operating pressure, which is higher than that of the
132,000-volt Yallourn-Melbourne transmission, is warranted by the long transmission distance.
Tt is not a feature which calls for special consideration, since many systems in U.S.A. and Burope
have been operating for several years with complete success at a pressure substantially in excess

of 165,000 volts.

24. There is also included in the recommended scheme provision for a third main delivery
(or terminal) station in the metropolitan area. The existing stations are located at Yarraville
(capacity, 60,000 kw.), at Richmond (ultimate capacity, 90,000 kw.), and at Thomastown
(capacity 20,000 kw.). The new station, with a plant capacity of 92,500 kw., will be located at
Brunswick in conformity with the needs of the main Melbourne distributing system, and of the
main country feeders radiating therefrom. This new station is estimated to cost £408,000, and
would need to be established whichever alternative were chosen for the next major installation
of generating plant.

INDEPENDENT EXAMINATIONS OF THE KIEwA PrOJECT.

25. The Commission desires to place on record the extent to which it has secured outside
advice in respect of Kiewa since the examination and possible development of the State’s power
resources were committed to its charge in 1919,

26. Investigation in 1920 by A. G. M. Michell, M.C.E.—In eptember, 1920, the
Comunission (then the Eleetricity Commissioners) submiited to the Governmnent a report on
the possibility of developing the Kiewa resources, such examination being undertaken pursuant
to pection 13 (¢) of Act No. 3776, which requires the Comumission  to carry out investigations,
survevs, explorations, and borings to ascertain the existence, nature, and extent of coal
deposits or of water power suitable for nse in connexion with the generation of electricity and
fo ascertain siitable sites for generating stations.”

The hydraulic and  electrical enuimeering investigations were undertaken by the
Commission’s then consulting hydraulic engineer. Mr. A, . M. Michell, M.C.E.. who, on
apponiment iu June. 1919, undertook the conduct of detailed investigations into the
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topographical and climatic conditions, involving the preparation of an outline scheme of works
and the framing of estimates for bringing such a scheme into existence at that time. Mr. Michell’s
repors was adopted by the Commissioners as a reliable guide to the determination of the policy
questions then involved. These questions concerned the relation of such a hydro-electric
project, on the one hand, to the works already being undertaken in the power production
development at he Yallourn brown coal fields, with supplementary generating provision at
Newport, and, on the other luud, to the problem of meeting the electrical needs of the
provincial areas comprised in the north-eastern district.

The Commission arrived at the quite definite conclusions that the Kiewa development
as then propounded, particularly as to that part based on the hydro works located on the
Kiewa, did not permit of its serious consideration for any other objective than supply to the
metropolis, and that, having regard to the nature and extent of the generating plant which
the State was to install at Yallourn and Newport, there was no justification at that stage for
embarking on a scheme of the magnitude and nature of Kiewa.

A Select Committee of Parliament endorsed this conclusion.
As part of the 1920 scheme, Mr. Michell put forward the development of the

Sugarloaf-Rubicon resources. This smaller scheme, having striking advantages over any other
proposal for the combined purpose of serving both the north-eastern district and the
metropolitan market, was reported on again by the Commission in 1922, and on its
recommendation Parliament later authorized the construction of such project, at a cost of
approximately £1,000,000.

Although it is only after seventeen years have elapsed that the Commission finds itself
in a position to recommend a major development based on Kiewa, it desires here to acknowledge
the most valuable work of Mr. Michell in his 1919-20 investigations. Notwithstanding that
these investigations were directed towards meeting conditions of demand essentially different
from the part that the 1937 Kiewa scheme, as now contemplated, is designed to fulfil in meeting
conditions of load of 1941 and after, the earlier investigations undertaken under Mr. Michell’s
direction have provided the Commission’s engineering staff with a substantial contribution
towards the design of any scheme based on Kiewa, and the fullest advantage has been taken
of Mr. Michell’s work in ‘the project now submitted in this present Report.

27. Examination in 1936-1937 by Messrs. Rendel, Palmer and Tritton.—During his
visit abroad in 1936, the then Chief Engineer of the Commission, Mr. H. R. Harper, knowing that
the Kiewa alternative would call for serious consideration when the final decision as to the
nature and location of the next major installation of power plant had to be made, paid
particular attention to hydro-electric works in Enropean countries, especially those lecated in
mountainous country similar to that of the Kiewa.

The hydraulic side of the Kiewa project, as conceived by the Commission’s staff, includes
features which are by no means novel in Europe, but concerning which no Australian experience
is available. Of these, the large scale tunnelling for the conveyance of water in territory subject
to heavy snowfall 18 the most important.

As the civil and hydraulic works in the Kiewa project are estimated to involve an
expenditure of over £4,000,000, or ;Lp_proximately two-thirds of the total estimated cost of the
complete project, it wag-the Commission’s desire, before submission of any recommendation to
the Grovernment, that the proposal should be made the subject of critical examination by an
acknowledged outside authority versed in the actual design and construction of schemes similar
to the Kiewa. There was chosen for this purpose the “well-known consulting firm of Messrs.
Rendel, Palmer, and Tritton, of London, which, in alliance with Messrs. Vattenbyggnadsbyran
(VBB) of Stockholm, Sweden, has been associated with many recent important hydro-electric
projects in various parts of the world. For this examination, the consulting engineers sent to
Victoria Mr. B. Hellstrom, M.Inst.C.E., M. Am.Soc.C.E., and Dr. A. F. Samsioe, M.I.V.A. The

terms of reference to the consultants required them to undertake the following work :—
1. Inspection of sites of proposed civil engineering works.
2. (Consideration of these civil engineering proposals. so as to give independent
opinion in regard to— f : )

{a) Reliability and accwracy of the methods used in determining the
fundamental hydrological data and the conclusions drawn therefrom
for the Kiewa catchment. particularly the areas contributing water
to the storages and diversions proposed.

(b) Reliability of the conclusions formed as to the energy whiclh can he
furnished over a period of years, including drought periods.
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(e} Suitability and adequacy of the proposals with regard to storages, dams,
tunnels, diversion pipe lines, and hydraulic machinery for the purposes
proposecd.

(d) General adequacy of cost estimates for storages, dams, tunnels, diversions,
and hydraulic machinery.

The Commission has been impressed with the evident care and thoroughness with which
the consultants’ representatives applied themselves to the investigation, and it believes that
the high degree of technical ability which they brought to bear in their study of the many
pwblems of debwn and construction must ensure that the State has been well served by the
special review of the scheme which they have made. Their report forms Appendix “ A.”

HEAT POWER STATION.

28, This Report also contains a recommendation that, for the peak load portion of the
demand estimated to arise between 1939 and 1948, progressive extensions be made in the Newport
“ B power station. Engineering investigations for meeting this section of the system demand
are greatly simplified by the availability at Newport of power plant in which the State of Victoria
aheadv has invested approximately £2,000,000. Erected, in the first instance, by the Victorian
Raﬂwavs for the electrification of the suburban railway system, the station was extended in 1920
by the installation of plant, in the ownership of the State Electricity Commission, for serving
the Melbourne pealk load of the State power system. KExtensions now in course Wlll by 1939,
bring the expenditure on this plant on account of the State Electricity Commission to €1 ,998, 000.

The plants, which are known respectively as Newport “ A" (Victorian Railways
(Commissioners) and Newport “ B (State Electricity Commission) stations, atilize all facilities
for power production, 1ncludmg site works, circulating water arrangements, &c., which are
comnion to both, and are operated by the Victorian Rallwayb Commissioners, who are reimbursed
by the Commission the cost of operating the B> station.

From every standpoint, there is no more favourable site in the metropolitan area for the
progressive provmon of the Commission’s peak load plant. The important question of location
thus not bemng at issue, the engineering investigations have been confined to the nature, extent
and time of installation of the plant additions. This aspect, having been completely traversed
in the report of the Chief Engineer—Power Production, does not call for special comment by the
(‘ommission, except to declare in the following table the advantages that will accrue from the
oreater utilization of the existing assets of the Commission at this location :—

ExigTing aND CONTEMPLATED INVESTMENT AT NEWPORT “ B’ Powgr STATION.

ifective ' Capital Cost per

esive |
Stage. } (,E;?Elﬁh;ft. j Capacity in kw. kw(‘jg;;iﬁ?ﬁve
—_— e |
| £ | £

1. At present 835000 | 19000 | 43.9
2. At completion of e\termom ﬂreadv planned o 1,203,000 | 30,000 40.1
3. At completion of extensions ploposed before 1939 - 1,398,000 J 48,000 29.1
4. At completion of extensions proposed from 1939-1941 co 2,118,000 | 75,000 28.3
5. At completion of extensions proposed from 1943-1945 . 2,838,000 | 100,000 ‘ 28.3
6. At completion of extensions proposed from 1946-1948 3.558.000 | 120,000 " 29.6

|
|
|
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PART III.-FINANCIAL.

29. Capital Cost.—It 1s estimated that the complete combined scheme covered by this
Report will cost £8,296.000, of which sum £6.136,000 is on account of Kiewa and £2,160,000

for Newport = B.”
will acerue during the construction period.
comprised in the scheme 1s as follows :—

KIKWA.

Hydraulic Works and Power Stations—

1. Land, clearing, roads, buildings, &c. ..
Dams and offtakes
Tunnels, conduits, offtakes, surge tanks, and diversion races
Pressure pipe lines complete
Turbo-generator plant
Switchgear and transformers

S o Ot e

General equipment

@

Engineering

LU

Interest during constricerion
16. Contingencies

Trarsmissior, &c.—

—

Main transmission line
Kiewa “ A7 and other substations
Melbourne Terminal Station

e QO bD

Imterest during construction

Total

NEWPORT “ B.”

Site works, land. buildings

P =

Machinery and plant

F*"

Switchgear and transformers
(feneral, including overheads, engineering and mspection

Interest during construction

Total

£
429,000
1,037,000
992,000
318,000
476,500
210,500
340,000
221,000
264,000
341,000

760,000
286.000
408,000

53,000

These ﬁgmes arc based on present-day price levels, and include interest that
Distribution of the total sum over the various works

4,629,000

1,507,000
6,136,000

400,000
1,370,000
170,000
140,000
80,000

2,160,000

A more detailed distribution of the above iteins will be found in the report of the Chiet

Engiueer»-Appendix B

30. Tlme Programme.~l he following table shows the segregation of the expenditure

into the periods in which the funds will be roqmred as the works proceed : —

‘ Kiewa. [

- - _ . . ‘
Period. draalic | [ Pernii [ ‘ Newport “B.” Graud Total,

Hydraul ! Py el T al i .
r \§:f;rlgfslz’:lgl((l o h‘lf‘{g;"bsmu i §tz;rl:'ilf])ll§l;1;xxl Total. ‘ “
Yower Statious. ! -Substations. i
— | J‘ o
i £ £ £ £ £ ! £

1935-1942 .. . L 872,500 454500  8LOOO 1,408,000 720,000 | 2,128,000
1942-1945 .. .. S 403,750 272,500 231,750 1,458,000 720,000 2,178,000
19454047 . . .. 935,000 61,500 65,500 1.062,000 . 1,062,000
L947-191= . . S 690 THO . 211,250 902,000 720,000 1,622,000
1948-F9449 .. . . 272,000 . T9.000 351.000 351.000
1949--1951] 455,000 455.000 955,000
Totals .. .. 4,629,000 78\ HoO 71&30” 6,136,000 2,160,000 5,296,000
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31. Under the above programme, power from Kiewa will become available to the extent
and at the times shown below :—-

Total available power

Year. at Kiewa Generators.
1942 .. .. .. .. 20,000 kw.
1945 .. .. .. .. 37,000 ,,
1947 .. . .. .. 50,000 .
1948 .. .. .. .. 76,000 |,
1949 . .. .. .. 83,000 .,
1951 . .. . .. 104,000

The balance between the above-stated increases in capacity and thimthed load
requirements will be provided by the proposed installation of plant at Newport ** B.”

32. Economics of the Extended Generating System.— The estimated effect of the above
proposal on the overall cost of generating and delivering to the load centres the energy
corresponding to the figures set out in Part 1., is shown in the following table. These
estimates are based on existing costs and on the distribution of load between the existing
and propo&ed sections of the genemtm system as described herein :—

Lsthmated Overall Cost of Lleetricity Delivered at Load Centres.

Year Ending June—

!
‘[ Tetal.
|

Per Kilowatt Hour.
|

| £ Pence.
1939 . . i, . .. . 1,530,000 1 0-472
1940 . .. . .. o] 1,605,000 ! 0-455
1941 . . - . . . 1,680,000 | 0-441
1942 : | 1,830,000 : 0-443
1943 1,965,000 \ 0-442
1944 . N N - - . 2,055,000 | 0-427
1945 . . . L . . 2,150,000 | 0414
1946 . o 2,390,000 ‘ 0424
With Kiewa fully loaded (dI‘OllIld 1950) i 2,595,000 \ 0-407

As previously stated, higher costs would have resulted from any alternative proposal
and under the most favorable of the discarded alternatives (extensions at Yallourn and
Newport “B 7} the excess cost would have amounted to some £200,000 per annum when
the fully loaded stage of the extension was reached.

33. Provision of Funds to meet Expenditure.—Commencing with the year 1940,
capital expenditure on Kiewa will range from £400,000 to £800,000 in each year until 1949,
When to this is added the yearly expenditure necessary for augmenting the metropolitan
power plants as herein proposed, as well as the ordinary capital requu‘ements of the Commission
which at present are met from the Commission’s own funds, 1t is clear that the existing borrowing
powers of the Commission will need to be increased if the requisite funds are not obtained by
State borrowings. This action is not immediately necessary, for the unexercised borrowing
powers of the Commission amount to £1,160,000, but a general survey of probable capital
expenditure during the next 10 to 12 years indicates that an additional borrowing authority
of approximately £6-7,000,000 should become available in 1939 for the works programme for
the next decade.
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PART 1V. RECCMMENDATIONS

34. In view of the rapidly expanding reqnirements for electrical energy throughout the
State, and of the most favorable means for meeting such as exhaustively disc '1Sb6(1 in this our
Report and the important technical Reports thereto annexed, we now have the honour to
recommend to the Government :—

{(u) That early approval be given to a long range programme designed te increase
the existing oeneratmg plant of the State K Electrl(ltv Scheme bV approximately
260,000 Kilowatts of installed capacity, such, subject to Government approval,
to be made available progressively over the next 14 or 15 vears to meet the
expandiig demand. The “total expenditure on such increased plant capacity
including transmission and terminal transformation, is estimated at £8,296,000°

(b) That the additional generating plant be installed at two 10cat10115 et Iue‘m
utilizing the waters of the Kiewa River and at Newport B heat-power
station. such works including provision for delivery of energv to load centres.

(c) That immediate authority be given for the preparation of detailed designs and
specifications, and calling of tenders for the whole of the works entbraced in
the firgt stage of the Kiowa Scheme. estimated to cost £1,408.000. and to be
in operation tor the winter of 1942: and for the mstallation of the first
additional generating unit at Newport * B,” which is estimated to cost £720,000
and will be required for the winter of 1941.

In submitting these recommendations, it is desired to emphasize that the contemplated
future distribution of generating capacity amongst power stations at widely separated locations
will enhance the overall reliability of the Commission’s generating system. and in particular
assure a desirable change from the now obtaining position. wherein more than 70 per cent. of the
State’s effective geueutmtf capacity 1s (Oncentmted at one power-station (Yallourn).

APPRECIATION.
- 3b. The Commission desires to place on record its appreciation of the valuable work done
by its former Chief Engineer, Mr. H. R. Harper. in the prosecution of the Kiewa investigations,
} which were practically complete at the date of his retirement. His successor, Mr. K. Bate, as

Electrical Engineer, was also closely associated with the work. and his reports (Appendix *“ B ”)
afford striking evidence of the thorouOhness of the investigations, and the skill and unremitting
zeal with which they have been conducted over a long penod of years, to the end of perfectlntr
a scheme whicli will reliably and economically exploit the full resources of the Kiewa catchment.
The examination of alternatives and the preparation of a project for substantial expansion of
a metropolitan heat power station, although not so prolouged. have been no less important, and
the combined development of water and heat power which has been evolved has called for the
fullest co-operation of the Civil, Electrical and Mechanical Engineering Staffs associated with
the Power Production Department, as well as of the Construction Lnolneel s Department. It 13
extremely gratifying to the Comumission, as it must be to the staffs Concerned that the hydro-
electric proposals put forward have been completely endorsed by Consulting Engineers of the
highest standing from abroad, after an analysis of all factors, combined with igpection of the
Kiewa terrain and & careful study of its geological, hydrological and meteorological characteristics.

We have the honour to be, Sir, your obedient servants,
F. W. CLEMENTS, Chairman.
D. J. McCLELLAND, Commissioner.
. A. NORRIS. Commissioner.
ANDREW W. FAIRLEY, Commissioner.

W. J. PricE, Secretary.
12th June, 1937.
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CHARTERED CIVIL ENGINEERS,

The Chairman,
The State Electricity Commission of Victoria,
Melbourne.

SIR,

Having studied the report, dated 7th March, 1936, prepared by th ino Chi .
and the Civil Engineer, as well as data subsequently supplied fo us, agd hgvéfgl?rfs Cehclf(f d%ﬁglqier
of the proposed works, we have much pleasure in submitting herewith our r%porf on th %?I es
Hydro-Electric Scheme. ¢ Blewa

2. In the terms of reference we were asked to give independent opinion ;
. . . : nio
civil engineering proposals put forward by the Engineers of thepCommissicI?n. %1112 ffi}gérd " t%e
summarized as follows :— S may be

The methods used in determining the fundamental hydrological data for the Kiewa
catchment, and the conclusions drawn therefrom regardi?lof the areas contrib 1§.W .
water to the storages and diversions proposed, are reliable and accurate e

The conclusions formed as to the energy which can be furnished ;
years, including drought periods, are correct. over a period of

The general layout of the proposed scheme, particularly with ¢
dams, tunnels, diversion pipe lines and hydraulic m);chiner;e%:rgveﬁoCi‘;ocl‘ajgefi
and suitably adapted to the general topography of the oouﬁtry_ eive

Taking into account the modifications introduced to the sche

o : me, th

additional surveys carried out, and the recent increase in cost of t?lrll;?zgits (Zlf
other equipment, our estimate of cost agrees well with the cost as estim &tn1
by the engineers of the Commission. sutabec

3. The investigations and surveys of the sites of the proposed worl '
the report by the enggineers of the Commission was submit%ed? and detaﬁ’ g:;iinglgugd aft_eg
surveys were proceeded with after our first visit to the sites. Consequently it has bee ! ierg?
to locate the works with more complete allowance for the geological ‘conditions J’thonl e
previously possible. This has been done in close co-operation with the engineers anf Wk?s
Clommission and has led to certain modifications of the details of the suggested layoat ar t O [ tle
with reference to the alignment of tunnels, and the position of the power static;;ls 1“]1;53 . ?}f Y
exploration work is required, especially for Power Plants Nos. 2 and 4 and for West Kiew: .tur ell
and this may lead to further adjustments of-the details of the layout. As comparative ;St:unnte ’
of cost showed that it will be more economical to place the power stations overoro climahe_s
alternative has been adopted. ground. this

4. The modified scheme consists of two storage basins, the Prettv Valley 4 -
Valley Reservoirs, and four power plants designatecf as Nos. 1, 2, 3 and 4. e and the Rocks

5. A special study has been made of the storage required, and we have 1

. . B . ) - s L > ¢ 2 ar ’ =
conclusion that with 95,000 acre-feet in Pretty Valley Reservoir and 13,000 ac;e*fleizl: ?2 ?%tocil%
Valley, the working capacity of the scheme can be somewhat increased. l )
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6. The main data for the power stations considered in our report are given in the following
table :—

| ;
|
Average Net Head \ N

in Feet.

Capacity in Kilowatts.

Power Station Number. | umber of Units. \

Total Installed. ) Working.

|

To allow for any one unit in any station to be out of commission at any time the working
capacity is fixed at 104,000 kw., i.e., 13,000 kw. less than the installed capacity.

7. Whether the installation and working capacity should be still further increased over
and above the figures given in the table, has, for certain reasons, been left for consideration at a
later date.

Per Unit. g } Spare
o | | | | | -
1 | 1,444 2 | 10500 | 21,000 | 21,000 |
2H i 1,454 | 2 13,000 | 26,000 | 26,000 ‘
2L 350 | 1 : 7000 | 7,000 [ 7,000 | L
3 355 3 8000 | 24000 | 50,000 = 13.000
4 603 3 13000 | 39,000 J \
" - T | I
Total ! t 117,000 | 104000 | 13,000
|

8. The scheme lends itself favourably to development by stages. The power available
can be made to follow closely the growing demand on the Commission’s system, and the capital
outlay can be limited to amounts from which benefit can be derived within short periods.

The most suitable main stages of development are considered to be the following :—
First development stage :—

Access road from Tawonga.
Pretty Valley Reservoir.
Power Plant No. 3.

Power Plant No. 4.

Second development stage—
Diversion of West Kiewa River to Pretty Valley Branch by means of West Kiewa
tunnel.
Third development stage—
Rocky Valley Dam.

Power Plant No. 1.
Power Plant No. 2.

9. It is estimated that the total power and energy output for the three development
stages will be as follows :—

! First Development ‘ Second Development | Third Development

Total. Development.

\ Stage. { Stage. Stage. |
— | | | i
Working capacity at Kiewa in kw. .. o] 50,000 | .. | 54,000 ! 104,000
Million kwh. generated at Kiewa .. . 145 : 59 ! 236 i 440
Working capacity at load centres in kw. . 45,000 .. 1 47,500 | 92,500
Million kwh. at load centres .. .. .. 130 ; 53 207 ‘ 390

10 The capltal cost of the scheme, including turbines, generators, low tension sw1t0h0ear
and Interest during construction, but excludma transmlssmn “has been estimated as follows : —

£
First development stage .. .. .. .. 2,350,000
Second development stage . . , ... 300,000
Third development stage 1,890,000

Total .. . . . .. 4,540,000

11. The annual cost, including 44 per cent. interest on capital, has been estimated as
follows :—

£
Firgt development stage . . .. .. 163,000
Second development stage .. . . . 16,000
Third development stage . . . . 129,000

Total . . .. . .. 308,000

o

21

The depreciation charges included in the annual cost amount, on an average, to 1-32 per
cent. of the capital cost.

12. At the Hume Dam on the Murray River, provisions have been made for utilizing for
power generation the head created by the impounding of the water. The dam has been built
for irrigation purposes and, with the amount of storage provided at present, hydro-electric power
must be considered as a by -product only. Until full use can be made of the water for irrigation,
power will be available all the year round, whiist later on no power may be obtainable for several
months of the year when the water is bemg impounded. It is obvious that under such conditions
a power stafion at the Hume Dam cannot be considered as a permanent and independent source
of power supply.

On the other hand, a power station at the Hume Dam can be built in a short time, the cost
of construction will be Iow and the energy output will be considerable. Provided that the
Kiewa Scheme is proceeded with, and that thus energy from the Hume Power Station is
transmitted over the same high tension lines as that from the Kiewa Scheme, the cost of
transmission will be very low. If no charge be made for using the water, and no contribution
be required towards the cost of the dam, it seemns to us that this possibility should be economical,
and we recommend it to be investigated in detail.

13. The estimated capital cost of the Kiewa Scheme up to generating station bus bars
18 £39 per kw. of installed capacity, and £44 per kw. of working eapaelt} at Kiewa ; and the
estimated annual cost is £3 per kw. of the working capacity at a load factor of about 48 per cent.
This corresponds to 0-17 pence per kwh. generated at Kiewa.

We share the opinion expressed by the Chief Engineer of the Commission that an analysis
of basic annual costs of power clearly demonstrates the economic superiority of the Kiewa project,
and that the Kiewa Scheme is technically and economically to be preferred to major extensions
of the steam stations. It is reasonable to assume that power from the Kiewa Scheme when fully
developed can be delivered at load centres at a cost of approximately two-thirds of the cost of
power generated by coal from such major extensions.

14. As a conclusion we would say that in our opinion the Kiewa project contains all the
elements of a successful hydro-electric power undertaking. which, operated in conjunction with
other sources of supply considered, would meet the growing demand on the Commission’s electric
supply system in a suitable and economical way.

Yours faithfully,

(Sgd.) RENDEL, PALMER AND TRITTON.

Melbourne,
16th March, 1937.
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REPORT OF CONSULTING ENGINEERS, MESSRS.
RENDEL, PALMER AND TRITTON, ON THE
KIEWA HYDRO-ELECTRIC SCHEME.

INTRODUCTORY.

Previous The feasibility of utilizing the water power of the Kiewa River, situated
investigation.  ahout 145 miles north-east of Melbourne, for generation of electricity, has been .
considered on several occasions. Preliminary investigations for such a project were carried out
in 1914 by Mr. A. G. M. Michell, M.C.E., for the Victorian Hydro-Electric Company, and a
somewhat more detailed examination was commenced in 1919 by Mr. Michell for the State
Electricity Commission of Victoria (hereinafter referred to as the Commission). His report was
submitted in 1920, but no further work was carried out until 1923, when the Commission’s own
staff started a detail study of the possibilities of hydro-electric developments, including survey
and hydraulic observations. Based on these investigations reports were prepared in 1929 and 1933,
and after further detail survey and diamond drilling, a comprehensive report, dated 7th March,
1936, was submitted by the Acting Chief Engineer and the Civil Engineer to the Commission.

The investigations and proposed developments as set out in their report are the subjects of the
present inquiry.

Appointment. In May, 1936, the Commission appointed Messrs. Rendel, Palmer and

Tritton, of Westminster, in association with Messrs. Vattenbyggnadsbyran
(VBB), of Stockholm, to investigate and submit a report on the Kiewa Hydro-Electric Scheme.
The work of the Consulting Engineers was to cover the following matters, viz. :—

1. Inspection of sites of proposed civil engineering works.

9. Consideration of these civil engineering proposals, so as to give independent opinion
in regard to—

(a) Reliability and accuracy of the methods used in determining the
fundamental hydrological data and the conclusions drawn therefrom
for the Kiewa catchment, particularly the areas contributing water

L to the storages and diversions proposed. ’

(b) Reliability of the conclusions formed as to the energy which can be
' furnished over a period of years, including drought periods.

(c) Suitability and adequacy of the proposals with regard to storages,
dams, tunnels, diversion pipe lines and hydraulic machinery for
the purposes proposed. '

(d) General adequacy of cost estimates for storages, dams, tunnels,
diversions and hydraulic machinery.

For the execution of this commission Mr. B. Hellstrom, M.Inst. C.I5., M.Am.Soc., C.E., and
Dr. A. F. Samsioe, M.I.V.A., proceeded to Victoria for cal”rying out the investigations necessary
for submitting this Report. These investigations started in November, 1936, and were completed
in March, 1937. -

The Consulting Engineers desire to express their appreciation of the hearty co-operation
of the Chairman of the Commission, Mr. F. W. Clements. They are also greatly indebted to the
Chief Engineer, Mr. E. Bate, for the valuable service which he rendered, and to the Civil En_gmeel‘,
Mr. A. L. Galbraith, and the assistant to the Civil Engineer, Mr. L. I'. Guy, for their assistance
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PRESENT SYSTEM OF ELECTRIC SUPPLY.

By far the greater part of the electric power used in the State of Victoria
is generated and distributed by the Commission. Txceptions are the State
Railways (which have a separate system of supply operated by the Victorian Railways
Commissioners), the Melbourne City Council, and a few private companies generating electric
power for their own use or for distribution within limited areas. The frequency of the current
on the Commission’s system is 50 cycles, and on the Railways’ system, 25 cycles.

Supply system.

The Commission’s main supply system comprises generating stations at Yallourn,
Sugarloaf, the Rubicon-Royston system of stations (referred to as the Mountain Stream
Stations), Newport, Richmond, Geelong, and Bendigo; main terminal stations at Yarraville,
Richmond, and TlLomastown ; and transmission lines connecting the generating stations with
the terminals. From this main supply system electricity is delivered to the Melbourne
metropolitan area, Including the various suburbg of Melbourne, and to the South-western,
Castlemaine, North-eastern, Hastern Metropolitan, and Gippsland districts. From Melbourne
this network of transmission lines reaches about 150 miles to the west, 130 miles to the north,
and 160 miles to the east. The demand of the Melbourne metropolitan area, with a population
of somewhat over a million, is over 80 per cent. of the total load on the main supply system.

At Ballarat and HEuroa the Commission operates small power stations and supply systems
independently of the main system.

The general lay-out of the supply system is given on Plate No. 1.

Load The general trend of the daily and weekly variation of load on the system

o can be gathered from the actual load diagrams shown on Plate No. 2 for four
weeks at different seasons of the year. The highest peak generally occurs in May and June
(22ud to 26th week), and the lowest daily peak at the end of the year.

In the load diagrams for the first five working days three peaks can generally be observed
all the year round. The first two of these which occur during the usual working liours of the
day, i.e., between 8 a.m. and 5 p.m., have a flat top, and are sharply separated by a drop in load
between noon and 1 p.m. The third peak is due to lighting load, which culminates as dusk passes
into darkness. In summer time the drop in load between the second and third peak has a
duration of some three hours. As the season advances the gap becomes of shorter duration and
less pronounced, and disappears nearly altogether at the end of May, when the lighting peak
encroaches upon the second pealk. On dark days the two peaks are merged together and create a
resultant peak at the end of the working day, which may become the maximum peak of the year.
At the end of August the lighting peak is again well detached from the second peak, and remains
so until the following winter.

On dark morrmgs, in the middle of the winter, the first part of the first peak is accentuated
by a lighting load superimposed upon the working day load. This combined load may sometimes
be so high as to give the maximum pealk of the year.

On Saturdays the second peak is non-existent and the remaining peaks much smaller than
on the other working days. On Sundays and holidays only the lighting peak oceurs.

The daily load factor for -an ordinary week day (Monday to Friday) averages about 70
per cent.

The weekly load factor varies irregularly during the year, and its average value has slowly
increased from 57 per cent. in 1929 to 61 per cent. in 1936. The highest value reached in 1929
was 60, and in 1936, 64 per cent.

The annual load factor has also grown slightly during che past years, and it was 53.6 per
cent. in 1936.

The growth of the maximum demand on the system, represented by the simultaneous
weekly quarter-hour maximum load on the gencrators in Yallourn, Sugarloaf, the Mountain
Stream Stations, Newport and Richmond, is shown on Plate No. 3 for the period 1929 to 1936.
In 1929 the maximum load was 103,160 kw. (kilowatts); 1n 1935 it had risen to 132,000 k.
and in 1936 the peak was no less than 147,900 kw. The energy output generated in 1929 was
432 million kwh. (kilowatt-hours) and in 1936 697 million kwh. The ficures meutioned are
exclusive of the load on, and the output from Geelong and Bendigo power stations. whick have
only vecently been linked up with the main system. In 1936 32 million kwh. were generated at
Geelong and 5.7 million kwh. at Bendigo, the peak load i that year being 7,940 kw. and 1,760 kw.
respectively.

'
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To eliminate the annual variation 52-week woving averages have been formed of the
weekly peak loads. and the moving average thus obfained is shown in Fia. 1. Plate No. 3.

By plotting the weekly maximuiu load as a percentage of the moving average. the annual
variation of the weekly peak load has been determined and is shown in Fie. 2, Plate No. 3. It
will be seen that the probable annual peak load iz about 108 ver cent. of the moving average,
and that occasionally it may reach 112 per cent. of t

I
8
he moving average.

M o 3o e ‘T e e
The increasc of load durinz th

p—

HA agt thyes vears or g0 hag been ahont 8 ner cent. per annum.
If the demand should continue to increase at the same rate, a pealk load of 350,000 kw. would be
reached in about eleven vears. Although the present rate of inereazse may not be maintained
throughout a long period of vears, a substantial risc in the de:
and steps should be taken to meet a growing demand during the next few vears corresponding
at least to the present rate of increase. )
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Power generation. As previously mentioned, the electric supply from the Commission’s main
system 1s generated at Yallowrn, Sugasloaf. the Mountain Stream Stations,

Newport ** B, Richmond, (eelong and Bendigo. 7

In emergency cases, power can also be obtained from the State Railways® generating plant
at Newport “ A7 In our opinion, however, this emergency arvangement should be disregarded
when considering the meauns of meeting the load on the Commission’s supply svstem i the
future. '

The bulk of the eleciric power is generated at the Yallourn steam power station in the
Latrobe Valley, about 80 miles. east of Melbourne. The fuel used ig low-grade brown coal
; .

(lignite) won by open-cut method from an extensive coal deposit. In the large mine worked at
present the depth of coal is no less than 180 feet. and the overburden about 30 feet only.

The original boiler house contains twelve boilers, each of a normal capacity of somewhat
over 75,000 1b. of steam per hour. These were put into operation in 1924 to 1928.  After the
erection of boilers now on order. the new boiler house will contain ten boilers, each of a normal
rating of 100,000 1b. The capacity of the total boiler installation will thus be about 2.000,000
Ib.  The steam pressure is 260 to 290 1h. per square inch. and the steam temperature 650° to

700° F.

After the erection of two turbo-alternators now on order, the machine nstallation will
congsist of (@) six units. each of a normal rating of 12,500 kw., which started operation in 1924 to
1929 ; (b) two units, each of a normal capacity of 25.000 kw., put into service in 1932 and 1935 ;
and (c) two units, now on order, of a norinal rating of 25,650 kw. The total capacity of the steam
turbines will thus shortly have been brought up to 175,000 kw.

In the Briquette Factory at Yallourn. owned and operated by the Comamission, there are
two turbo-alternators, each of a normal rating of 10,000 kiw., one of which 1s a spare, and,
in addition, one unit of 1,500 low.  Part of the power generated is used for the briquetting process
and the remaining power of 8.000 kw. 1z normally supplied to the Commission’s main system
for distribution.

- 2
)

From Yallourn power is transmitted to the Yarraville Terminal Station by a double
circuit line, and by a single circuit line to tle Richmond Terminal Station, a second circuit now
being erected on the same towers. The voltage at Yallourn is 132,000 and in Melbourne, 120.000.

g ; ;s Azl
From Yallourn, power is also transmitted to the Gippsland district at 22.000 volts.
» b i s

estimates that during weel days 136,000 kw. can always be counted upon as available at Yallourn
corresponding to 120,000 lkw. at load centres. Due to necessary overhaul the power available
on Sundays is reduced to 100,000 kw. at Yallourn. corresponding to 83.000 lw. at load

centres.

Having made due allowance for auxiliaries and standby purposes. the Chief Engineer

40 miles
or Hildon
er Supply
rhines and
13 feet. and the
« the statlon operates
thyes 1o 2iv months for the

The Sugarioaf Hydro-Electric station
north-east of Melbourne. 15 located mumed
Weir, built aud maintained for 1071
Commission of Vietoria. The 1astall
alternators of a total capacite of 135460 k.
storage capacity of the reservolr s abo
during the irrigation period cnly anc
impounding of watev in the veservoir.
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The daily output from this station is estimated as follows :—

DarLy OQUTPUT IN THOUSANDS OF KILOWATT-HOURS.

; Normal Year. V “ 1914-1915. l Very Dry Year.
Month. “7* \‘I . ‘ * |- ' ) \ :
1 During 24 Hours. | During Daytime. i During 24 Hours. ‘ During Daytime. ‘ Durving 24 Hours.
" R E A
‘ ‘ i 9 ! a | a
April .. .. .. .. 140 95 l 120 0 :
{\ﬁl » . . 25% 0 0 0 | 0
:Tulvle .. 80%* 0 0 0 0
July .. .. . . 200% 0 0 0 0
August .. .. .. ) 260% 0 0 0 0
September .. .. o 290 0 0 0 0
i 0
ober . . . ‘ 290 0 0 0
I%Z?enilber .. .. .. 290 130 160 85 7 140
December 290 105 150 70 105
January .. 290 90 140 0 0
February - Ny ol 290 90 120 0 0
March . .. . 260 70 85 0 | 0

* Output varies between 280,000 kwh. and nil.

The Mountain Stream Stations, which are located about 8 miles from Sugarl_oaf, cc_)nsist
of four high head hydro-electric stations utilizing the waters of the Royston and Rubicon Rivers.
The main data for these stations are given in the following table :—

! Crenerator Capacity

|
i : (i \ Pondage in Number of
Gross Head { Maxinium Flow g in 1w, (Total.

Station. ! in Feet. i in Cusecs. ! Acre-feet. Machine Units.

L 266 | 45 | 23

|
~ 1 s
Royston N 300 | 15 | 9 | 1 et
- S
Tower Rubicon . l‘ 278 i 140 | 0 { : 1 ;
|
2.6
Total .. . - X - . = 1 12,915

The output available from these stations depends entirely upon the natural run-off, small
pondage basins only being available for daily regulation of the flow.

The daily output from the four stations is estimated as follows :—

Daty Ovreur 1IN THOUSANDS OF KILOWATT-HOURS.

- |

{ Normal Year. ] Dry Year.*
) | — ‘
Monel % During 24 Hours. ‘ During Daytime. ‘ During 24 Hours.
- . . - .. 135 55 55
Aprl . - Ny . Ny Ny - 175 55 55
May - - 9215 90 90
s o W W
|
é‘“gt“tb | 290 l 130 \ 185
ep emper ] ‘ ‘
, . - - . ] 290 | 130 175
Qotober N . S 20 10 175
g“‘ﬁ?ﬁf . - . 3 . | 215 | 95 | 160
ece - - 175 | 75 i 5
January - . 120 1 50 | 50
Nebriary - 3 3 N - L 125 | I 45
Tovch - » . . |

+ Practically the same as daring 1014- 1015,

Utilizing the pondage available, the operation of thes?1 stagalg.ns; \}Vhloll)l has thO IE)?' fc}ie.dl}lllescl
o 4 ] W g 3 ! Dars wle e N1y
beforehand, can be arranged so as to obtain 11,000 kw. on the station bus bars w e highe
peaks of the year occur on the main system.
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The power from Sugarloaf and the Mountain Stream Stations is transmitted to the
Rubicon “ A ” Sub-station, from which point all five stations are under supervisory operation.
At this sub-station the power is stepped up to 70,000 volts and transmitted by a double circuit
transmission line to the Thomastown Terminal Station in Melbourne. From the Rubicon “ A ”
Sub-station power is also supplied to the North-Fast district.

The Newport steam station in Melbourne is divided into two sections, “ A’ and “ B.”

Newport ““ A Station, which is owned and operated by the Victorian Railways
Commissioncrs, commenced operation in 1918, the censtruction being completed in 1923, It

contains four turbo-generators, each of 12,500 kw., and two turbo—geneiators, each of 14,000 kw.

the current generated being of 25 cycles. There are 24 boilers of a steaming capacity sufficient
to generate 60,000 kw. sustained.

Newport “ B> Station 1s owned by the Commission, on whose behalf it is operated by the
Railways Commissioners, the power being fed into the Commission’s main system. The station
was completed in 1923, and the installation consists of two turbo-generators, each of 15,000 kw.,
of a frequency of 50 cycles. There are five boilers capable of giving steam for a maximum load

of 18,000 kw.

In case of emergency, power up to a maximum of 17,000 kw. can be interchanged in either
direction between the Railways’ system and the Commission’s system by means of frequency

changers at the Yarraville Terminal Station, which convert the frequency from 25 to 50 cycles
or Vice Versa.

One of the first steam stations in Melbourne was built at Richmond about 1900. The
generating machinery was designed for one phase current and is now obsolete. In 1929 a turbo-
generator of a capacity of 15,000 kw. was installed and is driven by steam from the old boilers.

The present installation of the station at Geelong, completed in 1920, consists of six boilers
and four turbo-alternators of a total capacity of 10,500 kw.

The station at Bendigo is of a capacity of about 1,400 kw. only and will, in future, be kept
as a standby or may be shut down altogether.

The Melbourne City Council’s steam station has an installation of seventeen boilers and
six turbo-alternators of a total rating of 27,800 kw.

The load despatching office is located at Yarraville Terminal Station whence directions
are given to the power stations about the load to be provided for and taken up. The frequency
control is effected at Yallourn and the momentary variations of the load are met there.

After making due allowances for spare plant to meet the peak load during a dry year,
the generating capacity of the stations normally operated for the main system will be as follows
when the installations now on order at Yallourn have been completed :—

Station. \ Rating in Eilowatt

(Dry Year).

Yallourn .. .. .. .. .. 136,000
Sugarloaf .. o .. .. 0
The Mountain Stream .. .. .. 11,000
Newport “B” .. .. .. - 18,000
Richmond .. .. .. .. .. 15,000
Geelong . . . .. .. 7,600
~ Total .. .. .. .. 187,500

As it is possible that the peak load may reach or exceed 187,500 kw. in, say, three years,
a decision has soon to be made as to the most suitable and economical development of power
generation to meet future demand. One of the schemes considered for this purpose by the
Commis=sion is based on the utilization of the water power on the Kiewa River.

KIEWA HYDRO-ELECTRIC SCHEME.

The Kiewa River is a tributary of the Murray River, which for most of
its course forms the boundary between the States of Victoria and New South
Wales. The upper catchment of the Kiewa River is in mountainous country, the higher parts of
which reach an altitude of between 5,000 and 6,000 feet on the Bogong High Plains, and is
drained by the East and the West Kiewa Rivers, which join at the Tawonga flats at an altitude of
about 1,200 feet, some 14 miles from the High Plains. The East Kiewa River has two branches
the Rocky Valley branch and the Pretty Valley branch. They unite at the Junction at
an altitude of about 2,200 feet. The catchment area at this point is 53 -5 square miles.

Kiewa River.
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On the Murray, some 7 miles east of the town of Albury, the River Murray Commission
has constructed the Hume Dam, by which. for the present. 1,250,000 acre-feet of water can be
impounded i the Murray and M itta Mitta Valleys for irrigation and other purposes. The

catelmient arvea above the dam is 6,000 square niiles.

The Kiewa joins the Mwray a few miles downstream of the Hume Dam. The catchment,
area of the Kiewa River at this point is 435 squave niiles.

General layout The hydro-electric scheme, as proposed by the engineers of the Commission
of propcsed consists of five- -power plants served by two storage reservoirs. The general
scheme, layout of the works 1s indicated on Plate No. 4.

The main reservoir is located in Pretty Valley, where 95,000 acre-feet of water can be
impounded by mieans of a rock-fill dam. Another reservoir of a capacity of 13.000 acre-feet is
provided in Rocky Valley.

From Pretty Vallev Storage the water is led by means of a head race tunnel to
an underground powesr station < P 7. whence the water is discharged into Rocky Valley
Reservoir. The capacity of the power stationis 2,600 kw.. and the machine unit 5 equipped
with a pnmp for transferring water from Rocky Valley to Pretty Valley Reservoir, if and when
required.

From Rocky Valley Resevvoir the water is led by means of a head-race tunnel and a steel
pipe line to an OV@IU]OUDd power Station. No. 1, from which the water flows through a tail-race
tunnel discharging into Rocky Valley branch at Pocmr Valley offtake No. 2H.

The gross head at Power Station No. 1 is about 1,540 feet, and the generating unit has a
rating of 21.000 k.

To augment the water supply at Power Station No. 2, there is an offtake on Pretty Valley
branch, referred to as Pretty Valley offtake No. 211, to divert the run-off below Pretty Valley
Dam tthth a tunnel dlSPilElI’”l 1o 1nto the tail-race tunnel at Power Station No. 1, where also
the run-off froim MeRay Creel is diverted into the tunmel.

From Rocky Valley offtake No. 2I1, the water is led by means of a wood stave pipe line
(or, conditions permitting, by a tunnel). and a steel pipe line to an underground Power Station
No. 2, whenee 1t is discharged into the Junction pond by a tail-race tunnel.

The gross head is about 1,480 feet nd the wstallation consists of a turbine and generator
of a capacity of 21,000 kw. This unit is “01“0116(1 to as No. 2H.

The flow of the West Kiewa River 13 diverted by means of a tunnel to Pretty Valley
branch at Pretty Valley offtalte No. 2L, whence the water, augmented by the run-off from the
watershed downstream of Pretty Valley offtale \o 711, 18 conveved Hn’ouOh a pressure tunnel
to Power Station No. 2. where a nead ot about 365 feet is utilized by a ti u’bme and generator of

a capacity of 7,000 kw. This unit is referred to as No. 21,

At the Junction a fairly large pondage is created by an arch dam and the water diverted
by means of a tuniel continued by two steel pipe lines, to an overground Power Station No. 3
The water from the station discharges into the river throngh a short “tail-ace canal. The gross
head is about 350 feet, and the installation consists of three turbines and generators each of a
capacity of 8,000 One of these units 18 intended for standby purposes.
Downstream of Power Station No. 3, the water is again diverted, by means of a tunnel
continued by two steel pipe lines, to an under grouno Power Station No. 4, whence the water is
finally chbcnav-eJ through a tail-race tunnel to the end of the rapids on the Hast Kiewa River at
Tawonga flats.

The gross head at Power Station N
three turbines aund generators, each of
is a standby unit.

0. 415 about 630 feet, and the installation consists of
& capacibty of 13, OCO kw. One of these machines

The engineers of the Commission have also considered and suggested certain alternatives,
including a Lwom with all power stations above ground. This alteinative has been found more
favourabie. and Plate No. 5 shows the SChel‘H‘ adopted for the purpose of estimating available
power. and capital and ‘recurri‘ -

=

The power will he steps m! up to 165.000 volts at an outdoor sub-station at Tawonga and
rransmitted to Melbourne by a double civeuit transmis<ion Line on steel towers. This line, 153
miles lTong, will deliver power to a ferminal station located at an appropriate load centre in the

stepped down to 22.000 volts for transinission to

Melbowme Metiopolitan avea. whers it will be
distributing centres.

i

™
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In the early part of the first stage the power from Kiewa will be fed to the system by means
of a 66,000 volt line to Wangaratta, havi g a capacity of 15,000 kw., aud this line will remain
n use When the direct lines to Melbourne are bmlt.

The operation of all stations will be effected by supervisory control from Tawenga
sub-station.

Feasibility of Having carefully studied the report prepared bv the Acting Chief
proposed scheme. Eno'meel and the Civil Engineer, as well as data subbequently sunphed to us.

11
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that the project contains all the elements of a successful hvdro- electric power updexmkmo
which, operated in conjunction with other sources of supply considered, will meet the growing
demand on the Commission’s electric supply system in a suitable and economical way.

The methods used in deternnimng the fundamental hydrological data for the Iiewa
catchment, and the conclusions drawn therefrom regarding the areas contributing water to the
storages and diversions proposed. are reliable and accurate.

The conclusions formed as to the eneray which can be fuinished over a period of years,
including drought periods, are correct and this matter will be dealt with in some detail later in
this Report.

The general lavout of the proposed scheme, La’tjcdlalﬂlv with regard to storages, dams.
tunnels, diversion pipe lines and hvdraulic machiner T.18 well conceived and smitably adapted
to the general topographv of the country.

The engineers of the Commission are to be commended for the thorongh exploration work
carried out. After the preparation of their report. the investigation work Tas been continned
and was somewhat extended at our first visit to the sites. Consequc tly. it has been possible
to locate the works with more complete allowance for the geological conditions than was previously
possible.  This has led to certain modifications of the details of the la ayotut. PH‘thH]&l]V with
reference to the alignment of tunnels. and to the pomtloh of the power stations. and
further adjustments mayv be required as the exploration worlk proceeds.

By Power Station ** P, a pump storage plant with a comparatively small capacity (2,600
kw. as ploposed by the engineers of the “omml%ﬂon) is intr odklcefl into the sclwenL Provided
arrangements as to transmission of power, &c., are made 8o as to ensure that the capacity of the
plant is available when the annual maxi mum rcak load occurs. the plant may be justified,
although it will somewhat complicate the operation of the scheme.

As the influence of Power Station & P77 on the Kiewa Fv‘heme as a whole 13 very small,
it 1s considered advisable in this Report not to enter into the detalls of this pump storage plant,
its suitable capacity. available or upaf . but to disregard 1t altogether. The matters 1"el&tmo to
this station should preferably be inv ebll_cbted and congidered at a later stage 1n conjunction with
the construction of Power Stations No. 1 and No. 2.

In the modified scheme. as set out in the followimg. it is therefore assumed that the water
is diverted from Pretty Valley Reservoir to Rocky Valley Reservoir by a tunnel cutting through
the narrowest ridge between the two vallevs. and neither power generation nor pumping
is provided at this place. '

A study of the operation of the scheme in cml]huc tion with other sources of electric supply
considered has shown that the capacity of the scheme can be somewhat increased, and

modifications of the installed machinery at Power Stations No. 1 and No. 2 are suggested.
fanban}

In collaboration with the engineers of the Cominission we have gone into the capital and
recurring costs of the scheme. Taking into account the modifications introduced. the results of
additional surveys carried out, and the recent increase in cost of turbines and other equipment,
our estimate of cost agrees well with the cost as estimated | bv the engineers of the Commission.

The latter part of this Report is devoted to 2 detail study of the scheme.  This investigation,
which has been carried out in do e co-operation with the engineers of the Commizsion, will alco
: S

deal with the modifications mentioned as well as found snitable or
desirable.

Other power
Yesources. we have not stadied

Our commussion being limited to the mvestieation of Lh(‘ ‘L\wa 9<hem
i detatl any sxthily i

: — e pow oy
pl‘t')(‘l'\‘u?rmn within the State. It 1s ﬂd not
be complete without some thenghts ey given o ' S(rhenm
and other power resonrces
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With reference to power generation by steam, the Acting Chief Kngineer, in his report,
makes a comparison between the Kiewa Scheme and major extensions of the Yallourn station,
and the metropolitan stations, respectively. Having analysed the basic annual costs of power,
the Acting Chief Engineer states that the comparison clearly demonstrates the economic
superiority of the Kiewa project, and also makes readily appreciable the economic place of the
scheme in the Commission’s generating system as it grows.

We share the opinion thus expressed, and an independent comparison has led us to the
opinion that the Kiewa Scheme is technically and economically to be preferred to major
extensions of the steam stations.

The possibilities of power development on the Mitta Mitta River have formed the subject
of lengthy investigations by the staff of the Commission, indicating that a substantial amount of
power may be obtained from that river. The Mitta Mitta River is one of the main sources of
water for the Hume Reservoir, and storages on that river, as required for a power scheme, could
only be developed with the approval of the River Murray Commission. The Murray Commission,
however, considers that, as far as it can see at present, the construction of a storage on the Mitta
Mitta River might prejudice the irrigation interests of one or more of the States, and it has,
therefore, been unable to signify its acquiescence in such a project.

We are informed that the cost of power generation on the Mitta Mitta River would be
about the same as on the Kiewa River, and there seems therefore to be no partloqlar reason to
prefer, at the present stage, a development of water power on the Mitta Mitta River.

At the Hume Dam, provisions have been made for utilizing for power generation the head
created by the impounding of the water. For this purpose a power station can be constructed
immediately downstream of the dam on the right bank, where three penstocks have beer embedded
in the concrete to be connected to generating units.

The dam has been built for irrigation purposes and, with the amount of storage provided
at present, hydro-electric power must be considered as a by-product only. Until full use can
be made of the water for irrigation, power will be available all the year round, whilst later on, no
power may be obtainable for several months of the year, when the water is being impounded.

Tt is obvious that under such conditions a power station at the Hume Dam cannot be
considered as a permanent and independent source of power supply. On the other hand, a power
station at the Hume Dam can be built in a short time, the cost of construction will be low, and
the energy output will be considerable. Provided that the Kiewa Scheme be proceeded with,
and that energy from the Hume Power Station be transmitted over the same high tension line as
that from the Kiewa Scheme, the cost of transmission would be very low. If no charge be made
for using the water, and no contribution be required towards the cost of the dam, it seems to us
that this possibility should be economical, and we recommend it to be investigated in detail.

As it has but little influence on the Kiewa Scheme whether or not power from a station
at the Hume Dam will be fed into the Commission’s system, the Kiewa Scheme is dealt with in
this Report without cognizance being taken of such power generation.

HYDROLOGY OF KIEWA RIVER.

Run-off. In general, the Australian climate is characterized by sharp changes,
rainfalls are unevenly distributed, and heavy downpours are frequent. It is
often maintained that the occurrence of long spells of dry years is another characteristic, but
actual records of rainfall and run-off show nothing peculiar to Australia in this respect. In the
high land where Kiewa 1s situated, westerly winds prevail. The precipitation is distributed
over all seasons of the year and has a maximum during the winter and a minimum during the
summer.
The drainage area above the Junction is 53.5 square miles, of which abont 45 square miles

are snow covered continuously each winter, and the remaining area at intervals only. The
average annual precipitation exceeds 80 inches and the average annual run-off 60 inches.

The discharge of the Kiewa River has been accurately gauged for the last ten years, at the
following four important places :—
1. Pretty Valley branch at Pretty Valley Dam site.
2. Rocky Valley branch at Rocky Valley Dam site. :
3. The junction below the confluence of Pretty and Rocky Valley branches of East
Iewa River.
1. West Kiewa River at the offtake for the diversion tunnel to Kast Kiewa River.

’ iy
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At these places records of the water level have been obtained by automatic gauges, and

rating curves have been established by a great number of discharge measurements at different
water levels.

In an Appendix to this Report, the average run-oft at these gauging stations is given as
calculated by the staff of the Commission for each month of the last ten years, and the average
values for the ten-year period are as follow :—

AvERAGE AwwvuaL R

Number.

|
! Gauging Station. Catichment Area. ] Clusecs. Inches.
\ Square Miles. [
| . | |
1 | Pretty Valley Dam site 77 | 34-9 ; 61-6
2 ! Rocky Valley Dam site . . ‘ 69 | 32-4 } 641
3 | The Junetion .. .. . . 535 2503 63-8
4 . West Kiewa River downstream of the offtake 335 :
i

141-4* 56 6%

!
|

* Tor period 1927-1935.

. The methods of gauging used by the engineers of the Commission are entirely satisfactory,
n accordance with the best engineering practice, and the figures given in the above table and mn
the Appendix may be considered as correct as can be.

For the period 1865 to 1925, certain data are available of run-off from adjacent rivers and
of ramnfall at meteorological stations situated close to the Kiewa watershed. These records have
been carefully examined by the engineers of the Commission and, as far as can be judged, the
average run-off from the Kiewa catchment during the whole period 1865 to 1935 is a few per cent.
higher than during the ten-year period. As, however, the distribution of flow during the latter
period is slightly more favorable than during the longer period, the period 1926 to 1935 may be
considered to represent average conditions for power generation.

During the period 1896 to 1925 some very dry years have occurred, e.o., 1902 and 1914,

and these will have to be taken into account when considering the storage needed for the scheme.

~ The catchment area of the Kiewa River is proposed to be slightly increased by the
diversion of a few small creeks, at present draining to the Mitta Mitta River.

The catchment areas at the various points will then be as follows :—

|
! Catchinent Area.

Cranguing Station | Offtake for Power ' N ——
gamg B B . Station. J
Present. Future. Increuase.
| ‘ Bquare Miles, i Square Miles. | Percentage.
— ; | -
Pretty Valley Dam .. . . ‘ . \ 77 | 94 22
Rocky Valley Dam . . 6-9 ; 69 .
‘ No. 1 .. ! 16-9
| No. 2H : . 387
3 No. 2L | . 41-2 .
Junction (exclusive of West Kiewa) c N | 535 576 3
West Kiewa at offtake . o .. * 315 335 6
- i Ne. 3 .. 924
- ‘ No. 4 . 9673

Taking the size and location of the additional catchment areas into consideration, the
flow available for power production at the proposed power stations can be calculated by
mterpolation from the records of the discharge at the four gauging stations mentioned.

Arrangements for discharging floods at the storace dams have been based
Floods. LS =Rl =, ;
on a maximum run-off of about 2,000 cusecs per squarc mile, and at the Junction
Dam of about 500 cusecs per square mile.

Hydrogen-ion The water in the Kiewa River is generally” very clear and carries silt on
concentration.  rare occasions only. The hydrogen-ion concentration in January, 1937, varied
between 6.3 and 6.8, Tests carried out show that the action on cement of the Kiewa water when
percolating throngh concrete is severe and almost as bad as that of distilled water. Utmost care,
should therefore be taken to make the dams and other water retaining structures watertight
and the concrete used should be rich in cement.
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GEOLOGY OF EAST KIEWA AREA.

One of the main features of the Kiewa Scheme is water conveying tunnels
excavated in rock, and, for certain alternative layouts. underground power
stations.  To find the most suitable alignment of tunnels and the best position of power stations,
an extensive exploration of the ground has been carried out during the past few years by means
of diamond drilling. On an average the bores have been taken down to about 75 feet below
ground level, and in many instances they penetrate over 100 feet into the rock. Detail record
of every bore 18 kept and the cores are stored for insgpection.

Exploration work.

In additzon to diamond drilling. trenches and test pits have been opened up at places
of importance, and at Junction Dam site, two exploration tunnels, each of an area of about 50
square feet and (on the occasion of our visit) of a length of 35 and 106 feet., have been excavated
into the rock of the left and right banks, respectively.

Preliminary geological reconnaissance was made 1n 1929 and 1930 by Mr. J. P. L. Keunny,
B.C.E., Senior Field Geologist of the Mines Department.

Having studied the results obtained so far and inspected the varions sites, together with
Mr. Kenny. we are satisfied that the geological conditions generally of the Niewa area ave
favourable for the rock excavation works as proposed. Before the location of the works can be
recominended. faults, dykes, veins, and landslips have to be surveved and studied. For this
purpose a detail geological survey was suggested. comprising :—

(a) a detail geological studv on the ground of the dam sites and other areas of tunnels,
pipe lines, power stations, &c. and
(b) aun aerial photographic survey of the ast Kiewa River and adjacent ground for
the purposge of studying the topography by means of the stereoscope, this
method being of greatest assistance in locating the fault lines.
The aerial snrvev of the major portion of the arca involved has now been successfully
completed. and the detail geological study on the ground has been carried ount by the geologists
for Power Plant No. 3, and part of Power FPlant No. 4.

Based on a study of the aerial photographs and on inspections on the ground, a map
showing our findings so far with reference to faults, lines of wealness, landships, &c., has been
handed to the Chief Engineer for further investigation and corroboration in the field by engineers
and geologists.
Rock varieties. The Kiewa area forms part of the extensive belt of metamorphic rocks of

north-eastern Victoria. A series of sedimentary strata, possibly with some
igneous rocks, hag been penetrated by granite intrusions whiel: have altered the original rocks
to crystalline gneisses and foliated selists. The Bocong High Plains consist of coarse gneisses
and schists with some granite. and a smail area is covered with basalt. Towards the north, in
the deeply-ent Hast Kiewa vallevs. fine-grained gneisses and schists occur with large areas of

L

granite, and at the northern end of the Kiewa area. at Mount Beauty near the Tawonga

flats. the rocks are schistose.
The foliated roclks, 1.e.. the gneisses and schists, occur in many varietles and gererally
+—

thev are hard and resistant to weathering and decomposition.
. o g

The granite 1s mamly found in two varieties, of which one 1s fine grained. dense and uniform
e, and the other 13 coarse ora vl gomewhat porous. Bost of the granite in the
Bast Wiewa area is of the fivst type. ¢ kind occurs in a few isolated places only.  The
granite formations consist of outcrops over large areas and also of dvkes and pipes of varying
thickness in the gneiss and the scliistose rocks.

The rocks of the area are traverse

rred by vertical joint planes running in two directions. and
also by more or less herizental joints.

-
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As a result of this investigation we would say that, in our opinion, there will be no serious
decomposition of really sound coarse-grained granite if left unprotected in the works. The
deterioration, however, penetrates deeply into the apparently solid granite, and it is difficult to
determine the soundness of this kind of rock until the actual excavation is available for
inspection.

With reference to sound rock of the common fine-grained variety of granite, there is no
risk of decomposition of any practical consequences taking place within periods of time
considered in civil engineering. This also applies to sound gneiss and schist.

Of other rocks to be found in the Hast Kiewa area, quartz, diorite, eurite, and porphyrite,
occurring in dykes and pipes, may be mentioned. Some of these rocks, and particularly the
porphyrite, are liable to cause trouble and should be specially considered. In places they are
badly fractured and water may easily penetrate into them to a great depth. Several landslides,
some of which extended over fairly large areas, were most likely caused by water pressure created
within porphyrite seams discovered to exist at the places of these slides. '

Hill sides traversed by porphyrite and eurite seams should, if possible, be avoided for
pipe lines, and wherever tunnels have to be taken through these rocks they should be lined with
concrete, and preferably be located more or less at right angles to the seam, so as to make the
transit as short as possible.

Faults. For the correct location of tunnels and power stations it is of great
importance to determine the position of existing fault lines and of areas of rock
that may have become broken up during movements in the earth’s crust.

There are several marked faults traversing the East Kiewa area, and evidence was
obtained during our visits of at least three systems of fault lines striking approximately 30°, 70°
and 100°, respectively.

As a continuation, more or less, of the two creeks running westward from Mount Nelsomn,
there 1s a trough fanlt extending over Homan’s Gap and continuing along two tributaries flowin
westward to Pretty Valley branch. The distance across the trough, which is bounded towards
the south by a succession of faults, is some 3,000 feet, and in the enclosed area the country consists
of broken rock. Due to this the tunnel from Pretty Valley offtake No. 2H to Rocky Valley
offtake No. 2H has been partly replaced by an open channel.

Another fault line can be traced for about 5 miles from the West Kiewa River near West
Kiewa offtake to the Junction. The western portion of the West Kiewa tunnel is proposed to
be located between 1,000 and 2,000 feet south of, and practically parallel to, this fault line.

A marked fault line is also to be found through Simmond’'s Gap, Young’s Gfap and the
gap just south of Mount Beauty. The West Kiewa River follows this line for some 2 miles in a
gorge considerably steeper than the upper part of the valley. On the Mount Beauty Spur this
fault line appears to be the boundary line between some varieties of gneiss and schistose rocks.

1t is likely that there is a major fault line striking at right angles to the last-mentioned
fault and following up the valley of the Kast Kiewa River in a sonth-easterly direction, possibly
continuing up Rocky Valley. More definite evidence as to this fault is likely to be obtained
when additional aerial surveys are available.

A number of minor fault lines have been examined and due regard has been taken to
these when locating the works.
Tunnel lining. It is an Important question whether the rock is of such quality that the
tunnels can be expected to stand without the support of concrete lining.

It is evident that concrete lining will be required wherever a tunnel has to be
taken through rock that has been subjected to earth movement and brolken up, for instance by
faulting, or if a tunnel has to pass a seam of decomposed rock or soft material. In the layout
of the scheme such areas and places should be avoided as far as possible, and the tunnels should
be located in the best rock available.

After having carefully investigated and studied the rocks in the Kast Kiewa area, and
having compared them with similar rocks in Sweden and in other countries where unlined tunnels
have been constructed and successfully used for many vears. we have arrived at the conclusion
that tunnels through solid gneisses. schists and fine-grained granite will not generally require
supporting concrete lining. Expexfiellpe.]]as shown. ]19\&'9\@1‘. that eveu i rock of the very best
quality there will be places where a Iimited amount of concrete work will be required to obviate
too sudden changes 1 the cross section. or to avoid unnecessary maintenance, or for otler
reasons, and this has to be provided for. As regards coarse-grained grauite. the question whether
concrete lining will be required will depend upon the soundness of the rock exposed by the
excavation.

5385, —3—TF
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A thorough inspection has been made of the two trial tunnels at the Junction dam site
excavated in fine-grained granite. The quality of the rock is good, the fissures and cracks in the
rock walls and the roof are of ordinary character and no lining will be required in such rock.

A visit has also been paid to Omeo, where unlined tunnels were excavated in gneiss and
schist between 50 and 80 years ago for gold mining purposes. Our conclusions regarding tunnels
in the Kiewa area have been confirmed by the condition of these tunnels at Omeo.

In the estimate of cost, full supporting concrete lining has been provided at the places
where broken rock or faults are known to exist. In addition, for tunnels passing through rock
that is expected to be sound and solid, 12 to 20 per cent. of the cost of excavation has been added
to provide for lining.

The preceding statements refer to tunnels subjected to low-water pressure as contemplated
in the scheme. If high pressure tunnels be used, they should be provided with steel sheet lining
supported by concrete (the lining being designed to take full-water pressure), or the water should
be led through ordinary pipe lines located in the tunnels.

STORAGE AND SPARE PLANT.

General. As previously mentioned, the amount of water available for power

production on the Kiewa River varies considerably. During periods of abundant
water supply, the power stations will run at or nearly at full capacity day and night, taking the
base load on the system. During periods of drought, economy will have to be exercised with
the water, the power stations taking the peak load and operating during the daytime only.
Under average conditions, the power stations will run principally during daytime, using the weter
for the purpose of meeting the demand on the system and of ralieving the load on the coal-fired
stations 1n the metropolitan area, so as to effect the greatest possible saving of coal at these
stations.

Under the varying conditions of operation the hydro-electric power obtained from the

Kiewa Scheme can be considered as technically equivalent to steam power installed in Melbourne
provided that, at any time at short notice, the Kiewa plant, together with the Mountain Stream
Stations, is able to deal with the load on the system over and above the capacity of the steam
stations, and that adequate spare plant is installed.
Demand storage. As can be gathered from the tables in the Appendix, dry spells may
occur at almost any time of the year. During such periods, the unregulated
flow available at the power stations would not be sufficient to maintain the minimum output
required, i.e., the output when the hydro-electric plants take the peak of the load only, and
therefore storage reservoirs are provided which can be drawn upon on these occasions. The
amount of storage assigned for the above purpose, being intended to satisfy the demand for the
minimum output required, will in the following be called the  demand storage,” as distinguished
from the other part of the storage referred to later. The demand storage, when drawn upon,
should be replenished as soon as. and to the extent that the power demand will allow.

In order to make it possible for the power stations to follow the required variation in load
during the day and the week, pondage basins are also provided at each of the stations, with the
exception of Power Station No. 1, which draws its water directly from Rocky Valley Reservoir.
As the pondage basins at the various offtakes for Power Station No. 2 are situated in narrow gorges,
the dams are comparatively high, and consequently the cost per unit volume of pondage becomes
high. Therefore, the volume of these pondage basins is limited to that required during week
days only. At the Junction Dam the natural water Jevel will be raised some 100 feet, principally
for utilizing the head, and a large basin will thus be created which will provide weekly pondage
for Power Stations No. 3 and No. 4. At the diversion dam for Power Station No. 4, the natural
water level will be raised some 50 feet for utilizing the head, and the large basin created can serve
as pondage for Power Station No. 4 at times when the flow of water through that station differs
from. that at Power Station No. 3.

Day-power As the total amount of storage provided in the scheme exceeds the
storage. volume required for demand storage, the balance can be used for additional
storing of water when the natural run-off is high and the demand storage full. This upper part
is in the following called ““ day-power storage,” as during periods of relatively low natural flow
water can be obtained from this part of the storage during the busy hours of the weelt day when
the power requirements are heavy. This will result in a higher output than that obtainable
from the natural flow, even if this latter output be higher than the minimuni required.  In such
a case, the Kiewa plant would be able to cover a lower portion of the load diagran: than when
the plant is using the natural flow or is being operated to satisfy demand with the minimum energy
output.
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The pondage basins are sufficiently large to allow the power stations, during periods of
moderate flow, to operate at full capacity during busy hours of the week days.
Capacity of
sources of
electric supply.

The amount of storage which will have to be reserved as demand
storage will depend on the estimated load of the year and on the capacity of
other sources of supply to the system.

The Chief Engineer of the Commission has proposed to increase the capacity of the steam
stations in Melbourne so as to make the capacity of the generating plant within the metropolitan
area keep step with the increase of power supplied by long transmission lines. The desirable
proportion between the capacity of the two sources of supply will principally depend on the
appreciation of emergency requirements, and the proposal by the Chief Engineer that the
metropolitan plant should be able to deal with about 30 per cent. of the system load at load
centres seems to be very appropriate.

As previously mentioned 1t is suggested that the total capacity of the Kiewa Scheme be
increased somewhat over and above that proposed by the engineers of the Commission. To
investigate to what extent such an increase will affect the storage volume required, two
capacities will be considered, viz., 91,000 kw., being the capacity proposed by the engineers of
the Commission, and 104,000 kw., being a tentative capacity of the modified scheme. When
the capacity of the Kiewa Scheme is fully utilized, it can be forecast tliat the yearly peak load

on the generating plants will have to be divided between the various sources of supply as
follows :—- '

Yallourn Steam Station . .. 136,000 kw. .. 136,000 kw.
Sugarloaf and Mountain Stream Stations . . 11,000 .. .. 11,000 ,,
Metropolitan Steam Stations .. .. 90,000 ,, .. 100,000 ,,
Kiewa Hydro-electric Plant .. .. 91,000 ,, .. 104,000 |,
Total .. .. . 328,000 ,, .. 351,000 ,,

Load curve. It is, of course, difficult to forecast the shape of the daily load curve at

that future time when the maximum load shall have risen to 328,000 or 351,000
kw. A study of the daily load curves for the last five years shows no material changes except,
as mentioned before, a shght increase in the load factor. As no reasons, based on known facts,
can be given for a material change in the future it has been assumed that the load curves at the
future time considered will have the same shape as the present ones and could therefore be taken
to be as those shown on Plate No. 2, but with scales as indicated at the right side of the plate.

As a closer comparison between the load curves of the different years reveals that the peaks
during 1935 are slightly broader than for other years, load curves of the same shape as for that
year have been used for estimating the minimum output required under drought conditions when
the utmost economy has to be exercised with the water stored.

Load to be taken If, on the load diagrams designed for peaks of 328,000 and 351,000 kw.,
by Kiewa plant. yegpectively, a line be drawn at the capacity of the combined steam plants,
the area included by this line and the top portion of the load curve shows
the minimum output which has to be generated at the hydro-electric station during each day.
Summating the outputs required from the hydro-electric plants for all full working days in any
calendar month, and adding 20,000 kwh. daily for overlapping, we arrive at the amounts of energy
required from these plants during that month. Subtracting the output during peak hours from
Sugarloaf and the Mountain Stream Stations, the required output from the Kiewa plant 1s
obtained. This output has to be supplied from river flow and from storage.
In the calculations of the demand storage required, Saturdays and Sundays, and other
days with similar load, are disregarded. The load curves for these days have small and narrow
peaks, and these can be taken by the comnbined steam plants and the natural river flow, and no

draw on storage is necessary during such days.

Efficiency of

For the purpose of estimating the power output a turbo-generator
machinery.

efficiency of 80 per cent. has been assumed throughout. Considering the type
of load to be met. the assumed efficiency is low when the turbines are new, and may be considered
as a fair average for the life-time of the machinery.

Drought period. As previously mentioned, records and calculations of the discharge are
available from 1865. The most severe drought period during this time occurred
from December, 1913. to July, 1915. This cannot. however. be considered as giving the most
extreme conditions which might occur.  To design a period representing the worst drought which
reasonably may be imagined, we have talen the actual period from December, 1913, to March.
1915, and assunied the drought to coutinue for another vear by adding a ° synthetic ™ vear
composed of such calendar months, picked out from the whole period from 1896, as have a run-oft
giving the minimum output for Kiewa, Sugarloaf and the Mountain Stream Stations combined.
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Volume of The calculations and deliberations show that a storage volume of 25,000
demand storage. gcre-feet of water would be sufficient to provide for the necessary supply of power
during the assumed hypothetic drought period if the maximum scheduled load be 328,000 kw.,

including 91,000 kw. on the Kiewa generators. Allowing, say, 10,000 acre-feet of Water
corresponding to about 30 million kilowatt-hours at load centres supphed from the Kiewa plant
as an emergency reserve, it may be concluded that an amount of 35,000 acre-feet would
be adequate for demand storage at the maximum load mentioned.

If the scheduled maximum load be 351,000 kw., including 104,000 kw. on the Kiewa
generators, the adequate amount of demand storage including 10,000 acre-feet as an emergency
reserve would be 50,000 acre-feet of water.

Volume of The volume to be provided for day-power storage is determined
dtaY"PO‘VeY principally by economic considerations. The annual cost of a storage of
storage

1,000 acre-feet averages some £350 in the top portion of Pretty Valley Reservoir,
and some £1,000 1n the top portion of Rocky Valley Reservoir. The value of the day-time power
obtained from a storage of this size, less the value of the amount of power which would have
been obtained if the water had not been stored, amounts to some £1,300 every time that
particular volume is utilized.

It follows that the day-power storage should not be made larger than is necessary to cause
the top portion of Pretty Valley Reservoir to be utilized on an average not less than once in four
years, and that of Rocky Valley Reservoir on an average not less than three times in four years.
With due regard to evaporation, the appropriate volume of day-power storage has been estimated
at some 40,000 acre-feet in Pretty Valley and some 10,000 acre-feet in Rocky Valley.

As the demand storage 1s suitably provided for in Pretty Valley, the appropriate total
storage in this reservoir would be 75,000 acre-feet if the generating capacity be 91,000 kw., and
90,000 acre-feet if the generating capacity be 104,000 kw. In both cases it would be approprlate
to provide for a storage of 10,000 acre-feet of water in Rocky Valley.

Spare plant. Due to the topography of the East Kiewa Valley and the general layout
of the scheme, Power Stations No. 3 and No. 4 command large pondage basins
from which any necessary amount of water for operation can be obtained at any moment without
interference with the operation of the other plants. Therefore, Power Stations No. 3 and No. 4
are indicated as the appropriate places for the installation of spare plant for the whole scheme.

Experience has shown that first-class hydro-electric machinery is so reliable in operation
and requires so few stoppages for inspection and maintenance, that the necessary provision for
spare plant can be made very small.

In the scheme, Power Stations No. 3 and No. 4 are each equipped with three generating
units, the ratings of which are tentatively fixed at 8,000 kw. in Power Station No. 3, and at 13,000
kw. in Power Station No. 4. Provided that Power Stations No. 1 and No. 2 are each equlpped
with two units of a rating not exceeding those in Power Station No. 4, the consideration of spares
would call for a normal ra’mng of the whole plant 13,000 kw. short of the total installed capacity,
so as to allow for one of the biggest units to be out of commission at any one time.

CAPACITY OF SCHEME AND ENERGY OUTPUT.

Machinery As can be gathered from the preceding section, the volume of storage
installation. provided in the scheme, i.e., 95,000 acre-feet in Pretty VaHey and 13,000 acre- feot
in Rocky Valley, 1s ample for a Worklng capaolty of 104,000 kw. In accordance with the views
expressed in the same section regarding spare plant, a suitable installation with this working
capacity would be as follows :—

Capacity in Kilowatt.

Power Station

Number. | Number of Units. Per Unit. : Total Tnstalled. Working. ' Spare.
: — | {
| | | | |
1 | 2 | 10,500 | 91,000 | 21.000 |
o | 2 13,000 : 26.000 ; 26,000 |
2L | 1 7,000 7.000 j 7.000 | .

3 | 3 8,000 : 24,000 U 50,000 j 13,000
It | 3 13,000 i 39,000 N !
[ ' — - ] |

Total .. .. » o 117,000 : 104,000 ‘ 13,000

37

This installation and working capacity is, in our opinion, well justified. With economical
advantage the installation and working capacity could be slightly increased without increasing
the volume of the storage, and further increased if a larger volume of storage were created.

On the other hand, difficulties in handling the storage would arise and increase as the
working capacity is raised. It should be borne in mind that the estimate of the necessary
volume of demand storage is based on the assumption that the future load curves will be similar
to the present ones, and that the capamty of the steam stations in the metropohtan area will be
increased as previously mentioned. These assumptions Infroduce ln the caleulations an element

of uncertainty which becomes appreciable if the capacity is substantially increased.

Our investigations have shown that if Power Stations No. 1 and No. 2 are considered as
one group, and Power Stations No. 3 and No. 4 as another group, within reasonable limits the
installations in these two groups are independent of one another, and the same economical benefit
is derived by increasing the capacity of either group. If, therefore Power Stations No. 3 and
No. 4 are constructed as the first development stage, a decision regarding the capacity of Power
Stations No. 1 and No. 2, and thereby regarding the ultimate capacity of the scheme,
can advantageously be postponed until the future time when work has to commence on these
two stations. At that time a more precise judgment on the matter of capacity can be formed.

Without prejudicing the eventual choice of the working capacity, the estimates of energy
output and of the capital and annual costs of the scheme have been based on the installation
as set out in the above table.

Operation of As previously mentioned, the volume of the reservoir in Pretty Valley
storage. is considered to consist of two parts, which are divided at a certain predetermined
level in the following called “ the mark.” The volume below this level is the demand storage
and above it the day-power storage.

When the water level in Pretty Valley Reservoir stands above the mark, the operation
policy would be to use the water stored above the mark and in Rocky Valley Reservoir so as to
effect the greatest possible saving of coal in the metropolitan steam stations. The energy output
from the Kiewa Scheme which will effect such saving 1s the output fed into the system for taking
the load over and above that which can be met by Yallourn and the Mountain Stream stations.
Such output will in the following be called ° energy, class A,” and all other output, which will
only lessen the load on Yallourn will be called ““energy, class B.”

The result aimed at can be obtained by applying to the operation of storage the following
rules :—
Rule (a¢). When the water level is above the mark, such quantity of water shall
be supplied from the storages as will give, out of this Water the greatest possible amount
of energy, class A, but no energy, class B, with the exception as stated in Rule (.)

If the exception to this rule, given in Rule (b), is disregarded, it will result in a fair amount
of water being wasted when the reservoirs become full, and 1t is profitable to increase the water
discharge through the plants over and above the draw given by Rule («) when the reservorrs are
nearly full. This can be effected by establishing an ““ upper limit ”” near the full reservorr level
and applying the followmg —

- Rule (b) If at any time from the beginning of April to the end of August the
volume of water in the storages exceeds the upper limit, the net inflow to the Storaoee
shall be discharged through the plants.

To these two rules will have to be added the two following in order to make the set of
rules complete :—

Rule (¢). When the reservoirs are full the net inflow shall be discharged.

Rule (d). When the water level is at the mark or below it, the strictest possible
economy with the water shall be exercised and water drawn onl v 80 as to satisfy the
demand on the supply system with the minimum of energy output for the hydro-electric
stations.

For a scheme with the installation and working capacity set out in the previous table,
the mark would be at El 5,517 feet in Pretty Valley Reservoir, corresponding to a demand
storage of 50, 000 acre-feet of water, and the upper limit would be at a volume of 90,000 acre-feet
stored in the two reservoirs.
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Energy output. Detail investigations carried out show that on adopting the rules and
marks as stated above, and with the working capacity considered, the following
energy output would have been obtained during the period 1926 to 1935 : —

‘ Output Generated in Millions of
| Kilowatt-hours.

Year.
Lnergy, Class A, Tinergy, Class B.

1926 .. .. .. .. 403 67
1927 .. .. . .. 395 33
1928 .. .. .. .. 406 50
1929 .. .. .. .. 393 27
1930 .. .. .. .. 331 43
1931 .. .. .. .. 431 92
1932 .. 3 . . 410 51 1
1933 .. .. .. .. 392 37
193¢ .. - iy . a7 | 71
1935 .. .. .. .. 409 ‘ 49

Mean .. .. .. 399 i 52

|

As previously mentioned, the period, 1926 to 1935, can be considered to represent average
conditions of water supply for energy production. The figures given in the above table are based
upon a possible but almost ideal operation. In practice some water will, by necessity, be wasted

or not used to the best advantage. Making due allowances for this, the average yearly output
generated for a number of years, including drought periods, is estimated at :—

Output of energy, class A—390,000,000 kwh. per annum.
Output of energy, class B— 50,000,000 kwh. per annum.

Total .. .. 440,000,000 kwh. per annum.

DEVELOPMENT IN STAGES. [

The Kiewa Scheme lends itself favorably to development by stages, and the power
available can be made to follow closely the growing demand on the Commission’s system.
The most suitable main stages of development are considered to be the following : —
First development stage—
Access road from Tawonga.

Pretty Valley Reservoir.
Power Plant No. 3.
Power Plant No. 4. '

Second development stage—

Diversion of West Kiewa River to Pretty Valley branch by means of West Kiewa
tunnel.

Third development stage—
Rocky Valley Dam.
Power Plant No. 1.
Power Plant No. 2.

During the period of construction a subdivision of the first and third stages will be
introduced to suit the load on the system, and to make the best possible use of the construction
plant.

Power Plants No. 3 and No. 4 are particularly suitable for the first development as the
sites are readily accessible and the spare plant of the scheme is installed in these stations.

At the completion of the first stage, 50,000 kw. would be available. When this capacity
is fully utilized, it can be foreseen that the yearly peak load on the Commission’s generating
plant will be divided between the various sources of supply as follows :— * )

Yallourn Steam Station 136,000 k.

Sugarloaf and Mountain Stream.S:tatjons: ,' . N 11,000 )
Metropolitan Steam Stations . . ... 75,000 . f
Kiewa Hydro-Electric Plant—TFirst Development Stage .. 50,000 .. !

Total .. .. .. ... 272,000 .

_,’——————t-;
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A demand storage of 35,000 acre-feet (including an emergency reserve of 12,000 acre-feet)
would be required to Bﬁdge over the drought period previously considered, and another 15,000
acre-feet would be appropriate as day-power storage. The storage volume provided in the Pretty
Valley for the ultimate scheme is therefore ample for this development stage.

The energy from the first development stage has been estimated, on an average
as follows :—

Output of energy, class A—105,000,000 kwh. per annum.

Output of energy, class B— 22,000,000 kwh. per annum.
Total .. .. 127,000,000 kwh. per annum.

The construction of the West Kiewa Tunnel and apperfaining offtake included in the
second development stage can be built so that the works will be finished at any time after the
completion of the first development stage, and no installation of machinery will be required.
Benefit of the diversion will be obtained immediately upon its completion as an increase i the
energy output from Power Stations No. 3 and No. 4. :

This increase in energy has been estimated, on an average, as follows :—

Output of energy, class A—30,000,000 kwh. per annum.
Output of energy, class B—22,000,000 kwh. per annum.

~Total .. .. 52,000,000 kwh. per annum.

The third development stage comprises the completion of the scheme.
The estimate of cost is divided into the same main stages as given above.

GENERAL LAYOUT OF SCHEME RECOMMENDED.

The scheme proposed by us in co-operation with the engineers of the Commission consists
of two storage basins and four power stations. The general layout of the works is indicated on

Plate No. 9.

Reservoirs. The main reservoir 18 located in Pretty Valley, where 95,000 acre-feet of
water can be impounded between full reservoir level, El 5,545, and low water
level, El. 5,467, by building a rock-fill dam about 125 feet in height. Floods are discharged
over a spillway dam constructed in a gap half-a-mile south-east of the main dam. At the south
end of the basin there is an earth dam, referred to as Mount Cope Dam. to prevent water
escaping over a low gap. _ - . .

Another reservoir has been provided in Rocky Valley with a capacity of 13,000 acre-feet,
and 10,000 acre-feet are available between full reservoir level, El. 5,310, and water leve] at El
5,285. The dam is constructed of earth fill with a clayey core and a core wall of concrete, and
the maximum height of the dam above river bed is about 75 feet. A spillway channel is located
on the left bank, and the rock excavated from this channel is used in the dam. .

From Pretty Valley storage the water is led by means of a tunnel, about 1-4 miles long,
to Rocky Valley Reservoir, cutting through a narrow ridge between the two valleys.

Power Plant From Rocky Valley Reservoir, the water is led by means of a head race
No. 1. tunnel, about 28 miles 1 length, and a steel pressure pipe line, about 3,800
feet long, to an overground Power Station No. 1, located on McKay Creek. The average net
head is 1,444 feet, and the installation consists of two Pelton turbines with direct coupled
generators, each of a capacity of 10,500 kw.

Power Plant » ‘On Pretty Valley branch there is an offtake, referred to as Pretty Valley
No. 2 and West Offtake No. 2H, to divert the run-off downstream from Pretty Valley Dam to
Kiewa diversion. poywer Plant No. 2H. '

From the offtake the water flows through an open race line, about 2-5 miles in length,
and through a tunnel, about 0-7 mile long, leading to Rocky Valley branch, upstream of Rocky
Valley Ofttake No. 2H. About 07 mile from Pretty Valley Offtake No. 2H the race line passes
Power Station No. 1, and the water from this station, as well as water from McKay Creek, ig
discharged into the race line. ' _ o . _

At Rocky Valley Offtake No. 2H, there 1s a single arch dam of a maximum height above
river bed of about 70 feet. .The top level of the flashboards on the spillway 1s at El. 3,770, and
at a draw-off to W.L. Il 3,730, the pondage is 115 acre-feet.

At the offtake, the natural run-off is collected from:the catchment area downstream of
Rocky Vallev Reservoir. This water and the water from Pretty Valle}“ Offtake No. 2H
and Power ptation No. 1 is conveyed by means of a tunnel, aboujc 1'Q mile in 1ellgth, and by a
steel pipe line, about 2,800 feet in length, thence by a pressure pipe line, about 5,500 feet long,
{0 an overground Power iStation No. 2 located near the Junction.
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From this station the water flows through a short tail race excavated in the river bed,
discharging into the Junction Pond.

The head is utilized by two Pelton turbines, with direct coupled generators, each of a
capacity of 13,000 kw. These units are referred to as No. 2H, and the average net head utilized
is 1,454 feet.

The flow of the West Kiewa River is diverted by a tunnel, about 4-0 miles long, to Pretty
Valley branch from an offtake located in the West Kiewa, immediately downstream of Bogong
Jack’s Creek. The dam is of Ambursen type of a maximum height of about 30 feet above river
bed. The level of the crest of the spillway is El 2,607, and the pondage is 50 acre-feet
at a draw-off to W.L. El 2,592. The tunnel discharges into a pondage on Pretty Valley branch
upstream of an offtake, referred to as Pretty Valley Offtake No. 2L. At this offtake there is a
single arch dam, the maximun. height of which is about 60 feet above river bed. The top level
of the flashboards of the spillway is El 2,607, and the pondage is 70 acre-feet at a draw-off to
W.L. El 2,570.

The water from the West Kiewa, augmented by the run-off downstream of Pretty Valley
Offtake No. 2, is conveyed by means of a tunnel, about 1 mile in length, and bv a pressure
pipe line, about 1,300 feet long, to Power Station No. 2. After passii.g the turbine the water
discharges into the tail race, previously mentioned, to the Junction Pond.

The head between Pretty Valley Offtake No. 21, and the Junction Pond is utilized by a
vertical shaft turbine with direct coupled generator of a capacity of 7,000 kw. This unit is
referred to as No. 2L, and the average net head utilized is 350 feet.

Power Plant Due to favorable topographical conditions at the Junction, a fairly
No. 3. large pondage is created by means of a single arch dem of a maximum height
of about 100 feet above river bed. The top level of the flashboards of the spillway is El. 2,235,
and at a draw-off to W.L. EL 2,180, the pondage is 1,900 acre-feet.

At the Junction Dam the water is diverted by means of a head race tunnel, about 0-8 mile
in length, continued by three steel pipe lines, each of a length of about 950 feet, to an overground
Power Station No. 3. The water from the station discharges into the river through a short tail
race canal. The average net head is 355 feet, and the installation consists of three vertical shaft
turbines with direct coupled generators, each of a capacity of 8,000 kw.

Power Plant About 0-4 mile downstream of Power Station No. 3 there is an Offtake
No. 4. No. 4 where the water is impounded to El. 1,870 by a single arch dam of a
maximum height of 55 feet above river bed. At a draw-off to W.L. EIL. 1,840 a pondage of 460
acre-feet is obtained. The water is diverted by means of a head race tunnrel of a length of about
24 miles, and by a steel pipe line, about 1-3 miles in length, continued by three pressure pipe
lines, each 1,400 feet long, to an overground Power Station No. 4 situated at the end of the rapids
on the West Kiewa River.

The average net head 1s 603 feet, and the installation consists of three turbines with
direct coupled generators, each of a capacity of 13,000 kw.

(reneral arrangement of works for transmission of power remains as in the description
of the scheme proposed by the engineers of the Commission.
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ESTIMATES OF COST.

Estimate of The capital cost of the works as described in the previous section is
capital cost. estimated as follows :—
A. First development stage— £

Land resumption, easements and clearing for works .. 50,000
Access road from Tawonga, including maintenance during first

development stage . ‘ . . .. 103,000

Pretty Valley Regervoir . . . . .. 411,000

Power Plant No. 3, including turbines, generators and low tension
switchgear . . . . . .. 486,000

Power plant No. 4, including turbines, generators and low tension
switchgear . . . . . .. 651,000
Diversion races . . . . . . 2,000
Permanent offices and quarters for operation staff . . 27,000

Local administration, including staff, offices, temporary quarters,
social arrangements, store facilities and other general charges .. 175,000
Engineering .. . . . . . .o 125,000
Contingencies . . . o . .. 150,000
Interest during construction .. . . . .. 130,000
First development stage, total .. .. .. .. 2,350,000

B. Second development stage—
Diversion dam at West Kiewa offtake, tunnel intake and tunnel £
through the ridge between West and Hast Kiewa Rivers .. 210,000
Local administration and other general charges .. .. . 25,000
Engineering .. . . . . . . 15,500
Contingencies .. . .. . .. . 25,500
Interest during construction .. . . . .. 24,000
Second development stage, total .. .. .. 300,000
C. Third development stage—

Maintenance of access roads .. .. .. .. .. 10,000
Tunnel from Pretty Valley Reservoir to Rocky Valley Reservoir .. 70,000
Rocky Valley Reservoir . . . .. .. 269,000

Power Plant No. 1, including turbines, generstors and low tension
switchgear . . . . .. .. 327,000

Power Plant No. 2, including turbines, generators and low tension
switchgear .. . . . . .. 689,000
Diversion races .. .. .. .. .. .. 2,000
Permanent offices and quarters for operation staff .. . 17,000

Local administration, including staff, offices, temporary quarters,
social arrangements, store facilities and other general charges.. 140,000
Engineering .. . . . . .. .. 100,000
Contingencies .. . .. . . .. 156,000
Interest during construction .. ce . . .. 110,000
- Third development stage, total . . .. 1,880,000

SUMMARY OF ESTIMATE OF CAPITAL COST. £

First development stage . .- .. .. . .. 2,350,000
Second development stage . . . . . .. 300,000
Third development stage .. .. .. .. .. .. 1,890,000
(Grand Total .. .. . . o .. 4.540,000

The estimate of capital cost includes all cost of material and labour necessary for tle
completion of the works at present (February, 1937) market prices, including overhead charges
and contingencies. The estimate has been based on quantities taken frem sketch designs. Tt
has been assumed that the works will be carried out departmentally, using the mest efficient
methods of work, with sufficient and most modern plant. The quantities and unit prices have
been worked out iu collaboration with the engineers of the Commission.
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Estimate of The annual cost of the scheme is estimated as follows : —
annual cost. \. [irst development stage—

Interest on capital, 4} per cent. on £2,350,000 .. .. .. 105,750
Depreciation .. .. . . . . o 33,000
Maintenance and operation .. .. . .. .. 22,000
Contingencies .. .. .. .. .. .. 2,250

First development stage, total .. .. . .. 163.000

B. Becond development stage— £

Interest on capital, 4% per cent. on £300,000 .. . . 13,500
Depreciation .. .. .. .. .. oL .. 1,350
Maintenance, operation and contingencies .. .. .. 1,150

Second development stage, total . . 16,000

(. Third development stage—

Interest on capital, 44 per cent. on £1,890,000 .. .. .. 85,050
Depreciation .. . .. . . . . 25,850
Maintenance and operation .. .. .. .. .. 16,500
Contingencies .. .. .. .. .. .. 1,600

Third deveiopment stage, total .. .. .. 129,000

SUMMARY OF ESTIMATE OF ANNUAL COST.

First development stage . o .. . . .. 163,000
Second development stage .. .. .. . .. . 16,000
Third development stage .. .. .. o . .o 129,000
Grand Total .. .. .. .. .. .. 308,000

The depreciation charges included in the estimate are based upon the following rates : —

One quarter per cent. per annum for tunnels and other main rock excavations, land
resumption and easements, roads, and interest during construction.

One per cent. per annum for dams, power station buildings, and other concrete work,
Three per cent. for steel structures in pipe lines, turbines, travelling cranes, other
mechanical equipment, and generators and low tension switchgear.

On an average the depreciation charges correspond to 1-32 per cent. of the capital cost.

Concluding The estimated capital cost of the scheme up to generating station -bus
Remarks. bars 1s £39 per kw. of installed capacity, and £44 per kw. of working capacity at
Kiewa ; and the estimated annual cost is £3 per kilowatt of the working capacity at a load factor
of about 48 per cent. This corresponds to 017 pence per kwh. generated at Kiewa.

It 1s reasonable to assume that power from the Kiewa Scheme when fully developed can
be delivered at load centres at a cost of approximately two-thirds of the cost of power generated
by coal from major extensions of existing steam stations.

(Sgd)  RENDEL, PALMER AND TRITTON.,

Melbourne,
16th March, 1937.
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APPENDIX TO CONSULTING ENGINEER'S REPORT.

AVERAGE MONTHLY RUN-OFF IN CUSECS AT GAUGING STATION No. K.7 ON PRETTY VALLEY
BRANCH AT PRETTY VALLEY DAM SITE.

Drainage Area: 7-7 square miles.
Catchment heavily snow covered for some five months of each year.
Altitude 5,500 to 6,000 feet.

Average Run-off.

Year. _—‘7\“7‘
Jan, . Feb. ‘M&rch. \ April. ‘ May. l June.

| .
\ July \ Aug ’ Sept. ‘, Oct. L Nov ‘ Dec. ‘Year.
. ? ! ( l
1926 L2l el 1 s2 | 41l 40| 36 45 | 94 96 { 57| 9 | a1
1927 T s 2 2l 7 814 9w 11 51| 1| o
1928 | 6] 16| 26 26 | 2 | 4 23 | 33| 61 135 | 3 9 | 3
1929 S48 212 9 | 2 | 10 | 22 | 9 | 95 | 29 | 22 | 2
1930 9 | 47 28 51 21 27 14:6 198 713 1495 45-1 36-8 34T
1931 16 | 7 | 31 | 246 76 | 72 | 39 43 | 666 142 | 6l-3 123 492
1932 85 89 10 42 | 167 209 13 | 565 1004 632 263 109 3l
1933 ¢3 2 17 31 118 15 | 37 | 30-8 126 | 805 19-3 28-9 30
1934 25-4[ 14| 12 |8 146 95 207 36 | 028 124 | 71§ 237 403
1935 79 9'8 &4 38 | 286 234 122 204 70 | 136'5 351 177 34
Mean 8-5] -3; | 3) 29-1] 22-6% 515 828 118°3 41-0) 181 348
. ( ( 1

6-57 10 21-7} 28

|

In some months of this period, interruptions occurred due to climatic conditions. During such times flows
are deduced from adjacent gauges.

AVERAGE MONTHLY RUN-OFF IN CUSECS AT GAUGING STATION No. K4 ON ROCKY VALLEY
BRANCH AT ROCKY VALLEY DAM SITE.

Drainage Area: 6-9 sqaure miles.
Catchment heavily snow covered for some five months of each year.
Altitude 5,300 to 6,000 feet.

Average Run-off.

| ;
Year. ‘ ! l ]
1 Jaf.\. ~ Teb. iMarch.’ April. ’ May. ‘ June July ‘ Aug ‘ Sept. i Oct. Nov. 1 Dec ‘ Year.
¢ [ | } ! | !
. \ :

1926 .. .. { 2 2 7 33 47 l 40 ] 36 45 ‘ 94 96 ‘ 43 [ 14 38
1927 .. .18 3 2-5‘ 24 7-5‘ g | 14 | 9 ( 44 | 170 [ 51 | 10-6) 28
1928 L6 20 | 26 1 26 | 23 5l } 23 33 67 | 116 37 9 36
1929 4 ‘ 36 2 ! 16 | 27 | 26 11 | 31 | 77 97 | 21 ’ 20 | 284
1930 .. .. 87 4 2:2 35 174 21-8l 13 19 | 54 | 1374 39 | 297 29°1
1931 . o 164 6-4] 25-4 18-Jf 597 72 | 39 109 65-5{128 of 67-6 153 46
1932 . o4 d4p 10 38 15| 2 13 43 0 8750 70 | 32 | 107 29-3
1933 . S 4-5} 2 ( 150 2 ’ 11 13 | 33 | 306 106 79-3 19 . 229 27°1
1934 . .22 0 9 | 95 2708 1009 6-1 255 30 . T4 | 99-7 59 | 22 | 329
1935 .. o 7-3r 7-4{ 65 27'3f 255 20-7’ 11-3 24-7% 55-1) 118 f 3% 17-1; 2946

‘ - — | — ] I —

Mean | 83 62 93 19-4, 24-4j 233 21-9! 30°6 72-4 111-2] 41-0, 17-1 32:¢

i { [
| r | i i H | ! . | !

In some few months of this period, interruptions occurred due to climatic conditions. During such times fows
are deduced from adjacent gauges.
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K5 AT THE JUNCTION

BELOW THE CONFLUENCE OF PRETTY AND ROCKY VALLEY BRANCHES OF EAST KIEWA

RIVER.
Drainage Area: H3-4 square miles.
i\ Average Run-off.
Year T ! —
k Jan } Feb. \March.] April. ] May. ) June. \ July. i Aug. ‘: Sept. Oct. ’ Nov. J Dec. ‘ Year.
\ ) ] |
|
1926 .. 35 1 27 ‘ 54.6J‘ 192-7) 333 ‘287 ‘265 \343 667 694-5] 305-2] 123:5| 2773
1927 .. 86.5 64-4 48-9 41'7i 674 91-5 133-2 108-7 295'9‘ 1,035-8] 316:7| 100 199-2
1928 .. 67'43 182 ; 203'3\ 193-5' 184 \J 401-6 205-8 235 469 | 528 293-4| 106-6| 255-8
1929 .| P44 49°4) 324 116 | 1499 170 | 104 | 189-5( 496-2) 574-3] 204-1 1674 200-6
1930 o 91-9 50‘5‘ 34'8) 43'3i 164-8 151-5H, 135 ] 186-7( 399-9! 1,002-5| 318-9) 260°5| 2367
1931 . ‘ 140-2 749 2163 1837 490 | 536 | 308 | 360 | 400 | 865 | 441 | 117-2| 344-4
1932 .. 58 ‘ 54 ‘ 135-7| 376-7| 144-6, 222-4| 170'4\ 3545 666'5\ 471-2 218'8\ 103-8| 248-1
1933 .. | 873 37-11 36-2) 41-1] 875 120-5 331-5! 214-8] 670-3] 566-1| 159-5 201-2| 211-0
1934 .. 173-9 105-1 124-2 2170, 114'.,3 75-8 267'25 2755 545'91 834-8) HH4-9| 260-0, 295-7
1935 .. ’ 101 ‘ 80‘7i 67'3{ ]94'5“ 196'1‘\ 177'4} 147'2?‘ 252 445‘8i 752 2565 136°5 234
Mean . \l 865 72-5. 95-4t 1600 193-1 224-3 2067 252-0 505-7}‘ 742-4] 306-9| 157-7| 250-3
‘ r

0

o

)

Figures for May—October, 1931, are deduced.
For a few periods of a few days each, interruptions occurred and flows are deduced from adjacent gauges.

AVERAGE MONTHLY RUN-OFF IN CUSECS AT GAUGING STATION No. K.6 ON WEST KIEWA RIVER

Drainage Area: 33-5 square miles.

Year.

Average Run-off.

DOWNSTREAM OF THE OFFTAKE FOR THE DIVERSION TUNNEL TO EAST KIEWA RIVER.

1926
1927
1928
1929
1930
1931
1932
1933
1934
1935

Jan \ Feb. ; March. \ April. } May ‘ June, July. 1 Aug. ‘ Sept. \ Oct. , Nov. \ Dec. ;‘ Year

‘ \ \\ \‘ i t - ]
.. .. .. | R 177 162 256 285 284 102 48 ‘ ..
31 21 16 15 39 71 147 122 251 370 113 37 l 103
25 77 93 93 116 202 134 128 223 473 135 52 146
| 30 | 26 | 23 | BT [120 135 78 155 ’ 262 | 250 89 88 109
52 l 27 ‘ 18 ' 21 33 74 115 179 224 | 418 155 151 126
77 ‘ 39 82 79 259 402 | 325 321 371 309 160 65 207
| 37 28 81 | 217 80 158 161 266 | 323 191 108 60 | 142
|36 | 24 19 | 20 57 122 244 150 | 385 248 79 130 | 126
118 ( 62 70 129 78 48 | 218 203 256 ’ 449 273 154 | 172
54 ‘ 47 41 130 136 131 152 258'5.272'2)282'3)131'1 71-8| 142

| |—— - \ | ! | r
sl j 9 | 85 108 |15 ’174 [204 E285 ‘327 E | 86 ]141

e b ) ] o o

——

PLATE 1

GENERAL LAY-OUT OF ELECTRIC SUPPLY SYSTEM
OF THE STATE ELECTRICITY COMMISSION
OF VICTORIA

(See Prare 1 of Report of Chief Engincer, Power Production)
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SCALE FOR LOAD CURVES DURING
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APPENDIX “B"
REPORTS
of

CHIEF ENGINEER, POWER PRODUCTION
(Mr. E. BATE, B.Sc., Wh. Sch., AM.LE.A),

on the

KIEWA HYDRO-ELECTRIC SCHEME

and an

EXTENSION OF NEWPORT «“B” STEAM STATION

For thé purpose of meeting the requirements of the
State Power System after 1940, with an

Examination of Alternatives
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REPORT OF CHIEF ENGINEER, POWER PRODUCTION
(MR. E. BATE, B.Sc, WhSch, AMIEA., ON
KIEWA HYDRO-ELECTRIC SCHEME.

INTRODUCTION.

In this Report are submitted proposals for the construction of hydro-electric works in
the Kiewa Valley to generate approximately 104,000 kw. associated with an energy output of
440,000,000 kw. hrs. in an average year, and for the transmission works to deliver this energy to
the Commission’s main system. The bulk of the energy would be absorbed into the system
at Melbourne by transmission to a terminal station situated on the Merri Creek in the Brunswick
area, the remainder being transmitted to Wangaratta for the Commission’s North-east
transmission system, to which the Kiewa Valley is adjacent.

These proposals have matured over a considerable number of years, during which period
very comprehensive hydrological and meteorological observations have been made, so that the
characteristics of flow and run-off in the various portions of the Kiewa catchment have been
determined with great precision, and form a very sound basis for the scheme which will be
unfolded herein.

From time to time during years over which investigations into the Kiewa Scheme have
spread, progress reports have been made by the Chief Engineer, embodying the views of the
Commission’s officers in regard to the development the latest of these reports being presented
in March, 1936, by the undersigned. Since that date, we have had the advantage of
eonsu]tation and collaboration with Messrs. Hellstrom and Samsioe, representing Messrs. Rendel,
Palmer, and Tritton, Consulting Engineers of London, and the scheme which 1s now presented
embodies some modifications on that of March, 1936, which have resulted after close
consideration and intensive survey and investigation, espeenﬂy on the geological side, which
has taken place since the date of the previous report, especially during the period of Messrs.
Hellstrom and Samsioe’s visit to Melbourne.

As the report of these engineers is in the hands of the Commission, it will be unnecessary
for me in this report to detail those modifications which were decided upon as a result of this
collaboration, but T would like to say that the engineering and economic features of the Kiewa
scheme were very thoroughly discussed and analvsed by Messrs. Hellstrom and Samsioe with
the Commission’s engineering staff, to obtam the very best proposals which engineering
knowledge and skill could produce.

I would like to point out, before proceeding to the particular details of the scheme now
proposed for the Kiewa Valley, that for many years the possibilities of power development on
the Murray River at the Hume Dam, and also on the Mitta River were the subject of lengthy
investigations, which indicated that these sources could jointly give about 140,000 kw. of
electric energy at a cost per kilowatt approximately the same as that for which the Kiewa
scheme could be developed.

Although 1t appeared some years ago that the Hume-Mitta might have claims to priority
over the Kiewa. scheme in the order of construction on account of the low cost of plant
installation at the Hume Dam, at the present time these claims have lost most of their weight
for several reasons, which are as follow :—

1. The halt in the system requirements wiich occurred during the years of the
financial depression reacted unfavorably upon proposals for generating at the
Hume Dam owing to the fact that the prospective requirements of water for
irrigation were Increasing, with the consequent reduction in the avatlability,
at certain periods of the year, of water for purposes of electric genen‘rmn
In October, 1935, the River Murrax Commission stated its expectation :—

“ That an amount of approximately 190,000 acre-feet per month (including the flow of the
Kiewa River) could be made available at the Albury gauge for twelve I‘ﬂOIluh‘\ in the vear for
five vears from the present date. and during the' fo How ing five years an amount <f11fhnllv
inereasing to 263,000 sere-feet per month for the wine irrigation months in the vear.™

The provision of the greater outflow during the brigation months after
1040 will involve progressive curtailment of the outflow during the winter
months. so that by 1945 the discharge from the reservoir will cease for about
three months in ‘each vear. as is Tiable to be the case at the Sugarloaf
Reservoir.
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2. Since the Mitta River is one of the main sources of water for storage in the
Hume Reservoir, independent storages on that river, which would be required
for any scheme of energy productlon could only be developed with the
approval of the River Murray Commission. Our engineering studies indicate

that the power scheme could be efficiently operated without any detriment
to the function of the Hume storage in respect of water conservation. The
River Murray Commission, however, being the controlling authority, has taken
the view that it is not poss1ble to encourage the retention of water by storage
on the Mitta catchment to the extent which would be necessary in any
plans formulated by us.  The River Murray Commission considers that so
far as can be seen at present, such storage would prejudice irrigation interests
in one or more of the States, and it is, therefore, unable to acquiesce in such
independent storages.

3. Investigation by diamond drilling of the sites for dams on the Mitta River has
proved that rock, which appears on the surface to be quite sound, 1s broken
and fissured to considerable depths. This is a very discouraging fact as
affecting large storages on the Mitta River, and it would be impossible to
make or recommend proposals in any case until suitable sites for the
construction of the storage walls could be proved.

It may be remarked that the geological formations on the Kiewa
River are much more favorable, and, in fact, there is no reason to
anticipate any difficulty in regard to foundations in the storages which are
proposed on the Kiewa River.

4. While formerly it was thought that proposals for utilizing the Hume storage
for generatlon of e]eotrlolty offered a suitable prehmmarv and productive
stage in the development of the Kiewa, this idea has been affected and made
unattractive, ﬁrstlv by the change in outlook of the Hume scheme which
has been mentioned above, and secondly by the careful planning ot the
Kiewa scheme for construction and utilization in suitable stages.

Having regard to these considerations, the Kiewa proposals are the more suitable for
early development, though the undoubtedly considerable potentialities on the Mitta River can
be studied at leisure, and may possibly be utilized in years to come.

I would like to remark that the Kiewa project has now been so comprehensively studied
and investigated, that the proposals are stable and definite in the sense that no technical
modifications in the design stage will so affect the final economic results as to justify postponing
a decision on the question of adopting the proposals, or deciding on the probable dates when
the scheme should be in operation in its various stages.

Before concluding these introductory remarks, I would like to say that in the course of
evolving the scheme which is now presented, it has been necessary to consider very carefully
from time to time the characteristics desired of the scheme. from the point of view of utilization
factor or load factor. While it would be possible to design a scheme which should furnish a
base load for the Commission’s system, that is, a system of plants which would operate at
100 per cent. load factor, and in fact such a proposal was contemplated in the very early stages
of the investigations, it has become evident as the investigations proceeded that the more
favorable and suitable development would be one working at a lower load factor. The
proposals now being presented provide for the production of power up to 104,000 kw. at
Kiewa, with an average utilization factor of 48 per cent., giving an average of about 390,000,000
kw. hrs. per annum available at load centres on the Commission’s system from the Kiewa.

In accordance with this fundamental conception of design, the upper storages in Pretty
Valley and Rocky Valley are in the scheme now presented relatively extensive, and provide
for the storage of 95,000 acre-feet in Pretty Valley, and 13,000 acre-feet in Rooky Valley.
Since the bulk of this water will be stored at roughly 5,500 feet (R.L.), the effect of these
storages upon the operation of the whole scheme will be vital, as will be shown later in
discussing the hydrological proposals in detail.

During the considerable period since the commencement of these investigations, the
orowth of the Commission’s system (see Plate No. 1) has influenced to some degree propo%als for
fransmission of energy.

By the time that the early stages of construction are reached, it seems probable that the
Commission’s North-east district will ]1a\e developer{ to the extent that about 15,000 kw. from
Kiewa may be absorbed at Wangaratta for use in that district, thus reducing somewhat the
load to be transmitted to WIel13011111e and at the same time increasing the %ecuuh of supply
to the Northern area very appreciably.
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PROPOSED ENGINEERING WORKS.
A. CIVIL AND HYDRAULIC.

1. Location and The Kiewa River, whose native name appropriately means “ cold water,”
%f;ﬁ;lphy has 1ts source on the Bogong High Plains, an extensive plateau some 5.500 feet

above sea level 1Vlng between Mounts Buauuy and }Iuthruu in the hl;huot
mountain system in Victoria. The East Kiewa River drains the greater portion of this
plateau, although the eastern and southern slopes provide the main source of the Mitta River.
For several months of the year the whole of the high plateau is covered, to a depth of some
feet, with snow which disappears during the rains and warmer weather in the spring, although
it 18 not uncommon for drifts to remain as late as the end of December.

The vegetation on the Bogong High Plains reflects the unusual meteorological conditions,
and, as a result of the area being above the elevation where timber thrives, the plateau in
summer presents the spectacle of wide open valleys luxuriantly grassed, interspersed with
patches of granite rock, and here and there, clumps of snow gums, with their typical gnarled
and stunted appearance. The whole area 1s Crown land, but is held under annual grazing
leases, the pastures being used extensively for the summer grazing of cattle and sheep.

This portion of the East Kiewa catchment takes the form of two main valleys, Pretty
Valley and Rocky Valley. each with a narrow outlet through the mountain ranges by which
they are surrounded, and the grade on the streams, whilst very flat through this area. is very
steep after leaving the high plains.

The two branches of the East Kiewa River which rise in these two vallevs unite at the
Junction, at about 2,200 feet elevation, some 7 miles after leaving the plateau, but the grade
of the river remains steep until the flats above Tawonga are reached some 14 miles from the
plateau, in which distance the stream has descended from about 5,600 feet to about 1,200 feet
elevation.

At Tawonga, the Hast Kiewa River is joined by the West Kiewa River, which has its
source neat Mount TTotham and drains the deep valley between Mount Feathertop and Mount
Fainter.

On the slopes below the IHigh Plains, snow-gum scrub is verv plentiful, while on the
portions below about 4,000 feet elevatwn there are several fine areas of woolly-butt timber.
Areas sultable for milling timber for construction purposes can be located, but the timber
available is of poor quality for permanent construction. The catchment has a comparatively
good yield of water from springs which are in evidence particularly down-stream from the
Junction, and this has an important bearing on the flow during drought seasons.

From Tawonga. the Kiewa River flows in a northerly direction to join the Murray River
a short distance up-stream from Wodonga, and just down-stream from the Hume Dam
constructed by the River Murray Commission.

The hydro-electric developments which are proposed herein are limited to that section
of the Kiewa River up-stream from Tawonga.

2. General Layout The Ageneral layout of the works is indicated on Plates Nos. 2 and 3.
of project.

The main storage reservoir is located in Pretty Valley, at an altitude of about 35,500
feet, where some 95,000 acre-feet of water will be impounded by means of a rock-fill dam.
Another storage reservoir with a capacity of 13,000 acre-feet 1s provided in Rocky Valley at
about 5,300 feet altitude.

From Pretty Valley storage the water is discharged to Rocky Valley Reservoir by
means of a diversion tunnel, all draw from these two storages being throuoh the Rocky V dHeV
outlet.

Tu the scheme now submitted, no provision is made for power generation at the oatlet
of this tunnel, but further consideration will be given at a later date to the desirability of
constructing a small power station with a furbine of 2,500 ko, capacity to utilize the head
available botween these storages. together with o pump for transferving water from Rocky
Valley to Pretty Valley.

H3RE.—4
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1 ~ f a head race tunnel
Trom Rocky Valley the water is led by means o
I;Iztwlar Flant about 28 miles inylength, and a steel pressure pipe line about 3,800 feet 1{)111%
to Power Station No. 1, where the turbine installation consists of two pelton wheels, each o
10,500 kw. capacity under an average net head of 1,444 feet.

i i is led by a flow-line conduit
The tail-water from No. 1 Power Stat}on is y
Ezw;r Flant to the Roecky Valley Branch, the same condult servn;g also to conve{{ the glowz
o ' ists of an open race line abou
I : offtake on Pretty Valley Branch. It consis n of e line abc
5)11-%93?{163@31?%&&}] from Pretty Valley Branch, followed 1%)y aoigp}cmﬁel 1(\)I 7 énlﬂe lznr%ngl;SSﬁrcglii
; ] o e No. 2H, a single :
i ‘ d by a dam known as Rocky Valley a )
iﬁtisiitp(gﬁcﬁﬁe;grizt above the river bed. This dan} collects the natural run-off of the
catchment area down-stream from Rocky Valley Reservoir.

This water, and the water from Pretty Valley Offtake C)No. 2w, 15 1conveyec(l1 ggﬂi?cia%s O;f
o tunnel about 10 mile in length, to a steel pipe line about A,SO% feie to%{g, jr?r 'thevjuﬁoti{, k
teel pressure pipe line 5,500 feet in length to Power Station No. 2, locate ng‘ ’ "tl ction,
S'le ptl e average net head of 1,454 feet is utilized in two pelton wheel turbines with :
?of rfed 10‘e;1erdt§rs. each with a capacity of 13,000 kw.. the tail-water discharging into the
ijun(‘?tion Opondage By meang of a short tail-water canal.

i iv i te slab dam 30 feet high is located
West Kiewa River a reinforced concre _ _ o
‘ 1@Clglt}elfrl1?10\7\'11—stream of Bogong Jaclk’s Creek to form a diversion by means lof a tul'l‘ntel
11{3121115 A miles in length, to the Pretty Valley branch of the Bast Kiewa River, dise my_rgullg in 1o
; pondage known as Pretty Valley Offtake No. 2r. This pondage is formed by a single arch
dam 60 feet in height.

The water diverted from the West Kiewa, augmented by the run-off ‘c%owlrn—sfcrearri {)rom
Pretty Valley Offtake No. 27, is conveyed by means of a tunnel about 1 mile long, *?ric 1y af
sat ive line, to Power Station No. 2, where it is utilized under an average ne 1eacT k(l)
gg%g}gf}i E;rpa vertical shaft turbine with direct coupled generator of 7,000 kw. capaimty. . 1e
tail-water from this unit discharges to the Junction pondage by the tail race canal previously
mentioned. |
- from the Junction a pondage of abogt 1,900 acre-feet s
fz?ezf Flant providglovgl; Sgg:g; of a single arch damplo() feet in height, and from this
ndage water is diverted by means of a head race tunnel aboujc 08 mile in length, leadmg. to
H ‘gt el pipe lines. each about 950 feet long, to Power Station No. 3, where three vertical
Zﬁf&i iuerbifeg with direct coupled generators are installed, each of 8,000 kw. capacity under
an average net head of 355 feet.

The water from this station discharges into the river through a short tail race canal.

i Jtati . 3 discharges into the head of a
er Plant The tail-water from Power Station No _ \
gz?fﬁ = pondage formed by No. 4 Offtake, which consists of a single arch dam 55 feet
high located nearly half a mile down-stream from No. 3 station.

' tor is acain diverted by means of a head race tunnel 24 miles
Fr(i);mugélsbpogdsc%zl\%?%e; lline about 13 milez long, and finally to three steel pressure
lcﬁng’l-con mech 1}47100 feet long, to Power Station No. 4, situated at the end of the rapids on
pre \}nets :Igi“ewm ,River. At Power Station No. 4 the average net head is 603 feet and the
?ﬁ:t;l;tsién contsists of three turbines with direct coupled generators, each of 13,000 kw.

capacity. ‘ ' '
The investigation of hydro-electric resources 1n the Kiewa Valley was

undertaken by the Commission’s staff in 1923. Previ.ous‘ to 1923 some records
f river flow at Tawonga were made for the Victorian Hydro-Electric Company.
O (4

3. Surveys.

In order to ensure that all essential stream flow data would be available during the
oaress of the investigations, which clearly Would last for several years, arrangements were
progres v in 1925 to install automatic recording gauges. At the same time, a commencement
I\r::l?n?&e}wéih the preliminary surveys and reconnaissances for the purpose of facilitating the
was ‘

preparation of proposals.

During the summer 1925-26 preliminary proposals V\lrerirez};(;iog%?};t11;;173?;51%2?%62%
curveys, which indicated the possibility of developing a much D e t-p f the ) hem
UILET™. 4 previously. These surveys were limited to the upper portions o the scheme.
;'l‘nmlp‘lti( L additional surveys required on the lower portions of the scheme were delayed
Tl]ﬁllltﬂl’f:j?llﬁ]n;r of 1928-29, and this portion of the scheme was greatly moditied as compared
antil the s :

with earlier proposals, with the idea of obtaining simplicity and economy in the arrangement
of the power stations.

reliable.

ol

Between 1933 and October, 1935, when a comprehensive review of the proposals was
submitted, further detailed surveys were carried out, together with an extensive programme
of diamond drilling on dam sites and tunnel locations, but this did not result in any major
alterations in the layout. Further work of this nature is still necessary and is proceeding.
The results achieved by the later investigations into this scheme provide a striking example
of the benefits of, and the necessity for, very complete investigations of such schemes.

The time available since investigations were originally commenced has enabled these
surveys to be unusuvally complete and comprehensive, and several alternative layouts have
been thoroughly investigated by survey. Kach party has been under the direction of a
competent surveyor, experienced in this work, and the efficiency and direction of the work
have been further ensured by frequent visits of the responsible engineers.

All surveys were carried out by tacheometer, and bench marks have since been checked
by accurate levelling, and any necessary adjustments made. The catchment areas have been
adequately surveyed so that discharge measurements may be correctly deduced at different
points.

Detailed contour surveys have been carried over all the areas in which it is proposed to
locate works of any kind, and these have been sufficiently extensive to render possible the
construction of an accurate model, a photograph of which 1s attached hereto (Plate No. 4).

4. Hydrological Reference to Plate No. 2 will indicate the main features of the catchment

gatai. in relation to the works proposed and the sites at which gaugings have been
atchment obtained.
areas.

The catchment area of the East Kiewa River may be divided into two sections:—

1. An area of 146 square miles of the Bogong High Plains, located in Pretty Valley
and Rocky Valley, at elevations of 5,250 feet to 6.100 feet above sea level.

This area is supplemented by a further 2 square miles of catchment
obtained by small diversion channels. and the flow from this total area will
be regulated by the storages which are proposed in these two valleys.

2. An area of approximately 41 square miles down-stream from the Pretty Valley
and Rocky Valley dam sites, including all the area contributing to the

Junction. This includes country ranging from 2,200 feet to over 6,000 feet
in elevation.

Below the junction on the East Kiewa River, a few small creeks may perhaps be picked
up by the tunnel, but there is no considerable addition of water from this area.

The catchment area on the West Kiewa comprises about 32 square miles of country
ranging up to more than 6,000 feet in elevation. This catchment, however, is confined

throughout to a deep narrow valley, and, unlike the East Kiewa, contains no areas of any
magnitude at the higher elevations.

It is proposed to add to this catchment by diversion from about 2 square miles which,
at present, form the headwaters of the Cobungra River.

Stream Flow Records. Discharge records for the East and West branches of the Kiewa River at
Tawonga for the years 1914-16 are available, and cover a period which is the critical one in
the gauging history of Victoria. For the period 1916 to 1919 no gaugings are available.
Gaugings are available for a short period in 1919, but consistent gauging of the Hast Kiewa
River did not re-commence until 1923, and is still being maintained.

Stream flow records at Tawonga, however, do not give much indication of the flows
from the upper portions of the catchment, where meteorological conditions are quite different.
When hydro-electric investigations were taken over by the Commission in 1923, the necessity
for more reliable stream flow records at the vital points of the secheme led to the installation,
early in 1925, of automatic recording gauges at four positions on the Kiewa :—

1. Pretty Valley Dam Site.

2. Rocky Valley Dam Site.

3. Junction of right and left hand branches of FEast Kiewa.
4. Offtake site on West Kicwa.

During the winter the streams at Pretty Valley aud Rocky Valley are usnally completely
covered with e and snow, which caused counsiderable difficulty in obtaining reliable winter
rerords.  The erection of special weir controls. together {vith varions umprovements to the
vauges and gauge shelters, has overcowe practically all these difficulties, and these gauges have

since given reliable service.  The automatic gauges at the lower elevationg have proved very
g g
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Owing to interruptions due to severe weather, winter records were not obtained in a few
cases at Pretty and Rocky Valleys, but these gauges have now been in operation for a sufficient
period to enable a reliable comparison to be obtained between the flows at the various gauging
stations. It is thus possible to make deductions of these winter flows from the records at the
junction and West Kiewa Offtake.

River gauging records are now, therefore, available for the following periods:—

Pretty Valley Dam Site 1925 to date.

Rocky Valley Dam Site . . .. .. 1925 to date.

Junction of right and left hand branches of BEast Kiewa .. 1925 to date.

West Kiewa Offtake Site .. .- 1925 to date.

West Kiewa at Tawonga 1914 to 1916 and
1921 to 1928.

1914 to 1916, 1921
to 1928, and 1933
to date.

Pretty Valley Branch (near offtake 2m) .. 1936 to date.

Rocky Valley Branch (near offtake 2n) 1936 to date.

From the above tabulation it will be noted that actual gaugings are available at the
main offtake sites from 1925 to the present date, and on the Kiewa at Tawonga for the period
1914 to 1916.

For a scheme of this nature, involving storage over long periods, this information was
considered insufficient, particularly as some slight doubt was felt regarding the accuracy of
records for the period 1914 to 1916. and as this latter included the worst drought in the history
of Victoria, it was essential that accurate information should be obtained regarding the flow
of the Kiewa for this period.

Earlier investigations were based largely on flows deduced from gangings of the Mitta
River at Tallangatta, but unfortunately this station had to be abandoned in 1934 owing to
flooding from the backwater curve of the Hume Dam. There are thus only five or six years
of records available for correlation between the Kiewa and Mitta flows.

A longer period of correlation, now about ten years, is available between the flows on
the Kiewa and on the Murray at Jingellic, and as these latter records are available since 1891,
they have now been used in preference to the Tallangatta figures.

Although the catchment of the Kiewa is not entirely similar to that of the upper
Murray, a fair relationship is obtained between the two flows, and reasonable accuracy may be
expected in deducing Kiewa flows from Jingellic. During exceptional drought periods the
relationships deduced from normal years cannot be expected to hold, but it has been found
possible to confirm the actual records at Tawonga by means of meteorological data, including
rainfall, temperature, &ec.

As part of this investigation a comprehensive programme of snow research was initiated
in December, 1932, when equipment was installed on the high plains and a cottage ervected,
where an engineer has since been continuously in residence to carry out field researches, which
include a continuous record of all meteorological data, such as precipitation, evaporation,
temperature. winds, &c., whilst other special researches are also carried out.

As a result of this work a method has been developed for the deduction of Kiewa flows
from meteorological observations taken at surrounding stations during the period from 1926,
which gave very close agreement with the flows actually recorded.

Tlows deduced by this method for the drought period, 1914 to 1915, were almost
identical with those actually recorded, which substantially corroborates the accuracy of the
records.

Fast Kiewa at Tawonga

A further investigation was also carried out to ascertain whether it was reasonable to
expect that the two drought periods of 1902-3 and 1914-15 would ever be exceeded in
severity. This investigation led to a study of cycles in river flows and climatic conditions
from which the existence of such cycles appears well established. As a result, it appears
extremely likely that these two drought periods ave the most critical since 1825, but that more
severe periods may have occurred between 1810 and 1825. Tt appears probable, however, that
no period of such severity as 1902-3 or 1914-15 will occur within the next 50 years.

The manner in which provision is made for the possibility of a drought, more severe than
any yet recorded. is set out in paragraph 6 hereinafter.

Floods. Records during several floods are available, and the maximum ran-off at

the main storage dams vecorded to date is about 180 cusecs per square mile
of catchment.

J9

In the case of dams such as those at Pretty Valley and Rocky Valley, provision must
be made for an extraordinary floed, and the dams which are proposed will safely withstand a
maximum run-off of about 2,000 cusecs per square mile.

At the Junction Dam where the catchment area is much greater, and the conditions

much less severe, provision against a maximum run-off of about 500 cusecs per square mile
is considered to be ample.

I(—:Iydrogemipn - The water in the Kiewa River is generally very clear and only rarely
oncentration.  carries silt. The hydrogen-ion concentration appears to vary between 63 and
6-8, and tests show that the action of Kiewa water on coment when vpercolating through

concrete 1s practically the same as that of distilled water, which is severe. Special care will,

therefore, be required to ensure watertightness in all concrete used for structures retaining
water.

Regular records of hydrogen-ion concentration are being obtained.

5. Geological

: The formation over the whole area is metamorphic and igneous, the
Formations.

_various rocks being gneiss, schist, and granite. In addition, some areas of the
older basalt still remain on the higher points.

In view of the extensive tunnelling proposed in the scheme, for which sound rock is
required, the rock formations are of the utmost importance, and a programme of diamond
drilling has been actively pursued for the past few years. This has followed geological
investigation and reports, and geological advice has been obtained at several stages of the
work.

Dam sites and tunneli locations have now all been tested with the diamond drill, and
although further work of this nature is still required, it is now apparent that, in general, all
tunnels can be located in satisfactory rock formations.

In addition to diamond drilling, trenches and test pits have been opened up at important
sites, and at the Junction dam site three exploration tunnels have been excavated in the rock,
two of which are over 100 feet in length in sound rock.

It will be noted that one of the features of these proposals is the use of long tunnels in
rock without concrete Liwarg.  This practice, though not common elsewhere, is used in Sweden
and Norway with great success.

Unlined tunnels are very much less expensive than hined tunnels, and as the tunnels in
this scheme are not under great head, and as sound rock is indicated by the diamond drill,
there appears to be every justification for their use.

Inspection of unlined mining tunmels, 50 to 80 years old, in gneiss and schist formations
near Omeo, confirms the conclusion that lining will not be generally required for tunnels in the
Kiewa area, where these are driven through the solid rock.

Concrete lining will be required wherever a tunnel has to be taken through rock which
has been broken up by earth movement, for instance, by faulting, or where a tunnel passes
through decomposed or soft material, since it is not possible entirely to avoid such areas.
Where a fault line must be crossed it is desirable to cross as nearly as possible at right angles
in order to minimize the length of tunnel in broken country.

To assist in the location of faults, slips, &c., an aerial survey was recommended by
Mr. B. Hellstrom and Dr. Samsioe, and the major part of this was carried out during the past
few months. The stercoscopic examination of these aerial photographs will be of great value
in carrying out the thorough geological surveys which will be necessary when finalizing the
location of the various tunnels.

It should be mentioned that in the estimates of cost, full supporting concrete lining has
been provided for at those places where broken rocks or faults are definitely indicated, whilst,
for tunnels passing through what is expected to be sound and solid rock, 12 to 20 per cent. of
the cost of excavation has been added to provide for lining.

6. Storage A hydro-electric scheme of this nature, designed to operate in conjunction
Capacity. with a large steam gencrating system, should operate under a variable utilization
factor. Thus, at times when flows are high, full use should be made of the water available by
operating at a high utilization factor, whereas during periods of low flow, the scheme should be
operated at a lower utilization factor and retain a suffigient margin to ensure that all power
demands can be met.

As an illustration, Plate No. 5 indicates the mode of operation for a typical day during
normal periods, of high and low flow respectively.
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required for a scheme of 104,000 kw. are estimated to he as follow : —

95,000 acre-feet 1 Pretty Valley, and” 13,000 acre-feet in Rocky Valley.

J4

To determine the correct capacity for the design of this scheme it
to consider all factors. such as the shape of the load curve, capacity of stea

$0 as to be able to generate abont 30 per cent. of the system load.

On this basis, when the generating capacity of the Kiewa scheme, which is now taken
urces of supply, under critical

as 104,000 kw., is fully developed, the load by the various so
winter conditions, would be as follows :—

Yallourn Steam Station

.. .. .. .. 136,000 kw.
Sugarloaf and Mountain Stream Stations .. .. 11,000 |,
Metropolitan Steam Stations . . .. .. .. 100,000 |,
Kiewa Hydro-electric Scheme .. .. .. 104,000 ,,
351,000

During the last five years no very material change has taken place in the typical shape
of the daily load curve, and as there appears to be no reason to anticipate any considerable
change in the future, it has been assumed that the load curve will retain its present shape
when the maximum demand hag risen to 351,000 kw.

For the purpose of estimating power output the turbo-generator efficiency at the Kiewa
stations has been taken as 80 per cent

Drought Pericd. As previously mentioned, flow records, either observed or deduced, are

available since 1865, and during that time the most severe drought period
occurred from December, 1913, to July, 1915, although another period in 1902-3 was nearly
as severe. Statistical treatment of these records since 1865, as shown on Plate No. 6, indicates
that drought periods of such severity are of very rare occurrence, and although two such

periods have occurred during the last 70 years, it is probable that such periods will not occur
more frequently than, say, once in 100 years.

Nevertheless, it cannot be safely assumed that the drought periods on record are the
most severe which can possibly oceur, and to provide for a possible period of greater severity,
it has been assumed that the actual drought period from December, 1913, to March, 1915,
would be followed by a further * synthetic ”* year composed of such calendar months, picked
out from the period from 1896, as have a tun-off giving the minimum output for Kiewa,
Sugarloaf, and the Mountain Stream Stations combined, and it is on this basis that the storage
capacity for the scheme has been calculated.

In calculating the storage necessary two different requirements have to be met :—

(@) Storage capacity to enable the scheme to cover it demand capacity, when
operated at the minimum load factor permissible.

(b) Storage to provide additional output in kilowatt-hours to such extent as js

economical having regard to the relative costs of energy from this source and
from other sources of power.

With a peak capacity of 104,000 kw. generated at Kiewa, and a maximum system
demand of 351,000 kw., the storage capacity necessary to meet the first of these requirements—

known as the “ demand ” storage—would be 50,000 acre-feet, including 10,000 acre-feet as
emergency reserve.

The second storage requirement, which may be termed “ day-power > storage, is
determined as above-mentioned by economic considerations.

Taking all factors into consideration and allowing for evaporation, it is estimated that
the appropriate capacity of storage for this latter purpose is about 40,000 acre-feet in Pretty
Valley and about 10,000 acre-feet in Rocky Valley.

As the * demand  storage is best provided in Pretty Valley, the total storage capacities

Pretty Valley .. . . i . 90,000 acre-feet.
Rocky Valley .. .. .. .. .. 10,000 .

The storage capacities actually proposed allow for a slight margin on these figures, being

has been necessary

m stations, cost and
limitations of storage, cost of power, coal, &c., but further, and for reasons which will be

explained later, it has been determined that the capacity of the metropolitan steam stations,
which form part of the generating system of the State, should be increased from time to time
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7. Plant The operation of the scheme has been worked out for several dlltl“fe;’iecr;l
Capacity. plant capacities. and consideration given to all fac.toifs tsu‘cg “as g?‘-i%ility
limitations and cost of storage and other works, difficulties of operating s }?r%‘e;,a plaz b 0
of future changes in shape of load curve, and possible modifications in the general supp
system.

The allocation to power stations of the appropriate total capacity of the scheme is shown
hereunder :-—

Capacity in Kilowatts.

Power

or Station No.

Nu. of Uwitr. - ;

|

}\‘ Per Unit. i Total Installed, “ Workiug. Spare.

[ t J ! !

I ] ‘

\ g \ ‘

| : 21,000 w

‘ 2 10,500 | 21,000 1 , !
éH 2 13,000 ! 26,000 ! 26,000
oL 1 7,000 : 7,000 : 7,000 : .
5 2 8,000 240000 50,000 13,000
4 3 13,000 ‘ 39,000 ‘

i

| Total ... N 117,000 104,000 13,000

The spare capacity located in Power Stations Nos. 3 and 4 will be‘always' ?,Y;mllal)le, and
will allow for one of the largest machines on the Kiewa system being out of comumission. _—

In considering the subdivision of the total capacity of 104,000 kw,, 1the cesign &b s;;jl&
that if Power Stations upstream from the Junction (Nos. 1 and 2) be regarded as %1]1e g];"o it?g, nd
those downstream therefrom (Nos. 3 and 4) as another group, within reasonable Inilc \effect
installations in these two groups are 'mdependent .of one another, and the sm%le 600111931  effect
is obtained by an alteration in the capacity of either group, If then, as 1pl%p?*§eflelrelo later
section of this Report, Power Stations N 0s. 3 and 4 be constructed during the f rs { ey g Z}; ot
stages, Power Stations Nos. 1 and 2, which may be constructed later, can be varied in size
output, if so desired at a later date. .

" Thus whilst, as far as can at present be determined, t'rhe1co_rrect C‘a‘pa‘mt}“f folr_ the scyhe;)(ﬁi:
is 104,000 kw., should circumstances at a later date make it desirable ‘E‘o a,ltei t’g his };‘r(%);ver
capacity, this will be possible without detriment to the scheme. »aYnd after 1cgmp letion o
Stations Nos. 3 and 4, by vatrying the capacity of Power Stations Bo;. 1 ani 3 - day-pover

i In the use of the storage capacity as “ demand” or * day-p :
inf (s)f:::gt::l storage as may be required, it will be necessary for the draw from storages to
follow definite rules. ) .

e whole of the capacity in Rocky Valley storage is ** day-power ”* storage, whilst Pret‘cyﬂ
Valley Ts}:lorage 18 considere% toybe divided into two parts at a pred(e"c,eljfcnlnecrcl ]ex‘f‘e%) ;h-e 011‘7%;;%1’
portion being ¢ day-power’ storage, and the lower portion demand" 15 orage. o co};lpin e
storage capacity will be drawn upon so as to effect the greatest possib et S?Vlngc Joal in the
metropolitan steam stations, but it is not economical ‘to draw upon storage 1011;3 ve coal at
Yallourn by reducing the energy output of that station, except mlcasels W}E ¢ Jater and
unregu]atedh natural flow, which would otherwise be wasted, are available, when 1 y §
for this purpose. o .

V\Ff)heﬁ the water level is below Tl 5517 feet in Pretty Valley, which 1?‘ thefc e]ex_ritlzlg

determined as the top level of the * demand ” storage, the utmost ecvo]fmmy % ?}? e;l ivgl}mum
observed and water drawn only to satisfy the demand on the supply system with the
of energy output from the hydro-electric stations.

I 1 ; 104,000 kw. at

Operated on the above basis and to satisfy a demand of 104,00 .
E‘)).ul;’;‘:«;e':r Kiewa, tphe average annual output of energy over a long period of years, m(iluch%g
drought periods, is estimated at 440,000,000 kwh., of which 50,000,000 kwh. is energy,lo iss1 ;
or energy which could have been supplied from Yallourn, and serves only to save coal at tha

tion. . . . :
e ]OnThis demand capacity is available in all years, including the worst drought periods.

10. Elasticity A special effort has been made to malee the sohcmp as ‘fl.a]stllc acsl* pO;Slbbl:
of Operation.  jp regard to operation, particularly as regards the ease W_lth V;l _11}0 1tha 1 Hsl }geen
picked up or rejected. Reference to Plate No. 3 will show the manner in which this ha
accomplished 5 . '

pIt will be noted that all power stations are connected divectly by closed C,Oilfhu‘ts {cob“@hg
storages, so that load may be picked up du}’ing the sho;‘t time necessary to Opeé]vu xf-:w v leo‘ cl(l)lrt Wf;é
the turbine up to speed. Similarly, rejection of load involves practically no by-passing as
of water.
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At any time in an emergency the whole capacity of the scheme will be almost immediately
available, and this capacity can be maintained at 100 per cent. load factor, for some days, 1f
necessary, to meet special system requirements.

The storage below the Junction is, of course, an important factor in the operation of
Power Stations Nos. 3 and 4, and renders possible some diversity in the manner of loading the
different stations without loss of water. It also provides an essential feature in the initial stage
of development, as later described, and provides water for over 24 hours at full load on No. 3
Power Station, making the full station capacity immediately available.

11. Access A glance at the map of Victoria will indicate that the site of the Kiewa
Roads. works is rather isolated, and remote from any large centre of population. All
the proposed works are located on the northern slopes of the ranges, and as the railheads are
much closer on this side, it 1s certain that the main access route will pass through or near Tawonga.
The most tavorable means of transport for construction purposes appears to be road transport
by motor trucks trom the railhead at Bright—in the Ovens River Valley, some 18 miles from
Tawonga—but this outlet is complicated somewhat by the high range which is crossed by the
existing road between Tawonga and Bright. The road is quite passable, and with some

Improvement and maintenance will probably form the main route for the transport by trucks
of bulk loading, such as cement, &c.

For the transport of heavy equipment the route along the Kiewa Valley will probably
be utilized on account of the easier grades, although some bridges will require strengthening,
and the distance to the railway siding at Huon 1s over 40 miles.

From a point near Tawonga, a new road will be constructed, the route proposed crossing
the West Kiewa River near Power Station No. 4, thence to the East Kiewa River, up the side of
which valley the road will be graded, first to the Junction Dam, and ultimately past Rocky

Valley Dam to Pretty Valley Dam. Detailed surveys are available and reasonable grades can
be obtained.

In the first stage of development some 12 miles of new and reconstructed road will be
required, and as much of this is ot fairly heavy construction, this work will have to be commenced
well in advance of construction on the scheme proper.

12. Storage
works in he
Upper Plateau.
A. Pretty
Valley Dam.

This dam, which is located, as shown on the plan, at the outlet from Pretty
Valley, provides the greater part of the storage for the scheme, and 1s designerd
to store water to a level of R.I.. 5,545, impounding 95,000 acre-feet of water.

The manner in which this storage will be drawn upon has been described
already.

There are two saddles on the watershed of Pretty Valley which for a short distance are a
few feet below the top water level. One of these will be dammed by means of an earth bank,
whilst the other provides an excellent location for the spillway, well removed from the main
structure.

The foundations at the dam site have been fully tested by diamond drill and are good
solid rock, gneiss, and schist. The junction plane between these two classes of rock occurs
at the dam site on the west bank, but the junction is thoroughly fused together. There is
also evidence of an old fault plane on the west bank, but careful consideration and examination
by an expert geologist leads to the conclusion that this is not likely to cause any trouble.

The total height of the dam from stream-bed being about 124 feet, consideration has
been given to various types of construction, resulting in the adoption of the rock-fill type of
dam which will require about 380,000 cubic yards of rock (see Plate No. 7).  This appears to
be the most suitable type of dam having regard to the high cost of transporfing cement and
sand, and the large quantities of rock available for gquarrying practically on the site.

As the foundations for this dam are practically all solid rock, no fears of serious
subsidence need be entertained, whilst the concrete cut-out wall is carried well into the solid
rock. Watertightness will be obtained by an impervious up-stream facing, the exact nature
of which 1s still under consideration.

B. Outlet from
Pretty Valley
Storage.

The water from Pretty Valley storage will pass through an outlet structure
remote from the dam structure itself, to a tunnel 14 miles in length, leading
into the Rocky Valley Reservoir and cutting through the narrow ridge between
these two valleys where sound rock swtable for an unlined tunnel is expected. Tlie cross
sectional area of this tunnel will be about 50 square feet.

As previously mentioned, the desirability of developing the head between these two
vallevs will receive further consideration at a later date.
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At Pretty Valley Dam a bypass tunnel with control valve will be provided by which
water may be passed to the Pretty Valley branch down-stream of the dam. This will be in
regular operation during the earlier stages of construction, prior to the completion of Power
Station No. 1.

C. Rocky As the design of this dam is determined largely by the nature of the
Valley Dam.  foundations, these have been the subject of considerable investigation by
surveys, test shafts, and diamond drilling, as well as geological reports and chemical
examination of the decomposed material.

The formation is decomposed granite with large granite boulders outeropping, but solid
bed-rock is in parts at a considerable depth.

The nature of this foundation, together with the remoteness of the location, indicates
that an earth fill dam with a concrete core wall is the best type to adopt (see Plate No. 8).
Water will be stored to a depth of 60 feet with full water level at R.1.. 5,310, the spillway
being located adjacent to the west end of the dam.

13. Head Water from Rocky Valley storage will be led to No. 1 pipe head by means
Works, No. 1 of an unlined tunnel excavated in the solid rock with a cross sectional area of
Power Statien. 1,1t 60 square feet.

A. Head Race This tunnel is nearly 3 miles in length to No. 1 pipe head and crosses
Tunnel No. 1. 41,0 pjain plateau at an elevation of over 5,000 feet above sea level. The use
of a tunnel at this elevation avoids all the difficulties of snow slides, &c., which occur in this
locality.

B. Surge Tank At the head of No. 1 pipe line it is necessary to use a surge tank to
No. 1. provide for sudden variations in load on the turbines.

This tank will be a shaft about 25 feet in diameter cut out of the rock and connected
to the pipe by means of a tunnel 9 feet in diameter. The shaft, which will be concrete lined
and roofed over, will be extended to about 12 feet above top water level in Rocky Valley
storage.

14. Head The conduit conveying water from the Offtake No. 2i on Pretty Valley
Works, No. 2 Branch to the corresponding Offtake No. 2 on Rocky Valley Branch will be
Power Station. , concrete.lined open race for the greater part of its length.

Open channel is here preferred to tunnel, as the country in this region has been disturbed
by a series of fanlt movements adjacent to the steep slope leading off the high plains and the
broken conntry is geologically unfavorable for the economical construction of tunnels.

The offtake dam in Rocky Valley Branch, which is located in a narrow gorge and is of
single arch type about 70 feet m height, and the adjacent tunnel, appear to be clear of the
disturbed region.

Further drilling and geological investigations are required for the conduit from Rocky
Valley Branch to Pipe Head No. 2m, but to date sound rock has not been found at the
northern end of this conduit, and consequently steel pipe on a flow line grade is proposed for
this portion.

Water for Plant No. 2L is diverted from Pretty Valley Branch near the outlet from the
West Kiewa Tunnel at a pondage formed by a concrete arch dam about 60 feet in height.
The conduit takes the form of a tunnel located so as to avoid broken country and is about
one mile in length with & cross sectional area of about 75 square feet.

15. Junction For about three quarfers of a mile down-stream from the Junction of
Dam. the Pretty Valley and Rocky Valley branches of the East Kiewa there are
river flats which provide good pondage, and at the lower end the banks narrow to a rock-bound
gorge where the dam will be located. The foundations at this site have been very thoroughly
tested by drilling, test pits, and exploration tunnels, and work of this nature is still
proceeding.

The dam proposed is a single arch, nearly 100 feet in height, with special abutments, for
which type of dam the site is excellent, with the exception that the upper portion of the right
bank is disturbed country which will require special treatment, for which the estimates provide
(see Plate No. 9).

Flood provision is made for a flow of at least 20,000 cusecs.

16. Tunnels to
Nos. 3 and 4

Power Stations.

These tunnels are identical in design, the capacity required being in both
cascs normally 780 cusecs, but at times when the spare units are in operation
980 cusecs. The cross sectional area proposed 1s 200 square feet.
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Diamond drilling indicates that these tunnels will be in sound rock, and lining is not
proposed except for short lengths where bad conditions may be encountered. It will be noted
that No 4 Tunnel is continued in steel pipe line to avoid tunnelling through the disturbed
region just south of Mount Beauty.

17. No. 4 This dam is located nearly half a mile down-stream from Power Station
Offtake Dam. N, 3, the tail water from that station discharging into the up-stream end of
the pondage.

The dam is generally similar in type to that at the Junction and is about 60 feet in
height above stream bed, and foundations at this site appear to be good.

18. West This offtake is located immediately below the junction of Bogong Jack’s
Kiewa Ofitake. (reck with the West Kiewa River. At this point there is a dam site just
downstream from some small river flats which afford pondage.

It is proposed to build a concrete slab and buttress dam at this point impounding water
to a height of about 30 feet above stream bed. The level of the spillway crest is R.L. 2.607
and a pondage of 50 acre-feet is obtained by a draw down of 15 feet.

19, West At the abovementioned offtake, the water will be diverted to the East
Kiewa Tunnel.  Riewa Valley by means of a tunnel about 75 square feet in cross sectional area
and about 4 miles in length under the main ridge between the East and West Kiewa Rivers.
This tunnel discharges into the pondage on Pretty Valley Branch, known as Pretty Valley 21,
from which it is drawn for the operation of the small unit of 7,000 kw. in Power Station No. 2
as previously described in paragraph No. 14.

The tunnel will probably be attacked from one heading only and the construction period
will be long, but this work can proceed as may be required without affecting the demand
output of the scheme.

29. Tunnels— As previously mentioned, the upper portions of this scheme above No. 1
General. Power Station are within the region of heavy regular winter snow fall.

The original proposals put forward in 1920 for the Kiewa scheme oontemplated the
construction of a very long race line at this elevation. through very precipitous and difficult
country.

(‘areful investigations of snow and ice conditions carried out during the past years have
shown the impracticability of operating an open race line at these levels during the winter
months, for it would be impossible to prevent the race from becoming completely blocked by
snow and Ice. :

It will be noted that in the proposals now put forward the only open race lines at these
levels are a few short lengths of small unlined race which are used to supplement the High Plains
catchment, and which do not operate during the winter time.

At the higher altitudes it is imperative that all conduits should be closed, and that they
should be of such design as to avoid damage or destruction by the large snow slides which occur

on the hillsides, in places.

Tunnels meet these conditions in the best manner, and furthermore provide excellently
for elasticity of operation. Owing to the good rock conditions, these tunnels can be located in
solid rock and can be uunlined, except for short sections. This feature, together with the fact
that the most direct route may be adopted, also renders tunnels no more costly than other types
of conduit.

These latter considerations have led to the adoption of tunnels throughout the scheme,
even at the lower altitudes, where no trouble from snow or ice can occur.

i Length. Area.
| (Feet). (Square Feet).
[

|
| |
|

Pretty Valley to Rocky Valley .. . .. . . co 7,500 50
No. 1 head race tunnel .. .. .. .. .. .. 14,700 , 60
Tunnel from open channel to Rocky Valley Ofitake 2H .. .. . 3,600 | 65
No. 2 head race tunnel (to steel pipe) .. . .. .. 5,000 ‘ 80
Head race tunnel No. 2L .. .. .. .. .. . 5,000 i 75
West INiewa tununel .. .. .. .. .. . . 21,000 75
No. 3 head race tunnel . .. . .. .. S 4,200 ‘ 200
No, 4 fieard race tunnel .. .. . .. .. . 12,500 ‘ 200
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21. Pressure Owing to the high heads developed in this scheme. the pressure pipe
Pipe Lines. lines form one of the most important portions of the scheme, although, with

the layout now proposed, the highest head at any station is little greater than that at
the Commission’s present Rubicon Power Station.

(onsiderable development has occurred in recent years in the practice of electric welding
for pressure pipes, and in any proposals now put forward welding would be used to a great extent.

The general characteristics of the pipe lines are tabulated herewith :—

Yipe Linc. : TFuall Load Capacity. | Maximum Gross Head. ‘ Approximate Net Head at

i \ Number of Pipe : Diameter of Pipes.
Nuniber. {Cusecs). \ (Feet). ' Irull Load (Feet). Lines. \\ Inches).
| | | | |
1 .. o 215 l‘ 1,503 ; 1,444 ‘\‘ 1 60-54-51-48
2H e 265 i 1,509 | 1,454 1 1 ‘ 63-60-57-b4
2L .. .. 295 | 362 ‘ 350 } 1 66-64-62
3 .. .. 780 ‘ 366 ! 355 " 3 66—-64-62
4 » 780 : 637 i 603 l 3 65-62-59
i | 1

The arrangement of the pipe lines with concrete anchors and piers will be generally similar
to that adopted at Rubicon. Pipe line profiles are shown on Plate No. 10.

22. Power Until the last few months our proposals contemplated locating several
Stations. power stations underground in rock excavations. Later investigations indicated
that in one case the power station site could be altered so as to locate the station above ground
without increasing the length and thus the cost of the pressure pipe line. In the two other cases

 where underground stations were proposed, further geological investigation indicated difficulties

in the construction of both the underground power station and the necessary tail water tunnels.

These difficulties involved such considerable increase in the estimated cost of underground
power stations that in the proposals now submitted all power stations are located
overground.

The estimates of cost provide for the construction of substantial ferro concrete buildings.
23. Turbines. Main turbines for Power Stations Nos. 1 and 2 will be of the vertical shaft
impulse or pelton wheel type.

Main turbines for Power Stations Nos. 3 and 4 will be vertical reaction wheels, whilst the
smaller unit at Station No. 2 will also be of this type.

The probable general particulars are set out hereunder :—

| : Number and Capacity of Units. [

Poyer Station | Not Hload s Ful Loud. | Masiom over — | Typeof Turbine, | Frobatle Speed
’ i Total Installed. } Spare. 1
T i |
“ I
1 » 1,444 21,000 o 2/10500 L. Vertical Pelton 500
| ‘ 4-jet
2 . 1,454 | 26,000 L 2/13,000 ‘ N . 500
350 | 7,000 ] 1/T000 | fVertieal 498
‘ \ ‘ N Reaction
3 iy 355 | 24,000 | 3/8,000 a0 \ Vertical .. 428
4 .. 603 | 39,000 j 3/13,000 . I Reaction 500
‘ | !

It will be noted that the spare plant for the whole scheme is housed in Power Stations
Nos. 3 and 4, where water can be made available from the Junction.

24, Effect of All water stored or diverted is ultimately returned to the streams upstream

proposed works f the confluence of the Fast and West Kiewa Rivers.
on hydraulic

regime. Upstream of this confluence there is sparse settlement for about 2 miles to

the foot of Mount Beauty, but beyond this point the country is forest land
without any settlement.

The effect upon land holders of any alteration in the hydraulic regime due to the works
of this scheme would. therefore, be of importance mainly down-stream of this confluence. where
the main effect on the stream would be due to the storage ofs water on the high plains, and its
subsequent release.

The effect of these storage operations would be beuneficial to the stream in that it would
increase the flow during dry periods. and in some cases veduce the magnitude of foods.

With the works proposed the diurnal variations of flow in this portion of the river will
be small, and should have no appreciable effect.
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The effect on the streams of the very small diversions proposed from the Mitta catchment
are negligible, both as regards the increase of flow in the Kiewa and the reduction of flow in
the Mitta.

Up-stream from the confluence of the Hast and West Kiewa Rivers only those portions
of the streams north of Mount Beauty need be considered, as although portions of the rivers
between the various power stations and dams would be considerably affected by the operation
of the scheme, the whole of this area is forest country and no outside interests are concerned.

North of Mount Beauty the flow in the West Kiewa River would be considerably
augmented by water diverted from the Hast Kiewa River, but this should not have any serious
effect and there is not much settlement on this portion of the stream.

The flow in the East Kiewa River below No. 4 offtake will, generally, be considerably
reduced, particularly during dry flow periods, when the flow near Mount Beauty will probably
be only one-fourth of its natural flow. Some flow, however, is always maintained by small
tributaries below the offtake.

25. Construction There is no outstanding local possibility for the development of hydro-
Power. electric power for construction purposes, and it is proposed that this should
be provided by transmission line from the Commission’s existing system, this line later being
used for transmitting outgoing power.

26. Local Fair concrete sand has been located in the Kiewa River at Tawonga,
1(\310115“.’“1“10“ about 5 miles down-stream from No. 4 Power Station site, in quantities ample
aterials. ;

for all requirements. This sand, which is mixed with gravel, will require
washing, but ample water Is available, and after crushing and screening, the gravel will be
suitable for road surfacing, &ec.

On account of the high cost of transporting sand to the high plains a special endeavour
was made to locate sand at these elevations, but the only sand located is a rather poor guality
sand and gravel which exists in limited quantities in Rocky Valley and is not suitable for first
class concrete.

Ample deposits of stone are available at all parts of the scheme, of excellent quality for
concrete and all other purposes, and tests have indicated that satisfactory sand also can be
obtained by crushing this rock.

Timber suitable for milling is available between Tawonga and No. 1 Power Station site,
but the quality is not suitable for permanent construction purposes. No timber is available
above No. 1 Power Station site.

27. Investigations Although investigations to date have been fairly complete, a continnance
still in hand.  of certain work now in hand is essential.

Field investigations may be grouped as follows :-—
1. Hydrological.
2. Sub-surface Explorations.
3. Surveys and Geological Investigations.

1. HYDROLOGICAL.
Continuous river gaugings are being maintained.

As previously mentioned, the importance of obtaining some check on the flows for the
period 1914-16, and the desirability of a more complete understanding of the volume and effect
of precipitation on the high plains led, at the beginning of 1933, to the establishment of a
meteorological station on the high plains. This station has now demonstrated 1its value, and
in order to obtain the full value of this work, its continuance for a few years at least is
essential.

2. SUB-SURFACE HXPLORATIONS.

These have been in hand for some time, but are by no means complete over the whole
scheme. The self evident value of this work needs no stressing.

3. SURVEYS AND (GEOLOGICAL INVESTIGATIONS.
Further survey work is still required, largely in conjunction with diamond drilling for
the most economical location of various portions of the scheme. Detail geological survey
assisted by the acrial survey is required over the proposed sites of all works.

PROPOSED ENGINEERING WORKS.
B. ELECTRICAL AND TRANSMISSION.

The electrical works in connexion with the Kiewa scheme comprehend the generators to
be coupled to turbine shafts, the switchgear and control apparatus for the proper control of the
turbines and generators, transformers stepping up from the generator pressure to the eventual
transmission pressure, transmission lines to the Melbourne Terminal Station, together with a
minor transmission to Wangaratta, and the works of stepping down, regulating and switching
at the Melbourne Ternminal Station.

1. General It is proposed that at all four generating stations, the generating pressure
description of gl be 11,000 volts and that at Stations Nos. 1, 2, and 3 the generated energy
i];:cg‘li.:ifs;grks be transformed in pressure from 11,000 volts to 66,000 volts for transmission

" down the Kiewa Valley to Power Station No. 4 at Mount Beauty where
transformation of the bulk of the energy from all stations to 165,000 volts for transmission to

Melbourne will be effected.

A portion of the output from the stations will be absorbed by transmission to Wangaratta
at 66,000 volts and utilized in the North-east system. The two circuit 165,000 volt
transmission line from Tawonga to Melbourne will terminate at a station on the Merri Creek
in the Brunswick area, where the received energy will be transformed from the receiving pressure
on the high pressnre line of 154 kv. to 22,000 volts for transmission to the central system of
the metropolitan area.

2. Generating It is not anticipated, in respect of the electrical machines installed in
Sltatno.nsl— the power station. there will be any features which do not form a part of
ioftt:;fa current practice.  In the control of the stations, full advantage will be taken

of the most modern developments.

With regard to the control and supervision of the power stations from a central point.
the latter will be the transmitting station at Tawonga.

The principle of remote supervision of hydro stations on a major scale was first adopted
in 1925 by this Commission in connexion with the Sugarloaf-Rubicon plants, and while the
system has been extremely satisfactory in facilitating the contiol of the five power stations of
that group, there have in.the years since that time, been such great improvements in the
technique and apparatus concerned with distant control and distant metering, that its adoption
for the much larger Kiewa installation can be contemplated with complete confidence.

Alhed with the design of the Kiewa system on the hydraulic side, the result will
undoubtedly be a system ot power stations under verv complete control. entirely and rapidly
responsive to the requirements of the muajor system.

3. Transmission The route chosen for the transmission line from Tawonga to Melbourne
from Tawonza iy approximately 158 miles long. A number of fiying surveys has been made
to Melbourne. ¢ 4, proposed route which follows very closely the following line—(see Plate
No. 11) :—

From Tawonga over the Tawonga Gap and down German Creek past Bright,
along the Buckland Valley to a point just south of the Horn at Buffalo, through
Dondangadale direct west to the King River Valley, striking this river at a point just
south of Whitfield, thence up the King River and over the Tolmie Plateau to a point
a few miles east of Mansfield, and then direct to Darlingford, crossing the Sugarloaf
Weir on the way. From the vicinity of Rubicon “ A ™ the line will follow the
easenient of the existing Rubicon “ A”’—Thomastown transmission, and penetrates
Melbourne roughly by the course of the Merri Creek.

There are no inherent difficulties to be anticipated in this transmission which are greater
than those which have already been encountered by the Commission’s Engineers in the present
extensive transmission works of the State system.

The length and high voltage of the line will introduce requirements in regard to the
charging of the transmission line which will be met by suitable arrangements of the generators
at Power Station No. 4 and the synchronous condenser plant at the Melbourne Terminal.

4. Melbourne The Melbourne Terminal Station will be equipped for receiving and
gel‘ minal transforming for a normal capacity of 92,500 kw. (at 22 kv.), the pressure regulation
tation. ' ‘ )

being accomplished. as is the case in the existing terwminal stations of the
Commission, by rotating condensers.
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The site for this station has been chosen in a suitable location for effectively dealing with
the anticipated loading in the metropolitan area, with due regard to economy in secondary
transmission, and there will be no difficulty in bringing the high voltage line into the terminal
station.

5. Progressive To make power available for construction purposes, the present intention
Construction is to construct a transmission line from Wangaratta to Mount Beauty which,
350]5‘11{:‘:“‘“1 while serving construction purposes during the first few years, can be used for

' the purpose of supplying energy through Wangaratta to the North-east District as
soon as energy is actually produced at Kiewa. It will be possible in this way to absorb about
15,000 kw. into the system via Wangaratta, of which a great deal will be used in the north-east,
thus appreciably relieving major transmission to Melbourne. :

At the stage when 20,000 kw. becomes available from Kiewa, the transmission structures
from Tawonga to Sugarloaf will have been erected, admitting of the transmission over the existing
Sugarloaf-Thomastown route and transmission circuits to Thomastown Terminal Station of that
part of the Sugarloaf-Rubicon and Kiewa output which is not absorbed in the North-east
District.

As the stages of development proceed, the transmission of the increasing power to Melbourne
will include a stage involving the absorption of part of the energy at Rubicon A, together
with the transmission of the remainder direct to Melbourne by a single 165-kv. circuit.

At the stage when rather more than 50,000 kw. will be generated at Kiewa, two 165-kv.
circuits will be available to deliver power from Kiewa to the Melbourne Terminal Station, but
operating for a stage at 66,000 volts.

Operation at the ultimate transmission voltage of 165 kv. will be initiated at the stage
when Kiewa’s capacity has reached 76,000 kw.
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ESTIMATES OF THE TOTAL CAPITAL COST OF THE COMPLETED KIEWA
SCHEME, INCLUDING TRANSMISSION TO MELBOURNE AND TO NORTH-

EAST DISTRICT AT WANGARATTA.
ASSEMBLED UNDER GENERAL WORKS CLASSIFICATIONS.

Civil ard Hydraulic Ewngineering Works—
Land, clearing, surveys, &c.
Transport WOI‘kS including roads and plpehne haulages
Tunnels, conduits, offtakes, surge tanks and diveision races
Dams and offtakes
Pressure pipelines complete
Turbine equlpment In power stations
Power station buildings, including cranes
Permaunent buildings, resulenoe% &e.
(teneral equipment
Contingencies
Engineering
Interest dunng (‘on%ructlon

Total

Electrical Works, ncluding Transmission to  Melbourne and Transformation

Statior—
Power Station generators, control gear, switch gear, and transformers—
No. 1 ..
No.2 ..
No. 3 ..
No. 4

Main transmlsmon to Mdbournc Termlnal Statlon and W anﬁalatta
Melbourne Terminal Station
Kiewa “ A7’ Transmitting Station
Power Station 1nterconnecuncr transmission hnes
W angalatm Substation
Rubicon “ A" and construction subbtatloni
Interest during construction

Total

(Frand total

¢
50,000
157.000
992,000
1.037,000
318,000
247,000
178.000
44,000
340,000
341,000
221,000
248,000

4,173,000

at Termiral

£

82,500
122,250
110,500

92,250
760,000
403,000
215,500

32,500

54,000

16,500

69,000

1,963,000

6.136.000
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ESTIMATED TOTAL OUTPUT OF THE KIEWA SCHEME.

Generated at Kiewa Stations —

104,000 kw.
440,000,000 kw. hrs.

Delivered at load centres for distribution Melbourne and Wangaratta—
92 500 kw.
390,000,000 kw. hrs.

Energy output in kw. hrs. per annum are average figures over a number of years.

ESTIMATED ANNUAL CHARGES ON THE COMPLETED KIEWA SCHEME

INCLUDING TRANSMISSION TO MELBOURNE AND THE NORTH-EAST
DISTRICT AT WANGARATTA.

Cwil and Hydravlic Worls— Iy
Interest, 4% per cent. on £4,173,000 187~785
Depreciation—1-18 per cent. on £4,173 OOO (on slnkmo fund basis 31 per cent. T

per anniim) : . . . . . 49,239
Superintendence and mamtenanee .. .. .. .. .. lé;OOb
Total . . .. . .. 255,024

Electrical and Transmission Works—

Interest, 44 per cent. on £1,963,000 ' 88,335

Depreemtlon—Q 28 per cent. on £1,963 000 (on Smklng fund basis 31 per cent.
per annuni)

: . .. 44.756

Superintendence, operatlon and maintenance of Kiewa group . c. 20,000
Superintendence, patrol, and maintenance of transmission lines . .. 14,000
Superintendence, operation, and maintenance of terminal stations . .. 11,000
Total .. . .. . . .. 178,091

Total annual charges on Kiewa energy delivered at load centres £433,00‘O

Annual charges per kw. delivered to load centres £4 '6.8.per kw. p.a.
Average cost of energy delivered from Kiewa group to load centres
per kw. br. .. . . . .. . .. 0267d

ERRATUM.

]} st ’ 1 3 A H ¢ .
¢ ) fo ! e bolied
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of page U9, should be “£4-687
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COMPARISON OF THE KIEWA PROPOSALS WITH ALTERNATIVE
GENERATING STATIONS.

There are at present two alternative or competing proposals which are worth examining
as generating schemes 1n comparison with the Kiewa :—

[\By

(@) An extension of the Yallourn Power Station.
(6) A major extension of plant at a location close to Melbourne, such as Newport.

When the plant at present authorized at Y %Jlourn comes to- completion in what are
known as the “ A and “ B Stations at Yallourn, there will be a total plant installation of
175,000 kw.. able to produce a total of about 136, 000 kw. at the station busbars. It will he
possﬂole to prov1de another extension on the same site of sufficient capacity to deliver in
Melbourne the same load at load centres as that proposed to be delivered under the Inewa
scheme. The total load delivered to station busbars at Yallourn in the “ A, “ B, and “ 7
Stations would then be about 240,000 lw.

This extension *“ (' at Yallourn would involve special consideration of the arrangements
for mrculatmg water, and provigion for additional storage on the Latrobe River, to safetruard
the operation of the plant over periods of low river flow.  The energy 0011e1ate(1 bv this
extension station would be brought into the Melbourne area at the same point as that
determined upon for a terminal station in connexion with the Kiewa scheme.

In the metropolitan area there is no doubt that the most favorable 5ite f()l the location
of a major plant would be Newport, where, in addition to the Newport A’ plant ot the
Victorian Rallway< the State Electricity Commission bas at present a Conqderﬂble installation
in Newport “B.”

The original project of Newport “ B ™ in 1921 provided, as far as concerns site p]an and
circulating water, provision for a station very much greater than the existing Newport “ B ”
Station, and there is no doubt that, apart from this plesent consideration of alternatives to the
Kiewa scheme, the Newport site will be progressively utilized for 1ncreased metropolitar. plaid

anstallation.

In comparing Kiewa with the metropolitan station, therefore, 1t will be asswmed that
this plant will be developed at Newport.

For the purpose of the present comparison, estimates have been prepared for stations
at Yallourn and Newport respectively, assuming in each case that 92,500 kw. is to be delivered
at equivalent load points on the Commission’s system, and the results of these estimates are
summarized hereunder, the details following :---

Capital cost of providirg for 92,500 kw. delivered to the system at load centres :—

1. Hxtension of Yallourn Power Station £4,981,000
2. Metropolitan Station .. 3,598,800
3. Kiewa project 6,136,000

Under 1, Yallourn Extensioun, provision has been made for the capital
necessary to augmeut the coal winning operations in order to deal witlt the
supply of coal to the new station.

Annual costs of 6/&6/9’1] at load certres from the respective sources :—
The annual costs of energy at load centres from these various sources,
set out on the basis of ** demand ” plus “ energy ’” cost, are as follow :—

1. Extension, Yallourn Power Station—£5 per kw. p.a., plus 0 -1d. per kw. hr.

2. Metropolitan Station—£4 per kw. p.a., plus 0-195d. per kw. hr.
3. Kiewa project—£4-63 per kw. p.a.. at an average load factor of 48 per

cent.
These calculations of annual costs are based on the assumption of price levels, interest
rates, fuel costs, &c., as at present, thus:—

Interest 4% per cent.
Raw brown coal in bunkers at Yallowrn 24, per ton.
Newecastle coal, Newport at convevors 27%.
Depreciation has been allowed all casex 0 accordance with the Comnussion's standard

practice and with interest on depreciation Tunds compomuded ar 33

€985 —5

peir cent. per annum,
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Analysing the besic annual costs of energy in the three cases stated above, it will be
found that:—

(a) The Kiewa project is economically superior to the Yallourn extension at all load
tactors of which the former is capable.

(b) The Yallourn extension and the metropolitan station are economically equivalent
at about 30 per cent. load factor, above which load factor, on the basis of
present costs of black coal and raw brown coal respectlvely, the Yallourn
extension is the more economical.

(¢) The Kiewa and the metropolitan station are economically equivalent at about
10 per cent. load factor, above which load factor Kiewa 1s economically superior
to the metropolitan station.

(d) A study of the system load duration curve will show that, at the time when the
Kiewa project is fully developed, the range of load allotted to the plants of this
scheme would be between 34 per cent. and 62 per cent. of the system load,
and for this particular band of loading there isno portion of the Kiewa load
which could economically be taken by metropolitan plants, and it follows
that no combination of metropolitan and Yallourn plants could give more
economical production of energy for this portion of the loading than the
Kiewa plants.

Stated in terms of total annual cost for delivery of 92,500 kw., 390,000,000 kw. hrs., at
load centres, the respective total annual costs under the three alternatives are estimated to

be :—

Yallourn £620,000
Newport . . .. . .. . 694,000
Kiewa .. .. .. .. .. .. 433,000

It must be repeated that the Kiewa scheme as designed is fitted to take a definite portion
of the system load, and is not capable of operating at the high load factors which are the duty
of the Yallourn plants.

The above comparisons demonstrate clearly that, while the capital cost of the Kiewa
project is higher than that of available alternatives, its economic superiority, as designed, to
alternative proposals, is very marked, and also makes readily appreciable the economic place
of the Kiewa project in the Commiission’s generating system as it grows.

it e
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ESTIMATES OF CAPITAL AND OPERATING COSTS OF GENERATING
PLANTS AT YALLOURN AND MELBOURNE FOR THE PURPOSE OF
DELIVERING 92,500 KW. (390 MILLION KW. HR5.) TO LOAD CENTRES.

A. YALLourx

Estimates provide for plant to deliver—

107,000 kw. at generator terminals.
101,000 kkw. to transmission line at Yallourn.
92,500 kw. at Melbourne Terminal Station.

The plant will consist of—
12 boiler units each generating from 130,000 to 156,000 1b. of steam per hour.
5 turbo-alternators each 30,000 kw.

Steam condiblons—

290 Ib per square inch boiler pressure.
750° Fahr.

Estimated Capital Costs—

Power Station— £
Land and preparation of site .. . . . . 12,000
Buildings . : . . .. .. 584,000
Coal handling plant and storage . . . .. 110,000
Ash handhnor plant .. . . . . . 33,000
Boiler plant and chimneys . . . .. 1,356,000
Turbo-alternator and condensma phnt .. .. .. .. 578,000
Feed water plant, piping. &c. .. . . . 205,000
(irculating water system and storage hasin .. . .. 200,000
Electrical auxiliaries and cabies .. .. .. .. 70,000
(General equipment .. 16,000
Switchgear for generators. tlanzformels and tlansnnsnon hne\ main

and auxiliary traanomﬁer.s and controls .. .. .. 325,000
Interest dulmg construction .. .. .. .. 178,000
Overheads, including engineering and 1nspect10n .. .. .. 236,000

Total .. .. .. .. .. 5,903,000

Electrical Works—- £
Transmission line to Melbourne Terminal. 86 miles .. 370,000
Melboum Terminal Station, buildings and equlpmunt exchtdil’lg

22 kv, switchgear for secondary transmission . . o .. 422,000
Interest lunng construction .. .. .. .. 36,000

4,731, OO()

Progressive total

Provision for extension of coal winning operations . . 250,000

Grand total 4 981,000

B. NEWPORT—

Estimates provide for plant to deliver—
104,000 low. at generator terminals.
99,000 kw. to outeoing feeclers.
02.500 Lw. to Melbourne foad centres,

The plant will consist of—

10 hoiler units each generatime trom 160006 10 100060 11 o
5 turbo-alternators cach 30,000 Iaw.

Frtean perbionr.
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Estimated Capital C'osts—

Power Statior— £
Land and preparation of site .. .- . . .. 20,000
Buildings .. y N 3 Ny y .. 500,000
Coal handling plant and storage . . . . 90,000
Ash handling plant .. .. . . . .. 40,000
Boiler plant and chimneys . . . . . 1,305:000
Turbo-alternators and condensing plant .. .. .. .. 568,000
Feed water plant, piping, &c. ..~ . . . .. 201,000
Circulating water system . . . . .. 35,000
Tlectrical auxiliaries and cables .. . .. .. 70,000
Greneral equipment .. . . .. . . 24:000
SVVltcl}gear for generators, transformers, and feeders, main and

auxiliary transformers and controls . . .. .. .. 210,800
Interest during construction . . . .. 135,000
Overheads, including engineering and inspection . .. 212,000

Total .. .. .. .. .. 3,410,800

Electrical Works— £
Transmission .. .. .. .. .. .. .. 40,000
Terminal station huildings and equipment, excluding 22 kv. switch-

gear for secondary transmission . . . .. 140,000
Interest during construction .. .. .. .. 3,000

188,000
Grand Total .. .. . .. .. 3,598,800
ANNUAL CHARGES—
A. Yarrourn—
Operation— £
Superintendence .. . . .. .. . 9,934
Labour y . N . . . .. 281142
Fuel .. . . o . . . .. 147,000
Water .. .. .. .. .. .. 400
Sundry supplies. . . .. .. . 3,000
Miscellaneous station expense . .. .. .. .. 1’400
Maintenar.ce—
Land and buildings .. . . . ,
Coal and ash handling .. . .. . g}ggg
Boiler equipment .. . . . o . 26,400
_T*‘uybo—generator equipment and circulating water system .. . 9,100
Switchgear and transformers and general equipment . . 6:000
Fuzed Charges and Overheads—
Interes‘p, 4% per cent. on £3,903,000 .. .. .. .. 175,635
Depreciation, 228 per cent. on £3,903,000 .. . .. 88’988
Insuyar}oe and workers’ compensation .. .. .. .. 1)025
Administration, local and Melbourne, and superintendence .. .. 35:000
Travsmission and Terminal Statior. Jized charges .. . .. 77,35%6
Total annual charges .. .. .. .. 619,814
The toal annual charges can be divided into—- £
Total fixed charges .. .. .. .. .. 459 208
Variable charges . .. .. 160’516

App“rwoxnna‘te annual charges on energy delivered to load centres—
£D per kw. per annum., plus 0-1d. per kw. Lr.

o wao e BT
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B. NewpoORT—

Operation—
Superintendence
Labour .
Fuel at 27s. per ton
Water . . .. . .. .
Sundry supplies and miscellaneous station expense

Mawntenance-
Land and bnildings
Coal and ash handling
Boiler equipment . . .
Turbo-generator and condensing equipment
Switchgear, transformers, and general equipment

Fixed Charges and Overheads—

Interest, 41 per cent. on £3,410,000 .
Depreciation, 2 28 per cent. on £3.410,000

Insurance, workers’ compensation . ..
Administration, local and Melbourne, and superintendence

Frxed charges on transmassion and terminal stations
Total annual charges
The total annual charges can be divided into—

Total fixed charges
Total variable

Approximate annual charges on energy delivered to load centres—

£4 per kw. per annum, plus 0°195d. per kw. hr.

£
9,934
22.61€
329,400
750
4,400

2,000
4,115
20,000
9,100
6,000

153,450
77,748
1,025
35,000

 693.908

£
376,610
317,388
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THE FUNCTIONS IN THE COMMISSION’S GENERATING SYSTEM OF THE
YALLOURN, METROPOLITAN, AND KIiEWA GENERATING PLANTS.

Characteristics The characteristics of the svstem load on the Commission’s plants can
i)f :il}e system be appreciated very clearly by a study of the load duration curve which is
cading. : ¥

attached to this Report. and of the typical daily loading curves which are also
appended (see Plate Nos. 12 and 5).

The statistics which are available over a considerable number of years since the system
commenced operation show that, while there ig a steady mcrease in the weekly load factor of
the system, there i1s no such definite trend with regard to annual load factor, and there is
nothing to justify the assumption of an annual load factor, over a considerable number of
vears, greater than 53 per cent. Similarly, there 13 no reason to assume that the annual load
duration curve for the system is likely to vary seriously in its characteristics over a considerable
period of years, so that the application of this typical duration curve to the questions involved
in the economic relation between generating sources is justified.

A study of the rate of load increase upon the Commission’s system has been made by
plotting the © moving average 7 of the weekly maximum load, a study of which shows that
for some years past the increase in the moving average has been at the rate of about 8 per
cent. per annum. There is also a fairly definite relation between the moving average and the
annual “one hour maximum load > which must be met by tie Commission’s generating
gystem.

Althongh 1t might not be justifiable to assume an increase at the rate of 8 per cent.
per annum over a very long period of years. it would not. on the contrary, be justifiable in
providing for meeting the demands of the system for a period of, say ten years, to assume a
lower rate of increase.

It is possible, therefore, to estimate for some vears ahead the anticipated maximum
load on the system, and assuming no significant variation in load factor or the shape of the
dnration curve, plant requirements can be fairly definitely forecast (see Plate No. 13) for a
number of years, but beyond 1944-45 I would regard this forecast as distinetly speculative.

The full development of the Kiewa plants can be utilized satisfactorily when the total
system load becomes 350,000 kw., which may be the case some time between 1948 and 1952,
at which period the load distribution between stations would be approximately as follows :—

136,000 kw.

Yallourn Steam Station

Sugarloaf and Mountain Stream Stati;)i’ls 11,0600 ,,
Metropolitan Steam Station . . .. .. .. 100,000,
Kiewa Hydro-electric Scheme .. .. .. 104,000 ,,

Total .. .. 351,000

The divigion of loading between the several sources under these conditions is shown on
the attached graph, which is a typical duration curve (Plate No. 12).

In view of the principles which have been adopted in the design and operation of the
Kiewa scheme. it is necessary at this assnmed loading and condition of plant installation to
apportion to the INiewa scheme a definite position in the load duration curve, roughly in the
centre third of the curve under the loading conditions above defined. The high load factor
portion of the load would be taken by the Yallourn plant, and the low load factor, or upper
portion of the load, by the metropolitan plant, the latter at the stage contemplated generating
from one-third to one-fourth of the tetal load.

It has been shown in a previous paragraph of this Report that the Yallowrn plant and
the metropolitan plant at Newport are equal. in respect of the cost per kilowatt hour at which
energy can be delivered to load centres, at a load factor of about 30 per cent. under existing
prices for fuel at the respective stations.  (enerally speaking, therefore. it will be ecounomical
to give to the metropolitan stations any of the system load whieli 1s below 30 per cent. load
factor.

In addition to the purely economic consideration. i/ is pecessary that a peserve of plant
to cover emergency yequiremerts shonld be held Tv the metiopolitar. area. and the present condition
i that, in this respect, the existing nstallation of plants in the metropolitan area 1 below tlhe
requirements dictated by both economic and emergency considerations.
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1 «ible that a total system load of 350,000 k_w. may be r{eached in 194, zynd it
will beIflelseSps(;SrS;btherefore to proxﬁde not in}_f that the Kiewa plants,dlrf theér tconlstrutolf;(%ntﬁz
authorized, be brought mto comlnission within a few vears of that 1.a’ce.,l ubal soweﬁ ic]l b
necessary development of metropolitan plant be provided so that the due balan
economic arrangément of the generating system can be preserved.

Looking to the functioning of the Kiewa scheme in years well beyond 1948, there?ﬁvilll bfe
no difficulty in assigning to the Kiewa installation the utilization factor for which 1t wil have

1g ' an be Teasonably anticipated, the typical shape of the daily
Foei? ‘dfflvgﬁedw}?‘.e(ﬁss e,sei(i)oi{vais;? ’ As far as }j[-hi} du%ﬁnn curve 18 concerned, ‘tbe ‘k{&lldf
;)ccup{ed by the Kiewa planfs will steadily become narrower Wlth‘ the prOBgTeS&]\{;glf\g; 1(;)(‘)
the Commission’s system. Thus, while upon qomple.tlon the plants négy e cat lchpchtor
operate on the duration curve between the limits of 34 per cent. an_d 2 per cen . a xsc‘tjmé
these limits will have a tendency to contract closer to 48 per cent. a?‘ yﬁars pie. As oo
goes on the metropolitan plant may either take a larger proportl(v)n od t te tSiYD umﬂ‘ Lor’tioﬁ
alternatively, if proved to be economical, the Yallourn plant may extend mto the uppep

of the duration curve. o
At stages in the development of the Kiewa plants, should they be approved, it will be

ide for augmentation of the metropolitan generating plant in order to

ssary to prov : 8 . ,
e ein y le proportions in the various plant capacities to satisfy the requrements

maintain the desirab
above stated. ' :
It must be pointed out that, in the comparison which has 1)@6]’1W[p]i%se11ted 'H})?}‘;g:og 1e
assumption made as to the cost of Newcastle coal, or equivalent fuel m Me vlo%rne, .b-t:ljn (mﬁ
one which can be made at the present tume, although this cost 1s somewhat nncertam &
may not be reasonably stabilized at the present time. . .
‘ In the case of the Yallourn and Kiewa plants, the costs which have been degermined

should be more definite and controllable.
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CONSTRUCTION OF THE WORKS INCLUDED IN THE KIEWA PROPOSALS.

As a basis for caleulation of the progressive tinancial requirements for the purpose of

construction of the Kiewa works, if approved, a programme of construction has been prepared
and in graph form is attached to this Report. (See Plate No. 14).

If it be assumed that towards the end of 1937 a start were made with the essential
preliminaries, it is considered that the whole of the works could be completed by the year 1951,
a period of about thirteen years. The average expenditure spread over thirteen years would then

be about £470,000 per annum, but the caplta] requirements in individual years would not be
uniform.

Constructed in six main stages of development, the flow of capital into the construction
works 18 estimated to be:—

£

1937 42 . . .. .. .. .. 1,408,000
194245 .. .. .. .. .. .. 1,458,000
1945-47 .. .. .. .. .. .. 1,062,000
194748 802,000
1048349 351,000
1049-51 1,055,000

Total .. .. .. .. .. 6,136,000

The capital expenditure 18 shown in detail i the tabulation hereunder. (See Table 1).
Power and energy would beconme available in 1942, and in progressively increasing amounts,

culminating in the full development 1 1931 of the generated output of 104,000 kw.
(440,000,000 Irw. hrs.).

The duration of the complete construetion period has been determined as that which is

reasonably capable of achievement having regard to working conditions in the mountain country
and the extent of local resources of ev erv Lmd

It has been pointed out elsewhere in this Report that during the period of construection
and progressive avallability of power, increments of power from the Kiewa scheme will not meet
the estimated increments of svstem loading, and that simultaneous with the progressive

availability of plant in the Kiewa group. there must be dev cloped mcrements of generating plant
at the steam stations, preferably in the metropolitan area.
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- AT 4 \ - TRNT
SUMMARY OF ESTIMATED PROGRESSIVE CAPITAL COSI QF THE DEVELOPMER
OF THE KIEWA SCHEME IN STAGES.

S - ; — —

] | 2. Stage 3. | _Stase L. | Staee s, i tage & (FinaD-
>gtoa<;’(§ g, | \todone K. 50.000 K, | 76,000 k. | 83.000 kw. | 101000 K-
Generated output .. .. AN . , 1 } | L\/’—_—
o S N -
- | | |
- ¢ ¢ £
Civil and Hydraulic Works. \ £ \ £ | ‘ )
i | | \ ! UOO ‘ )U VO
i ; 000 | 50,000 | B0000 | 50,000 | 50,
Land resumptions, clearing, &c. .. .. 28:000 \\ 20500 108000 108000 o000 \ 1}; 888
Roads N B 1 145000 | 189,000 | 647,000 | 698,000 | 768,000 1099 000
Dams and gﬁtakgilts = - 1 Ta000 | 383,000 | 546,000 | 729,000 Z{;Ag,ggg 266’000
Tumnels 2 e (includin haulages) . . . 53000 | 149,000 | 149000 | 209,000 | 218,000 | S
Pressure pipes (inclucing " 52,000 | 155,000 | 155,000 | 193,000 | 215,000 | 20
%urblllebplt%nt . N N 37000 | 94000 | 94,000 | 143,000 | 141,000 | 1ROV
ower stations .. .. . “- : ,Ai - - ) /
508,000 | 1,070,000 | 1,746,000 | 2,175,000 | 2,361, 888 zmﬁ 883
t buildings » . 15.000 | 27,000 | 27,000 | 34,000 924 000 | o
B gt o 1 g1000 | 131,000 | 200,000 | 246,000 5000 | 30000
Genera? Mgt proen - B 0,000 | 115000 | 198,000 | 250,000 | 266,00 .o
Clontingencies .- - . B 40,000 | 80,000 | 130,000 | 165,000 | 130, %(o)(()) | o 3
?ll‘c?rz:?g:lgnnu con tructlon ‘ .. 40,000 88,000 145,000 ‘ 186,000 200, |
n ) . o o
— a
Plglorels?lﬁ:%ifs pital cost of Civil and 794.000 | 1,511,000 | 2,446,000 | 3,056,000 3,306,000 4,173,?92 )
)«C T . .. .. ;\_',V- o C ) - R R
\
Elecirical Works. -
3 395,000 | 407,
1 116,000 | 228250 | 228,250 | 303,750 ,
Do S o - - 1 43000 | 700,000 | 760,000 | 760,000 | 760,000 138,888
Main transmission 1 Station B ;) . 906,000 | 269,000 | 332,000 408,088 108,000
o Eermm e . (4500 | 73500 | 73,500 | 215,500 215,500 | U500
Kiowa torconnectors .- oL o700 | 21000 | 27,000 | 30,000 22,800 s
%Ower St‘é?;”éiﬁiimn | 54000 | 54,000 \ 54,000 , 54,000 , :
Jangara .. ’
Rubicon “ A~ and construction qubstamons 6500 15,500 16500 16500 16,500 ég,ggg
R - L 25000 50750 | 53730 | 62,250 | 66,000 | 69
Tnterest during constructton | 0
463,000
d Transmission Works .. | 684 000 | 1,355, 000 1,482,000 | 1 774,000 \ 1,875,000 | L. /) >
an .. |

\
Progressive total capital cost of Civil,

28 4,830,000
Hvdmu]]c and Electrical Works .. | 1 ,408,000 | 2,866,000 ‘ 3,928,000 \ .

i |

Progressive total capital cost of Electncal \
]
|
\

5,181,000 1 £,136,000

=

SUMMARY OF PROGRESSIVE ANNUAL CHARGES.

_,,&_____/

‘S tage 6 (Final)

I
| |
| Stage 1. L Stage 2. ‘ Stage 3. 1\ Stage 4. |  Stage .
Stag l | |

\

N ! — | l
| i

| |

v a l(i. hy I.Iaul CWw 11&5 .- B 45,0()0 90,000 149,()()() ]81 ,000 i 2 3,0 0 2155)00:)
%1(’ I l( al a ch(l lallmel\SlOll W OI 1\u ‘ - . ’ 6070: : \ 121,000 134:,()()0 16(),0()() 169,0()0 ‘8 ODD
¢ | |

e ———

216.000\ 281,0001 347,0001 371,000( 433,000
, | | 3T

T

}
! ; )

‘ |
33,500 % 15,000 | | 68,000 74000 92500

Total progressive annual charges .. 105,000

e —

r
|

\

' ]

Total progressive kilowatts delivered to load i

; 17,800 -
centres - e e T L R N 169
b gy £6°45 o5 | 510 £5°00 :
Annual cost per kw. delivered to load centres .. | 59| ] : \ T
‘ ! _i I | }
j 5 1os o1tTes - ' ! | ‘ o
Average kv, . delivered toload SXUETE g0 \\102 s asoxee | 010D
annin - R ! R
I ‘ ; ‘ ;
Average cost per kw. hr. delivered to load | 1 1 ! ‘ L 0-267d

t ce S 0oTad |o0-s0ad, 0 08Td b e
centres, pen . .. t \

\ e
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CONCLUSION.

I would like to express my conclusion, after a long study of this project from every aspect,
that the proposals now presented are thoroughly sound, both technically and economically.
The capital expenditure which will be necessary for the complete scheme is large, but a con-
siderable proportion of this expenditure will be on works of a highly permanent nature, subject
to a very low rate of depreciation or obsolescence, and therefore, a very secure investment.

In undertaking these works as a major portion of its future generating system, the
Commission would not be undertaking any liability for heavy expenditure near the power station

sites which would not be directly reproductive, since the staff required for operation of the
plants will be few in number.

The technical bases and design features of the scheme upon the civil engineering and
hydrological sides have been very thoroughly investigated over a consideirble number of years,
and in the last few months have been completely discussed, criticized and revised with the
co-operation of Mr. B. Hellstrom and Dr. A. F. Samsioe, whose very cordial, courteous and able
co-operation I desire to acknowledge. Further, I desire to acknowledge the very able and
thorough work of the members of the staff who have been particularly concerned with the
investigations, proposals and estimates of this scheme, and especially Mr. A. L. Galbraith, Civil
Engineer ; Mr. L. T. Guy, Assistant to the Civil Engineer ; Mr. T. Olsen of the Civil Engineer’s

staff for thorough hydrological work ; Mr. W. A. Potts, the Electrical Engineer, and Mr. C. H.
Kernot, the Construction Engineer.

E. BATE,

Chief Engineer, Power Production.
22nd May, 1937.
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designs adopted for estimating purposes

Plates 7 to 10 show sketches of the A F. Samsioe, of

after collaboration with Mr. B. Hellstrom and Df.
Messrs. Rendel, Palmer and Tritton.
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PLATE N°3
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STATE ELECTRICITY COMMISSION OF

TYPICAL SYSTEM LOAD CURVES WHEN

PLATE No.5.
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PLATE No.7
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PLATE No.l0.
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SUPPLEMENTARY REPORT OF CHIEF ENGINEER, POWER PRODUCTION,
ON METROPOLITAN HEAT POWER STATION.

My report on the Kiewa scheme, which has been forwarded separately, is essentially an
analysis of the Kiewa proposals, together with an explanation of the economic functioning of
the Kiewa scheme as part of the major system, which involves a comparison of the Kiewa
scheme with alternatives of identical functional capacity. Although in the course of the
discussion in my report I have, I think, dealt fully with the necessity for the extension of
metropolitan plant in step with the construction of the Kiewa plants, I would like to deal
with the extension which I recommend, and which has been outlined in the report on the
KKiewa, in some detail in this Supplementary Report.

It has been made sufficiently clear that at the time when the system generated load is
350,000 kw., which may be at some date between 1948 and 1952, and assuming that the
Kiewa plahts have come into operation at that time, an amount of 100,000 kw. of the system
load should be contributed by the metropolitan plant at Newport. It will be necessary for
increments ot plant to become available in the metropolitan area from the end of 1938 onwards
so that the total effective capacity from metropoiitan plants shall reach 100,000 kw. in 1948
or thereabouts, according to the development of system load.

Tt will be necessary for development of the metropolitan plantth to proceed after this date
as a continual process of keeping pace with the system demand in.an economical fashion, the
requirements of which have been fully dealt with in my main ref@t.

It is intended that the complete extension described in my ;‘:‘sport shall be realized in
approximately five steps, the first of which should become effective between 1939 and 1941, the
others tollowing at intervals of about three years, so that the completion of the third stage of this
extension, when the installed capacity of the extension will be 90,000 kw., should be reached
in 1948, by which date the ecffective capacity of metropolitan plant, including the existing
Newport “ B plant, will be 120,000 kw. This programme, together with the simultaneous
development of the Kiewa plants will, I consider, adequately provide for system load
development between the present time and the date mentioned.

By the time the third stage of the Newport extension will have been realized in 1948, [
estimate the expenditure on this extension will be approximately as follows :—

Newport Plant Extension—

Installed capacity .. .. .. . . <. 90,000 kw.

Estimated Capital Cost of Power Station— £
Land and preparation of site . .. .- .. 20,000
Buildings . .. .. .. .. .. 380,000
Coal handling plant and storage .. .. .. .. 50,000
Ash handling plant . . .. .. . 25,000
Boiler plant and chimneys . . . . 800,000
Turbo-atternators and condensing plant .. . . 345,000
Feed water plant, piping, &ec. .. . .. .. 120,000
Circulating water system . .. . . 30,000
Switchgear and transformers .. .. . .. 170,000
General equipment .. . . .. . 20,000
Interest during construction .. .. .. .. 80,000
Overheads. including engineering and inspeetion .. .. 120,000

Total . .. .. - .. 2,160,000



[

T anticipate that tle capital cost of each complete 30.000 kw. installation in the individual
stages of construction of the above plant will be approximately £720,000, and that the incidence
of capital expenditure up to 1948 will be approximately as follows :—

£
1940 .. .. . . . . .. 250,000
1941 .. . .. . .. . . 470,000
1944 .. .. . . . . .. 250,000
1945 .. .. .. . .. . . 470,000
1947 .. . .. .. - . .. 250,000
1948 .. .. . . .. . .. 470,000

Operation of the Newport Plant Extension—

('osts have been presented in my main report covering the operation of the Newport
extension, upon the basis of a 48 per cent. load factor to compare with the proposed Kiewa plants,
and it has been shown .herein that energy from this major extension at Newport could be delivered
to load centres at the following basic cost:—£4 per kw. per annum plus 0-195d. per kwh., the
relevant cost at generating station busbars being :—

£3-6 per kw. per annum, plus 0-183d. per kwh.

The extension to be operated in conjunction with the Kiewa plants and the Yallourn
Power Station will, however, operate on a different basis, reaching its maximum load for relatively
short periods, mainly during the winter, and allowing the existing metropolitan stallation to
take up the duty of resevve and emergency which comes into operation for very short periods
during the year.

The cost has therefore been estimated for operating the Newport plant extension, of an
imstalled capacity of 90,000 kw. to a maximum generated output of 84,000 kw., on the basis of

a 20 per cent. load factor, und these annual costs are tabulated hereunder :—
Newport Plant Extension—
Installed capacity 90,000 kw.

Anwual operating cost of Power Station—

Operation— £
Superintendence .. .. .. .. .. 6,000
Labour .. .. .. 10,740
Fuel—90,300 tons at 27s. per ton . . 121,800
Water .. . . o . . 450
Sundry supplies and miscellaneous station expense . 2,700

Marntenance—

Land and buildings .. .. . . . 1,200
Coal and ash handling . . . . 2,460
Boiler equipment .. . . . 12,000
Turbo-generator and condensing plant . . 5,520
Switchgear and transformers and general equipment .. 3,600

Fized Charges and Overheads—
Interest, 44 per cent. on £2,160,000 . 97.200
Depreciation, 2-28 per cent. on £2,160,000 49,200
Insurance, workers’ compensation, &c. . .. 615

Administration, local and Melbourne and superi ntendence . . 21,000
334,485

Total annual charges can be divided into—
Total fixed charges . £212,805
Total variable charges .. . £121,680
Maximum Lkw. sent out from station busbars 79,800 lkw.,
Kwh. sent ont from station busbars 135,000,000

Approximate annual charges on energv sent out
from station busbars £2-67 per kw. per annum, plus

0-216d. per kwh,
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