1922.
NEW ZEALAND.

PUBLIC WORKS STATEMENT

BY TilE TION. J. G. COATES, MINISTER OF PUBLIC WORKS,

Mer. SPEAKER,—

The various reports and accounts appended to this Statement will show
that the total expenditure on railway, hydro-electric, road, bridge, and irrigation
construction works during fhe past financial year has passed all previous records
in the history of the Dominion. .

Ixpenditure of money need not necessarily have a proportionate result in
completed works. If the cost of construction, materials, and labour, be high-—as
it was during the past financial year—it follows that special effort must be

made to mncrease the actual result from such outlay. A heavy expenditure has
been incurred in the purchase of up-to-date labour-saving machinery, and this
means my Department has been able, despite the rolahvdy high cost of materialy
and labour, to produce the maximum result possible in the eXlsmm circumstances.

The Public Works Statement of last year indicated a poh(y of concen-
tration on particular works, rather than the diffusion of money and enecrgy on
many works. Concentration on works of particular importance means the appli-
cation of all the financial, mechanical, and human resources of a construction
Department to the completlon of these works so that they may soon become
revenue-producing and self-supporting. Diffusion of these resources over a greater
number of works inevitably means a lessened reproductive result, and, since
interest and sinking fund on unproductive works must be found by the ta\payer
an increased ca,pltal cost of such works.

That I was unable to carry mto full effect the policy of concentration
previously outlined 1s attributable solely to the effect in this country of the
world-wide financial depression, and consequent anemployment. When unemploy-
ment became general throughout the Dominion it naturally became a matter of
Government policy to assist as far as possible the alleviation of distress. Whatever
steps may have been taken in past crises of a similar nature, the Government had
no doubt that the true economic remedy was to provide employmon‘o In various
localities on works of such a nature as would assist m the normal and profitable
development of the country. It was accmdmgly decided to carry on with certain
railway-construction works of secondary importance, which in other circumstances
would have been closed down for the time being.  While, therefore, I regret to have
to state that circumstances necessitated a temporary modification of the policy
ol concentration and maximum achievement, honourable members may rest assured
that every pound devoted by the Government to the relief of unemployment has
been expended on road and irrigation works of primary importance, and on railway-
works of not less than soumdmy mmportance,
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It is of primary importance to the country as a whole that there should
be no considerable measure of unemployment. Tortunately, there are already
indications of a return to more normal conditions, and as quickly as circum-
stances permit concentration on works of first importance will be continued.
Such a policy is undoubtedly in the best interest not only of those works
selected for completion but those which will be temporarily deferred, for 1 have
no doubt it will mean that they also will be completed at an earlier date, and at
less cost, than would otherwise be the case.

It thay be of interest to honourable members for me to mention a few
railway-works which have had special attention and which will continue to be
pushed forward to completion or to a payable point.

On the North Auckland line the Golden Stairs Tunnel has within the last
few days heen pierced through on the bottom heading. The heavy work referred
to in my last Statement, between the railheads running north from Auckland and
south from Whangarei, is now so far advanced that rails should be laid over
the whole length, with the exception of a mile, by the end of the year; and
shortly thereafter the through connection of 130 miles of line will be made
between Auckland and Whangarei. Owing, however, to the extremely unstable
nature of the country in this locality, 1t will probably be many months before
the formation can be brought to a condition of stability to enable the lime
to be worked by the Railways Department.

On the Kast Coast Main Trunk line—Tauranga eastwards—good progress has
been made ; while as to the westwards section, between Tauranga and Katikati,
the Depaltment is pushing ahead with the preparation of plans for work to enable
the isolated section of over forty miles from Tauranga eastwards to be connected
up with the general Working Railways system. I purpose inviting tenders for
the construction of this twenty-two-mile section and to have the work com-
pleted, and through communication established, with the least possible delay.

Unfortunately, the history of big constructional contracts in New Zealand
has not been a satisfactory one, and in future, before letting a contract, the

jovernment will have to be thoroughly satisfied that to do so will be in the best
Interests of the country.

Many large works are in hand, and great progress is being made, but the
completed results will come into next year’s Statement. Work has been continued
on a small scale on the Waipu Branch Railway; nothing has been done on the
Waikokowai or Waipa gravel-pit access lines. The Waihi line eastwards to Tauranga
has not been suspended as intended, but, on the contrary, the large number of
unemployed in the Auckland District has led to an increased number of men
being placed on this section of railway. The Gisborne-Wairoa line has also been
con mued as a relief work, and a considerable amount of work has been done on
the Napier-Eskdale Section and beyond. The Tutira Section of the Napier—
Wairoa line is one which I should like to have taken in hand vigorously and
completed to a point where a branch off the main road would enable a large
area of profitable country to be served, but I regret that the‘ways and means
available, after providing for liabilities of work already planned, have not
permitted 1t.

Two works of considerable importance which Jast year I indicated would be
concentrated upon with a view to early completion were the Midland Railway and
the Waikokopn Ime.  Unfortunately, essential material for both of these works was
lost in the wreck of the © Wiltshire . some months ago, and the delay in obtaining
duplicate supplies has to some extent affected the time of oomple‘rmn livery
effort is being made, however, to minimize this unavoidable delay.

The good results that were anticipated from the use of modern mechanical
construction plant have been fully realized, and are dealt with later. The
most SIgvmﬁ(ant feature is a reduction in earthwork costs of 30 per cent.
The large expenditure necessary for this plant has already been mentioned. In
addition, I might here state, in order to provide for unemployment, the number
of men on construction-works %nomlly has been very lamdv increased, with
the natural result that this year’s expenditure exceeds last year’s by over three
millions. It may be as well to explain, however, that some of this expendi-
ture will not be recurring. T refer particularly to the item “ Additions to
open lines,” where an (‘Xp(}ﬂdlﬁl‘(@ of £1,856,380 has occurred. This, however,
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represents principally a large purchase of rolling-stock to make up the bho]’rdgv
created during the war pertod.

The Public Works Statement is primarily a report to Parliament of the
operations of the past year, and a forecast of policy intentions of the ensuing
year. It may, however, be of mterest to honourable members if I take tho
opportunity of outhmng, briefly, the achievement of the Departmont during the
past ten years.

During the period 1912-1922, £18,178,422 has heen expended in public works.
This amount does not include expenﬂltnre on additions to open lines, telegraph
extension, immigration, workers” dwellings, or school buildings. For this sum we
bave had 235 miles 18 chains of railway completed and handed over to the
Working Railways Department, while between forty and fifty miles have been
brou(mt to the stage of being used for public traffic under the direction of the
Public Works ])epartmeh‘r although not yet handed over. In addition, there
is a very large mileage of formation over which there is not yet traffic.

Practically the whole of the hydro-electric work of the Department has been
done since April, 1912. This includes the ultimate development of 16,000 horse-
power at (‘oleudg“ where very shortly there will be an actual develnpmen’r of
12,000 horse-power. The headworks for the whole 16,000 have been completed,
and the reticulation for the disposal of the whole practically — completed.
In addition, the Government has purchased the Horahora power-station of
8,000 horse-power, constructed transnussion-lines permitting the sale of the whole
output, and has in hand the extension of both power- ‘house and headworks. The
preliminary development of 1,000 horse-power at Lake Waikaremoana has been
constructed and will shortly be in commission. The development of 24,000 horse-
power to supply Wellington and surrounding districts from Mangahao is in hand.
These works have been vigorously prosecuted during the last two vears. The
constructional works necessary at Mangahao are very considerable, conmstm{r of over
two miles and a half of tunnel, three large concrete dams, three-quarters of a mile
of pressure pipe-line-—part double and part quadruple~t<*gother with the necessary
power-house, &c. The whole of this work is well advanced. A considerable amount
of the material necessary for the hundreds of miles of transmission-lines 1s in
hand, and erection has commenced. Complete surveys for the duplication of Lake
Coleridge, and for development at Hawea-Wanaka, Teviot, Gowan, Aratiatia,
Arapuni, and Hutt Rivers have been carried out. The detail plans in connection
with Arapuni are well advanced, and an arrangement has already been made for
the sale of a large portion of the power when available. Local-body proposals
have been inve ,stlga,tei and approvod or disapproved as circumstances roqunod

An immense amount of roadwork has been carried out. Over 5,100 miles of
road have been formed, and over 2,500 miles metalled. On these roads—not
including small bridges and culverts & length of 111,881 ft., or over twenty-
one miles, of bridges have been erected. Some of the br]dges are of very con-
siderable magnitude : three are between 9501{t. and 1,000 ft. long, two are
1,200 ft., while twenty-four are over 300 ft.

[rrigation works involving over one hundred miles of water-races, some of
very large capacity, have been constructed. A number of concrete dams were
built.  One of these is over 100 ft. high and holds 1,800,000,000 cubic feet of
water, enabling the irrigation of 20,000 acres of land to be effected. Other scheres,
provuhng for the irrigation of many thousands of acres, have been investigated, and
for some the survey is completed.

During the whole of the war period, and since, the erection of public buildings
has been deferred to as great an extent as possible, but nevertheless 283 Government
buildings of various classes have been erected, including 131 post-offices.

Lrrigation provision, like hydro-electricity supply, is a matter upon which educa-
tional effort is necessary, even to the extent, in the general public interest, of under-
takings which, for the time being, do not completely pay their way. Irrigation
works are of a peculiar nature. They are very similar to development roads in
that they enable settlement to take place and production to be effected, which
would be impossible without the water-supply which they provide. I is, of
course, desirable that in addition to paying their way they should also pmVlde
interost and sin king fund, but in this respect the call for repayment of interest should
not be so strong as in the case of hydro-electric undertakings. It electric power is
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required and is not produced by hydraulic agency it can be produced in some
other way, and the industry for which the power is required can still go on;
but in the case of irrigation works, if the water is not supplied, nothing can take
its place, and land which might carry from three to five sheep to the acre must
remain tussocky waste, carrying less than one-tenth part of the stock ; and crops
which can be grown most luxuriantly with water cannot be raised at all without
it. Ior every acre irrigated the State as a whole gains in many ways. Although
the total number of sheep in the dry counties surrounding the irrigated area
decreased between 1914 and 1922 the numbers carried by the irrigated area actually
doubled, the increase heing progressive and keeping pace with the increasing sale of
water. The increase in irrigation receipts ever since irrigation water was first
made available has been sustained, and this year I am glad to say that there has
been a substantial surplus of receipts over working-expenses and maintenance
costs.  But more has yet to be earned—and it can be earned—to recoup the State
for its expenditure.

EXPENDITURE.

The total net expenditure under all votes and accounts appearing on the
public-works estimates for the financial year ended 31st March, 1922, was
£6,922,039.

Of this sum £5,286,687 was expended out of the Public Works Fund, and
the balance, £1,635,352, out of accounts which have their own ways and means
and are quite separate from the Public Works Fund.

A brief swmmary of this expenditure, as well as the total expenditure since
the inception of the public-works policy to the 31st March last, is shown below in
tabular form :—

Expendn.uw
X endlture T
Class of Work. foFrJ Sif)ear ended Expengit?ére to
31st Maroch, 31st March,
1922, 1922,
Railways— £ £
New construction 1,276,820 28,466,020
Addivions to open lines 1,856,380 12,269,621
Roads ... 564,159 13,111,960
Public buildings ... 344,739 8,635,603
Immigration . .. 247,528 2,507,271
Purchase of Natlve la,nds 2,061,739
Lighthouses, harbour-works, and harbour-deisnees 18,774 1,175,553
Tourist and health resorts.. 17,996 304,181
Telegraph extension 590,981 5,000,427
Development of mining 2,130 885,805
Defence-works (general) 15,586 1,086,052
Departmental 128,002 1,817,407
Fleetric-power supply and dwclupmeuﬁ 600
Irrigation and water-suppl 82,713 332,892
PM ment to Midland Ra,xlwa,y bondholders 150,000
Lands- -improvement 17,478 157,846
Minor works and services . 312,607
Plant, material, and stores 106,432 435,638
Timber- supply aud sawmills for Public Works J)«,parbmoub 16,369 16,369
Cost and discount, raising loans, &c. 174,280 1,427,538
5,460,967 80,154,529
Wellington-Hutt Railway and Road Improvement | Railway 228,374
Account | Road... 101,658
Railways Improvement Account ... 641,275
Railways Improvement Authorization Act 1914 Accouns . 141,860 814,379
Loans to Local Bodies Account—Roads to open up Crown lands 697,408
Opening up Crown Lands for Settlement Account—Roads to 206,626
open up Crown lands
Liand for Settlements Account—Roads to open up Crown lands 51,471 403,113
National Endowment Account—Roads to open up endowment 53,401
lands ‘
Aid to Water-power Works and Electric Supply Account 834,060 1,638,007
Waihou and Ohinemuri Rivers Improvement Account 54,379 243,453
Education Loans Account.. 563,201 777,772
Totals 7,105,938 85,959,995

* Includes proportionate cost of loan raised under this account.
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WAYS AND MEANS.

On the 1st April, 1921, the available ways and means for £ £
public-works purposes were o 489,489
Additional fands were received as follows :—
Under Finance Act, 1920, section 15 (public works) 560,000
Under Finance Act 1921, section 10 . 2,673,111
- Aid to Public Works and Land Settlement Act 1921 2,165,290
Other receipts—
(«.) Recoveries on account of expendlture of
previous years . . 11,616
(b.) Special receipts in connection  with the
Ellesmere and Forsyth Reclamation and
Akaroa Railway Trust Account 1,583

5,401,600
Thus making available for expenditure a gross —_—
total of ISV 5+ 891 ,089

The actual net expenditure on all works and services charge- £ £
able on the Public Works Fund for the year was—
(a.) Under appropriations ... ... 5,286,687
(b.) Under section 6, subsection (1), of the Elles-
mere Land l)rcuna.ge Act, 1905 439
(¢.) For charges and expenses of raising loans.... 174,281
Making a total of .... P ;' 461 407
This left a credit balance in the Ways and Means Account £ £
at the 31st March, 1922, of 429,682
Legislative authority exists for providing further funds as
follows :—
In terms of Aid to Public Works and Land
Settlement Act, 1921 ... . 2,844,710
It is proposed to make further provision this session for
an additional . .. 4,000,000
Transfer from accumulated ~ulplubcb (part of é;l 250 ()U()) 1,000,000
—— 7,844,710

Making available for the current year a —_— e
total of ... £8,274,392

The estimated expenditure on public works for the current year (exclusive
of accounts which have their own ways and means) is £4,967,223, which will
leave a credit balance of £3,307,169 to be carried forward to next year (1923-24).

Exclusive of the before-mentioned funds, statutory authority at present
exists for raising the following moneys for public undertakings which are not
chargeable against the Public Works Fund, but which have their own statutory
ways and means, viz. -—

£ £
(a.) Aid to Water-power Works Act, 1910 31,000
(b.) Finance Act, 1919 (addition for Waihou and Obine-
muri Rivers Improvement Account) 34,000
(¢.) Blectric-power Works Loan, 1919 ... 4,229,990
(d.) Finance Act, 1920, sectlon 15 (eleotmc power
works) ... . . 2,750,000
——— 06,979,990

£7,044,990

—_— .
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RAILWAY-CONSTRUCTION.
Only one section of completed railway (Clyde to Cromwell, 12 miles 34 chains
in length) was handed over to the New Zealand Railways Department during the
year, although other sections were in a sufficiently advanced state to permit of
a goods and passenger service being maintained by my Department.

The Mount-Matata Section, 40 miles in length, has been completed for several
years, but owing to its isolation has not been taken over by the New Zealand
Railways Department. A regular service under Working Railways conditions,
however, is in operation. ‘

The net expenditure on construction, maintenace, and supervision for the
financial year was £3,265,440, as follows :— £

Construction, improvement, and maintenance of new lines 1,276,820
Additions to open new lines (rolling-stock, locomotives, &c.) 1,856,380

Railways Improvement Authorization Act 1914 Account .. 132,240
Total .. .. .. £3,265,440

The following is a brief description of the work carried out during the year
on the principal lines :—

Karau Rarmway EXTENSION.

Formation, except a small portion of road approaches at Aranga and Donnelly’s,
is complete. DPlatelaying on the mai line and at Aranga and Donnelly’s station-
yards has been finished. The final lifts of ballast have been completed except at
the two station-yards. It is anticipated that this section will be handed over
this year.

The concrete piers and abutments of the bridge at Donnelly’s station-yard
have been finished, and the steel girders erected. The bridges at 21 miles 24 chaing
and 22 miles 65 chains will be completed shortly.. Passenger platforms and
loading-banks have been constructed, cottage-sites cleared, and approaches made.

Tenders will shortly be invited for the erection of station buildings and
cottages, the Department supplying the timber from its mill at Whatoro.

This section will be ready to transfer to the New Zealand Railways on
completion of the bridges at 21 miles 24 chains and 22 miles 65 chains.

WHANGAREI BrancH.

Oakleigh Section.—The deviation at 7 miles 15 chains has been completed and
the rails on either side connected. Ballasting has been finished and efficiently
maintained. A temporary connection from the main line to the Portland Cement
Company’s quarry line has been used to enable cement-supplies being loaded
direct into the Department’s wagons.

Tauraroa Section.—Work has been confined chiefly to removal of slips and
maintenance. One large embankment at 9 miles 75 chains gave considerable
trouble through subsidence, which necessitated drainage drives to reach the seat
of trouble. The output of the Tauraroa crushing plant was over 21,000 yards.

To provide increased quantities of ballast for the Main Trunk connection an
auxiliary crusher has been installed, and fresh tenders have been invited for the
further supply of stone for crushing purposes.

Waiotira Section.—]1 referred in my last Statement to the treacherous nature
of the country traversed by this line, and two deviations have been made to avoid
dangerous ground. These deviations have proved satisfactory. A drainage drive
was constructed in the bank at 17 miles 10 chains, which has prevented further
subsidences.

Throughout the whole section large drains are being made in the cuttings,
pipes laid m them and covered with boulders to facilitate drainage and prevent
upheaval of the line. The toes of slopes that slip will be protected with stone
walls. It is confidently expected the line will become stablized by the end of the
approaching summer. o S

Platelaying on the deviations above referred to completes the linking-in of
the main line from Portland to Waiotira.
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The Tie tamping-machine has been used on this line with marked success.
The ballast is tamped quickly, tightly, and evenly, therchy producing an even
running-track, and minimizing the cost of maintenance—which has hitherto
involved heavy and constant expenditure when hand-packed. A contract has
heen let for the girder spans of bridges from Portland to Waiotira.

The goods traffic has been exceptionally heavy from Portland (cement and
coal) and from Oakleigh, where a wharf gang had to be constantly employed
discharging and loading cargo.

Most of the traffic was in connection with the Main Trunk Railway, but
the goods and produce of trades-people and settlers were carried. A passenger
service has now been inaugurated, and is increasing to an extent necessitating
additional carriages. It is anticipated that this class of traffic will still farther
develop during the coming summer.

Warru Branci.

Ruakaka and Waipu Sections.—The principal work on the former section
consisted of formation over the mud-flats, about a mile of which is now complete.
One steam-shovel was engaged continuously excavating from a borrow-pit. No
work was done on the Waipu Section.

NortH AuckLAND MaiN TRUNK.
Huarauw Northwards.

Paparewa Section.—Second and third lifts of ballast have been placed on the
main line throughout, which completes this section, with the exception of plate-
laying, ballasting, and buildings in Paparoa station-yard, clearing up northern
approach cutting to Huarau Tunnel, and general cleaning-up.

Muareretu Section.—Workmen were concentrated on this section during the
year, and considerable progress was made. Fifty horses were transferred from
the Whangarei end for plough and scoop work, with excellent results.

Enlarging and lining Golden Stairs Tunnel (south end) was commenced last
July, the position now being that 12} chains of lining are completed.

Work was delayed during the months of October and November by a strike of
workmen for higher rates of pay. During this suspension of work the *“ Chicago ”
compressor plant was extensively overhauled and repaired. Both plant and men
are now working satisfactorily, and during the last three ‘monthslyl,i chains of
lining has been completed.

At the north end a commencement was made in October with the bottom
heading.  Lining, however, was delayed till January of this year as a result of
difficulty in procuring experienced men.

A subsidence in the first length caused further delay. Working-conditions at
both ends of this tunnel are good. The men appear to be contented, and at the
present rate of progress the remaining 113 chains of lining should be finished by
the end of November. Only 5 chains now separate the bottom heading faces.

During the year a second and third lift of ballast was laid over the whole
length from Paparoa station-yard to Golden Stairs. The Mareretu Section is well
in hand and should be ready for service about February next.

Waikiekie Section.—Suitable Jabour was concentrated on the erection of
Mangawal River Bridge. Considerable difficulty was experienced with pile-driving
on account of the soft ground, which necessitated pile cradling and splicing : this
portion of the construction, however, is practically finished.

Temporary staging and other prehmmaly work has been done in connection
with Kikowhiti Bridge erection, and pile-driving is being commenced. This bridge
should be completed in three months.

Between 102 miles 48 chains and 103 miles 9-chains a deviation had to be made,
as practically the whole locality was slipping, so much so that large cuttings were
completely filled. The Waiotira station-yard was completed with two steam-
shovels, which excavated 30,000 cubic yards to make up the required filling.

The Mareretu Tunnel was completed last April, 134 chains having been lined
during the year and one portal built. Owing te the treacherous nature of the
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ground, heavy, closely-placed timbering was necessary for the entire length, and
the mmple‘re section was encased in concrete. It was only by vigorously pushing
on the excavation, followed closely by the concrete lining, that construction was
at all practicable.

About three miles of temporary line has been removed and replaced with
permanent rails, and a commencement made with laying the sidings in Waiotira
station-yard. It is anticipated that the permanent rails will reach Kikowhiti
Bridge by the end of the year; and by March, 1923, rail connection should bhe
established between Whangarei and Auckland.

Ballasting (first and second lifts) is proceeding at a rapid pace.

Both passenger and goods traffic has been heavy over the length north of
Mareretu Tunnel, and it will increase in volume as the permanent rails are extended
southward, especially when through connection has been established with Auckland.

K@m/copum Section.—Operations have been confined to the northern end of
this section. A temporary tram-line has been laid from the Wairoa River to
Omana Tunnel. The northern approach to this tunnel has been opened, but
owing to the treacherous nature of the country it was impossible to commence
driving in the usual way, and three lengths of reinforced-concrete section-lining
had to be built at the entrance.

It is proposed to construct a jig-line over the tunnel hill for the transport
of material for driving operations at the southern end.

Kaskohe Northwards, Okashaw Section.—Slips on this line have caused trouble,
but 1 am pleased to say that the measures taken to cope with these have proved
effective. Rails are being laid in Okaihau station-yard.

Goods traffic has been commenced, and within a few weeks it is intended to
commence a passenger service, which will be a great benefit, particularly to
Hokianga residents. Mails will also be carried between Kaikohe and Okaihau.
A concrete water-reservoir has been commenced at Okaihau, and it is hoped to
have yards erected before November next, to facilitate the transport of sheep
and cattle from Hokianga to the freezing-works at Moerewa.

WaItuku BRANCH,

Both sections of this line have been finally completed and transferred to the
New Zealand Railways Department for regular traffic purposes.

HUNTLY-AWAROA.

Steady progress has been made with this line. Formation, bridge and culvert
construction, drain-cutting, and access-road formation are in hand from 7 miles
20 chains to 9 miles.

The earthworks on this line are heavy. The nature of the material to be
excavated renders it cconomically necessary to employ large plant, and three
steam-shovels have been installed. Considering the difficulties to be overcome
good progress has been made.

It is proposed to let a contract for the Summit cutting to the owners of the
coal-mines at the terminus of the line. The advantage of this is that material
from the cutting will be used for the special mine sidings.

WAIKOKOWAI BRANCH.

A contract has been let for the land-plan survey of this railway, and this should
be completed shortly.

East Coast MaiN TRUNK RAIiLway.
Waihi-Taneatua (including Mount Branch).

Athenree Section—Formation is practically complete. Several cuttings and
banks having been u)mpleted Athenree station-yard has been widened, and filling
around abutment “ A" of Mangatoetoe Bridge is in hand. Seven bndgeb are in
various stages of construction. Adams Street subway is well advanced, and
subway at 8 miles 62 chains has been completed.
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Katikati Section.—Formation, culvert-building, line clearing and fencing have
proceeded steadily along several miles of this section. Permanent survey has
been completed to the Wairoa River, and plans are in course of preparation.

Tauranga Westwards—Work on this section was practically suspended last
February. One overbridge was completed. Another similar structure, including
the approach and the road to Tauranga Railway-station, are in hand.
~ Matapeihi Section.—Satistactory progress has been made with the Tauranga
Harbour Bridge. The completed work during the year consisted of concreting and
reinforcing 106 lineal feet of cylinders, 155 ft. of cylinder-sinking, while six piers
were sealed and are in readiness for filling in. Cylinder I, has been filled in, and
core-rods placed in position. The Matapeihi embankment was completed, and
a loading-platform erected for delivery of stone for the Tauranga waterfront works.

Mount—Matata Section.—Several banks have sunk, but have been efficiently
maintained throughout the year. The passenger and goods railway service has been
continued. ' : '

Rangitarks Section.—Cuttings have been widened, over a mile of drains cut, -
and the approach road to the Rangitaiki Station put in hand. Three steam-
shovels were in operation at different times at Awakaponga, the spoil being
deposited in the several banks along the line. Many culverts have been built,
and one bridge completed.

Awakeri Section.—Little work has been undertaken on this line, except 15
chains of drain-cutting and about 2 miles of fencing.

Taneatua Section.-—106 chains of formation have been completed during the
year, culverts erected, and necessary drains cut. A “ Marion ” steam-shovel
commenced work in May last, and an “ Osgood ” is in course of erection.
A departmental telephone-line 5 miles long was erected, and a small amount of
platelaying done. The rail-head is now 52 miles from Tauranga.

Mount Workshop.—A large quantity of material for use in the erection of the
Tauranga Bridge has been prepared, consisting of cylinder core-rods, reinforcing
for piers, transoms (straight and curved), extension stringers, sway and diagonal
bracing, cutting and drilling top chord and wind-brace gussets and cover and
stiffening plates. The fabrication of structural steel for numerous bridges throughout
the Dominion as well as the structural steel for boiler and engine roof-trusses for
Otira power-houses have been completed.

G1SBORNE-NAPIER RAILWAY.

Eskdale Section.—The river gap at 0 miles 32 chains still remains to be filled ;
in the meantime a temporary bridge has been provided to allow platelaying to
proceed. The Harbour Board has completed the filling on the main line at 0 miles
55 chains, but still has the completion of the port line to attend to. Both this
and the gap at 0 miles 32 chains are dependent upon the completion of the
river-channel by the Harbour Board.

Platelaying was commenced and completed almost to the Westshore station-
yard, and it is anticipated that the rails will reach Petane in October. Two more
platelayers’ cottages of concrete blocks have been erected, and the Stationmaster’s
house in similar material is almost complete. Platform and loading-banks have
been finished at Eskdale station-yard. '

Tutira Section.—TFair progress has been made in various cuttings, especially
where the “ Thew ” steam-shovel has operated. Formation is now practically
complete to 14 miles 47 chains. Concrete piles for the bridges at 11 miles 41 chains
and 13 miles 35 chains have been made, and abutment D at the former has been
completed.

Ngatapa Section—A passenger and goods service has been operated during
the year.

}'i‘he Ngatapa station-yard and formation (where necessary) have been raised
above flood-level.

The formation at Repongaere station-yard was brought up to correct level.
Bridges have been maintained, culverts lengthened, and the third lift of ballast
spread from 9 miles 40 chains to Ngatapa Station. The Waipaoa ballast-pit line
has been taken up and shipped to Wairoa.

ii--D. 1.
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Waikura Section.—The cutting at 11 miles 65 chains gave much trouble by
slipping.  The slips, however, have been removed and used for raising Ngatapa
station-yard above flood-level.

Several cuttings have been completed, and formation i is now roughly complete
to 13 miles.

Rails are laid to 11 miles 55 chains, the first lift of ballast to 11 mules 50
chains, the second lift to 10 miles 60 chains, and the third to 10 miles 45 chains.

A “Marion ” steam-shovel has been worked between 11 miles 65 chains and
11 miles 75 chains throughout the year.

WarrRoA-WAIKOKOPU.

Nuhaka Section.—The formation over the whole section is sufficiently completed
to admit of rails being laid throughout. Three miles of rails have been laid at
. the Wairoa end, and a further 50 chains of wharf-siding to the Wairoa River.
Platelaying- _material was unloaded at Waikokopu Harbour and carted to Nuhaka,
where permanent rails were laid from 17 miles 47 chains back to 13 miles 62 chains.

A line to ballast-pit near the 15-mile peg has been laid. From this pit
practically all the ballast for this line will have to be obtained.

A Stationmaster’s and three platelayers’ cottages have been erected at Wairoa,
and two platelayers’ cottages at Nuhaka.

Waakokopu Section.—The heavy formation from Nuhaka to Waikokopu has
been steadily pushed forward despite the very unfavourable weather experienced.
It is anticipated the formation will be sufficiently advanced to admit of rails being
laid right through by January next. A large number of men are employed, and
some of the cuttings are being worked with double shifts to expedite completion.

Three steam-shovels are now in operation on this line.

STRATFORD — MAIN TRUNK.

Matiere Section.—Platelaying was commenced in November last, and on the
23rd May of this year the line, 10 miles 23 chains in length, was formally opened
for goods and passenger traffic under my Department’s control.

One lift of ballast has been laid over the whole length, and a commencement
made with the second.

The Ongarue combmed bridge was finally completed during the year. It
consists of two decks : the upper, which carries the railway, has two central 60 ft.
trusses, outflanked by one 45 ft. and one 25 ft. steel-plate g girder at cach end. The
lower or vehicular-traffic deck is carried on the bottom chords of two 60 ft. trusses.

The concrete-work on three of the Ohura River bridges has been completed,
and temporary superstructures have been provided to carry the traffic. The
fourth Ohura crossing is provided with a temporary structure to carry the traffic.
The excavation for foundations of the permanent piers for this budge has been
commenced. The steelwork for these four bridges is being prepared in the Mount
Workshops, Tauranga. Two subways have been completed, one to give access for a
sawmill tramway, and the other for the Otahu access road.

The principal work remaining to be done comprises completion of ballasting,
finishing bridges, Tuhua and Matiere station- -yards, aund the necessary buildings
at these two stations.

Ohura Section.—Formation-work on this length is now being opened up.

Tahora Section.—All earthwork formation and platelaying has been completed.
At Tahora Station a water-service has been installed, shelter and goods sheds
erected, and station-platform and loading-bank built.

The main Ohura Road, which is used as a service road, has been efficiently
maintained. A bi-weekly passenger and goods service has been run hetween
Kohuratahi and Tahora, connecting with New Zealand Railway service at Kohuratahi.

Te Wera Quarry. —’A branch line, 1 mile 16 chains in length, connecting with
the Stratford — Main Trunk Railway at 22 miles 63 chains, has been constructed.

Stripping has been commenced, and 50,000 yards of rock is ready for excavation.
The crusher has been erected, and as soon as the bins, which are in course of
erection, are complete, crushing operations will proceed. Suitable accommodation
has been erected to meet the needs of all employees.
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OprUNAKE BraNcH.

Kapuni Section—The formation, with the exception of a little widening and
easing batters, is fully ready for plate]aymg This latter work has been com-
menced and 34 chains of rails laid. Platelaying will now proceed uninterruptedly
except for the time rec juired for launching girders on Mangatoki and Kapuni bridges.
A steam-shovel has been employed stripping ballast-pit at Kaupokonui River, and
18,000 yards of stripping removed. A goods-shed has heen erected at Kapum
Station.

Work has been confined primarily to fencing (which is complete
except for ﬂood ga’ros) culverting, and earthwork, including excavation of Auroa
station-yard, which is nearing completion.

Pihama Section.—About a mile of formation has been finished, the remaining
culverting is in hand, and clearing, including logging and stumping, has been
finished to 14 miles 60 chains.

A concrete-block platelayer’s cottage has been erected in Pihama station-yard
at 16 miles 40 chains.

Opunake Section.—This section has only just been commenced, the work done
being of the usual preliminary character—viz., erecting camps, clearmg, carting
shingle, draining, hesides a little formation. :

Manaia Section.—The only work done on this branch was completion of cutting
at 3 miles, the erection of gates at private crossings, and general maintenance.

MipraND.
Glenhope-Murchison.

Kawatiry Section.—Tunnel at 62 miles 43 chains. A commencement was made .
i November with one shift, and 246 ft. of bottom heading has been driven. The
material encountered is hard granite, broken with seams of quartz, which has made
both drilling and shooting difficult.

The piers for Hope River Bridge have heen completed, and the four girders
have been ervected for field riveting.

The temporary bridge was bOIl()USlV damaged by flood in March last, but it has
heen restored to the level of concrete piers and is ready for the launching of girders.

Otira—Bealey.

This section extends from Arthur’s Pass Station, the present railway terminus
on the Canterbury side of the pass, to Otira Station, the present railway terminus
on the Westland side. The section is only 8 miles 54 chaing long, but includes the
Arthur’s Pass or Otira Tunnel, of 5 miles 25 chains in length, and nearly the whole
length of the section is on a grade of 1 in 83, the summit of the line being 1,177 ft.
above the Otira Station and 2,436 ft. above sea-level.

The lining of the tunnel was completed in October, and the floor has now been
cleaned up and the permanent 100 lb. track laid from 51 miles 54 chains to 58 miles
40 chains, with the exception of about 10 chains across the Rolleston Bridge. The
dismantling of buildings and plant required in the tunnelling operations has
commenced, and portions of the plant transferred for use on other works.

A cmshmg plant, with two crushers and a steam-navvy, was installed at
Arthur’s Pass, and with this and the aid of a small crusher at Otira the line has
been ballasted and lifted with the first lift from 51 miles 54 chains to 58 miles
12 chains.

Arthur's Pass Station-yard.—The formation was completed, and a start made
with the concrete kerbing for the platform aad excavation for the subway.
A permanent water-supply for railway and village requirements has been located.

Bealey Bridge.—This bridge is immediately at the Canterbury portal of the
tununel. 1t is a skewed structure and includes vertical and horizontal curves in
the track. The permanent superstructure, comprising about 230 tons of structural
steel, has heen delivered at site, and six of the girders riveted up ready to be placed
on the piers.

Electrical Equipment—The steam-power station located at Otira has been
erected in reinforced concrete, and the associated workshops, electric-locomotive
sheds, and coal-bunkers are nearing completion. Overhead electric cranes are being
installed in the main engine-room, workshop, and over the coal-bunkers.
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The boiler equipment comprises three Babcock and Wilcox marine-type boilers,
specially arranged to meet the conditions of load that will exist. A large quantity
of the material has arrived and is in course of erection.

Of the engine-room eqnipment two steam electric generating sets of 100 kilo-
watts capacity have been erected, with condenser, also the condensers for the main
traction turbo-generating sets. A quantity of switch-gear and piping is on the
site.

The main turbo-generators will supply electrical energy to the locomotives at
1,500 volts, and the first of the two sets was shipped from England early in June,
the second set being then in an advanced state of erection at the makers’ works.

The five main-line clectric locomotives are in various stages of completion at
the Dick-Kerr works of the English Electric Company. The motors and control-
gear have undergone satisfactory tests, and the final assembly of the first two
locomotives is nearing corpletion.

Inangahua Junction.—The condition of the Inangahua Junction Traffic-bridge
is such that rebuilding is essential. It is proposed, therefore, to make provision
enabling the combined road and railway bridge to be put in hand immediately.

In connection with the overhead equipment of the line, the contractors have
installed feeder cables throughout the tunnel, involving the erection of 6,000 cast-
iron racks, and arrangements for erecting the poles outside the tunnel are in hand.
The wiriug of the tunnel for eloctric lighting has been completed. Some 1,500 rail-
joints have been bonded.

The shipment of boilers and electrical machinery has been seriously delayed
by the widespread lockout in the engineering industry in Great Dritain.

Water-supply.—The dwc]npment of Goat Creek for the supply of condensing
water at Otira has been undertaken and pipes ordered.  To provide sufficient water
for condensing purposes and for operating air-pumps, two storage reservoirs have
been p1ov1ded im the designs, and excavation for these is nearing completion. The
pipe-line has been cleared and a road formed to the intake. The intake dam across
(roat Creek has been concreted.

Village.—A site for some forty-three cottages has been prepared at Otira, and
fourteen are in course of erection.

At Arthur’s Pass the sites for. eighteen cottages have been cleared, and
excavation carried out for sixteen.

It is hoped to have trial runs by the end of the year, and if these prove
satisfactory general traffic will be carried.

GREYMOUTH ~ PoINT FLIZABETH.

Platelaying has been completed to 5 miles 69 chains, and about three-quarters
of a mile of sidings linked up. First and second lifts of ballast have been placed
from 3 miles 46 chains to 5 miles 68 chains. Necessary side drains have been cut
and culverts built. A temporary bridge over the Seven-mile Creck has been erected.

Excavation for a 25,000-gallon reservoir is complete. Water-race has been
graded and suspension rope swung across Rocky Creek to carry the water-pipes.

OREPUKI—WAIAU.
Orawia Section.—Work has steadily proceeded, and the formation, with the
exception of two cuttings which are well advanced, is complete throughout. It is
proposed to proceed at once with platelaying and ballasting.

LAwRENCE-ROXBURGH.

Formation-is more or less complete over the first 4 miles, except in cuttings
which have been left narrow, as the balance of widening can be more expeditiously
carried out when the construction-train is available for removal of spoil.

The Beaumont Creek Bridge is in hand, abutments A and K are complete, and
pier D finished to hand-holes.

Rails have been laid to this bridge, and will proceed beyond atter its completion.
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SURVEYS.

Romutaka Deviation. —Work on the various trial surveys in connection with
the Rimutaka deviation is nearing completion. 'The surveys of the Tauherenikau
and Coach Road routes have been completed, and plans and estimates are being
prepared. The party is now being moved to complete the survey of the Wainuio-
mata route, work on which was suspended during the war. '
~ Tuapeka Mouth Branch Raiway.—During the year the various trial surveys
for the above railway were completed. Three routes were surveyed, as follows :
(1) Crichton to Tuapeka Mouth via Hillend ; (2) Lovell’s Flat to Tuapeka Mouth
via Lovell’s Creek and Hillend ; and (3) Lovell’s Flat to Tuapeka Mouth via
Stony Creek and Hillend. A fourth route, running from Sterling to Tuapeka
Mouth, and known as the Riverbank route, was surveyed some years ago. Plans
and estimates for all these routes have been prepared and reports submitted.
Plans have also been forwarded to the Agriculture and Railways Departments for
mvestigation and report.

Dunback-Kokonga Ratlway.—A reconnaissance survey of this suggested railway
was made during the year, and approximate estimates prepared.

Prant.

In the Iast Statement I sald something about the installation of a large
quantity of machinery on’the works and about the beneficial results obtained.
I am pleased to be able to announce that the results of last year’s work with the
plant have been highly satisfactory, and have more than justified the outlay involved.

The class of machinery most beneficial on our public work is that in connection
with the excavation and transport of earthwork, and in this direction our plant
has not only speeded up the rate of work, which was to be expected, but it
has also considerably reduced the cost, a result not always so easily attained.

The excavating machinery consists chiefly of steam-shovels and drag-line
excavators for heavy carthwork, and scoops, hauled by caterpillar tractors, for the
lighter work. 'Thirty-four steam-shovels and drag-lines are now at work, and an
indication of their economy is provided in the fact that the average cost of excavation
by these shovels during the last year has been 2s. 3d. per cubic yard, whereas the
cost by hand would undoubtedly have been 30 per cent. higher.

This rate, of course, includes haulage, which has chiefly been done by small
construction locomotives, which attend almost every steam-shovel. The equipment
necessary for excavation by a steam-shovel, consisting as it does of a locomotive,
a large number of trucks to cope with the increased output, and appliances for
tipping trucks and spreading material, is in many cases more expensive than
the steam-shovels themselves. Success and economy have also been achieved in
transporting material from steam-shovels by means of caterpillar tractors hauling
rakes of trailers.

The excavation-costs of drag-line machines have been so satistactory that I
have considered myself justified in purchasing from England this year two machines
of a much larger type than any yet used in this country, and I am hoping to have
these in operation early next year.

The metalling of roads presents one of our most difficult problems, and one in
which there is considerable economy to be obtained by using modern appliances.
The actual crushing of the road-metal is the part of the problem most easily
solved, and a large number of modern stone-crushing and screening plants installed
now for some years have economically settled this point. The haulage of road-metal
1s, however, a more serious matter, and one whereby a great deal of money can be
wasted. The solution so far seems to have been the use of the motor-lorry, and
therefore the Department has invested in a considerable number of these for the
purpose.” This service has resulted in a considerable saving over the old methods
of haulage, and has enabled lengths of road to be metalled on which the cost
would have been almost prohibitive by any other means, chiefly on account of the
distances over which the haulage was necessary.

The Department is now constantly on the lookout for machines that will
accelerate and consequently cheapen the rate of work, and, in addition to the
above examples, much advance has been made in regard to tunnelling and
conereting machinery used. It is now recoguized that machinery sets the pace
and speeds up construction, especially when concentrated.
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It must be remembered that any reduction in the time of the completion of
a work by the use of better appliances results in a shorter period in which capital
lies idle, and therefore in a reduction of interest and overhead charges. Very
often I know it can be shown that machinery has not actually reduced, and
has even sometimes increased, the construction-costs of a work, but investigation
would show that the saving in interest and overhead charges on idle capital has
compensated many times over for the use of the plant.

I am pleased to say that none of the larger works in this country have as yet
shown an increase in construction-costs by the use of larger plant, but even had 1t
been so 1 would consider myself quite justified in its use if 1 were satisfied 1 could
save eventually by a reduction of interest and overhead charges.

Rainways IMprovEMENT AUTHORIZATION Act, 1914.

The expenditure under this Act amounted to £132,241, for grade easements,
formation of new line signalling interlocking and safcty apphanceb new station
and station-yards, goods-sheds, and ferminal facilities at Auckland, Welhngton,
and Addington.

AppIrIoNs 1o OpreN LINES.

The expenditure out of the Public Works Fund under the head * Additions
to open lines 7 amounted to £1,856,380. Of this sum £1,121,132 was expended in
the provision of additional rolling-stock, tarpaulins, Westinghouse brakes, workshops
machinery, and steam heating. The balance covered expenditure upon improvements
to engine-depots, workshops, station facilities, water-services, additional dwelling
for the staff, signal, tablet, telegraph and tdephone 1nstallat10n bridge-work,
subways, and purchase of land.

PUBLIC BUILDINGS.
(IENERAL.

Parliament Buildings, Wellington.—A large amount of work was carried out in
this building during the year, and was finally completed in time for the opening
of Parliament. The most mmportant portion was the working and setting of the
ornamental -marble for the interior finish of the main lobbies, together with the
marble tiling and the general finishing-work. A particular feature of the finishing-
work was the Cabinet-room. This has been panelled in Canadian walnut and birdseye
maple, the timber being supplied by the Canadian Government as a gift to the New
Zealand Government, the working-up and finishing being carried out in the
Department’s local workshops.

DuparrMENTAL BUILDINGS.

Auckland (Stamp Office). — An additional story in brick was erected, and
alterations carried out to provide additional accommodation for both the Deeds
and Stamp Departmultb

Wanganur.—The Wanganui Native Land Court building, which was commenced
last year, has been oomplcted. It is of brick with plaster finish inside and out,
and comprises Court-room, offices, strong-rooms, and outbuildings.

COURTIOUSES.
New Courthouses were erected at Waipukurau and Pukekohe.
With these exceptions, only essential repairs and maintenance were carried
out,

Prisons.

Prison - building operations were limited to the completion of partially con-
structed buildings, and the provision of purely essential accommodation. Three
cottages for married officers were completed on the Auckland Prison Reserve, and
also a shelter-shed for the prisoners in the quarry. At Waikeria Reformatory,
quarters for the single officers have been completed and are now in occupation.



XV D.—1.

Tnmates of this institution were employed clearing and bringing into cultivation
a block of land on the Tokanui Mental Hospltal Reserve. Roadmakmg and
sawmilling have been pushed on at the Waikune Camp, Erua, and considerable
quantlmes of timber have been supplied for public works durmg the year. The
new Hoffman brick-kiln at Wi Tako Prison, Trentham, has been completed, and
bricks in large quantities are now being turned out. The construction of the
second cell-range and kitchen block at Paparua has progressed satisfactorily, the
kitchen block being now in occupation and the cell-range well advanced. The new
kitchen block at the Borstal Institution is now apploachmg completion, and two
additional cottages have been built for married officers.

Povrrce-srarions.

lxpenditure was restricted practically to the completion of works for which
contracts had already been entered into, the purchase of a few properties in cases
where there were no other means of obtamning accommodation, and essential
maintenance. New police-stations were erected at Bull’s and Wd,lkdl'l and a
sergeant’s residence at Mount Cook (Wellington) ; the new police-station at Danne-
virke and sergeant’s residence at Palmerston North were completed ; additions
and 11np1<)vunult.s were made at Seddon Police-station ; and the pohce buildings
at Karangahake were removed and re-erected at Matamata. Alterations and
]mprovomentb were made to the properties which had been purchased during the
previous year at Green Island, St. Kilda, Port Chalmers, Woodhaugh; and Ravens-
bourne. Houses for use as poh('e stations were pumhased at Whataupoko, Takapau,
North Invercargill, Tuatapere, and Winton.

New police buildings are required at a number of places where the existing
buildings, many of which were erected over forty years ago, have become almost
unfit for habitation, and also where the Department has at present to rent unsuit-
able properties at ]mrh rentals. Provmon for the erection.of police-stations at such
places is being made on the current year’s estimates, with a view to the works being
proceeded with as soon as financial circumstances permit.

“Post AND TELEGRAPH BUILDINGS.

Plans ave in course of preparation for a number of post-office buildings, the
erection of which will be proceeded with when finances permit.

During the year departmenta! buildings were erected, or the erection completed,
at Alexandra, Amberley (line foreman’s residence), Aria, Chatham Islands (Superin-
tendent’s residence), Devonport (automatic telephone-exchange building), Fitzroy,
Garston, Henderson, Hororata, Lumsden, Manurewa, Matawai, Nightcaps, Onehunga
(«Lllt()nthlb te]ephom exoh(mge) Papanu, Paraparaumu, Rdnfurly, Rangiotu, Rock-
ville, Tapawera, Taupiri, Te Kopuru, Waiotemarama, Whakahoro.

‘Alterations rendered necessary by growth of business were carried out at
Chatham lslands (radio-station), Dunedin, Hawera, Morrinsville, and Timaru.

The old post-office building at Port Nelson was removed to Stoke, where it was
refitted for use as a post-office.

Small buildings were purchased at Cave, Mayfield, and Mokauiti, and adapted
for use as post-offices ; also at Glen V‘Orua, where the old buﬂdmg had become
unsuitable for use as a post-office.

MunrAL Hosprravs.

Additions in brick to auxiliary No. 2 female ward at the Auckland Mental
Hospital, to accommodate eighty patients, were completed.

Minor repair and maintenance works have been carried out at the Avondale
Mental Hospital, and a new roof put on part of the Wolff Home.

The Tokanui Mental Hospital male admission block, with pressed bricks and
rough-cast walls, was completed, giving accommodation tor approximately twenty
patients.

At Nelson a new reception block in brick was recently completed.
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[ixtensive additions to provide for kitchen, bakehouse, workshop, store, staft
dining-room, billiard-room, and nurses’ quarters are bemg carried out by day
labour at Hokitika Mental Hospital, while the usual maintenance-work has been
attended to. ’

Maintenance-work has been carried out at Seacliff, and a new unit has been
completed at Waitati. A day-room extension has heen erected on the women’s
side of the main building at Sunnyside. At Hornby the alterations and additions
have been completed.

Hosrrrats AND CHARITABLE INSTITUTIONS.

Among the works carried out during the year was the renovation and improve-
ment of mlhtary hospitals taken over by the Health Department from the Defence.

A very considerable amount of this renovation-work, however, had to be
postponed owing to financial circumstances, but must be ploueeded with as soon
as funds will permit.

The St. Helens Hospital accommodation recently ervected at Auckland, and
which is almost internally completed, is of brick and provides for thirty-seven beds,
together with all facilitics and requirements for carrying out the functions required
in a modern maternity hospital.

Similar accommodation 1s required in Christchurch, and as soon as finances will
permit this important work wil be taken in hand. In the meantime the present
buildings have been put in repair, and additional accommodation has been provided
for the nurses.

Epucarion.

During the past financial year the expenditure on educational buildings was
£565,670—£563,201 from the Kducation Loans Account, and £2,469 from the Public
Works Fund, the latter amount being expenditure not plOVlded for by the
ltducation Purposes Loans Act, 1919. This expenditure exceeded by over £100,000
that for the previous year, which was at that time a record. The large expenditure
was owing to the fact that during war-time the amount approved for the erection
of educational buildings was reduced to a minimum, and after the war closed very
substantial grants were approved to overtake the arrears of urgent works, the cost
of which had greatly increased. So difficult was it, however, to obtain the necessary
labour and materials that there was considerable delay in carrying out the work,
and consequently much of the expenditure during the past year had reference to
authorities given during previous financial years. In this connection it may be
pointed out that, while at the end of the financial year 1920-21 the unexpended
commitments werc £825,661, at the end of the last financial year the amount was
only £366,766. Of the total expenditure for last year £328,228 was for primary
schoo s, £101 199 for techmical-school buildings, £81,197 for secondaly schools, and
£39,071 for Unlvers1ty buildings.

Jircumstances, however, necessitated a considerable curtailment of sums
approved for new buildings, and the total new grants for the year were only
£105,424, as against £724,902 for the previous year. Grants were confined to cases
of the grcdtest urgency, and were made as far as possible for actual school
accommodation, chiefly in backblock districts. ~Wherever possible, temporary
accommodation 1n the form of rented buldings is being utilized i lieu of
providing permanent buildings.

At the close of the year there were before the Department applications
amounting, under all heads, to £600,376, of which £461,403 had reference to
public schools.

The urgent necusmty of p10v1dmg funds for the many pressing requirements is
fully recognized, and it is hoped, in the not-far-distant future, to revert to the
progressive building policy initiated a few years ago.

LicaTHOUSES.

Owing to the site of the Hast Cape Lighthouse at Hast Island having become
dangerous, it was decided to transter the lighthouse to the mainland. Its removal
was undertaken during the latter part of the year, and its re-erection on the main-
land is nearing completion.
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An automatic light was erected on Ninepins Rock early in the year, and first
exhibited on the 30th August, and has proved very useful to navigation.

Two new cottages for keepers were erected at Cape Campbell, two at Cape
Maria van Diemen, and one at Pouto, Kaipara, the old structures having become
uninhabitable.

It is intended to proceed with the erection of automatic lights on Gable End
Foreland and Mercury Island as soon as the Department’s lighthouse expert is
available.

Arrangements are being made for the installation of an oil-engine hoist for
hauling goods from the landing to the lighthouse on Stephen Island in place of the
present wooden whims, which are out of repair and unsuitable.

HARBOUR-WORKS.

All the buoys and beacons in the harbours under the control of the Depart-
ment have been regularly overhauled, cleaned, and painted, and, where necessary,
new moorings have been put down. ' '

TOURIST AND HEALTH RESORTS.

No new works of magnitude were undertaken, but considerable improvements
and additions were effected. At Rotorua wooden water-mains are being replaced by
cast-iron ones, and a stand-by plant and extensions to the electrical system are in
hand. Other works carried out were the erection of and improvement to residences
at Rotorua, provision of ““ Crescent ” gas lighting at the Hermitage, improvement
and erection of huts at Tongariro National Park, construction of.a further section
of the Grave-Talbot track from Wakatipu to Milford, the purchase of Sutherland’s
accommodation-house at Milford Sound, and the installation of telephonic commu-
nication on the Te Anau - Milford Track, whereby travellers are able to communicate
direct from Milford to Glade House, Te Anau.

The work of substituting iron for wood water-mains at Rotorua will be continued,
as well as improvements at the various resorts. The necessity of the new massage
building at Rotorua is recognized, and will be proceeded with when finances permit.

ROAD CONSTRUCTION AND MAINTENANCE.

The sum provided on the estimates for the year ending 31st March, 1922, for
road and bridge construction and maintenance was less than for the previous year,
but the expenditure has been greater—indeed, the heaviest on record for this class
of work. '

With a view to increasing the general productivity of the Dominion, the
expenditure has been confined principally to those roads that are at present the
only means of communication to and throughout settled districts where railway
facilities do not exist, and in the development of new districts. These activities
have been mainly in the direction of formation of new roads, construction of
bridges and culverts, metalling existing roads, and general maintenance.

The works of greatest magnitude have been carried out by my Department,
but local bodies have been entrusted with the execution of such undertakings as
came within the scope of their capabilities. .

It is estimated there are at the present time approximately 50,000 miles of
formed roads and bridle-tracks in the Dominion, of which 27,000 miles are
metalled. It is further estimated that an additional 20,000 miles require to be
formed before the roading of the Dominion can be considered complete, even to
an elementary standard.

The desirability, and indeed the necessity, of roads of a sufficiently high standard
to carry all classes of traffic become more apparent each year, and it is now generally
recognized that this standard can only be attained by proper organization and
modern equipment. :

The severe tests applied to road-surfaces by swiftly-moving and often heavy
motor traffic have induced some local bodies to adopt a more modern and perma-

ii—D. 1,
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nent method of surfacing than mere metalling. The result of their experiences, I am
informed, has demonstrated that it is more economical to adopt this system than
incur the expense of costly repairs incidental to the previously ex1st1ng systems
of construction and maintenance.

Much information has been collected by my Department regarding modern
methods of main-highway construction, and other matters relating to the roading
problem generally, all of which will be available for immediate use when the
Highways Bill has been placed on the statute-book of the Dominion.

The estimates for roads this year have been prepared as far as possible on a
system of factors representing areas, populations, productivity, loans raised by
local bodies, mileages of formed roads, amounts required for roads still to be formed
and memlled and values of Crown and Native lands still available for settlement,
the last two of which are of the greatest importance when consideration is being
given to the claims of the several districts.

The construction and improvement of roads was jointly discussed by the
District Engineers and the representatives of the various local bodies, and as far
as practicable the allocation of the moneys available was mutually agreed to, and
I desire to record my appreciation of the reasonable spirit shown by local bodies
in recognizing the monetary limitations existing at the present time.

During the past year the Department has continued, to as great an extent as
possible, to avail itself of local-body organization for the expendlture of Government
grants and subsidies.

There has been a tremendous demand throughout the country for the.putting
in hand of road and bridge works, but financial considerations have dictated the
necessity of the selection of works of special merit for authorization, rather than a
general authorization for all works, and although this has meant deferring many
undertakings of considerable local importance the great majority of local bodies
have adopted a helpful attitude and have materially assisted the Department
through a difficult period.

TELEGRAPH EXTENSION.

During the year 106 miles of new telegraph and inter-urban telephone pole
line, carrying 998 miles of wire, were erected. The telephone-exchange plant
(subseribers’ lines) was also considerably extended by the erection of 555 miles
of pole line, carrying 5,271 miles of open aerial wire, and 63 miles of lead-covered
cable, containing 15,110 miles of wire. The substantial increase over the figures
of the previous year is due to supplies of material which had been under order
for a considerable time becoming available.

The telephone exchanges were increased by six during the year, while twenty-
six others are in various stages of completion. The number of new subscribers
connected with telephone exchanges was 9,259, and this increase necessitated
additional switchboard capacity at forty exchanges. There are 6,132 applicants
awaiting telephone connections.

During the year considerable progress has been made with automatic-tele-
phone installations, new exchanges having been opened at Oamaru and Kelburn,
while the installations at Palmerston North and Khandallah are almost complete.
The installation of automatic exchanges is proceeding at several places in the
Auckland metropolitan area, and also at Christchurch. At Wellington and
Dunedin the installation of the main exchanges is in abeyance owing to the
non-completion of the necessary buildings. With the completion of automatic-
telephone exchanges at the larger centres the system will be extended to the
country exchanges where continuous telephone service is desirable.

The necessary apparatus for a machine-printing telegraph system was received
in New Zealand in October last, and an installation between Wellington and
Christchurch was opened for traffic on the 5th December, 1921. The system is
now being installed for operation between Wellington and Auckland. This will
have the cffect of releasing telegraph-wires and making them available for a
continuons telephone service between the two centres.
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CONTINGENT DEFENCE.

The Burnham Indugtrial School was transferred from the Kducation Depart-
ment to the Defence Department and converted into ordnance and mobilization
stores for the Southern Command. This change necessitated the erection of
suitable buildings for the storage of military equipment. Several wooden hutments
have therefore been transferred and are being used as a temporary convenience
until a fireproof building is available. For the storage of vehicles buildings are
now in course of construction at Trentham.

It is proposed later to erect a magazine to store reserves of ammunition for
both the Navy and the Military Forces, also to build at Ngaruawahia, on the area
of land recently acquired, an ordnance store to take the military equipment for
the Northern Command. Featherston Camp will then be dismantled and the hut- .
ments sold.

LANDS, MISCELLANEOUS.

Haurake Pastoral Areas, dc.—This work consists of the formation, widening,
and re-conditioning of roads in the Hauraki pastoral areas, the principal items in
hand being the Tapu—Coroglen and Kauaeranga—Tairua Roads, and the Port Charles —
Jackson track. Access to a large arca of reasonably good country will be afforded
by the Tapu-Coroglen Road, and as a result early settlement of discharged soldiers
is anticipated along the Tairua Road.

Reclamagion of Sand-dunes.—Considerable work has been accomplished during
the year, and the results achieved are very encouraging. The importance and
value of the work is generally recognized, and can be regarded as a truly repro-
ductive work. Where valuable lands are threatened by the drift the work becomes
one of necessity, and the ends to be attained are twofold—firstly, the reclamation
of the sand-dune area, and, secondly, the protection from injury and possible
destruction of valuable adJomlng lands now in a productive state. Work has
been carried on during the year south of Kaipara Heads in the vicinity of Wood-
hill, on the east coast between Marsden Point and the Waipu River, and on the
west coast near Te Kopuru, in the Northern Wairoa district. A little preliminary
work has been done on the west coast north of Kaitaia, near Waiharara.

LANDS FOR SETTLEMENT ACCOUNT.

The opening-up of the various blocks of land set apart for selection under
the provisions of section 63 of the Land Laws Amendment Act, 1913, was pushed
on vigorously during the year. The principal works consisted of road-bridges,
drains, and other works necessary to give access to land already selected.

DEVELOPMENT OF MINING.

The vote of last year under this head was slightly overexpended on the
purchase of drill equipment, and even now with the extra supply it is anticipated
that during the current year all the Department’s drills will be n use, owing to
the ever-increasing popularity of this form of assistance to the mining industry.

IRRIGATION AND WATER-SUPPLY.
IpA VALLEY SCHEME.

German Hill Race has been enlarged for a distance of 7; miles. Flumes at
Moa, Maori, and Dovedale Creeks are under construction, and four road-deviations
have been constructed to avoid several culverts. During the season water was
supplied to eighteen irrigators.

MANUHERIKIA SCHEME.
During the year the concrete lining of the intake tunnel, the inlet and intake
gates, a concrete gravel-trap, as well as the outlet end of the tunnel, have been
completed.
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The concrete lining of the main race in the Manuherikia Gorge was completed,
all excavation finished, and four large flumes erected.

A double line of pipes at Chatto Creek has been plased in position, and is in
working-order.

Ten distributing-races have been completed.

ARDGOUR SETTLEMENT SCHEME.

The permanent line and all siphons have been surveyed and plans prepared.
Construction is proceeding satisfactorily, the first 6 miles being fully excavated.
From 6 to 11 miles the excavation is practically coniplete, except for a few short
gaps.

EARNSCLEUGH SCHEME.

With the exception of a few culverts this scheme has been completed
sufficiently to supply occupied land, but will require extension when other lands
are blolmht into occupation.

GENERAL SURVEYS.

Upper Manuherikia Scheme.—A detailed survey of the wall for the upper dam
site at Lauder has been made, and 60 miles of race have been levelled and pegged.
Rough surveys have been made of the Falls and the Dunstan Creek dam sites, and
trial race-lines have been run with a view to irrigating the northerly end of Ida
Valley, as well as the Manuherikia Valley, in all about 100,000 acres. Tarras,
Roaring Meg, and Bendigo schemes are being investigated.

(GENERAL

This may be an appropriate place to give a few particulars of the effects of
irrigation on the land as obtained from actual figures supplied by the farmers on
Government irrigated land, and some on land irrigated by private schemes. One
man grew 400 tons of lucerne on 80 acres of irrigated ground, and with 350 tons of
this fodder he wintered 5,000 sheep, 75 cattle, and 20 horsés. With the aid of the
pasture on irrigated land he was able to sell 4 ,900 fat sheep from a property which
had never pr ev10usly been able to turn out a single fat sheep. Another settler
brought in a private scheme costing £20 per acre, and was then able, on 100 acres of
land which previously was drifting sand of no value, to winter 3,300 sheep as well
as horses and cattle; and in addition, in the month of February, he held 2,000
sheep and fattened 300 wethers. Figures of this description must carry sonviction
to the most sceptical.

Another man, before irrigation, on a little over 300 acres, grazed 100 sheep and
fattened 80. He now grazes 600 sheep and fattens 400, and estimates that his land
has increased in value five-fold. Another, before irrigation, sold 250 fat sheep and
13 bales of wool per annum. He now sells 1,200 fat sheep and 35 bales of wool; and,
further, he estimates that the wool off irrigated land is 21bs. or 31lbs. per sheep
heavier and fetches 3d. to 4d. per 1b. more as compared with adjoining unirrigated
land. Another man who previously sold no fat sheep and four bales of wool, now
sells 980 fat sheep and fifteen bales of wool. The increase in the carrying capacity
of the land actually 1rrigated is estimated as increasing from between one-sixteenth
and one-quarter of a sheep per acre up to figures ranging between 2 and 10 sheep
to the acre.

As a means of arriving at the increased production investigations were made as
to the number of sheep and other produce sent away from the stations which serve
the principal irrigated areas, and it is found that the average weight of goods
between 1908 and 1914 was 1,885 tons, and since that period 4,395 tons; the average
of the last year was 5,170 tons.

The sheep exported in the six years prior to 1914 averaged 40,345, since that
date 52,500, and last year 60,034¢. Only about 11 per cent. of the land whi(h
might be 1r11ga’red 18 now mlgated and yet the increase as shown by last year’s
output as compared with the pre-irrigation average shows: cattle, 35 per ‘cent.,
sheep, 49 per cent., grain, chaff, and wool, 108 per cent.
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The average enhancement in land-values per acre estimated by a number
of owners is £6 7s. 6d., after making due allowance for the cost of the water-supply.
This amount is much less than the enhancement estimated by Government officers,
but naturally the owners would be cautious in estimating the values, particularly
as there was no question at the time of their selling. Taking, however, the farmers’
values of enhancement, and capitalizing the water-rents receivable, we find that in
the case of the Ida Valley scheme we have an asset worth £226,325 from an
expenditure of £160,000. If extremely conservative values adduced by the
Department’s officers from actual crop ‘and flock returns be taken, the national
asset 1s really £281,146 from the expenditure of £160,000. If all the schemes now
under construction, or already constructed, be pooled, and the same basis of
argument be used on the farmers’ estimate we will have a Dominion asset of
£498,310 from an expenditure of £370,000, or, on the Department’s figures, £619,846
from the same expenditure. All the above values are adduced from sheep-tarming
operations almost entirely, but the real future of a considerable amount of the
irrigated land lies in the development of dairying, and when the change 1s brought
about—-and it can be only brought about by irrigation and subdivision—then the
results will be such as could only be believed by persons who have actually seen the
country both before and after irrigation.

Attached is a diagram showing the relation between the sale of water and the
increase in the numbers of sheep carried by a group of irrigated farms in Ida Valley.

13000 T
L |
Curves R Sheap durried m Viseant |a. sapofofo Covmfsas ! / /
Jz0gp [HEeese A e - e .
P S
( ¢"/Y/ o - \\\E ,«’/ ) “\\\ ,// By .
17000 ,1"$(‘f~ R A [ U “».\\L,,/A,Z:i A ,_'\,l,\\ﬁ,i', 2 7,./77
R L A 01 //
J0000 HEEeeee Ll | - S S S rﬂﬂ &
af
- 9 /
I3A] VALLEY IRRIGATION p e /
\ y
So000 B T —_ R e E— j_/xabé#» 0\,(\/ -
/¢ 57
¢ ye"/
7 \ y
8ooo |- -t (J ‘4 % —
Y f
\ ¢ of
e
/ Gtﬁ’//
7000 +-— - ot —— : >
4
\ —
e
000 | Mo =7 R
‘Q o
S N N N o N 9 R N N N 3 N 3
cons R R R R yeaps. O ROROER R

WAIHOU AND OHINEMURI RIVERS IMPROVEMENT ACCOUNT.

Upper Warhou (Mangaiti—Tirohia Section).—Both banks have been cleared
of willows to Tirohia Bridge, a total length of 43 miles. The formation of the
preliminary left-bank stop-bank is in hand from 3 mlles 42 chains to 5 miles.

Twrohia—Ngararahi.—The stop-bank on left side has been uompleted partly
to preliminary and partly to final levels, over its whole length of 4§ miles.

On the right bank final level has been reached (with the exceptlon of one
small gap at Mill Road) for a distance of approximately 2 miles. The suction
dredge pumped 127,000 cubic yards of sand into this bank since the 12th August
last.
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Ngahina - Waimarie Bend.—Except for temporary drainage gaps, preliminary
levels have been reached with the stop-banks on either side of the river. Cut-oft
drains on the right bank have been completed, and those on the left bank are in
hand.

~ Waimarie Bend— Wharepoa.—About 14 miles of stop-bank on each side of the
river has reached preliminary levels. Flood-gates have been erected, and a mile
of willows ring-barked.

Ngahina Bridge Extension.—The stop-bank on the left bank of this river was
commenced last May.

HYDRO-ELECTRIC POWER.

Of the hydro-electric programme of the Government two schemes are now in
operation—Lake Colertdge (12,000 h.p.) and Horahora (8,400 h.p.). These have
both shown satistactory results for the year, both having paid operating-expenses,
interest, and depreciation, and shown a margin towards reduction of the accumulated
deficiency.

Lake CoLERIDGE SUPPLY.
The financial result of the year’s operation is as follows :—

£
Capital outlay .. .. . . .. 671,608
Working-expenses . . . .. 25,911
Interest .. .. .. .. .. .. 20,981
Depreciation .. .. .. .. .. 8,424
Total annual cost .. .. .. £55,316

The revenue for the year amounted to £56,814, showing a net profit of £1,498.
This amount was paid off the accumulated deficiency for the previous years of
operation, which now stands at a net debit of £29,175.

Although the scheme is thus showing a profit on the accounts, no sinking fund
is yet provided. In accordance with the State Supply of Electricity Act, 1917,
under which these accounts are kept, a sinking fund of 1 per cent. must be set up
as soon as there are available profits out of which to pay it. Had this sinking fund
been paid last year it would have converted the profit of £1,498 into a loss of £4,458,
and had it been paid from the inception of the undertaking it would have increased
the accumulated deficiency on the net revenue account by £29,855. Thus,
although the results are satisfactory, they are not such as to justify any recon-
sideration of the standard scale of charges until the sinking fund is provided for.
But the savings effected by consumers are very much greater than the revenue
received by the Department. To supply the same output as was supplied from
Addington substation (33,947,100 units) by means of a modern highly efficient
steam station would have taken 45,500 tons of coal—nearly 150 tons per day.
But the actual fuel saved as compared with the consumption of the hundreds of
small engines used throughout the district before the advent of electric power is
- three to five times this amount.

The operation of the plant was carried out satisfactorily during the year.
Trouble with two of the turbine-cases caused some difficulty, and rendered it
necessary to fall back on the steam reserve maintained by the Christchurch Tramway
Board for a few weeks, but with the hearty co-operation of the consumers all the
essential services were maintained In spite of the shortage of power.

Insulator troubles are still frequent, but show an improvement as compared
with the previous year, as the original insulators purchased in 1912 are replaced by
a more modern type, and considerable credit is due to the staff for maintaining
the service under the circumstances with such immunity from breakdown. The
replacement of the insulators and of the aluminium wire by copper wire will be
completed during the current year, and should ensure much greater freedom from
interruptions.
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The main work during the year was the extension of the plant capacity from
8,000 h.p. to 12,000 h.p. by the addition of a new 4,000 h.p. unit with necessary
switch-gear and pipe-line. This was completed and put into scrvice at the end of
the financial year, and its influence on the financial returns will not be realized
until next year. A further 4,000 h.p. unit is in hand, which will bring the plant
up to the full capacity of the existing tunnel and power-house building. This will
enable the output to be increased to 16,000 h.p., and will render available a limited
supply of 1,000 h.p. reserved for Ashburton Timaru, and South Canterbury.
The transmission-line for this purpose is well in hand. Supply was given during
the year to Banks Peninsula and Springs-Ellesmere Klectric-power Boards. In
order to obtain the necessary additional supply of water for these and future
extensions the Harper River is being diverted into the lake, and the permanent
works for this purpose have now been completed.

In order to provide for further extensions up to the full requnements of the
district—viz., 36,000 h.p.—the survey has been carried out for a second tunnel,
11 ft. in dmmetm and plans are in hand for the extension of the power-house by
the addition of two 10,000 h.p. units, with further provision for a third unit of the
same capacity when 1eq111red

WarkaTo ELECTRIC-POWER SUPPLY.

The Horahora power plant has now completed its second year of service since

it was taken over from the Waihi Gold-mining Company, and the financial results
are as follows :—

£
Capital outlay .. . .. . .. 353,807
Working-expenses .. .. .. .. 7,986
Interest .. .. .. .. .. .. 13,187
Depreciation . .. . .. .. 4,512
Total costs .. .. .. .. £25,685

The revenue for the year was £28,207, showing a net profit of £2,5622, as compared
with a loss for the previous year of £6 282. This result is largely due to the increased
revenue received from the mines and dairy factories. In addition supply has been
given to IHamilton Borough and to four Electric-power Boards—viz., Thames
Val]ey, Jambridge, Central, and Te Awamutu. For this purpose the transmission-
lines have been oxtended by sixty-seven miles. The maximum load at power-house
during the year was 5,800 kw. out of the plant capacity of 6,300 kw., but this has
since been reduced owing to a temporary reduction in the mining load. But,
again, as in the case of Lake Coleridge, no sinking fund has been provided, and
this, had 1t been paid, would have converted this profit into a loss of £59.

The operation of the power-house and transmission-lines during the year has
been carried on satisfactorily.

In order to provide for the normal increase in the demand, contracts have
been placed for two additional generating-units of 2,000 kw. each, which will bring
the full power-house capacity up to 10,300 kw., or 14,000 h.p., which it is anticipated
will be fully loaded up before the Arapunl works are Oompleted The headworks
and power-house extensions to accommodate these additional units are now in

hand.

MANcAHAO ELECTRIC-POWER SUPPLY.

In addition to the two plants in actual operation, work is in hand at Mangahao,
Arapuni, and Waikaremoana.

At Mangahao substantial progress has been made with the excavation and
lining of the two main tunnels, the by-pass tunnel for the Mangahao dam, the
excavation for the Mangahao and Arapeti dams, the foundations for the power-
house, and with the transmission-lines to Wellington. For the supply of the
necessary materials thirty-five contracts, amounting in all to 5;277 000, have been
placed.
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The installations when completed will have a capacity of 24,000 h.p., which
1s the full capacity of the available supply of water. The distribution of the power
will be entrusted to Wellington City and seven Electric-power Boards which have
been constituted for the purpose. Hach of these Power Boards is making good
progress.  The power will, of course, be supplied to the districts which are first
ready to take supply, and 0bv1ously, power cannot be held idle for any district
unless it is paid for. But on the basis of all being ready to take up their quota
on the completion of the headworks and distribution-lines the following allocation

has been made :—

Horse-power.
Wellington City and district . . .. 12,000
Hutt Valley Electric-power Board .. .. .. 2,000
Horowhenua Electric-power Board .. . .. 1,200
Manawatu Electric-power Board o . .. 3,300
Rangitikei Electric-power Board .. . .. 1,800
Wairarapa Electric-power Board . . .. 2,000
Tararua Electric-power Board . .. .. 1,000
Dannevirke Electric-power Board .. .. .. 1,300

Negotiations are now in hand for the contract for the supply to Wellington
City, but the Power Boards have not yet entered into negotiations for their supply
contracts. The above allocations amount to about one in ten of the population—
approximately the same proportion as the output of the Lake Coleridge and Waipori
plants bears to the population of the districts supplied. It is therefore anticipated
that Mangahao will be fully loaded to the same extent, as those plants now are
within a very few years of the inception of supply, and that it will then become
necessary to supplement the supply by joining up with Waikaremoana.

ArAPUNI ELECTRIC-POWER SUPPLY.

The Arapuni scheme stands on a different footing to the others that have
previously been put in hand in New Zealand in that it cannot be developed to
advantage in stages to meet the load as it grows. Owing to the large dam and
heavy headworks, this scheme cannot pay until the output reaches about 36,000 h.p.,
and the only district which could offer a sufficient demand to ensure this load being
reached In the eally future is Auckland City. But the City Council had recently
arranged to consolidate and Increase its steam plant to 26,000 h.p., and it was
necessary, therefore, to know definitely before putting the Arapuni works in hand
whether the city intended to take power from Arapuni when available or to continue
to operate its steam plant. A contract was therefore negotiated providing for the
supply to the city from the Arapuni works, and this contract has been completed
by the Auckland Electric-power Board, which in the meanwhile was formed to
take over the whole clectric-supply system from the City Council. This contract
anticipates that the Board will take a supply of at least 15,000 kw. (20,000 h.p.)
in 1928, when it is anticipated that the Arapuni works will be ready to supply,
the Board building up its load to this or such greater demand as may be available
in the meanwhile by means of its steam plant. In the meanwhile the surveys
and preliminary works at Arapuni have been put in hand.,

WAIKAREMOANA HLECTRIC-POWER SUPPLY.

This power-station will be required in the early future, mainly to supplement
the demand for power from Mangahao Power-station, and the proposal is to then
provide an installation of 40,000 h.p. In the meanwhile the exciter units of the
large plant consisting of two 500 h.p. water-wheels coupled to 350 kw. alternators
and direct-current generators are being installed in a temporary power-house, and
will be utilized at once for supply to the Wairoa Electric-power Board up to a

capacity of 750 h.p., the balance of 250 h.p. being reserved for the construction

of the main works.
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In order to reduce the overhead expenses an arrangement has been entered
into to lease the plant to the Power Board, who will operate and manage it by
means of its own staff, thus keeping the operating-cost at a minimum:

In addition to the installation of this 1,000 h.p. plant which has been com-
pleted, surveys for the main scheme have been pushed on, including a survey for
a sawmill tram-line and investigation of the foundations of the main power-house.
The necessary permanent-road improvement and new-construction roads and
bridges have also been carried on during the year, accounting for the greater
portion of the capital outlay hitherto incurred. ~Whilst these will not be required
for the construction of the new works for some time, they will be immediately
useful in serving to improve the access for the settlers of the district.

EvrecTRIC-POWER BOARDS.

Whilst the responsibility of generating and transmitting the electric power in
bulk rests on the Government, it is intended that the whole of the reticulation
shall be undertaken by the Electric-power Boards, and the Power Boards Act and
its amendments gives these Boards full powers and responsibilities in this direction.
The legislation is so far optional on the part of the ratepayers of any district—that
18 to say, a Power Board can only be formed on receipt of a petition from the rate-
payers. Hitherto twenty-three such Boards have been constituted, covering about
one-third of the Dominion. Petitions are in course of preparation for ten more
districts, which will increase the proportion of the Dominion included in electric-
power districts to one-half. In order to ensure the most efficient subdivision of
the whole Dominion a suggested scheme of forty-one electric-power districts was
drawn up in the last annual Statement. Of the twenty-three Boards now con-
stituted, nineteen of them correspond closely to the scheme there laid down. The
other four are for small areas, and were constituted to deal with an urgent demand
in a special district ; and as the demand extends and the power becomes available
to meet the demand over a comprehensive area, these districts must be extended
or merged with adjacent districts in order to ensure the most efficient results. In
order to meet this position special legislation is being introduced this year providing
for the merger of adjacent electric-power districts. Several petitions are in course
of preparation for the formation of further large districts in accordance with the
general scheme laid down, but it is a serious question as to whether the procedure
should not be mandatory instead of permissive—that is to say, whether the whole
country should not be incorporated in electric-power districts, either in rateable
inner areas or, if there is no immediate prospect of supply being given in that
district, in non-rateable outer areas. This would enable the question of electric
supply, which is now a necessity to the industrial development of the Dominion,
to be considered in a comprehensive manner for the whole Dominion.

Of the twenty-three districts already constituted four are now taking power
from the Government power-station at Horahora, four have entered into contracts
to take supply from other Government schemes, eight propose also to do so, and
seven of the districts are outside the area within which a supply of power is available
from the Government stations. Three of these—Southland, Opunake, and Teviot
—have arranged to install their own power-stations, and the other four have not
yet decided upon their source of supply. Whilst the main object of the Electric-
power Boards is to undertake the distribution of the power supplied in bulk by
the Government, the Boards must, of course, set up their own generating-station
or make other arrangements to obtain power in districts in which a Government

supply is not yet available.

The suggestion has been made that some of the Boards are not spending their
funds to the best advantage, and thus increasing the cost of power to the consumers.
In two or three cases the Boards in their desire to give a general supply over the
whole of their inner area have constructed or arranged to construct lines which
will not be remunerative for some years. The responsibility of licensees to supply
in their district has not been clearly defined in the past. New regulations are

iv—D. 1.
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being issued which render this responsibility quite definite but at the same time
protect the interests of the licensee or Board by giving them the power to require
from prospective consumers a guarantee for a period of five years of an annual
revenue from any line at a rate not less than 20 per cent. of the capital cost of such
line. The Power Board would, of course, lay out its original reticulation of the
districts, which will obviously be remunerative, and would then extend it piece by
piece under this guarantee to the more remote and sparsely settled portion of its
area, thus ensuring an ultimate supply to all who require it, and at the same time
ensuring a sufficient revenue to the Board to render the scheme self-supporting as
1t develops. As long as the Boards generally administer their affairs economically
1t is desired to leave the question of their internal policy in their own hands as
representatives of the ratepayers concerned. But if it is found that work is being
done that will involve undue cost of power to consumers, thus restricting the
development of the output of the main Government station, it may be necessary to
take power by legislation to enable the Department to review the Board’s estimates
at the beginning of each financial year. If, on the other hand, it is found that a
Power Board fails to adopt a sufficiently progressive policy to ensure the disposal
of the proportion of the output of the Government power-stations developed for
that particular district, it may also become necessary for the Government to
p]rot%ct igself m this direction in making the contract for the supply of power to
the Board.

On the whole the Electric-power Board legislation has so far proved successful
In putting into the hands of the ratepayers themselves the responsibility of under-
taking the distribution of the power and in giving them a local interest in ensuring
the financial success of the undertaking.

Locar ELECTRIC-SUPPLY SYSTEMS,

In addition to the Government and Power Boards systems, the Department
is responsible under the Public Works Amendment Act, 1911, for the licensing and
supervision of all the electric-supply systems of the Dominion. The industry as a
whole now involves a capital outlay of £5,224,629, and after paying working-
expenses and capital charges at an average rate of 585 per cent. it yielded a net
profit. of £82,688, or 1:6 per cent. additional on the capital outlay. Full details
are included in the tables herewith.

Furure DEVELOPMENTS.

EA®With regard to future developments, a programme was set out in my last
annual Statement covering a total expenditure of £12,902,000 spread over a period
of ten years, providing 260,000 h.p. and reaching a maximum rate of expenditure
of £2,023,000 in 1925. The financial position has rendered it necessary to revise
this programme in order to keep the annual expenditure per year, in the mean-
while, down to about £1,000,000. To do this it has been necessary to postpone
for a couple of years the commencement of the main works at Lake Waikaremoana,
and to hold over a number of the smaller developments in the South Island until
the Power Boards are constituted to deal with the reticulation. At the same
time the transmission-lines from the schemes to be proceeded with will be pushed
on, in order to make the supply as general as possible within the capacity of the
headworks at each site. With this object the mains from Lake Coleridge will be
extended into Otago and North Canterbury, and from Mangahao to Wanganui
and Napier, in addition to the lines already under construction. The revised
programme herewith provides for a slightly less total expenditure (£11,355,000)
spread over a longer period, and keeps for the first few years within the limit of
£1,000,000 per annum.
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ELECTRIC-POWER ORGANIZATIONS.

The work involved in the development of the electric-power resources of the
Dominion is outgrowing the present organization as a branch of the Public Works
Department, and a Special Board or Commissioner will be necessary in the early
future to deal with the commercial, financial, and electrical and engineering
problems involved. Owing to the financial stringency the appointment of this
special Board has been postponed as long as possible, but will be necessary in the
early future, and a careful note is being kept of the development of the correq]pondmo'
O[‘ganlldthH% in Great Britain, Canada, and Victoria, where the work is undertaken
by Electricity Commlssmners in Tasmania, where a separate Hydro-electric
Department has been set up ; and in New South Wales, where the organization is
carried out by a branch of the Public Works Department ; and the local proposals
will be based on those which are proving most efficient elsewhere.

STAFF.

The work of the whole of the Staff during the past year is worthy of the very
highest commendation, and I desire to take this opportunity of expressing to all
those officers my thanks for their untiring energy and hearty -co-operation in
carrying out successfully the many and varied functions of the Department.

It 1s with sincere regret that I have to record the loss by accident of a promising
young Assistant Engineer, Mr. R. W. Miller, who unfortunately lost his life through
being gassed while endeavouring to rescue some of his men similarly affected in one
of the tunnels being constructed in connection with the Mangahao hydro-electric
scheme.

CONCLUSION.

In conclusion, I feel confident that the judgment of the country will be
that substantial results have been achieved. The money at my disposal has
been expended in accordance with my ideas of what is in the best interests of
New Zealand as a whole. Under the direction of a thoroughly qualified staff,
and with a due regard to the necessity of obtaining, in increased pmductlon
due to better communications, an adequate return for the expenditure.
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TABLE

No. 4.

EXPENDITURE OUT OF SEPARATE AcCCOUNTS ON WORKS UNDER THE CONTROL OF THE PUBLIC
Works DEPARTMENT.

Land for Waihou and
P Settlements tional hin -
Lomnsto | oBORE R, | Acoount | GHATONLL, | Lamator | Ofpemin
Local Bodies | g0, gottioment | OPoDine up Account. Settlements Improvement
Year Account, Account Crown Lands | g.oqd't6 open Account. Account
' Roads to open Roads $0 oi)en for Settlement up National- Roads to open Waihou and
up Crown up Crown Account. endowment up Land for Ohinemuri
Lands. Lands Roads to open Lands. Bettlements. Rivers
’ up Crown Improvement
Lands. p ’
£ £ £ £ £ £
1890-91 .. .o 25,000
1891-92 .. e 64,000
1892-93 .. 800
89,800
1891-92 .. . 8,000+
1892-93 .. .. e 29,833+
1893-94 .. . 30,000t
1894-95 .. .. e 6,1141
1894-95 .. .. . 42,971}
1895-96 .. . .. 30,067}
1896-97 .. 31,017
1897-98 .. 18,770
1808-99 . 16,972
1899 1900 31,363
1900-1 37,390
1901-2 . 31,979
1902-3 18,578
1903-4 25,753
1904-5 28,895
1905-6 .. o .. 38,801
1906-7 .. .. . 47,371
1907-8 .. .. .. 38,524
1908-9 .. .. .. 54,713
1909-10 .. .. . 40,507 4,975
607,608§
1910-11 .. 45,691 . 5,619 “ .
1911-12 .. 49,739 . 6,554 3,769
1912-13 .. 47,951 N 2,689 9,555
1913 ‘14 .. . e e 63,245 . 4,282 9,632
1914-15 .. .. Ve ‘e . 92,975 9,151 10,004
1915-16 .. v . s . 47,974 13,344 9,225
1916-17 .. .. 24,730 6,787 . 10,407
1917-18 .. .. .. . 43,996 12,025
1918-19 .. .o 51,355 27,402
1919-20 .. . 61,692 34,806
1920-21 ., . 28,920 62,249
1921-22 .. . 51,471 54,379
697,408 206,626 165,679 53,401 237,434 243,453

* Paywmens to the Public Works Fund under section 31 of the Government Lioans to Local Bodies Act, 1886, in reduction of

expenditure under Class * Roads.’

I Peid into the Public Works Fund, reducing the expenditure under Class * Roads.”
| Paid into the Lands Improvement Account (now included in Public Works Fund under Class '* Roads”), reducing the

expenditure on roads.

¢ Expenditure under the Government Loans to Liocal Bodies Act Amendment Act, 1891,

EXPENDITURE

TABLE

No. 5,

AND THE LIABILITIES ON THAT DATE.

oN Pumuic Buirpings our orF PuprLic Works Fuxp To THE 31sT March, 1922,

Expendlture otal Liabilities on
— mponditiee o | -y, 1% g | PR | Auhories | g i,
81st March, sistMurch, | it Muroh, | 3lst Mateh, | Lo e,
£ £ £ £ £
Judicial* 1,093,161 68,642 1,161,803 2,727 1,164,536
Postal and tulcwmph 1,462,421 112,231 1,574,652 17,098 1,591,750
Customs 49,441 .. 49,441 .. 49,441
Offices for public l)epartmcnts 570,228 17,977 588,205 3,822 592,027
Mental hospitals .. 918,893 41,838 960,731 1,082 962,713
Alexandra Depot, Wellmgton’r 8,084 .. 8,084 . 8,084
School buildings . . 3,107,645 | Cr. 6,786 3,100,759 .. 3,100,759
Hospitals} 200,020 26,131 226,151 1,264 227,415
Quarantine-stations 57,883 4,581 62,464 17 62,481
Parliament Buildings (old bulldmgs) 76,553 .. 76,553 . 76,553
Parliament Buildings (new buildings) 219,354 57,685 277,039 29,850 306,889
Parliament Buildings (alterations to streets, sur- 14,187 . 14,187 .. 14,187
rounding grounds, and purchase of land)
Government House, Wellington (land and new 61,686 10,702 72,388 61 72,449
building)

Agricultural . 80,769 1,115 81,884 82 81,966
Workers’ dwellings 319,916 . 319,916 . 319,916
Miscellaneous 60,653 693 61,346 40 61,386

Totals 8,300,794 334,809§ | 8,635,603 56,943 8,692,546

* Includes Courthouses, prisons, and police-stations.

incladed in *“ Judicial 7 class.
prior expenditure allowed for.

T ]]xpenditure re Defon(‘o requirem(nts only.
1 Includes £32,754 previously shown under ¢ Public Health.”

Other expenditure

§ Recoveries in reduction of
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TABLE No. 8.
IRRIGATION AND WATER-SUPPLY.

IDA VALLEY,

GALLOWAY FLAT, AND OLRIG TERRACE SCHEME.

ProrrT AND Loss ACCOUNT FoR THE YEAR ENDED 3lst MarcH, 1922.
Gross Revenue Account.
To Management—— By Sales of water— £ s d
Ida Valley section— £ s d £ 8 d Ida Valley section 1,906 3 4
Salaries .. 57T 7T 4 Galloway Flat section 82 12 11
Wages, horse allow- Olrig Terrace section 4317 0
ances, and other costs
of maintenance 995 0 3
- — 1,062 7 7
Galloway Flat section—
Salarics .. .. 6 7 1
Wages, horse allow-
ances, and other costs
of maintenance 116 12 2
—_— 12219 3
Olrig Terrace section—
Salaries .. 818 1
Wages, horse allow-
ances, and other costs
of maintenance 100 19 4
—_— 109 17 5
Office rent 10 0 O
Gross profit in workmg 736 9 0
£2 031 1 3 £2 031 l.} 3
Net Revenue Account.
To Interest on capital outlay— £ s d £ s d.
4 per cent. per annum on £137,426 ‘ By Gross profit on working as per Gross
12s. 2d. (half charged against Revenue Account .. 736 9 0
revenue) 2,748 10 7 Net loss for year 3,386 6 11
Amount reqmred as contmbutmn to
National Sinking Fund, 1 per cent. f
on capital outlay 1,374 5 4

£4,122 15 11

£4,122 15 11

GENERAL BALANCE-SHEET AT 31sT Marcm, 1922.

Liabilities.
Public Works Fund— £ s. d.
Capital expenditure to
31st March, 1922
Consolidated Fund—
Maintenance expenditure

148,579 2 7

for yoar ended 3lst £ s d

March, 1922.. 1,295 4 3
Interest for year ended

31st March, 1922 5,497 1 3

6,792 5 6

Arrears of sinking-fund con-

tribution 1,374 5 4

1,354 13 11
1 010

Ida Va,lley soctlon
“Galloway Flat seetion

£158,101 8 2

Public Works Department,
Wellington, 2nd October, 1922,

Assets.
Dams, weirs, water-races,
&o.— £ s d. £ 8. d.
Ida Valley section—
Proportion Manorburn
dam and headraces
Main water-races

46,829 0 0
79,503 17 3

Distribution  water-
races 1,000 0 O
— 127,332 17 3
Galloway Flat section—
Proportion Manorburn
dam .. 5,829 0 0
Dip Creek dlvcrtlng
weir . 1,095 0 O
Main water-races 6,509 15 8
_ — 13,433 15 8
Olrig Terrace section—
Proportion Manorburn
dam and water-
races 6,970 6 0
Main water-races 3156 8 4
— — 7,2851 4 4
148,062 7 3
Staff accommodation . 1,140 0 0
Telephone system .. 400 0 O
Stocks of material on hand 250 0 0O
Interest during’construction 2,748 10 8
Sundry debtors (sale
of water)—
1920-21 and pre- £ 8 d
vious years 92 10 1
1921-22 2,031 13 3
— — 2,124 3 4
Profit and Loss Account—Net loss 3,386 6 11
£l~)8 101 8 2
P. 8. WaLpiE,
Accountant,
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APPENDICES TO THE PUBLIC WORKS STATEMENT, 1922.

APPENDIX A,

AUDITED STATEMENT OF EXPENDITURE ON PUBLIC WORKS
OUT OF THE PUBLIC WORKS FUND FOR THE YEAR 1921-22.

Prepared in complmnce with Section 8 of the Public Works Act, 1908.

S1r,— Public Works Department, Wellington, 12th July, 1922,
In compliance with the 8th section of the Public Works Act, 1908 I enclose & statement
of the expenditure during the preceding financial year on all works and services chargeable to the

Public Works Fund. I have, &c.,

J. G. CoATEs,.
Minister of Public Works.
The Controller and Auditor-General, Wellington,

SraTEMENT 0F NET EXPENDITURE ON ALL WOREKS AND SERVICES CHARGEABLE TO THE PuBLic
Wom\s Funp (GLNhRAL PURPO% ACCOUN'[‘) FOR THE YEAR 1921-22.

Vote. Summary. Apx;xl‘ggl ta- Expenditure. Credits. Net Expenditure.
Punric Works Funp (GrNerarn Purposks
Accoun). £ £ sd| £ s d £ sd
43 Public Works, Deparbment&l . .. 165,082 184,225 5 6| 55,941 16 3| 128,283 9 3
44, 45 | Railways . .. . .. | 3,250,000 (3,220,686 4 7| 87,486 10 93,133,199 13 10
46-54 | Public Bulldmgs .. .. .. 389,960 | 357,363 9 7| 12,624 4 5 344,739 5 2
55 Timber - supply and Sawmills for Public 42,000 16,372 7 11 3 4 0 16,369 3 11
Works Department
56, 57 | Lighthouses, Harbour- works, and Harbour- 21,575 18,916 6 3 142 2 8 18,7714 3 7
defences
58 Tourist and Health Resorts .e .. 25,925 20,770 0 11} 2,773 18 9| 17,996 2 2
59 Immigration . .. 225,000 324,647 4 10 77,137 13 11} 247,509 10 11
60-61 | Roads, Bridges, a,nd other Publlc Works .. 618,473 | 594,370 8 1| 30,211 4 9] 564,169 3 4
62 Development of Mining .. . .. 2,000 2,129 18 7 .. 2,129 18 7
63 Telegraph KExtension e .. .. 500,000 681,076 6 8101,177 2 4| 579,809 4 4
64 Contingent Defence .. . .. 17,500 16,166 5 6 580 5 2| 15,586 0 4
65,66 | Lands Improvement .. .. 25,033 17,549 11 2 87 3 9 17,462 7 5
67 Irrigation and Water- supply . .. 85,000 87,704 6 7 4,991 9 4 82,712 17 3
68 Plant, Material, and Stores .. .. 175,000 | 230,705 16 8/124,273 19 5| 106,431 17 3
Unauthorized .. . . .. .. 11,634 4 0 200 1 6] 11,434 2 6
Total, Public Works Fund . .. | 5,542,548 [5,784,317 16 10/497,630 17 0/5,286,686 19 10
P. S. WALDIE,
Accountant,
F. W. I'UrxERr,
Txamined and found correct. Engineer-in-Chief and Under-Secretary.

G. F. C. CaMPBELL,
Controller and Auditor-General.

4—D. 1.
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APPENDIX A—continued.,

Name of Vote. pﬁi%{’{(;){l_ Expenditure. Credits. |Net Expenditure,

PusrLic Works Fuwp. £ £ s d £ s d £ s, d.

43 | Public Works, Departmental .. 165,082} 184,225 5 6 55,941 16 3| 128,283 9 3
Railways— : .

44 Railway-construction .. .. .. |1,150,000|1,363,682 11 11| 86,862 14 10/1,276,819 17 1
45 Additions to Open Lines 12,100,000(1,857,003 12 8 623 15 11/1,856,379 16 9
Public Buildings— .

46 Genoral 90,700 92,691 2 2| 5,633 16 5| 87,057 5 9
47 Courthouses . . 6,750, 5,357 18 4| 1,000 0 O 4,357 18 4
48 Prisons .. 45,000 42,953 12 11| 1,213 7 10| 41,740 5 1
49 Police-stations . .. .. 30,000, 22,562 14 7 18 10 11| 22,544 3 8
50 I’ostalunchloglaph .. N e 128,510) 114,959 6 9 053 2 0 112,906 4 9
51 Agricultural . . .. .. . 4,000 2,809 19 4 1,695 4 3 1,114 15 1
52 Men‘oalHospltah . 40,000, 41,874 7 5 36 156 2| 41,837 12 3
bR Hogpitals and Charltablc Imtltutlons 41,200{ 31,282 0 10 569 11 2| 30,712 9 8
54 School Buildings . 3,800, 2,872 7 3 403 16 8| 2,468 10 7
55 | Timber-supply and Sawmﬂls for Pubhc Worki De- 42,0000 16,372 7 11 3 4 0] 16,369 311

partment

Lighthouses, Harbour-works, and Harbour-defences—
56 Lighthouses .. 17,500 16,492 14 3 142 2 8| 16,350 11 7
57 H'u‘hour works 4,075 2,423 12 O .. 2,423 12 0
58 | Tourist and Health Resor‘os 25,925 20,770 0 11| 2,773 18 9 17,996 2 2
59 | Immigration 225,000] 324,647 4 10/ 77,137 13 11| 247,509 10 11

Construetion and Ma,mtcnzmce of Rowds, Br1dcres and .

other Public Works—
60 Roads, &e. .. €03,048| 583,078 11 8| 30,183 14 9| 552,894 16 11
61 Road and other Works on Goldﬁe]ds a,nd Mmeml 15,425) 11,291 16 5 27 10 0 11,264 6 5
Lands

62 | Development of Mining . . - 2,000 2,129 18 7 .. 2,129 18 7
63 | Telegraph Extension 500,000, 681,076 6 8]101,177 2 4| 579,809 4 4
64 | Contingent Defence 17,500, 16,166 5 6 580, 5 2| 15,586 0 4

Lands Improvement—
65 Improved-farm Settlements 30 .. 16 0 0o Cr. 16 0 O
66 Lands, Misccllancous . . 25,003 17,549 11 2 713 9| 17,478 7 5
67 | Trrigation and Water-supply 85,0000 87,704 6 7| 4,991 9 4| 82,712 17 3
68 | Plant, Material, and Stores .. 175,000/ 230,705 16 8(124,273 19 b5} 106,431 17 3

Unmuthormod——borvwes not prov1d0d for .. . 11,634 4 0 200 1 GI 11,434 2 6

Total, Public Works Fund . 15,542,548(5,784,317 16 10[497,630 17 0;5,286,686 i9 10
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APPENDIX B.

ANNUAL REPORT ON PUBLIC WORKS BY THE ENGINEER-IN-CHIEF.

The ENGINEER-IN-CHIEF to the Hon. MiNisTER oF PuBLIc WORKS.
Sir,—
I have the honour to submit the following 1eport upon the various works under my control
completed and in progress throughout the Dominion during the period from the 1st June, 1921, to
the 31st July, 1922.

RAILWAYS.
ABsTRracT.

The following table shows the expenditure on Government railways in New Zealand up to
the 31st March, 1922 :—

i Total Opoen Expenditure
Name of Railway. Bnt-ai!ll\%ﬂ;r%fr for to
Section, Traflie. 318t Maxch, 1922,
M. ch. M. ch. £

Kaihu Valley . . . N . . 24 30 19 58 161,872

Otiria—~Hokianga .. .. .. .. .. .. 45 25 16 25 125,771

Opua Wharf - Onerahi .. .. . . o 58 6 58 6 528,659

Kioreroa~Waiotira .. .. .. .. .. .. 19 79 5 23 367,529

Nortk Auckland Main Trunk Railway (from Helensville) .. 84 24 54 27 1,600,885

FHelensville - Te Awamutu, with Branches .o . .. 168 48 150 89 3,006,328

Franktop Junction - Thames, with Branches .. e e 127 85 87 20 708,880

Thames Valley - Rotorua .. . . .. .. 69 33 69 33 378,618

Tauranga—Opotiki, with Branches .. .. .. - 145 32 i 791,244

Gisborne-Opotiki .. .. .. .. .. .. 93 44 49 32 624,175

Napier-Gisborne . . .. . 231 44 - 587,172
Wellington - Napier and Palmerston North (including Te Aro

Iixtension and Greytown and Martinborough Branches) .. T240 44 238 12 2,718,645

Wellington-Waitara, with Branches .. .. .. .. 350 11 285 59 2,826,498

Stratford-Okabukura 112 47 42 98 1,111,299

North Island Main Trunk .(.Mm-ton.-‘— Teo Avx;almutu),' }ncludiﬁé
Raetihi Branch and Waipa Gravel-access Branch .. .. 225 79 218 39 2,947,205
Picton-Waipara (South Island Main Trunk Railway)—

Picton southwards . . N 92 38 56 6 657,074

Waipara northwards .. . .. .. e 90 45 44 14 875,414
Nelson-Greymouth .. .- .. .. .. . 177 51 125 &7 599,945
Stillwater- Arthur’s Pass . .. .. .. . 51 41 49 97 1,452,593
Rolleston — Arthur's Pass (including Whitecliffs Branch) o 92 59 84 45 859, 540
Westport-Ngakawau .. . . .. .. 19 56 19 56 189,320
Westport - Ngakawau Extension to Mokihinui* e . 7 12 7 12 .
Mokihinui Colliery Linet .. . .. e .. 3 69 369 ..
Westport-Inangahua . . AN o - 26 0 5 74 152,609
Ngahere-Blackball .. .. .. . .. . 3 40 3 40 147,582
Greymouth-Rewanui and Branches .. . .. . 11 34 8 70 303,181
Greymouth-Waitrha .. .. .. .. .. 50 32 38 68 341,916
Hurunui-Waitaki, with Branches .. . o o 459 34 413 70 2,717,105
Canterbury Interior Main Line-—Oxford-Temuka N . 88 0 11 44 59,942
Waitaki-Bluff, with Branches o .. . N 600 21 546 12 5,029,433
Otago Central . .. .. . . .o 182 51 147 27 1,488,902
Invercargill-Kingston, with Mararoa Branch .. .. o 117 4 97 44 387,740
Forest Hill Railway—Winton-Hedgehope} .. .. . 12 40 12 40 23,337
Western Railways .. .. .. .. .. .. 94 8 70 31 358,495
Preliminary surveys . . o .. . ' . 44,206
Miscellaneous .. .. .. . 10,387
Stock of permanent-way on hand . . .. . .. .. 261,306
Rolling-stock . . 8,565,107

Suspense Acocount, being proi)ort.ion ‘of cost of ra,isix;g. loan of
£1,000,000 at 6 per cent. for Railways Improvement Autho-

rization Act 1914 Acoount .. e . . . e .. 67,319
Total . . . .. . 4,177 16 3,030 5 §42,522,013
Provincian GoverNMENT LiNks, ETC,

Canterbury (lengths included above) .. . . .. e .. 781,759
Otago and Southland .. .. . .. .. oo .. 372,522
Gisborne to Ormond Tramway .. i . . . . 4,975
Midland Railway, valuation of works constructed by company .. . .. ||683,460
Grand total .. . .. .. 4,177 16 3,080 5 44,814,729

* The funds for this extension—namely, £35,501 28. 11d.—were provided by the Westport Harbour Board.
+ The funds for purchase of this line, £15,745, were provided by the Westport Harbour Board.
1 The expenditure on this line a8 & tramway was made by the Lands Department.
§ Includes expenditure on railways under Hutt Road and Railway Improvement, Railway Improvement Anthorization Act
and Reilway Improvement Authorization Act 1914 Accounts, X
| Includes value for £1530,000 paid to debenture-holders under the Midland Railway Potitions Settlement Act Amendment

Act, 1903,
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Kanu VALLEY Ramway ExTENsioNn.
(19 m. 17 ch. to 23 m. 71 ch.; length, 4 miles 54 chains.)

All the formation work on this line has been compk‘ccd all culverts are also completed, and the
fencing is practically finished. Platelaying was completed both on main lines and in station- yards
durmg the year. Ballasting is practically completed ; only a small amount has yet to be spread
at the Aranga and Donnelly’s Crossing station-yards.

A good deal of delay occurred in procuring materials for the bridges on the line. One bridge
at Donnelly’s Crossing Station is completed. The piers of the other two bridges at 21 m. 24 ch. and
22 m. 65 ch. are completed, and the steel girders are now being placed in position.

Platforms and loading-banks at the stations are finished, but no buildings have yet been erected.
All timber for these buildings has been cut at the Department’s new mill at Whatoro, and has been
delivered on to the sites. It is intended to immediately call tenders for the erection of the buildings.

The carriage of goods, which service was started in September, 1920, to Aranga Station, was
extended to Dounelly’s Crossing in October, 1921. During last summer larg(, quantities of logs and
other materials were hauled over the line.

This line should be completed, with the exception of the station buildings, by the end of September.

Nortin Auckianp Main Trunk Rainway.
Ngapuhi Northwards.

Okaihau Section (16 m. 25 ch. to 24 m. 45 ch.; length, 8 miles 20 chains).—Formation on this
length was finished last year, but large slips in the cutting at 19 m. 68 ch. and in Okaihau station-yard
have still to be removed. A steam-shovel is now engaged in removing the one in Okajhau yard,
after which it will shift the slip at 19 m. 68 ch. The high bank at 19 m. 55 ch. gave further trouble,
and 8,400 cubic yards of stone were placed in the bank to drain it. This bas been very satlsfactory,
and the bank now appears to be stable. A small bank at 20 m. 17 ch. has also given trouble. The
culvert under the bank was broken by a slip on the bank and had to be removed, and a new culvert
has been put in. On account of the unstable nature of the material in the bank, which was derived
from an adjacent cutting, most of it will have to be removed and a new bank made from scoria rock.

No further platelaying has been done during the year. The rails extend to the beginning of
Okaihau station-yard, and the yard is now being laid. The large stone-crushing plant for ballast
and road-metal is now in good working-order, and is turning out stone at a very satisfactory cost.
From this quarry the line has received the first lift of ballast from 16 m. 25 ch. to 24 m. 14 ch. ., and
the Okaihau yard is now being ballasted as the main line and sidings are laid. At Okaihau station-
yard a concrete block p]atelayers cottage is being erected, and a water-supply is being installed.
Material is also on the site for the erection of a cattle-yard.

" Goods traffic has been run on this line since the beginning of March last.

During the greater portion of the year very few men were employed on this section, but

additional men were put on at the end of March, and better progress is now being made.

North Auckland Main Trunk Railway.

Paparewa Section (90 m. 30 ch. to 92 m. 13 ch.; length, 1 mile 63 chains).— During the year the
second and third lifts of ballast were put on throughout the main line on the section. No plate-
laying or ballasting has yet been done in Paparoa station-yard, owing to the uncertainty as to which
station would be adopted as the subterminal on this railway. The ercction of the fencing and
construction of the culverts were completed throughout the year. A good deal of cleaning-up work
yet remains to be done, although much was done during the year.

Mavreretu Section (92 m. 13 ch. to 96 m. 20 ch.; length, 4 miles 7 chains).—About 3} miles of
fencing was done on this section during the year. Five concrete and five earthenware-pipe culverts,
and a larvo number of pipe-culvert ends, were constructed. The formation is practically completed
as far as Golden Stairs Tunnel, but slips occurred in most of the cuttings. These have been cleared
sufficiently to allow traffic to get through. A bank at 93 m. 14 ch. has subsided badly, and a temporary
line has been made round it. In order to transport plant and materials to the northern eide of
Golden Stairs Tunnel for the earthwork and tunnel at that end, a service tramway, 1} miles long,
has been laid to the top of the tunnel. A cable incline is used to lower the wagons on the other
side of the tunncl. The formation beyond the tunnel has been done to 94 m. 71 ch., and is well in
hand from here to the end of the section. Two steam-shovels have been employed on this length.
A good many of the cuttings turned out to be very heavy pug, which could only be excavated
economically by steam- shovels. The formation of the station- yard at Mareretu is on particularly
bad ground, and had to be abandoned until steem-shovels became available. A considerable number
of plough and scoop teams have been employed, but, owing to wet weather and the heavy nature of
the earth, have not worked so economically as the steam-shovels, The Golden Stairs Tunnel, which
is the chief work on this line, is progressing very satisfactorily. There is now 184 chains of tunnel
completely excavated and lined with concrete, of which 12} chaing is done at the south end and
6 chains at the north end. Both ends of the tunnel are now fully manned, and the tunnel should be
completed before the end of the year. At both ends the country has been in good and hard sandstone,
and only light timbering has been necessary. This justified the extensive ‘deviation made in 1920.
The permanent telephone-line has been erected throughout this section. About half a mile of
platelaying was done, bringing the permanent-way up to the Golden Stairs Tunnel. Ballasting on
the second and third lifts was done from Paparoa Station to Golden Stairs Tunnel. No ballasting
has vet been done beyond the tunnel.
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Waikiclie Section (96 m. 20ch. to 107 m. 25 ch.; actual length, 10 miles).-—Formation-work
between 96 m, 20 ch. and 100 m. 40 ch. is well in hand, and from 100 m. 40 ch. to the end of the
section is practically complete, except for the removal of a large number of slips. The difficulty of
railway-building in this country may be understood from the fact that there is only one cutting in
the whole section that has not slipped. There is nothing better than the steam-shovels for removing
the slips, and three of the seven shovels working on this section are engaged on slip-removal. The
largest work on this section now is the cutting at 96 m. 37 ch., where a steam-shovel is engaged, and
on which another is to be placed in order to complete the cutting by January next. The whole of the
other formation work should be finished simultaneously with this cutting. Between 102 m. 48 ch.
and 103m. 9 ch. a deviation of the line had to be made, as practically the whole country was slipping,
large cuttings atter excavation having been completely filled in again.

The formation of the Taipuha station-yard is in hand, but is being delayed by severe slips. The
formation of the Waikickic and Waiotira station-yards is practically completed, the latter station
requiring a filling of over 30,000 cublic yards to make it up. The filling and the approaches to an
overbridge across the station have been done by two steam-shovels. The employment of a large
number of steam-shovels has been of inestimable value in the heavy formation work along this
seetion, and very poor progress would have been made without them.

Fencing is well on towards completion on the section.

The Mareretu Tunnel was completed last Baster. Owing to slides and heavy ground the
piereing of this tunnel was an exceedingly difficult operation. Very heavy timbering, closely placed,
had to be used right through, and concrete lining varying from 18in. to 2 ft. thick had to be used
with an invert section. 1t was only by vigorous pushing-on of the work and close following-up with
the concrete lining that the country could be held. All the material for the south end of the tunnel
had to be hauled up by a cable tramway over the top of the tunnel. At the tunnel, huts, cookhouse,
bath houses, septic tanks, and a large recteation-hall were built. .

The understructure of the Managawal River Bridge is practically completed. Considerable
difficulty was experienced in obtaining a foundation on acecount of the soft ground, which necessitated
cradling and lengthening the piles by splicing. The Kikowhiti Stream Bridge is now well under way,
all the staging and preliminary work having been completed. An overbridge at the north end of
Walotira station-yard has been finished, and work is in hand on the erection of the overbridge at the
south end of the yard. Ironbark and other hardwood timbers have been received to do all the
remaining bridges on the section.

Platelaying has been completed from Waiotira Junction station-yard (107 m. 9 ch.) southwards
to 102m. 12 ch. The temporary line south of 102 m. 12 ch. is now being lifted and replaced with
the permanent rails. The sidings are now being laid in Waiotira and Waikiekie station-yards. The
first lift of ballast has been placed from Waiotira station-yard to 102 m. 12 ch., and the second lift
to 106 m. 12 ch. From 102 m. 12 ch. to 100 m. a small lift of ballast was placed under the temporary
track laid between these points. A few culverts were completed, but most of them were left
until the rails were laid and materials therefore more cheaply obtained. Work is now proceeding on
these culverts that were left. During the year sixty-eight single huts and eighteen married men’s
quarters were erected for the workmen. )

The construction of cable tramways over the tunnels on this section has greatly facilitated the
handling of materials, and expedited the formation work and ballasting. A considerable saving was
also made in cartage costs by these and other temporary tramways at grade level. A number of small
construction locomotives were purchased and used to haul materials over these temporary tracks,
as well as to handle earth excavated by the steam-shovels. Passenger and goods traffic has been run
between Waikiekie and Waiotira Stations for the last few months.

Kirikopunt Section (107 m. 25 ch. to 121 m. 40 ch. ; length, 14 miles 15 chains).—A temporary
tram-line was completed from the Wairoa River to the Omana Tunnel. A lift of ballast was put on
this track to enable heavy traffic to be carried safely. A limestone quarry was opened up and a
crushing plant installed in order to obtain this ballast. A small construction locomotive is used to run
ballast and other material and attend a steam-shovel. The northern approach cutting to the tunnel,
which consisted of a heavy sticky pug, was taken out by a steam-shovel. This shovel is now engaged
in taking out the cuttings between the Wairoa River and the tunnel. A start was made on the tunnel,
but owing to the treacherous nature of the ground it was impossible to commence driving in the usual
way, and it was therefore decided to build three lengths of special reinforced-concrete section of lining.
One of these lengths has been constructed. A large quantity of timber and slabs have been delivered
for the tunnel excavation. Forty-six single huts and eight married men’s quarters, together with a
cookhouse and bath houses, have been erected for the men in the tunnel and vicinity. An adequate
water-supply has also been installed, as well as a septic tank and other sanitary appliances. All timber
was procured from the Department’s sawmill at Whatoro.

1t is proposed to divert this line to cross the Wairoa River at Omana instead of at Kirikopuni, and
a start is about to be made on the survey of this deviation,

WHANGAREI BraANCH RATLWAY.

Oakleigh Section (5 m. 27 ch. to 7 m. 60 ch.; length, 2 miles 33 chains).—A deviation was made
at Tm. 15 ch. to avoid a very bad slip in a cutting at this point. The banks at 7 m. 7 ch. and at
7 m. 23 ch. have both slipped badly, and necessitate constant repairs to keep the line open for traffic.
A steam-shovel was engaged for seven months removing a slip at 6 m. 18 ch. The steam-shovel is
now on other work, but later on will be needed again to remove slips in this cutting. The fencing of
the railway reserve has been finished. The rails have been laid throughout the section, and
ballasting is practically completed. Goods traffic is now being handled over this section.
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Tauraroa Section (T m. 60 ch. to 14 m. 67 ¢h. ; length, 7 miles 7 chains).—Work on this section
has been confined chiefly to the removal of slips and the usual maintenance of the track. A high bank
at 9 m. 75 ch., near Mangapai, has given a lot of trouble through subsidence, and several drives are now
being put in to thoroughly drain the foundations. The large stone-crushing plant at Tauraroa has
been running continuously, and has crushed 22,000 cubic yards. The capacity of the plant has been
increased so as to provide for the large amount of ballast required on the North Auckland Main Trunk
Railway. Tenders have been invited for the quarrying and crushing of the ballast.

Wadotira Section (14 m. 67 ch. to 19 m. 79 ch. and junction with North Auckland Main Trunk
Railway at 107 m. 22 ch.; length, b miles 12 chains).~~A great many slips have been removed by
steam-shovels during the year. Two deviations of the line were made to avoid as far as possible
particularly bad places, and have saved a good deal of work. A drainage drive was put in the bank
at 17 m. 10 ch. ; and has prevented further sliding of the bank. Large stone drains arc being put in,
and pipes laid in nearly all the cuttings throughout this section to drain the formation. A few
further slips at 16 m. 30 ch. will have to be dealt with later when a steam-shovel is available. The
line from 18 m. 27 ch. to 18 m. 60ch. has been raised so that it will be above the level of the
exceptional flood which occurred after the line was first formed.

All the culverts on this railway are now finished. The breaks in the permanent-way were laid,
thus completing the rail-laying on the branch railway. The third lift of ballast was placed between
18 m. 40 ch. and 19 m. 67 ch., and only a short length of the whole section requires a final lift.
A mechanical tamping plant, driven by compressed air, was used, and has given most satisfactory
results. The fencing has been completed. Goods traffic has been run over the whole line throughout
the year, and has been fairly heavy between Oakleigh and Waiotira. A wharf gang is continuously
employed at the former place discharging and loading from steamers and scows.

Warru Brancu RaiLwavy.

Ruakaka Section (0 m. to 9 m. 20 ch. ; length, 9 miles 20 chains).-—The only work that has been
carried out on this railway during the year has been the banks across the mud-flats between 0 m. 15 ch.
and Om. 76 ch. These banks, which arc now completed, were made with material excavated from
a borrow-pit by a steam-shovel. The material was good, and has been taken out at a very
economical rate by the shovel.

Waruku Brancn Rarnway,

Glenbrook Section (5 m. to 8 m.; length, 3 miles).—The third lift of ballasting was put on along
this section during the year, and all other work completed.

Warukw Sectvon (8 m. to 12 m. 15 ch. ; length, 4 miles 15 chaing).—The sccond lift of ballast
was placed between 10 m. and 12 m. 15 ch. The final lift and the ballasting of the station-yards was
done. Overbridges and the station buildings were all completed during the year.

This railway was handed over to the Railway Department on the 10th May last.

HunTLYy-AwarRoA RArLway.
(7 m. 20 ch. to 10 m. ; length, 2 miles 60 chains.)

Heavy formation work has been in progress during the year on this railway. Three steam-
shovels are engaged on this work, and, considering the difficult nature of the material to be excavated,
have done good work. The big bank at 7m. 25 ch. is practically completed, as well as the cutting
at 7m. 40 ch. from which the bank material is obtained. Formation has been completed from
Tm. 42ch. to 8 m. 6ch. An amount of 33,000 cubic yards has been taken out by one steam-
shovel. The very large summit cutting, consisting of sticky pug overlying hard rock, is being excavated
by a steam-shovel at each end. This cutting, the material from which is being used to make up the
Glenafton Station, is the largest work on the railway, and is nearly half-completed. The selected
position and character of the material to be shifted makes this a very difficult cutting. A road deviation
from 8 m. 35 ch. to 8 m. 7 ch. was done, and an overbridge at 8 m. 45 ch. is in hand. A large concrete
drain to carry water from a swamp and creek above the station-yard has been put in from 8 m. 27 ch.
to 8 m. 37 ch.

Easr Coast Main Trunk Rarnwav.

Waihi Eastwards—Athenree Section (0 m. to 8 m. 68 ch.; length, 8 miles 68 chains).—The earth-
work has been completed on this section except where material is required for bridge approaches, in
which case the cuttings from which earth is available have been left until the bridges are completed.
The widening of the Athenree station-yard is now in progress. Road deviations at 8 m. 13 ch. and
8 m. 62 ch. have been practically completed. Five culverts were put in, and an 8 in. arch culvert at
8 m. b ch. is in hand. Fencing was done on both sides from 4 m. 58 ch. to 6 m. 55 ch. The telephone-
line was erected from Waihi %o Athenree. The stone- -crushing plant was removed from 8 m. 20 ch.,
and re-erected at 7m. 25 ch. The concrete piers for the Mangatoetoe Bridge at Om. 3 ch. are
completed. Most of the steel girders are on the site. The concrete piers for Adams Street Bridge and
for the five bridges over the Waiau Creek are now all in hand. The overbridge at 8 m. 13 ch. was
completed and open for traffic. The abutments for the subway at 8m. 62 ch. were completed.
Arrangements have been made for the sbeel superstructures for all bridges on this section.

Katikati Section (8 m. 68 ch. to 17 m. ; length, 8 miles 12 chains.).—The formation on this section
has been finished from 8 m. 71 ch. to 10 m. '29 ch. The formation is well in hand from 10 m. 29 ch. to
12 m., and has been started from 12 m. to 14 m. in various places. A culvert was built at 13m. 17 ch.,
and two others have been started. Fencing was done on both sides for a distance of 2 miles. The
permanent-line survey was completed to the Wairoa River at 35 m. 15 ch.
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Tauranga Westwards — Tauranga Section (35 m. to 41 m. 5 ch.; length, 6 miles § chains).—The
formation is now done from 35 m. 26 ch. to 39 m. 55 ch., with the exception of four gaps totalling
about 28 chains in length. Stone-pitching the embankment was done from 35 m. 65 ch. to 36 m. An
overbridge at 38 m. 35 ch. was completed, and the bridge approaches and road to overbridge at
40 m. 22 ch. are in hand. The stationmaster’s house and four platelayers’ cottages were erected at
Tauranga station-yard.

Tauranga Eastwards — Matapeehi Section (41 m. 5 ch. to 45 m. 0 ch. ; length, 3 miles 75 chains).—
The approach bank on the east side of the Tauranga Harbour Bridge was completed during the year,
Progress on the Tauranga Bridge has not been very rapid, owing to the bad formations encountered,
but the cylinder piers are now ncaring completion, and a start will be made almost immediately with
the erection of the steel girders. During the year 106 ft. of concrete cylinder was made, and 155 ft.
sunk into position. Considerable difficulty and delay was experienced in sinking cylinders in pier P
owing to the presence of timber. In six of the piers the cylinders are now sealed and ready to receive
the conerete core filling, and in one pier the cylinders are filled. The manufacture of the steel girders
for this bridge is being done at the Department’s Workshops at the Mount. Omne span has been
completed and crected at the shops, and the majority of the steel for the other spans has been
fabricated.

Mount Branch (Om. to 4m. 7ch.; length, 4 miles 7 chains).-—In the Mount station-yard extensive
alterations and additions have been made to the sidings to accommodate extra traffic in connection
with the workshops, and to provide for general increase of traffic on the line as it is extended. Work-
shops were enlarged during the year, and are now carrying out a large amount of steel-manufacturing
for the Department’s works all over the Dominion. In addition to the fabrication of the Tauranga
Bridge, steel girders are being made for bridges on three other railways. Repairs were made to all
locomotives and to rolling-stock as required. Sixty new M hopper-wagons were built, as well as a large
number of earth-wagons. During the year 146 double huts and 173 single huts for workmen were
built.

Te Puke Section (45 m. to 54 m.; length, 9 miles).—The banks have been raised where subsid-
ences have occurred, and the line generally maintained in good order for the running of traffic. At
the Te Puke ballast-quarry about 10,000 cubic yards of rock were crushed and delivered on to the
construction works, or sold for road-metal to the local bodies. In addition to the crushed metal,
16,000 cubic yards of inferior stone spalls were taken from the quarry, and used for protection work
along the railway.

Paengaroa Section (54 m. to b9 m. 67 ch.; length, 5 miles 67 chaing). — In addition to the
ordinary maintenance of the railway, a 2 ft. arch culvert was put in at 56 m. 25 ch., and a private
crossing made at 59 m. 67 ch.

Pongakawa Section (59 m. 67 ch. to 64m.; length, 4 miles 13 chains).-—An overbridge was
erected at 61 m. 50 ch, Kxcept for this, work was confined to the usual maintenance of the railway.

Otamarakaw Sectton (64 m. to T1 m. 5 ch. ; length, 7 miles 5 chains).—A considerable amount of
work has been done during the year on this scetion in raising and widening banks. At Otamarakau
Blaff 11,000 cubic yards of spoil were excavated by hand-work, and 16,000 cubic yards by steam-
shovel, and utilized for the making-up of the banks, 12,000 cubic yards being used on this section
and 15,000 cubic yards on the Matata Section. The work was considerably hampered by the necessity
for keeping traffic open during the running of the spoil on to the line. Another steam-shovel was
employed excavating from a borrow-pit for the making-up of the Otamarakau station-bank. The
spoil excavated by the shovel was transported by a caterpillar tractor and bottom-dump wagons.
In four months’ time 23,000 cubic yards were cxcavated and transported an average distance of
24 chains, at a cost of less than 1s. per cubic yard. A 3 ft. Armeco culvert was put in at 64 m. 56 ch.
A number of conerete posts were made at Otamarakau, as well as a few concrete piles.

Matata Section (T1 m. bch. to 79 m. 16 ch.; length, 8 miles 11 chains)..—A quantity of 15,000
cubic yards was obtained from Otamarakau Bluff to raise and widen the banks on this section. An
8 ft. arched concrete culvert is now in hand at 77 m. 40 ch. Reinforced-concrete bridges are being
erected at 75 m. 54 ch. and 76 m. 16 ch,

Rangataiki Section, (79 m. 16 ch. to 87 m. 71 ch. ; length, 8 miles 55 chains).—-Cuttings from 79 m.
55 ch. to 80 m. 5 ch. have been widened; 85 chains of side drains were cut. A steam-shovel has
been constantly employed at Awakaponga excavating material for the construction of the banks
between 83 m. and 88 m. During the year 78,500 cubic yards were taken out, at a very low cost,
considering the distance the material had to be transferred. One concrete culvert was completed
and two others are in hand. A reinforced-concrete bridge was completed at 79 m. 24 ch. One and
a half miles of fencing was done, and additional sidings were put in at Awakaponga Station.

Awakeri Section (87 m. 71 ch. to 91 m. 40 ch. ; length, 3 miles 49 chains).—Very little work was
done on this section except to keep it open for traffic. Two and a quarter miles of fencing was done,
and a little widening of the banks. )

Taneatua Section (91 m. 40 ch. to 100 m.; length, 8 miles 40 chains).—One and a quarter miles
of formation was done, practically completing the earthwork to as far as 96 m. 67 ch. A steam-
shovel has been employed on portion of this distance. The cutting at 97 m. 10 ch., which is being
taken out with another steam-shovel, is now well on towards completlon A third steam-shovel is
now being installed at 97 m. 25 ch. for the purpose of excavating the large summit cutting. From
here on to 98 m. earthworks are now well in hand. Forty chains of side drains have been cut; ten
concrete culverts and two earthenware-pipe culverts were constructed. One mile of fencing was
done, and permanent-way was laid for a distance of 12 chains, making the railthead now at 93 m. 35 ch.
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G1sBoRNE-NAPIER (NortH END).

Ngatapa Section (0 m. to 10 m. 29 ch. ; length, 10 miles 29 chains).—The formation in Repongaire
station-yard was widened. Between 9 m. 40 ch. and 9 m. 65 ch. the formation was ruised, and the
raising of the Ngatapa station-yard to its new level was completed. The third lift of ballast was
completed from 9 m. 40 ch. to Ngatapa station-yard (10 m. 29 ch.), and some ballasting was done in
the station-yard. The line has been maintained and a regular goods and passenger traffic service run.

Waikura Section (10 m. 29 ch. onwards).— The formation was raised from 10 m. 40 ch. to 11 m.
23 ch. The cutting at 11 m. 63 ch. has given a good deal of trouble with slips, which were removed
by steam-shovel and utilized to raise Ngatapa station-yard, and banks at other places. Cuttings at
12 m. 34 ch. and 12 m. 50 ch. were finished during the year. The formation is now practically finished
to 13 m., and very little has been done beyond this. The first lift of ballast was completed to 11 m.
50 ch., the second to 10 m. 60 ch., and the third lift to 10 m. 45 ch.

‘Waikokoru Brancu RaiLway.

Nuhaka Section (O m. to 17 m. 12 ch.; actual length, 18 miles 65 chains).—The large cutting at
0 m. 40 ch. was practically completed by steam-shovel and hand labour during the yecar, over 60,000
cubic yards being taken from the cutting. The slopes of this cutting are now being flattened, and
the material is being used to raise and widen the bank from 1m. 50 ch. to 3m. This raising and
widening process is necessary where the bank has been built with material from the peat swamp
between 1 m. 50 ch. and 4 m. Fencing is well on towards completion on this section. The under-
structure of the bridges at 1 m. 2 ch. and 1 m. 23 ch. was completed, and temporary stringers erected.
Pile-driving is in hand on the bridges at 3m. 76 ch. and 13 m. 62 ch. Hardwood for most of the
bridges is now on the sites. The rails have been laid from 0 m. 5 ch. to 1 m. 20 ch., an actual distance
of 3 miles, and a further 50 chains were laid to the wharf on the Wairoa River. Platelaying-materials
were also unloaded at Waikokopu Harbour and carted back to Nuhaka, and the permanent-way has
been laid from 17 m. 21 ch. back to 13 m. 62 ch. A branch linc 50 chains long to a ballast-pit opposite
15 m. has been laid. The stripping of the ballast-pit at 15 m. is now being done. About 20,000 cubic
yards of stripping has been removed. It is proposed to erect a drag-line excavator here to dig out
the ballast and load it on to the trains. It is proposed to work another ballast-pit at Wairoa, and
the prospecting-work has been done at this pit.

At Wairoa station-yard a Stationmaster’s house and three platelayers’ cottages, and at Nuhaka
Station two platelayers’ cottages, were completed.

Waikokopu Section (17 m. 12 ch. to 23 m. b ch. ; length, 5 miles 73 chains).—Formation has been
practically completed up to 22 m. There are still two cuttings to be completed at 21 m. 19 ch. and
21 m. 60 ch., but these should be done in a month or two. Formation is also well in hand from 22 m.
to the end of the section, the only large remaining earthworks being a bank of 20,000 yards at 22 m.
30 ch. and two cuttings in the Waikokopu station-yard. Two steam-shovels were employed on the
formation of this section. Most of the fencing is completed or in hand. Pile-driving for the Nuhaka
River Bridge at 17 m. 50 ch. is well on towards completion. Several concrete culverts were com-
pleted, and the construction of a large 12 ft. arched culvert at 22 m. 30 ch. is now well advanced.
Hardwood timber for the bridges on this section is now arriving, and contracts have been let for all
the steel girders for the superstructures. The rails have been laid from 17 m. 12 ch. to 17 m. 47 ch.
A large number of rails and sleepers have been landed at Waikokopu Harbour, and some of them have
been carted back to 19 m. 60 ch. to lay the line between 17 m. 47 ch. and 19 m. 60 ch.

G1SBORNE~-NAPIER (SouTH KEND).

Eskdale Section (0 m. to 10 m. 51 ¢h.; length, 10 miles 51 chains). — The formation on this
section is done, with the exception of a small gap in the bank at 0 m. 32 ch., over which a temporary
bridge has been built. The Harbour Board filled in the gap at O m. 55 ch., and their contract, with
the exception of this and some dredging of the river-channel, is completed. Both sides of the railway
have been fenced to 3m. Rail-laying has been done to 2 m. 49 ch., and has received a bottom lift
of ballast. The ballagt has also been placed on the formation from the railhead to 5 m. 50 ch. The
telephone-line has been completed along the section. Two platelayers’ cottages were erccted during
the year in concrete blocks at Eskdale Station, and a Stationmaster’s house is now in course of ercction.

Tutira Section (10 m. 51 ch. onwards).—The formation of this section is practically completed to
14m. 47ch. A good deal of the excavation was done with a steam-shovel, which 18 now working
in a long cutting at 14 m. 47 ch. Several cuttings have been opened out hetween this and 16 m.
The formation of the service road was completed from 17 m. to 19 m. 40 ch. A concrete culvert at
15 m. 6 ch. was completed ; a water-drive at 15 m. 44 ch, was finished, and one at 15 m. 21 ch. is in
hand. Reinforced-concrete piles for bridges at 11 m. 41 ch. and 13 m. 35 ch. have been completed.

STRATFORD — MAIN TRUNK RAILWAY.
v (East End.)

Matiere Section (O m. to 10 m. 23 ch. ; length, 10 miles 23 chains).—Formation has been trimmed
and platelaying has been completed to the Matiere Township at 9 m. 49 ch. A temporary station has
been provided here, and two locomotives are constantly employed in ballasting and running a goods
and passenger service. A considerable quantity of slips had to be removed, and five temporary
bridges were erccted, in order to enable the platelaying to proceed. The combined road and railway
bridge over the Ongarue River at O m. 7 ch. was completed in November last.  In this bridge the railway
is carried on the upper level, while lower road-traffic deck is carried on the bottom chords of the two
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60 ft. trusses. Subways have been erected at 4 m. 20 ch, and 6 m. 79 ch. The concrete-work for the
Ohura River Bridge at 7 m. 67 ch. has been completed, and work is in hand on the other bridges
on which there are at present temporary superstructures. The steelwork for these bridges is being
manufactured at the Department’s Tauranga workshops. All tunnels have been completed, and the
principal work still remaining on this section is the completion of ballasting, finishing of bridges and
station-yard at Tuhua, together with the erection of the nccessary station buildings at Tuhua and
Matiere.

Ohura Section (10 m. 23 ch. to 19 m. 70 ch. ; length, 9 miles 47 chains).—This section was closed
down during the previous period, but during the current year the work was again put in hand,
primarily as a relief work ; but as this was only towards the end of the period there is very little to

report.
(West End.)

Tahora Section (42 m. 26 ch. to 47 m. 40 ch.; length, 5 miles 14 chains).—Formation-work and
platelaying on this section have been completed, but no ballasting has been carried out during the
period, as material which had previously been obtained from Mount Egmont quarry was not available.
Culverts, drains, fencing, &c., have been completed, as well as the stone-pitching at No. 1 and No. 8
bridges. The shelter-shed, latrines, goods-shed, water-vat and stand have been erected at Tahora,
and the station-platform and loading-bank, together with goods and wicket entrance to goods-shed
and station, are completed. A small reservoir of 4,000-gallons capacity was completed, and 1,800 ft.
of pipe laid to connect with the station supply.

Raekohua Section (47 m. 40 ch. to 50 m. 60 ch. ; length, 3 miles 20 chains).-Work was closed down
on this section, and nothing has been done during the past year.

Te Wera Quarry.—The formation of the branch line, 1} miles long, has been completed, together
with 8 chains of siding to the bins and 154 chains of incline between the bins and the quarry : 1 mile
16 chains of rails have been laid, together with sidings and inclines. The branch line has been
connected with the main line at 22 m. 63 ch., and all fencing and crossings, except the incline and the
quarry, are completed. 26,000 cubic yards of stripping have been cleared from the quarry, and
50,000 cubic yards of rock are ready for working. Concrete foundations at the crusher-site have been
laid, and the necessary engines, crushers, hopper, and tipple erected and assembled. The erection
of the bins is in hand. A number of huts have been crected to accommodate the quarry staff, and
a cookhouse capable of boarding twenty-five men has been established. A ballast-engine has been
transferred to this line, and it is anticipated that we shall now be able to proceed vigorously with the
ballasting on the Tahora Section, as well as supply a considerable amount of stone throughout the
Taranaki District, for which there is at present a fair demand.

OruNaKE Branca RarLway.

Kapuni Section (0 m. 0 ch. to 7 m. O ch.; length, 7 miles).—Formation on this section is now ready
for platelaying, although a certain amount of widening and the taking-down of some batters still
remains to be done, This work, however, will be carried out by the works train after the platelaying
has been completed. The excavation carried out on this section during the period consisted of
regrading formation from 1m, 20 ch. to 1 m. 38 ch. in order to fit in with the road overbridge at
1m. 2240 ch. A great deal of water had to be contended with here, making the work difficult.
Cutting and filling between 4 m. 60 ch. and 4 m. 66 ch. was completed, and the Kapuni station-yard
at 6 m. b6 ch. has been levelled, and is ready for platelaying. Work at the Waingongoro Bridge at
0 m. 25 ch. has been completed, including the underpinning of one of the piers which developed weak-
ness after an earthquake. The erection of piers for the Kapuni Stream Bridge at 4 m. 67 ch. has been
completed, while the foundations for the Skeet Road overbridge at O m. 42 ch. have been laid. An
overbridge across the Skeet Road at 1m. 22-40 ch. was built during the period. A start has been
made with platelaying, and 34 chains of rails have been laid, together with a temporary siding for
handling permanent-way material. The ballast-pit at Kaupokenui River has been stripped, and
approach cutting, together with a river-diversion and piers for temporary bridge over the Kaupokonui
River, has been completed, so that as soon as rails have been laid to this point a start can be made with
the ballasting. A goods-shed has been erected at the Kapuni station-yard at 6 m. 56 ch.

Awroa Section (7 m. to 12 m. ; length, 5 miles).—-Formation-work has been carried out vigorously
on this section. The work has been treated as a relief work, and a large number of unemployed have
been absorbed. The majority of the earthwork has now been completed; eight culverts have been
built, together with side drains, and, generally speaking, the section is well in hand.

Pihame Section (12 m. 0 ch. to 16 m. 40 ch. ; length, 4 miles 40 chains).—The work carried out
on this section comprises clearing, fencing, culvert-construction, earthwork, and the erection of
concrete-block platelayer’s cottage at 16 m. 40 ch. in Pihama station-yard. Twenty concrete culverts
and pipe culverts have been constructed ; fencing on the right-hand side has been completed from
12 m. to 13 m. 24 ch.; 2 miles 60 chains of logging, stumping, and clearing have been completed ; and
& number of cuttings are in hand.

Opunake Section (16 m. 40 ch. to 23 m. O ch.; length, 6 miles 40 chains).—Work has just been
commenced on this section, and, in common with the previous sections, it is being utilized as relief
works. The principal work done here comprises the erection of camps, carting of shingle for culverts,
drainage, and a small amount of formation.

Manaia Branch (0 m. to 5 m. 49 ch. ; length, 5 miles 49 chains).—Very little work has been done
in this section during the year, what has been done being confined to the completion of the cutting
from 2 m. 70 ch. to 3 m. O ch., and the construction of a private crossing at 2 m. 68 ch. During the period
further accommodation has been provided for the workmen by the erection of twenty-one single and
two double huts. These huts were transferred from Tahora and erected on this work.

5—-D. 1.
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Souvrn IsLanDp Main Trunk RAILWAY.

Kekerangu Section (56 m. 6 ch. to 63 m. 6 ch.; length, 7 miles).—No work has been done on this
section during the year.

MipraNp RAILWAY.
Nelson-Westland (North End).

Kawatiri Section (59 m. 17 ch. to 63 m. 8 ch. ; length, 3 miles 71 chains).—The principal work on
this section has been the driving of the tunnel at 62 m. 43-85 ch., and the crection of the Hope River
Bridge. A compressor plant was provided, but was not fully ecmployed at the tunnel owing to the
shortage of men. During the latter portion of the year, however, better progress has been made, and
246 ft. of bottom heading was driven, the face now being at 62 m. 42:91 ch. The material in this tunnel
is a very hard granite, broken with seams of quartz, and has so far been difficult to excavate. A number
of tunnel blocks have been made, and shingle for the concrete aggregate has been carted from the
Buller River for use in lining the tunnel. The piers for the Hope River Bridge have been completed ;
the steel girders for both Hope bridges have arrived, have been carted to their respective sites, and
are now ready for field riveting. A temporary brldge was constructed over the Hope River in order
to deal with the spoil from the Funnel.

Arthur’s Pass Tunnel.

The lining of the tunnel was completed in October, 1921. The 1001b. track is now laid from 51 m,
54 ch. to 58 m. 40 ch., with the exception of about 10 chains across the Rolleston Bridge. The plate-
laying in Arthur’s Pass station- yard is well advanced, and should be completed in two months’ time,
with the exception of the portion to be done by the Railways Department. A crushing plant with two
crushers and steam-shovel was installed at Arthur’s Pass, and with this and the aid of the small crusher
at Otira the line has been ballasted and lifted with the first lift from 51 m. 54 ch. to 58 m. 12 ¢h. The
formation is completed, and a start has been made with the conerete kerbing for platform and
excavation for subway at Arthur’s Pass station-yard. The girders for Bealey Bridge have arrived,
and six of these have been riveted up.

The erection of the reinforced power-house at Otira was commenced in October, and should be
completed in two months’ time. Material for three Babcock-Wilcox boilers has arrived on the site,
and these are now being ereccted. The bush has been cleared off the pipe-line from intake at Goat
Creek to the power-house, a distance of 45 chains. A road has been formed to the intake, and a small
dam erected across Goat Creek. The excavation for a 50 ft. circular reservoir, 90 ft. above the power-
house, and a 126 ft. by 60 ft. reservoir, 20 ft. above the power-house, are well in hand, and will be
completed in one month’s time.

The contractors for the electrification have erected 6,000 cable-racks, and completed the erection
of the lighting system in the tunnel. At the power- ~house a 10-ton travelling crane has been erected
in the engine-room, and two 100 kw. lighting-sets, one battery booster, and three condensers have
been installed. A quan’mty of switch-room gear and pipes are on the site, but not erected, 1,500 rail-
joints have been bonded.

At Arthur’s Pass the sites for eighteen cottages have been cleared of bush and excavated for
sixteen cottages ; 20 chains of road have been formed and metalled in the village.

At Otira forty cottage-sites have been cleared of bush, fourteen cottages are now in course of
erection, and a great deal of material is on the ground.

GreYMoUTIH - POINT BrzaBern RAmLway.

Eatension to Seven-mile (3m. 45 ch. to 6 m. 10ch.; length, 2 miles 45 chains).—The formation on
this section has now been completed. The cuttings at 4 m. 12 ch. and 4 m. 45 ch. have been widened.
The filling at 4 m. 33 ch. is, however, still subsiding into the swamp, and the above cuttings will require
to be further widened to obtain material for this filling. Side drains have been excavated, and
several pipe culverts put in. The station-yard formation was almost completed, and a temporary
bridge was erected at the Seven-mile Creek. The conerete piers for the permanent bridge have been
ﬁmshed and the ironbark piles for the abutments have been driven. The girders are on the sites,
and as soon as the balance of the material is received the permanent work will be put in hand.
The Raleigh Creek Bridge has been finished, and a reservoir to rold 25,000 gallons has been constructed.
A water-race has been excavated, and a pipe bridge placed across Rocky Creek, to carry the water-
supply to the station-yard. Platclaying has been completed to 5m. 69 ch. on the main line, and
52 chains of siding have been laid. A ballast line was constructed to- the beach, and the first and
second lifts of ballast have been put in from 3 m. 46 ch. to 5 m. 68 ch. on the main line, and on 36 chains
of sidings in the station-yard. Material is coming to hand for the erection of the station buildings.

LawrENcE-RoxBUreH RAmLway.

Beaumont — Miller’s Flat Section (34 m. 70 ch. to 49 m. 70 ch. ; length, 15 miles).

The construction of this line has been utilized to provide work for unemployed, and the work has
consisted mainly in culverting and formation. Twenty culverts and concrete pipes have been laid, and
the formation is more or less complete to 38 m. 60 ch. In places some of the banks have been kept
narrow, and will be widened out eventually by means of a construction train. Three gangs are still
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employed between 34 m. 70 ch. and 38 m. 60 ch. At 36 m. 41 ch. a slip has been giving a considerable
amount of trouble, but otherwise a month or two will sce that portion of the formation completed.
Worl is in hand from 38 m. 60 ch. onward to 43m. The erection of a bridge over Beaumont Creek
at 35 m. 25ch. is in hand, and abutments A, E, and D are practically complete. The permanent-way
has been laid to 35 m. 17 ch., but pldtolaymg has now ceased pending the completion of the bridge
ab 35 m. 25 ch. The first lift of ballast has been completed to 35 m. 8 ch. Platelayer’s cottage, sixteen
24 ft. by 18 ft. hutments for married men, and twenty-three 10 ft. by 8 ft. hutments for single men
were crected during the year.

OrEPUKI-WAIAU RAILWAY, ]

Orawia Section (48 m. 23 ch. to 56 m. 47 ch.; length, 8 miles 24 chains).—Work on this section
has been carried out under the unemployed-relief system. The formation, with the exception of the
heavy bank and cutting between 54 m. 60 ch. and 55 m. 38 ch., and the finishing of the station-yards,
is completed. All culverts are complete, and 260 chains of fencing were erected.

SURVEYS OF RAILWAYS UNDER CONSTRUCTION, NEW LINES OF RAILWAY, ETC.

WaIkOKOWAT Brancu RaiLway.

A contract has been let for the land-plan survey of this railway from Om. to 8 m. 21 ch., and
plans should be completed shortly.

East Coast Mamy Trunk Rammway.

Waihe Bastwards.—The permanent-line survey has been completed now between Athenree and
Tauranga, and the plans are in course of preparation. Deviations were also surveyed from 12 m. 40 ch.
to 14 m. 36 ch., and from 14 m. 60 ch. to 16 m. 40 ch.

Towranga ‘Fastwards.—The permanent-line survey and plans were completed from 97 m. 40 ch.
to 100 m. 10 ¢ch. Trial lines were run through the Waimana Gorge from 100 m. 10 ch. to 105 m. 15 ch.
From 105 m. 15ch. to 108 m., near Waimana Township, several trial lines have been surveyed.
The trial surveys of the whole section from 100 m. 10 ch. to 109 m. 57 ch. are now under con51derat10n
and a start should soon be made to peg out the permanent line.

GisBorNE-NaP1ER (SoutH END).
Tutira Section.-—The permanent-line survey has been completed to 30 m., and the plans are now
well on towards completion. Trial-line surveys have been done from 30 m. on to Wairoa, but a good
deal more survey work is necessary before the final location of the line can be determined.

Warkokoru BrancE RarLway,
The Iomd plan survey of this line is practically completed.

Rivmuraka DEeviaTion.
The various routes via the coach-road and the Tauherenikau have been carefully investigated,
and detail surveys completed. The preparation of comparative estimates based on these surveys
is in hand. The completion of the survey on the Wainui route is now proceeding,

TuaPERA MouTH BrRANCH RAILWAY.

The surveys of the various proposed routes for this railway have been completed. In addition
to the survey of the Riverbank route, which was completed some years ago, three trial lines have
been tun via Hillend—one from Crichton, one from Lovell’s Falt via Lovell’s Creek, and a third from
Lovell’s Flat via Stony Creek. Plaffs*and estimates have been prepared, and the Agriculture and
Railways Departments are now making investigations regarding the probable traffic and cost of

haulage.
Dunsack-Kokonga RAIiLway.

From time to time various proposals have been made in connection with the extension of the
Dunback Railway to Central Otago, and preliminary investigations of a proposed route were made
during the year. A reconnaissance survey from Dunback to Koponga was carried out, and approxi-
mate estimates prepared.

LawrEncE-RoxBureE Ratnway.
A fair amount of survey work has been in hand on this line during the year, several deviations
having been tried out, and 9 miles of permanent survey completed. The trial survey is now at
49 m. 70 ch., and the permanent survey at 46 m.
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CONSTRUCTION, MAINTENANCE, AND SUPERVISION OF ROADS AND BRIDGES.

The activity in work on roads and bridges which prevailed during the previous year was
maintained and even increased during the present year. The works upon which the largest
expenditure has already been incurred, or is still likely to be incurred owing to work in hand, are as
under -

‘Wuanearer Distrior,

Mangamuku to Victoria Velley—This road has been widened by relief labour to 16 ft. for a
length of 8 miles 35 chains.

Awakino Valley to Dargaville—5% miles have been widened to 18 ft., together with the construc-
tion of bridges and culverts.

Donnelly's Crossing to Tutamoe—3 miles 10 chains of dray-road formed through heavy country.

Wairoa River Bridge, Dargaville-~—The contract for the construction of this large bridge was lot
in December, 1920. The bridge consists of thirty 40 ft., six 20 ft., and one 60 ft. spans, total length
being 1,380 ft., with a width of 12 ft., except at passmg -places, when the width is 18 ft. The piers
are of ooncrete and the superstructuro of stecl and hardwood. All the concrete piles are now made,
and all steel joists delivered. The largest span is a draw span to permit the passage of shipping.

Mangakahia River Bridge (Kaikohe to Mangakahia Church Road) .- -This bridge consists of one
110ft. Howe truss in hardwood. Most of the materials required for the construction have been
delivered at the site.

Awarua River Bridge (Kaikohe to Mangakahie Church Road).—Tt consists of one 110 ft. Howe
truss in hardwood. Most of the materials have been delivered at site, and the construction of the
conerete piers is in hand.

AvckrAanp DistricT.

Waikumele to West Coast Road.—125 chains of road metalled.

Mangatangi Stream Bridge—This bridge consists of one 64 ft. Howe truss with two 20 ft. end
spans, all in hardwood, on concrete piers and abutments, and has been completed.

Rangiriri Hills Deviation.—Formation of a deviation 5 miles in length is in hand, there being
ten parties on co-operative relief work.

Kaueranga Bridge and Approaches (Thames—Te Aroha Road ) .—This bridge consists of eight 25 ft.
and one 5 ft. spans, all in hardwood. Materials being procured.

Stanley Road.—The Piako County Council has laid down 1 mile 27 chains of concrete road 10 ft.
wide and 8 in. deep.

Pokeno to Waitakarurw, via Maramarue. — 96 chains have been metalled 10 ft. wide and 6 in.
deep, thus making 293 chains now completed.

Tahuna to Okinewar (Te Hoe to McKenzie's)—49 chains formed 16 ft. wide, and 118 chains
metalled 9 {t. wide and 9 in. deep.

Waipa River Bridge, Ngaruawohio.—The trusses on the three 110 ft. spans have been erected.
Other timber-work and the approaches are well in hand.

Moakurarua Stream Bridge.—This structure, consisting of one 41 {t. truss and two 25 . end
spans, all in hardwood, has been completed.

Maungaroa Block.—229 chains of 14 ft. road constructed.

Pamotumotu Block.—649 chains of 14 ft. road constructed.

Wharepuhunga Block.—806 chains of 14 ft. road constructed.

Pukemapou Block.-—-117 chains of 14 ft. road constructed.

Oparau Block.—182 chains of 14 ft. road constructed.

Te Maari Block.—141 chains of 14 ft. road constructed.

Rangitoto 185.—25T chains of 14 ft. road constructed.

Tapu—Gumtown.—2% miles of 14 ft. dray-road through heavy country have been formed by relief
work.

Tavranca Disrricr.

Hairine Bridge and Approaches.—-This bridge consists of twenty 20 ft. and one 41 ft. spans, all
in concrete, and 1s being constructed practically on the same site as the present unsafe structure.

Te Puke — Otamarakau (Pukehine to Otamarakou ). —T1 chains of 17 ft. formation completed.

Whirinaki Stream Bridge, consisting of six 20 ft. spans, completed, together with 20 chains of
approaches.

Rotoma Block.—11 miles 44 chains of 12 ft. formation completed, together with 764 lineal feet of
culverts and 55 lineal fect of bridges.

Tirohanga Block.—14 miles of 12 ft. formation completed, together with 360 lineal fect of culverts.

Urewera Block.—Work was commenced on the location of the Waimana Valley Road. There are
now 20 miles located, 6 miles of 12 ft. formation completed, and a further 4 miles in hand.

G1sBORNE DISTRICT.

Opotiki to Matawai.—169 chains of 16 ft. formation and 38 chains of metalling completed, together
with 150 lineal fect of culverts.

Waiaua Stream Bridge (Willow-tree Crossing ). —This bridge, consisting of three 61 ft., two 25 ft.,
and one 16 ft. spans and 15 chains approaches, has been completed.

Waioeka Riwver Bridge and Approaches (Tauranga)—Material for this bridge, consisting of one
190 ft. suspension span, 7 ft. 8in. wide, is to hand. The approaches, 18 chains long, have been
completed.
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Te Arawroa to Hicks Buy.—320} chains formation, 14 ft. wifle, including bridges and culverts,
completed.

Rotokautukw Bridge ( Waiapu River ).—A centract for construction only was let last April. The
concrete abutments and picers are under construction. The spans consist of two of 141 ft. 6 in., two
of 145 ft., and one of 16 ft. Practically all materials have been delivered.

Waiapu River Bridge, Tikitrki.-—On account of damage by floods and the general unsuitability of
the site, the construction of this bridge was suspended. This bridge was originally crected by the
local County Council. The district will now be served by the Rotokautuku Bridge, some nine miles
higher up-stream, where there is a more favourable site.

Gisborne— Wawoa via Morere.—The re-formagion of the section on Wharerata Hill is being carried
out by relief labour. A length of 6 miles has already been completed. Tor the metalling 9,000 cubic
yards of spalls have been collected, and contracts for a further 5,000 cubic yards are in hand. It is
proposed to overcome the dlfﬁcu]‘oles of the long lead by means of a fleet of lorries.

Pakarae River Bmdqe on the Main HEast Coast Road, has been completed. It consists of one
122 ft., two 43 ft. 6in., and four 20 ft. spans.

He anyaron Bm’dge.—The material for this bridge, consisting of one 100 ft. span in hardwood, on
pile piers, has been procured, and is being conveyed to the site. _

Frasertown—Waikaremoana Road. — In order to be able to transport materials for the hydro-
electric-power station at Waikaremoana, the road from Frasertown at 5 m. to 29 m. has been prac-
tically re-formed. The existing metalling has been remetalled for 11 miles, and 3 miles of further
remetalling are in progress, while 4 miles of new metalling have been done. The Scamperdown Creek
Bridge (three 40 ft. and four 25 {t. spans) and two smaller bridges have been reconstructed with steel
joists on hardwood piers,

TAvMARUNUI DisTRICT.

Kumare Road.—3% chains metalling completed.

Kaitieke Road.~—231 chains re-forming and metalling completed.

Raetihi-Ohura (Wade's Landing to Te Mata). — 47 chains formation in very heavy country
completed.

StrATFORD DISTRICT.

Awakino Valley Road (Lower). — On this important road 216 chains of new formation and
40 chains of widening, all to width of 18 {t., have been completed, together with 1,120 lineal feet
of culverts. A steam-shovel is being employed in the widening.

Marakopa River Bridge (Karaka).—A new bridge, consisting of 120 lineal feet suspension span,
iy proposed. Materials being conveyed to site.

Mumi to Mokau Road.—On Mount Messenger and at Tongaporutu 148 chains have been metalled.
For transport over the long leads, which extended up to 8 m., motor-lorries were employed. Kawau
Bridge, consisting of one 61 ft. and one 20ft. spans, was reconstructed in hardwood. Rapanui
Bridge (one 41 ft. and two 18 {t. spans) and Okura Bridge (one 20 ft. and two 19 ft. spans) are in hand.

Uruti - Tangitu Deviation.—A road-tunnel, 504 ft. in length, is in hand, as well as approaches
thercto.

Brewer Road Tunnel—This tunnel, 533 lineal feet in length, was lined in concrete. The original
tunnel was driven in 1908, but the timbering had become dangerous.

Muangare.—A road-tunnel, 594 ft. in length, 20 ft. high, and 12 ft. wide, lined along the arch with
timber, has been completed.

Whakaihuwaka.~~343 chains of widening have been done.

Patea River Bridge (Stratford).—A reinforced-concrete bridge, with 64 ft. arch span and 97 it.
6 in. in width, on Broadway, Stratford, was let by contract last March. The foundations are still in
hand.

Mangapurua Valley Road.—43 chains of widening along heavy sideling completed.

Mangatite East Road.—389 chains widening completed by relief labour.

Raetnhi-Ohura  ( Manganui-o-te-ao to Retaruke) —b7 chains dray-road, 14 it. wide, along very
heavy sideling completed.

Kauarapaoa Road.—382 chains widening completed by relief labour.-

Watershed Road.—206 chains widening completed by relief labour.

NaPIER DISTRICT.

Mohake River Bridge (Waikare to Mohaka Deviation).-—The bridge consists of two 111 ft. 3 in.
and two 25 ft. spans. The concrete piers are in hand, but much trouble is being experienced with
central piers, which are founded on rock under a considerable depth of gravel, logs, and water.

Waikare to Mohaka.—During the year there have been 3 miles 10 chains of 18 ft. formation, and
4 miles 40 chains of metalling, 12 ft. wide by 9in. deep, completed. In the Wairoa County, to the
north of the Mohaka River, 1 mile 40 chaing of 18 ft. formation has been done.

Dartmoor Road.—6 miles dray-road completed.

Matahowra Road Extension.—3% miles of dray-road formed and handed over to county.

Purahotangahia Access (Waipunga).—6 miles 20 chains dray-road completed and handed over to
county.

Mangaonukw River Bridge, consisting of four 38 ft. and two 39 ft. spans, in concrete, has been
completed.

Porangahau River Bridge, consisting of three 25 ft., one 15 ft., and two 81 ft. spans, in hardwood,
has been completed.
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Tukituki River Bridge (Patangata).— This bridge is to consist of twenty-four 52 ft. spans, in
concrete. Work was suspended for a time. Bince resumption four additional spans have been com-
pleted, thus making thirteen spans in all finished to date.

Putere Block Road. —4 miles 20 chains dray-road completed and handed over to county.

WeLLIN¢TON District.

Makairo to Coonoor.- 102 chaing of 16 ft. formation, together with 1,001 lineal feet of culverts,
completed. ' -

Manawatu Gorge Block Road.—244 chains of 14 ft. formation completed.

Paraheke Road.—153 chains dray-road, together with 582 lineal feet of culverts, completed.

Kaumingi and Rorokoko Bridges, consisting of three 40 ft. and one 35 ft. spans respectively, all
in concrete, have been completed.

Taueru Bridge (Masterton to Whakataki Main Road), consisting of one 60 ft. and six 30 ft. spans,
all in concrete, is in hand. All the piers have been completed, and construction of superstructure is now
in hand.

Waikanae to Upper Hutt.— By relief labour a large amount of improvement has been effected.
375 chains of new formation and widening to 14 ft. in heavy sideling country have been done.

Akatarawe River Bridges—-Materials for three bridges, aggregating 240 lineal feet, are being
conveyed to sites.

Horokiwi Valley Road.—By relief labour 185 chains on heavy sideling have been widened to 18 ft.
minimum width, with 21 ft. at sharp bends.

Rimutaka Hill Road.—By relief labour 133 chains improved by widening to 15 ft. or 20 ft., all
curves being eased to 1}-chains radius.

NersoN DisTRICT.

Motueka River Bridge, Golden Downs, consisting of one 81 ft. 3in., one 41 ft., and one 25 ft. spans.
All material obtained, and contract let for conveyance and erection.

Buller River nght traffic Bridge (Murchison)—Material procured and being landed on site for
bridge.
gj?uller River Bridge ( Nuggely) — Materials being delivered at site for one suspension span of 156 ft.
and two end spans of 22 ft.

Alfred Creek Bridge.—- A contract for erection of this bridge, aggregatmg 123 ft. 8 in. in four nearly
equal timber spans, has been let.

Opourt Rwer Bridge (Tunakino Road).—Spans, one 81 ft., two 40 ft., and one 15 ft. : erection
practically completed.

Kekerangu River Bridge.—Bridge, consisting of six 30 ft. and two 29 ft. spans, hardwood motor-
bridge, and approaches thereto, completed.

GrREYMOUTH DISTRICT.

Kaimata to Moana.—By relief labour 322 chains formation and 114 chains metalling have been

completed.
" Westport to Greymouth, Barrytown to Seven Miles.—A large amount of formation and metalling

has been done, extending as far as Twelve-mile Bluff.

Little Wanganui Rwer Bridge (South Westland), consisting of six spans of 61 ft. each with a
width of 12 ft., almost completed.

Main South Road (Little Waidtaha River Bridge and Approaches), consisting of five
61 ft. 6 in. spans each with a width of 12 ft., completed.

Alupan River Bridge, consisting of seven 25 ft. beam spans, completed, and approaches partly
done.

CHRISTCHURCH DISTRICT.

Kaikoura to Parnassus Road.—8 chains of concrete protective wall erected at Kahautara slip, and
general improvements over 37 miles of road ; 35 chains deviation to secure 1-in-15 grade completed
at Foster's Cutting ; Conway Deviation metalled.

Cooper’s Creek Bridge, consisting of seven 25 ft. spans, completed, together with approaches.

Parnassus to Waiau.—230 chains of dray-road formed by relief work.

Sumner to Lyttelton (Summer to Summit) —b51 chains of road, 18 ft. wide, in heavy rock cutting,
formed and metalled by relief work.

Ashburion River Bridge, South Branch (Mount Somers - Mesopotamia), consisting of fourteen
25 ft. spans : Material being delivered at site.

Du~epix Distrior.
Cutlin’s River Extensions and Catlin’s Valley to Table Hidl—80 chains 16 ft. formation and
118 chains metalling completed.
Otanomomo Setilement (raising Stop-bank) —92 chains stop-bank, 8 ft. wide, completed.
Pomahake River Bridge (Clydevale to Waiwera Road) —Consists of two 121ft. spans. Contract

in hand,
Tahakopa River Bridge and Approaches (Papatowai), consisting of fourteen 25 ft. and one 14 ft.

spans, completed ; approaches in hand.
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Gentle Annie Stream Bridge (Queenstown to Cromwell Road).--This bridge consists of one 60 ft.
and one 40 ft. span, in concrete, and was completed during the year. The work was carried out under
adverse labour and other conditions.

Toko Bridge (Milton} — A concrete bridge of four 30 ft. and one 20 ft. spans, nearing completion.

Lilburn No. 1 Block.—~638 chains formnation practically completed.

In addition to the construction-works as above detailed, maintenance-work has been done over
considerable lengths of roads under Government control, the principal items being: Rotorua-
Tauranga roads; Rotorua-Taupo-Mohaka ; Kohuratahi-Tatu; Clarence-Parnassus Road ; Glenhope—
Westport ; Inangahua-Greymouth-Hokitika—Waiho Road ; Waiho to Westland County Boundary
Road ; Hokitika—Otira—Bealey Road ; Mohikinui-Karamea ; Pukaki — Mount Cook Road.

IRRIGATION.

InA VALLEY SCHEME,

During the season water was supplied to eighteen irrigators by means of about 50 miles of races.

The Syndicate race extension has now been completed, but nothing further has been done in
connection with the drainage.

The German Hill race has been enlarged from 5 m. 29 ch. to 12 m. 46 ch. Flumes at Moa Creek
(0 m. 29 ch.), Maori Creek (7 m. 54 ¢h.), and Dovedale Creek (9 m. 36 ch.) are in hand. A number of
concrete culverts and private crossings, together with 68 chains of road-formation, have been completed.

The German Hill race extension has now been completed from 12 m. 46 ch. to 22m., but there
is still a certain amount of culverting to complete, and this is being gone on with.

GALLOwAY FrAT ScHEME.

Water has been supplied under this scheme during the past season to twenty-three irrigators.
The revenue derived is not at present sufficient to cover outgoings, but the scheme is in its infancy, and
the position will improve very greatly as the settlers become established.

OLri¢ TERRACE SCHEME.

This scheme has not yet been by any means fully developed, and at present only a comparatively
small amount of water i3 being supplied by means of an old existing race. Excellent results should be
obtained here with further development.

MANUHERIKIA SCHEME.

During the year the concrete lining of the intake tunnel was completed, as well as the inlet and
and intake gates, and a concrete gravel-trap at the outlet end of the tunnel. The concrete lining of the
race in the Manuherikia (Gorge has been finished. A number of concrete culverts and four large iron
flumes have been completed, and all excavation is now in a finished condition, The Chatto Creck
siphon, consisting of a double line of pipes, 1,800 ft. in length, and varying from 22in. to 26 in. in
diameter, was assembled, and is now in working-order. Distributory races HI, XYZG, CDE, and F
have been completed.

ARDGOUR SETTLEMENT SCHEME.

The surveys for the permanent line and siphons have been located, and the necessary plans
prepared.  Six miles of construction have been completed, and 5 miles are in hand. Fifteen concrete
culverts have been installed, and 24 chains of race have been lined with concrete, The concrete intake
and stop-gate are in hand.

EArNscLEUGH IRRIGATION SCHEME.

. This scheme has, with the exception of two concrete culverts, been sufficiently completed to supply
all the land which has so far been taken up. It will, however, require to be extended somewhat

as more land is occupied.

GENERAL SURVEYS.

Upper Manuherikia Scheme.—A. detailed survey of the wall for the upper-dam site at Lauder has
been made, and 60 miles of race have been levelled and pegged. Rough surveys have been made of
the Falls and the Dunstan Creek dam sites, and trial race-lines have been run with a view to irrigating
the northerly end of Ida Valley as well as the Manuherikia Valley, in all about 100,000 acres.

Arrow River Scheme.— Preliminary surveys for a pipe-line, 3} miles long, in the Arrow River gorge,
to carry 48 heads and to irrigate about 6,500 acres on the Arrow flats, have been made, and a reconnais-
sance survey for 45 miles of race-lines and about 2 miles of pipe-lines has been made.

Ida Valley Scheme—-Further investigations were made with a view to diverting water from Hope's
Creek to the Manorburn dam, three different proposals being examined. '
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HYDRO-ELECTRIC WORKS.
ARAVUNI.

A considerable amount of preliminary survey and investigation has been carried out on the site
of these works. Preliminary surveys have been made for access roads from Putaruru. Exploration
work near Pukeatua has been carried out, and drives put in to test the various outcrops of greywacke,
and after a good deal of work suitable sites have been found for a permanent quarry to supply rock
for the construction-work at Arapuni and for road-metalling.

Alternative bridge-sites for bridging the gorge and head-race at Arapuni have been selected.
Test-pits were sunk in the country on the splllway gide, and information is being gathered in order
to enable the Department to decide the best site for the power-house.

Alternative plans have been prepared for a gravity arched dam, but the design cannot be finally
settled until the talus has been excavated from the site.

Regular gauge-rcadings were taken throughout the period under review, and further gauges were
insta]led at the power-housc site and at various points down-stream, in order to enable the tail-race
levels to be investigated. Tests were made of the flow of the Waikato River, and calibrated with
the readings on the gauge.

A preliminary location for transmission-line from Arapuni to

m

Te Kuiti was also carried out.

RoTorva ErecrrIic SurpLy.

Data were obtained and drawings made for alterations and extensions to the existing power-house
and flume. A survey was also made for an alternative hydro-electric-power scheme to supply about
1,000 kilowatts. Exploration surveys were made between Whakarewarewa and Ngongotaha, in order
to determine a site for power-house in which the motive power would be a Diesel engine which has been
procured. A transn.ﬁssion—]im: route was also explored from Okere Falls to Rotorua.

HoraHORA.

Ruakura.—A new railway-siding has been laid at Ruakura to give access to the main substation,
this, with the work inside the grounds, being done by this Department, whilst the Railway Department
carricd out the portion on their land. A transformer-house, test-room, and cottages Nos. 1 and 2 have
been erected ; also new store, 30 ft. by 90 ft., with the necessary internal fittings, and a garage, 26 ft.
by 46 ft., all in concrete.

Te Awamutu.—The erection of the substation, 40 ft. by 20 ft., in concrete, is completed.
Waihou.—A transformer-house, 30 ft. by 20 ft., has been erccted.

Horahora Headworks—A considerable amount of work has been carried out at the generating-
station, principally in the direetion of extending the crib-log and rock weir across the full width of the
rapids. In addition to the actual work in the river, a considerable amount of work was involved in
the provision and erection of the necessary plant. A tramway had to be constructed, and a bridge,
87 ft. span, erected to bring up the stone to fill the cribs, which were constructed from timber grown a
short distance away, floated into position, and then loaded. This crib-log weir, like the original
portion constructed by the Waihi Company, is merely of a temporary nature, and under its shelter the
permanent concrete weir will be constructed when the river is low, probab] y durmg the coming summer
season,

Surveys have been made of the existing lay-out. New gauges were installed, and the zeros of all
gauges checked.

WATKAREMOANA HYDRO-ELECTRIC SCHEME.

The surveys of the construction pipe-line have been completed. Trial pits and borings have been
sunk on the power-house site and at the main dam, and bearing-values determined. A dotailed survey
of the Waikare-Taheke River at the site of the proposed dam was also carried out. An engineering
survey of the main Waikaremoana Road, and a land-plan survey of both access road reserves, were
completed, and the proposed tram-line from the forest reserve to the main power-house laid out. The
fencing of the southern boundary, cxtendmg from the Waikare-Taheke River to the Kahutangaroa
Stream, was completed.

Continuous gaugings of the lake-levels have been kept since May, 1921, and tests were undertaken
to endeavour to ascertain the sources of the various subterranean streams flowing from the lake, but
with not very great success. A measuring-weir was constructed at the lake-outlet, and a record of
the discharge is being kept and compared with the rainfall records.

The excavation for the pipe-line has been completed, and about two-thirds of the pipe-line have
been laid and tested.

The site of the power-house has been excavated and cleared, the foundations and all concrete-
work have been finished, and, except for a few small matters, the power-house building is complete.
A start has been made with the erection of the power-house bridge, the two main piers and south
abutment having been constructed. A ropeway was crected at the end of the intake road for the
transportation of the 24 in. pipes and other materials. A store and two temporary shelter-sheds have
been built for housing stores and machinery. Two cookhouses have been erected.
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MancanHA0 HYDRO-ELECTRIC SCHEME.

No. 1 tunnel has been driven during the period a distance of 2,651 ft., of which 729 ft. has been
completely lined and a further 270 ft. partly lined. The total amount driven to date in this tunnel
is 3,361 ft. No. 2 tunnel has advanced 1,770 ft., of which 1,038 ft. has been completely lined and a
further 400-ft. partly lined. In addition to this, 625 ft. of adit has been driven. The total amount
of tunnelling to date under this heading is 3,496 ft. Considerable delay was caused in progress of
these tunnels by a strike of the co-operative parties over the first “ wages-cut.”

In the foundations of the Mangahao Dam No. 1 6,000 yards have been excavated, and the by-pass
tunnel heading has been driven 422 ft., the gate-shaft 78 ft., and the incline drive 52 ft. The start of
this work was delayed for some considerable time owing to foundations not being so favourable as
had been expected. The same conditions were found at the Tokomaru dam, and the quantity of
excavation here during the period was 7,500 cubic yards. Crushing plant and bins for concrete-
work at both dams are nearly completed. '

The pipe-line excavation is approaching completion. Ninety concrete pedestals have been erected,
and contracts have been let for the supply and erection of pipes. A tram-line and 100 h.p. electric
hauler for conveying the material up to the pipe-line has been completed and in operation for some
months.

Satisfactory progress has been made with the excavation of the surge-chamber, 8,000 cubic yards
having been excavated. .

A start has been made with the erection of the power-house, the concreting of the tail-race being
completed, the building itself in hand, and good progress generally being made. The crusher, screen,
bins, and concrete-mixer have been erected for use at the power-house.

The work on the transmission-line is in hand, a large number of main-line and telephone poles
having been delivered at the various railway-stations along the line, and ocrection contracts prepared
for advertising.

Six pornmnent cottages for the accommodation of the rogular staff have been completed to date,
and ninety-cight buildings, including single huts, married men’s quarters, cookhouses, recreation-halls,
canteens, billiard-rooms, &(, have been erected for the accommodation of workmen.

The sawmill has been in operation throughout the per]od and all timber required on the works
has been sawn locally.

T.ake CoLeripcE Powrr SCHEME.

The permanent work in connection with the diversion of the Harper River into the lake has been
proceeded with, a large dam and a netted groyne having been constructed. This portion of the work
1s now practically Complcted and a considerable improvement has taken place in the lake-level.

The crection of the third pipeline was completed and the fifth unit put into operation, and a
contract was let for the crection of the fourth pipe-line, which was also completed during the period.

The erection of the main transmission-line poles from Coleridge to Timaru was completed.

Tive miles of additional 11,000-volt reticulation was erected in the North Canterbury district,
and 74 miles of 33,000-volt line.

WATHOU AND OHINEMURI RIVERS IMPROVEMENT.

This work has been carried on during the year. The following are the principal operations ;—

Rotokohu Drainage—This work is nearing completion, the principal unfinished work being the
construction of the main outfall drain and flood-gates into the Ohinemuri River.

Ngahina Bridge Extension.—-This work is well in hand.

Upper Washou Stop-banks.—Considerable progress has been made with the stop-banks on this
sector, chiefly by the Waihou suction dredge and recently by a drag-line scraper.

Lower Waihou Stop-banks.—A drag-line has been working on this sector constructing stop-banks
between Waimarie Bend and Netherton.

Ohinemurt River Stop-banks.— The survey of these stop-banks is nearmg completion. Construction
has been started as a relief work.

Komata Creek.—A drag-line scraper has been working continuously throughout the year, and
good work has been done straightening the channel and constructing stop-banks.

Culverts.—A. four-barrel concrete culvert has been completed at drain H outlet, near Netherton,
and several smaller culverts built,

TRAMWAYS.

Aubllond.—Proposals for alterations to tram-tracks in Manukau Road and for the Main South

Road extension were examined and approved. A number of new cars were tested, and works inspected
enerall

¢ N az@er —The Hastings Street tramway extension was inspected and passed. Plans of alterations
to car-bodies to suit them for this section were examined and dealt with.

Wanganui.—Cars and trailers have been examined, and tests made where required.

New Plymouth.—One-man cars have been adopted for portions of this system, and have been
examined and tested before being put into commission.

6—D. 1.
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Wellington.—Plans have been examined for sidings, Waitoa Road, and duplications and cross-
overs at Athletic Park and Berhampore — Island Bay. The works were inspected when completed.
A number of cars have been tested and passed.

Chyistchurch.- Plans were received and examined for a number of alterations and extensions,
the principal ones being balloon loop at Papanui, Riccarton Road duplication, Lichfield Street line,

Cashmere Hills duplication, and car-shed siding, Moorhouse Avenue. The works have been lnspected
while under construction, and certificates issued where completed. Several new cars were tested,
and inspections made generally.

Duynedin.—Proposals were examined for a new balloon loop at Queen’s Gardens, and the completed
work was inspected. New cars were tested and passed on the various lines,

TInvercargill.—A number of the new onc-man cars have been brought into operation on this system,
and have been carefully examined and tested to ensure their safe and efficient working.

MARINE.

Cape Maria van Diemen.—-The erection of two new keepers’ dwellings has been completed.

Cape Bretl~ A new oil-engine winch has been installed for hauling up stores, &e. The tramway
has been overhauled and repaired, and new tracks graded to the residences.

East Cape. Owing to the unstable nature of the island on which this light is situated, it was
decided to shift on to the mainland, and the work is well in hand. So far two lightkeepers’ cottages
have been erected, approximately one mile of road constructed, and the excavation for foundation
of the light is in hand. Material has been procured and delivered for the erection of carpenter’s
shop, paint-shop, &c., and a considerable amount of joinery-work is in hand. A start has been
made with the dismantling of the old light, and a temporary light has been erected in its place.

Kaipura Head Beacons.-- New beacon has been erected at the South Head, and proposals are in
hand for repairs to North Head beacon.

Gable Island.— A site has been selected for the installation of a light on Gable Islet, and plans were
prepared accordingly. Tt is proposed to utilize a lantern-house which is at present available, but it
has been necessary to order a new lens to suit the locality. A contract has been let for excavating
the site and preparing foundation for lantern-house. Contract has also been let for the manufacture
of a landing-cranc.

Ohena Island ( Mercury Bay).—A light has been procured, and surveys are being made and plans
prepared for its erection. Meanwhile the light has been installed as a temporary hght for East Caype.

Ninepins (Chetwode Island).—-A new Aga light, with lantern-house, tower, landing-crane, &c.,
was ereeted during the year. This is an unwatched white light showing a flash of three-quarters of a
second, followed by an cclipse of three seconds. It is 55 ft. above high water, and should be visible
{or at T ast ten miles in clear weather.

Cupe Campbell -——Two new lightkeepers’ dwellings have been completed.

Motueka Wharf. Plans and specifications have been prepared.

Kaikoura Boat-harbour.—Considerable improvements have been efected in the ‘boat-harbour.
A new slip and dingy-landing has been constructed, and a number of rocks which interfered with the
boat-moorings have been b]own out.

Karamea Harbour.— Repairs have been carried out to the training-wall.

Chatham Islands Wharf.-—Plans have been prepared.

GENERAL.

The following proposals, submitted for approval, have been dealt with as below -

Wharves.— Castleclift Wharf : Coustruction of wharf approved. Hicks Bay Wharf: Erection of
wharf anthorized. Kaikoura Wharf: Ercction of goods-shed approved. Freeman’s Bay: EKrection
of jetties approved ; also a number of smaller wharves in various localities.

Foreshore Leases.—Dargaville foreshore vested in local body. Evans Bay: Yacht-slip and club-
house. Kaihu Creek : Launch-shed. Kohukohu mud-flats vested in Town Board. Napier: Launch-
landing. DPaterson’s Inlet : Boat-shed. Purakanui: Boat-shed. Wairoa River : Metal-landing.

Reclomations.—-Mahurangi River : Reclamation of mud-flat approved. Opua : Mangrove reclama-
tion. Pukapuka River: Reclamation of mud-flat approved. Onerahi Beach : Proposal for groynes
examined.

Harbour-works.— Gisborne Harbour : Proposal for outer harbour approved. Muturoa Harbour,
New Plymouth: Hxtension of breakwater approved. Wanganui Harbour: Proposals re wharf-
extension approved.

Holkianga Boatman’s Residence.—A contract was let and completed for the transference of this
residence to Rawene.

. W. Furkert, M.Inst.C.E., Assoc.M.I.Mech.E.,
Engineer-in-Chief. .




e .w—:>mﬁ2om..mousm< )

— . . T . o 96 0% |SL T | 1 8I
_ . R . © 1 goeT ‘Keprgr i e . - 185 {910 (TP G BOINT Y-S, JO00POOM | i
N | . | ; §000 ! _
o - . . . "t | GOBT CAON AL | CC . - 1€ | 910 | ¢ € |-poop-syerg eaedrey |
o¥ S - . . ‘ , Loereunp L ¢ Ct - - _ 8¢ % ! €10 |SP & | syelq eredrey-0830H : ,
- - . ! 806T ‘ARpL €T | - t . g ¢ [ero |o0v g | 0290 -AqdBM |
: . o . ! pogT padv 1 T T : 9 ¢ |86 0 |81 g | AqLep-projs|iem | i
P . . - : 0161 ‘ABIy 91 | °~ . T € % .8¢0 | L€ | "DIOJ[PM-BURH 0y, !
P . . : T | ST TSI ST | - . : 896 ;€0 T |G9 8 | "eueH of - eyemley
¢t 5 . . . o pIeTSny 1 - - . L1¢ | 290 |¢ o | eiearey-muesusy
i X . mu
g6 b . Go ¥ . : o oseTdvT 9B ¥ T T w 90 G | 190 | ¢ ¥ |wedusy-ojoanjedunely
S 3§ - ¢ g - - o togeT‘dvI g0 B - T € % | 860 |S0g [dgoangeSunei-nerengy Lom
. . - - : o 0L T - - 9% | 960 |OLT ;°° uereny-eoredeq ey Junig
. . . - S - 86T |€6¢ - 9L% | 960 |1¢% | woredsq-sjoazedoly TIB pus]
. ‘ . o . . 0S¢ |GLOT|000T |3G LB L € |[SP ¥ | .:%ommqsxm €€ g8 | spremyjaoN waediey ; -¥ony YION
” i uIsso1y)
.- . . - - oS ¥ - - 0L ¢ (880 |8S ¥ |sAqeuuoq-1peymeiey,
8¢ 61 * . .. - - . $161 ‘ounp 1 . - " 9% G% 0 |LgE | 19egABIR]-sWoOg
- . . - o - . . - 91 8T : GL O | Tg LT |~ swoog-o[[laedreq | 0¢ %5 | °° L[\ nyrey |Lo[[BA NYrey
- . . . . o 69L |TI & (0 BI|{OP 18| 0P G |0 656 " e3usljoH-oyoqIBy] :
g% 91 - . . . $I6T ‘48] 1 : - T 0L LT | GF T | G690 |  OSUOIBY-BMIO | Gg GF | BOURIYOH -emBiemey
08 g - . - . Tt TIBT 10 B . t B 99¢€ | 9T T |0¢& | IgeIsu(-soaeiory
. . .. .. .. : .. .- .- b 6. 8 13 G %G 9 i dOuouOmMH'oadMH %6 6 EBOEH&W&.&&U.OQH.&M
% 18 - . - - - " . - - 66 60 |63 € |0 9[ | " owsy-musleiny |
- . = . 0161 ‘ABIY B . . - 9% |[€60 |08 % | ° mMuUILNH-remo], |
% 8T 1% T . . . o Ter'mdy gr | oo - . 6L 16 19 0 | 8L 15 | *° VeMOT BmeNems) | §f [ | =~ OWEY BMBYEmey
| (1sz0u0)
! umoq
! eMey .| -wmege1n
9T 1 . . . - . . . - €L L {460 |91 L | emey-greypy endp| 9t L | °° BMBYEMBY | -BABYBMEY]
B o VG ® B 4R E Co B IR o 20 | RECANS SR O 1§ A Q0 "W | Y9 "R | U I [ Y0 I US| U9 I 0o "N
|
LI 91 g1 EA S AN 11 ot 6 8 _ L 9 ¢ ¥ - 3 i T
. , | _ :
TSIOL | ‘ZG-1361 | T5-0261 f 06-GT6T . ‘618161 — ﬁ o18q , 4 _
| ! ] | | _ ‘Surker | -womny o _ |
| 3 s & z | 2
‘peusdQ ” ° ! ven g _ TeI0% m m M_M_HM ‘uorgoey m. worsial@ .wim.%ﬁmﬂ
: | i z | ]
|
aurry Jo 83838 m w
i i

*ST-F06T ‘SjuswreI ey
SYI0A) OHQDJ Ul souI] jJo syySus| jo so[qes 9es o[qB} SIY) UT USAIS 10U oxe s soul[ JO suolyiod yons jo sSurmedo Jo sagep 09 S8 UOIPBULIOJUL [VB48p 10 : ] UN{O)— TION

"ANVISI HLYON
‘7Z61 ‘HOMVI] IS[¢ Ol 40 QHEAHAYNG ANV ‘HIONMISNO{) ‘THZIFOHINY SENIT] INEWNNUHAOY) 40 SHIDNET 40 ®ILV],

‘q xtpuaddy 01 ainsofourfy



44

1.

D.

" ot v e o ot e s ¢ T iP88 (6RO | 1T 8 BIBIBIY-NRYBIBWTIO &
i [ ney
e o o e ot o "t Q0 L te “ lIgL |95 0 | G0 L |-ereme;0-sMENESUO] |
. | _ MRy |
.. .. .. . .- . .. 1§ .. .- L 09 ® 15 0 WMﬁw -e§uog - woieSuovg ,
.. .. .. . .. .. .o 19 € .. .. “mo 1 9T T . 19¢ ..don.&wﬂwﬁm.mwmgm oL A
. , ang 8, ;
o o e o a N T 00 6 a o € 0T | €83 1 | 00 6 |-wonoung wZunely o, !
| uoijoun g i
. - .. | .o .. e Y mﬂ m wm o .a WN. m . ﬁ mm_ m dmﬁgws walﬁwg.ﬁkﬂﬂp\
“ , ! LemIrey 3seOQ 98N] Lemyrey
B e o ooy T ot T 18008 [ 998T | 1L8E| 7T 1L 8¢ | ©° eSuweanel-iqieps | €F BP0 ‘InodQ - 1qrep | I8RO ISRy
i , W Iqre p
ov gl | e o o " GO6T “"AON 6 .. .. o 0L 8T |0 T  OF BT | " Iqrep\-eoroed | 0% 6T . °° Iqrep-eolosg . -BO13Bg
: J adpraquie)) a8puqure))
g 81 ;. T t o h T o °t *t 91 ¢T | #T & |G &1 [-woyounp eamyeny |3 GI | OSPHqWIE)-UOY[IUrE] | -UC)[ITIBH
. . i : soumreyJ, somBY Y,
8G %9 4 o T o o ot o t | t “* 1 gL BL | LT 01| 8¢ 39 | -UOHOUNP UORUEAJ | 8G B9 °°  SOWEHI-OyeAIeM | -OIBITM
i ' soul]
e b e e o . . . o e eI 0% | ST 0F . CT OF | - ousyog-eoxsed | ST 0% | ~° oue0J-BOI0BJ | MO ‘SA6AING
7 v ; Sempresy | seur]
.. |- .. .. .. .. .. ce .. Gz 8 ez 8 .. ¢z 8 . remoyoNBA | 6% 8 qoueayg 1BMOJOYIBM | ou ‘Aeang
| i ! ) } I moxsmy
0z L - .. .. = .. .. .. 0e T .. 0 6 e o6 | eolBMy-Aprunyy ;0 6 | °° goremy-Aggunyg [-L19anyg
S .. .. .. .. . oz 1 €5 L .. 266 l¢g 1 % 6% 8 |nyureps-eoyrwmnieg | 69 BT * Lemqrey | gouerg
%y @ . . . . LI6T ‘"8 or ! v 1 °C .. 8T ¢ [8L0 '03 % ;90yeINIBI-BJeIo6] ) Jlgousag nynIep  nInIEM
_ : ! £vg s,UBWESI,] PUB
, 7 [ ABg UAIYSOAN  BIA
| | . uoWEg pUB[YoNY 0
: ‘  uoneyg pue[sSurs—
- ‘ e . B B o t «+ lwpeag 098 |09 8 .. 09 & [youelg A91) puepyouy | 09 & |yoweag A1) pue[rony
AR ' . o - v L. = 'o0c9 |059 °t 0G 9 | Towag BIA UOWTIARCT | 0G 9 | UOUIg B1A AOTYBIAS(
! | | —esoxusJ-pue[yony
gT 001 | e oo N * P a o 6L 91T, 99 9T . §1 001/ NINWBAYOI-PUB[HONY| 1 00T, * " OYBYIB M -PUB[HOTY
; ! JTRY A !
gL B r .. . R " . Lo . . €9% |0, 1 |eLg [®eSungeup - vsorueg | €L §  °° YouUelg BSUNIPUQ ; OyE{IBA
g5 86 o " I . v St T o 68 BF : 99 9 | €L GF |3 AL UMON-O[[IASUSISH| B4 GE | 9JoTBULsaN-v1vdrey] | -v1BdIey
i | ; : gousag
7 |
D T a N - 4, AR T 4 _ 9 ¢ [ 0LOT 960 [ 6F 91! ° ndrem-ydeeQ | 6F 9T | Ay yousagndiepy . ndrem
| i , ! ;

! i i ; ! ! fempreyy
oo oo 7 ooy fogpT: 0 b ST 9T | 66 T . 9G ¥1 | -~ "elljorep\-pue(I0g ﬁ qousig
€6 ¢ N €6 ¢ oo R 0g6T ‘tmdveg | 0 1t N 09¢ |L§0 €8¢ | puepIog-eoieloly | 64 61 | *'youslq leieduvgp |BIESUegm

RCN B s L B CT | SR CHR (N R (g I O Pago "W Qo W | U0 W W9 W | WS W ’ oo | W
o e boer Lo e e 1 ; ot | 6 | 8 L o s v g | g 1
! i . | |
| . ! w o ; 1
T830L ! 'G5-Ta61 _ “T1-0G61T R “0%-6T6T | "61-8161 ; - i ‘eneq ‘ W m
! i ; ‘Furke; | -uomg b : h ;
éuimhw .ﬁwﬂuoh .m m 2 "
1apT aspupn & . o [ . = “uor
pewedg & 1810%L qmu. _ N_M_H.M uonoey m aorsIAlq .dmunck.maﬂ
! » ®
oury jo ayms ;

Ppanujuod—ANYVIST HLUON
PORUUOI—ETET ‘HOUVI] ISTE O dA CEAEAYNY ANV ‘CHIONYISNO)) ‘CEZIG0HIAY SANIT LNEKNYTAOY) 40 SHIONAT 40 TI4V],



45

*du uayey syey 4

*AXBUIMIBIA]

.. I e . . .o .. .. . ” .. 05 ¢ 0% ¢ .. 07 ¢ |eanyrem -endoyezei
. .. - s . e ' 06T 1008 {610 |697F h 69 ¢ |oedosereyp -edeyedN
. v . s . t e ¢ 1T, °° e 00 €T | 63 T | IG 1T | ' edejedN-ejereqely
i eyeIe e
.. .. .. .. . .. .- .. .. .. c g . G & |-uomelg suxoqstp | gF gL - Ie1de)-ourogsip
. . i .. . . .. °t LT g *o w0 8! " 0 8L |PUIOqSI)-I8ALY BOIIBA
.. .. .. .. .. .. .. .. ‘maed |10% € .. . .
| ‘meig| 31 va G 8% ¥¢ 86 BOILEM a1,
. - - " - o - 9 g |TLST | L LT| *° 1P LT|°c  eaung-erepisy
. { e .. .. .. .. .. .. mw ﬂ .. mmw ﬁ .. Aww « b QMQ@MW@IOQ&HU&
R .. .. .. .. .. .. co ¢ .. € ¢ .. ¢9 g | - oueag-orong 9som
.. .. .. .. .. .. .. 8% 0 |62 % = 69 g | 850 | 208 | -eiougisopm-rerdeN | 94 65T ** eulogsip-zerdvN [ Leains meN
. o .e .. .. .. .. N sy | 3 I | % 15 i z 19 | 1y190dQ-ng0¢
. .. .. .- . .. ‘e .. . 0l & 0 & .. (11 M NIOP -BIOYNFOT
S A . - . LT6T “AON 9B | °° . " 666 (190 (8L % BIOYNIO -TBMAEIE]]
. . . . .. 61 ,.Poz z . .. . ce 9 0S 0 a9 ¢ “ BMBIR-BoINe By }
- - ‘ - - FIBL AONE | °° - - ST L |80 | 099 | woineyey-03010
- - - - - 8161 ‘Mdy 9 - . . 188 |BE0 |GhL | oYojo-ngommem
agoy
(4 mﬁ - - . - - eoeTidv T | -- - . 190 | 380 |68 0 |-repm-eSpugnyoyrem
.. . . .. .. 806T ‘A=Y 87 . . 6% € .- 6% £ |{9dpugnyoxiep -eqng
.. .. .. .. . 1061 ‘A2 07 . .. .. 61 % P60 [ 6L 1T T eynJ-exeaey
.- .. .- . . goer ‘dygr | - . - 9L ¢ {140 | S & eYBIE3-1¢qeleIojey
1qejele; enIeqoyy
.. - - .. . .. °t i " eG T | 9% & | OT §T | -le)[-Jeqp owioqst) | 5% 6 | *° Iq14odQ-outogsiy | -euaoqsip
Bnx
en -oj0y - L8]
ee 69 . . - " i e . " T 09 $L | LG G | €8 69 | BNIOJOY-O[[IASULLION | €6 69 | -090Y-Aej[eA SOIEY], | -[BA SOUrY],
o .. . .. .. .. .. .. .. WL L lC b .. ¢ A gouelg oUele ey A\
. . - : . . . - . o 0T T {010 [0 T !- }barend piUnjol |
.- . : . . .- .. 0 ¢ v - 06 & {060 {0 & |- Awrendoexngog
worjoun peuney e,
. - .. . - . - 18 % . - TG (190 |23 % |-muedune gunopy| °° . ssury yousig
£Lanang ‘pruwod
. e e .- L . o lueag| o FT | 0 08 [meidf o 0g | ©° wrodQ-enyseus], —Auapey
.. .o N . PRy . e e 60 FI ee 9 . ” $9 02 ae %9 02 ** BNIYIUB] 81V .Ewwllmm:uOQOAﬁH—dB 95800 J50
N 02 W 00 "W | 90 "W ! Y9 W ;W W U ' G Y R ST O 7 G C Y 41O = O (G B G ¢ o I
It oot c1 T . 8l _ 34 11 o1 6 g L 9 g ¥ g 8 1
B0, w "26-1861 M ‘T5-0361 | ‘08-G16T  "61-8T6T _ — A ‘998 . 2 i ﬁ
! ! ; ! ‘suiis( | -woug 3
, o || & z |
@ = ‘eur 5 E e
-pewsdQ S ‘re30L, m aror | *Bo1300§ m wos1AId -.Enowmnq
8uIry JO 03818 m i ) | “
_ , |

“panuryuod—ANVIST HLUYON
PanuLIU00— TZE] "HONYIY LS]E Ol 40 GEXEANAG ANV ‘dIDAUISNO) ‘QEZIMOHLIY

SENIT INERNUEAOL) A0 SHIONATT 40 ¥14V],



46

eseyoand Jo o9eq 4 ‘foAxns [BLL, .
TR S R .. .. . wiergl o ¢ lo & .. 0 § (eABj0ITEA-DICWNNON \
e e s .. . .. .. B 09¢ 096 .. 098 | ° TUeNQ - IMT 1B |
Puung !
“ W o . . b b 0% L 0¥ L b 0% L |£9[[BA 980D - OYOWIRIY sfeAing _

o ; ! o . . N . 19 1T | L9 1T .- 19 11 | ®eameIeje]y-sunyein], | L 9z | juomoeaordwy sIn0Y ‘ qnomA|g
¥% 05T | : ot o o n o ot o 68 GET| GL $T | ¥¥ 0BT °° . B3BJ-U0XOT | FP 06T *° 8938 J-U0JXOH | MIN-TOIXOJ
Lg g8 ¢ °° o o o o 18061 *-9eq1 & o o o €6 66 | 9L €1 | L€ €8 | uanqSuorT-uoySuI[OM | LE §8 | NIEMEUBIV-UOISUI[OM |

. y8nozoquigaey !
o o o B o ot 0 0.0 04 o 0 0L |®1a ‘W0%209a8)-3U039J | 0 0L | °° ajnoy 18¥0)
W i : e . . 0 %G |0 3¢ te 0 3G | ysug uosfig-suoted | 0 3G | °° 93noy 98800
: ; Imoy sfeaIng
oo o o o o o ot 0v 16 | 0¥ 18 o 0v 1§ | ysug uoeBig-eualed | OF I€ [BIBW-0-TUUIB AL | UOIIBIAS(
“ i . T i . . . 0¢ 1% : 0§ 15 . 0€ 15 |epispaop-Mnygreddn i 02 13 8Inoy nevjlusIeyney, (duljouwy
! oo o o e ‘mpeid| 0 6 {0 6 o 0 6 UOJBISYEOH-0ONBY | 0 6 | *° OINOY PBVOI-[PVO) | BHBINWIIY
,_ i g3noioq ySnoioq
ooyt o o ot o o ot o 9% B9F o %9 ¥ |-uaB-umolLeln; g9 § |-urpiely-umolfoip
| | g3noioq ySnouoq
. o e T o B B o °t 09 IT ' 05 1T o 0S TT | -unIey - uojsieqlesy | 0¢ 1T | -UNIRIY - HOJSIAYILD I
L € o . oo o o ot o o 7 1L¢ |$90 |4 € UM03L01D)-0PISPOOM | L g | °* TYowerg umozfaip
, foxy o] o[[1ApPOOM
6L GIT | °° . - . . . . . ©* L BL LET! €L T8 | 6L ST WOISUI[[OM-OTIIAPOOM | 6L GTT|UOIBUI[O M -O[[IAPOOA | - HOIBUI[[OM
| ! . qII0N q3I0N] q3t0N
1% 1 °° o o o o o ot o T, BL AT | TS O | TG AT [UOISIBWA[BJ-O[[IAPOOM © TG LT [HOISIOW[EJ-OI[TAPOOM | UOGBIO W
: 1ed pue
" S[[MapooM
59 96 _, o : o ot t o e o 0L TIT ¢ ST | g9 96 |e(riapoom-ndgaerdeN | g9 96 | - e[apoop-erdeN [ -101d e N
“. | o “” .. . . »e .. N. w .o N. @ . N. @ ﬁmOMOMﬁwﬁgnﬁMﬂﬁ_ﬂﬁ—z
[ o B B ot o G9 8T o 9P 0B |19 T | §9 ST | edeqnN-voxeM | gL $5 | ndoyoqrep -roars
» - » .. - .- .. wRIg 00 9 ~ 00 0T .. 00 O1 | °° BOIIBA\-NIBWNABIY .
.- .. . .- ‘wegdl 00 ¥ i )
.. . . . . .. . . “ 0f 6 0% 6 . 0% 6 dudﬁ:uds.dmﬂ.wﬁ o],
R . a - - - SO TT AT IT AT IT LT | ®eBusy of-voissuey
. , .. . . . . .. P “ 00 § ,Oouv Do 00 ¥ dOu&mﬁam.ﬁ_ww‘_wudg. o
. : . .o .o .o .. .. L e ‘meag| 09 1 v i .. . . W PIUOI—
. .. .. .. .. .. .- ‘mag| 90 G | 99 9 | 99 9 |[BII99B A\ -RINNTEAL %uo|ma._ommmw.um_@az ! foaams meN
WK v WOOW | U2 M| U W WO W | U9 I [N W W | U R 7 WO OW | WK | W W W W _
FA G 1 ¢ g1 (2SN 3 oI 11 ot 6 8 4 9 ¢ 7 g g _ I
_ | . i :
1890 "38-Ta61 _ 180261 _ ‘08-6161 | “6T~816T A - 7 ‘og8Q 4 : 4
-~ ' : -sare] | ‘uwony 2 i
i wmenl & z | =
peuedQ ‘ 2 ‘[830% m ? N_.N.MHM uo130e8 m wosIAId M .d_u.nﬂwwaﬂ
® ® |

eur jo 03638

Panuruos—ggeT "HOUVIY ISIE

_

‘panuuod—gN YIS HLION

0l da q¥XFA¥YAS ANV ‘dEIDNULSNOG)) ‘AEZIMOHLAY SENITT ININNYHAOL) 40 SHILONHET 40 3TV ],



47

e oo T R v T 18T | °° 189¢ !090 ! g g [°°  woroag Laxend goueag
09 oo . . = |soer ‘madyy | v | ouL e s wLe |t nosoemﬁéwn&j L1 g |[juowdy guNO
. e o o o i o ot 0s ¢ A Tt .89 [8L0O 7 0¢ ¢ |- tundey-ereusl{ 0¢ ¢ |°°  qouwlg wIeUE]]
. . . . .- . .. . v “ SF FT : QP BI .. " 0% PT | BOIMIOP[-T9ATY %ﬂcam w
- - . . . - . - - | 0L 8T OL L | ~° i 0L 8T |aoaly Luojg-exeundQ
. .. .. . .. .. .. .. - lgoe g9 “+ ggg¢ | oyeundp-emeqiy
.. .. .. .. .. .. .. .. FF - ZF 7 .. 55 | RUIEYLI-EOINY
.. ‘e . .o .. N .. .o 0o ¢ . °* g ¢ €e 0 “O ¢ .. goany-mundeyy
. . . . .. .. .. g0 | g9 m .. 6T 8 61T '0 A4 . mundey[-1109 91, | G9 GG | °* OINJO[Y-130Y eJ,
i |
. . . .. .. .. .. .. 01§ 01 €5 I *+ ol gg | =+ wegyg-eyeundo 0T £ |PY Weyuno-oxeundQ
: | W i uorgerAe(]
.. . .. .. .. .. .. [ weig 0 08 [0 08| 7 0 og .- 0 0g |®Bom3usyy - nyngexng
i ' : |
.o . . .- . .. . . ‘wneld 0 P10 FT . | 0 I mmﬁudmﬁdm.mdudaﬁuQ 0 ¥1 suorerae(q
.. .. .. . .. .. .. . ‘wipRIg . 0F €8 O €¢ .. 0% €8 | nIneqng-voreduely _ 0% g8 | —enaeduQ - proprenyg
.. .. .. .. .. .. ) .. .. 0% 15 L 156 .. 156 | wIMyQ-oaeTyERy |
. . o 0 0T o o £§6 01 [ “8L IL | GL O 1 €& 0T | *~oIdREBW-BIN(NYBAQ ,
e . i - ° o .. ‘W | 1 g8 | 1C ¢cg toolreee SIIIBIN -0BIY
.. .. .. ‘e .. .. .. .- .. ,ﬂouvm .08 9 .. 0% 9 .. 0BaH -en{OoY%Y
.. . .. .. .. .. .. 5¢T |9F1 0Bs .. A, 0% € | ** engogeBy-vioE]
. . .. .. .. . .. X . oi1ee |60 g BI0YB,-1qBININGOT]
! ! , , geInany
.. . ! .. -e , .. meM n-Q-Nh N- .o .o m .. No m mm o ; mm ﬁ - MhdqoaoadWQﬁﬂg . .
; ! | UOTWOTL
. A oot $I6T ‘Anp 1 B t “t 8¢9 (€0 , 819 |-eBuegp - eanjoyoq
9% oF o .. oo " 3I6T “8nv 1 o 0¥ 6 [ 990 €68 ;7 RINYOYOJ BIIM AL
$ .- - - . st toTeremnpeos . vt 1ttt (@I 8 9T T ;ALL9 |7 €O\ ef-eoamy
[ .. .. .. .. 806T ‘1ad¥ T .. o+ i+ ¢ e lego |ocy ! BOIMH-NINIO
F .. .. .. .. .. COBT “TOIY T .. e e 980 |ah¥ | nanig-oxo], JUng, urey
e " ot o " o o t , o 999 (0¥0 '989 | OXOJ,-p10J9813g | L¥ QLT JUn4 ], UIBJ{-PIOJIBIIS | -PA0J3IBIQ
gz e |t . .. . . . S e c |ega W 6% & mueSuUBA\ -OYOWRBIY | 63 ¢  °° (oueag muedus
. 7 .. . .. .. .o .. . ,.S:w.ﬂm* 6L € 6L ¢ . S BL g .. goueag s, [mg | 6L ¢ .. yourig s Jng ‘PIU0I—
| | A m T91EMBIIG ) qnowd[g meN | gynowdig
66 6L | °° N N T N o R I 8! 8¢ TT ' 63 3L |qINOWALJ MON-09%ed | 67 GL | PUB BIBIIBAN - BIJRJ | MON-UO)XOF
WO WYY W | WY R U I | WO W | WP W UKW N W W WO W R W T G
LT _ 91 9T ¥i g1 48 11 m o1 6 8 ! 4 _ 9 7 ¢ m i g 4 ) | T
| : ) :
- W : , , i
Te30, m 261861 » *16-0261 _ ‘066161 618161, — | 998Q ‘ v z
. | | ‘gutkmy | moyy ! W | V
-01R[J | -BTIOL _m ; L =2
Jopupn | xe : = i = .
‘peuadQ e ; eenn & oL 4 m. | MMMM ‘aonoes w. "BOISIALQ ..uinﬂwmhmﬂ
I ® ’ ® )
i j |2 ®
| .
auyg JO 9181S , _

‘panuuod—ANVISI HLUON
PInuUU0I—FEET ‘HOUVIY IS¢ OL 4 dEXFA¥NAQ UNV ‘dEI0NUISNON) ‘UEZIMOHLAY SHENIF] INERNHEAOL) 4O SHIOKET JO d18v],



-dn ua¥e] UI9( GABY S[IBI 8[} S ‘9A0QB POUOIIU 10U SeYoUBIT PRYYIV] PUB 1NUOB],— HLON

Wm.mmmﬁ - o 0 9% 8451 ot 8¢ 0SIF0 8TT [6F EPIT/ET 6966 90 TI5|90 LGLE o 90 LQLE| °° s[elo,
) o o t . . o ‘WIRIg 0 OALT [0 OLY T 0 OAT |ngnurBMyo-SSUIseH |0 OLT |ngnursmy of-sfumser
PEINEY
’ o : ot T v T ‘wmiErig 0 61 |0 G o 0 I |nyBuey o3 muain |0 BI " aInoy mualf)
o ) - o : o . GL 9% |GL 9F o CcL 9% Tt UOI3o9g BIBIIBM IG) 9% neyereSue],-BIeIIe M\
. o ) o o . ° e QL L% |GL LT °t QL L% | T Uo13oeg BINYQD
- .. .. B . .. .. . .. 0L 0T oL o1 .. 0L OT .. uor}99g 08OH
Lo - - : - . ** 1o 9 {0 9B ** |0 95 | wuON9Og NEYBILTUR],
° oo - - - - **t |eh 86 (gL 88 *+ |ergg |--  momoag aareBN gg €0T | T eniwiuQ-oaresN
- £a[[BA
. - . . . -+ |zodxyglo 08 {0 07 ** |0 08 |®AOUO-TBYMOI-ATIBI 3 0B
1BYMOY] - 981
.- . . .. . .. . . ‘meIdlo ¥8 |0 8 .. 0 F& | -BW - 28101 93098BYBI |0 FE
SpIAL(] 2ynIvIaY skoaang uory
. .o . - . . .o .- ‘wieig 0 0¢ 0 Om .o 0 08 -nejojy °} sunyvBYQ |0 08 -8lae( enoy [eajus)
09 8 . .. . . . LT6T “*05(T 8T .. I - lieg L 1 logs .- uonyoeg 1q13eey [0C 8 s+ youwig IYIeRY
a qousag
—H o : * . . : .. - 0% 2 . 0% L - g3usqoion(y 0% 4 §8200V [9a81y edrep
nynox
g8 VL o . o . . o . €G 08 0z 9 |88 FL |-BMY o InUNIBWNBY,
.. o o ° 8061 "A0N 6 t t G9 G8 | °° IMUMIBWRE], B
85 v8 . : - 6061 Q84 €1 : - *t rl8s L6 |0g GI{le9 08 |- BNIH -0INOLBA |
o - - - : 8061 ‘ounpQg | : " 0T 8T | *° WINOIep BOILIRVLY |
) o o o o 061 ‘ounp 1 | cC i o ¢ 9 90 0r ¢ -+ roxsyely odeqre |
sg og4l - : © | voet “deg 0T - - = g9FT |19 1T |1 g1 | edeyrey-exomeiueyy Lemprey
BYomBIURI JUNLJ, GBI
) N ) o ) o c* 8% 98 19 ¥ (49 1§ | -uwonounp ToeIY 169 60G | NINTIBAY 9 UOMBJ | PUB({S] (10N
o W | TR Yo W | U0 W | WP I | U9 I RO IR OIS (AT Ol SRl O (I IR ¢ S M S ¢ W
st | ot | et It | et | @t 1 or | 6 8 L 9 g 7 e 5 1
| | | ; |
908 N.N@-E: f TG-036T | ‘05-6T6T | '6L-BI6T | — ‘oyed - _
| duide( | moyy | % !
TR .daiomm & @ ! =2
aspu a9pu =0 = i
pansdp Pea ren _ 2 1930, m N_n.a_m *u013998 2 morsiatq .d:aﬂwwmd
B 3 Hao
auyy Jo 93818 _ i _
— B ! _
[ -ponutyu0o—aNV'ISI HLUON
[ ‘PonujuoI—g g6l ‘HOUVIY IS[E Ol da QEXEA¥Ag ANV ‘dEIondisNo{) ‘GdZIMOHINY SANIT INAANHTAOL 40 SHIOHNAT] 40 HIdV]



*19'BIIUOD [OUUNY JO SUIBYD § SUIPNOA] ,

|aury Jo 9181y

| ” | i ! I i | uonjounp ; I
— . A I P [ . | . . 0 % |9 91 | 9 0% . 9 07 | engeSusuy - BqU)] O], ‘, uoyounp ¢ BOYBIUBUL
_ ¥L G . . - T - | zietmdvy vt = 1% 9 |oro0 |¥Lg | eanyer-taodisap 0 9¢ | enyesweny judysop azodisam
. . ! : aury .
a 69 € o o St T T W T T o b T ¥ G% 0 ;69 € [S[[laUOPPeg-INUIYINOIN 69 € L1v17100  mmugEfoxy i
; i | | . | UOISUdIXH
; | : mu mury nemeyesN
ol & T oo T ot o T o T oeg !8T 1 (8T 4  -TaoI-nemByBIN BT L ! -1OIU - nemeyesy -110dgsom
| i W ! nemeyes N
9G 6T . A . . . b o 89 1% . 31 8 | 06 6T | nemeyedN-jiodssepry * 9¢ 61 | nemexyeBN-itodisop | giodysom
W, ! , | i CER
| W W TYRMI[IIS-TOY | w10 |uosioR
5L . . .- Y e .. e e . 69 €T w 8T 9 | TS L | -uaqgmm.ﬂudoﬂ%muww 16 L | UOS[PN - suzoqumumv_ .amsoﬂkt.@
W : . : W W emrey
0% € .- ot - ©r 0 o16T ‘Ampor i - . 09 ¥ _ 06T |0F & " mqyoelg-ereqedN | 0p & | °° ITeqyow|g-ereuelN  ([eqyoeld
I ; I ; j
ﬁ A - 1 906T “wO 68 | " = |97 910 |89 ¥  pleyduudg-emereg , H
i . ! Bwel W P
LG 6P« o o ,, B i o 90681 “"390 68 T R 0L L ; 08 6 | OF L | -930 - a8Aargy uexolg 4 . |
* b N . o | 0161 ‘99 01 T T 1¢ 91T 66T B¢ GL | " Tavary usdoxq - S8 | :
o o o R LT =0 0 1L GT . 080 | L9 T | " SSE)-sEEq SANUY | “
.o . . .“a , .o . . | .. T w Y : s 1 w .. $1 ] ! mwdm m%::ﬂ.—u«:d.:ao ,, _,
wey oo oo t - A ST CF | 898 | L3 &V " eigO-teuunIg g9 g6  plegduudg-rsuunag
. aa ,, aa .. . i .o .o e W . @N Oﬁ N@ O ﬁd mw h .. QPOHMmmm-ﬁﬁ—dJOM . d r
AR - . *t . 90BT‘'BUY L S R S ST 11 /69 0 | 6501 °°  DYSYOY -JOWPRY, | ! !
19 L& ¢ B o T T e , | 806T 09 81 ‘.. o [ 88 ¢ 660 |6 ¢ ' AoWpe - tMIy ” :
.. .. . . e . .. e Tec |360 | 218  °° S mny-mg, m
o f .. N ..} | BI6T deg g | .- .. .. LTOT I ec0 |56 - my-odoquerd 7 |
~t - SR . . - - * |8¢E €0 (08P 1STO |§ ¥ |- ugeavy-edoqua(y) | ,“_ ,
. .. i .. " .. Y e | . | e ” mﬂ @ﬁ MHﬁ @« ” - ! m* wﬁ mH—udBdMI.ﬂgﬁﬂduzdgH :
" oo B w . pl6l ‘eunp | * + logT {09 l0T0 |0 9 engefueur-Surpuey ﬁ |
.. I e b e - .. .. ¢ 6 |gvo |0¥y8 |- Sapue-unpeuoi) |
%& LS 4 . o ot o o 'goet “Bny 4 - o . FL 9 96 0 A 8¢ ¢ | UNPBUOIN-N U03IFAY ; !
~ .. e e . .. LO6T “TBWIE | | - | - 08 o r 0 1 |0g1 |'Nuoyjesy-'s uogjesy i (zompe], ®BI1A) f Ksmirey
T . . - o - RS B 66 6% | 6L T | | 'S W08y -103BMI[1YS . L LFT.9a018(9g - 101EMIS | PUBIPIN
| ! , T 7 | lepunoy
L %G .. .. .. e o R .. .. GF GG ' %G G * 2A0I8[9g-UOBION §L 7§ ' °°  9A0IZ[9g-UOS[AN ' - U0 S[? N
W OW G UOCN WO W W0 R | W W | W W Y R [P W W N | WP W PR W W R [0 W o
it | ot ST Pl g1 [ S 1t | 0T 6 « 8 L _ 9 4 ¢ V ¥ 8§ G i T
I S S : B | : . _, .
| H !
0%, | ‘251261 .aémmL.om-mai.eéi — 7 938 | # z ﬂ i |
; J : | ‘Burfer | -wony 5 ! 4 :
- | -e1B[g | -eULIog g : = ,v | = A

'BT-F061 ‘Syusuragely
SQI0A\ OUqRg Ul saul] Jo SIBUS] jO SO[qe) 998 O[qEy SIU) Ul UIALZ 10U 818 $B SAUI] JO snoigaod gons jo ssuruedo JO 894D O} BY UOIFBUIIOIUI [1B49P 104 : 1T UWN[OD— AION

"ANVTISI HLNOS
-panuLu0s—g g6 ‘HOUVIY IS[E Ol dA QEAHANAS ONV ‘QEIONUISNG[)'‘QEZINOHLIY SENIT INANNYAAODH 40 SHIONAT] 10 ATEV(,

7—D. 1.



50

1.

D.

0 €I - o008 T 1 816199 GT _P
L 90z | - - . . . . .
Lo . . .- . *moﬁnsozm .
BN R o - l0eI“MN I |
FLRE 40 L. . . - Q0BT “AON FT | °*
ﬁ . .. - .. s . OHmH ».“H—< ;H ..
.. .. .o .. .. 7 NN@H».&@OWH LY
.. ﬁ .e .. .. .e .. .. ON
i .. . .. .. 8E ¥ _. . * ..
Lo . . s SIBT 02A ¥ || ..
999 T o DD e mdver {
.HN N_ . .. , .. W . .. mom.ﬂ ——MHQ< .H ..
OHN_ . .. e ; . . @OQﬁ-POZ@ .o
- . . . . . . .
mmw m .. .o .o . . «Hm.ﬁ n.nﬂh .HN ..
~ m .. .. . : .. . ﬁom.ﬂ a.Q@Q.—” .e
w R WKW R W R, P A W R W R
LT 91 CLI R 4 L o1
,v\ o i o ! o - T - b‘\‘\‘:\,\\“
Te10%, _ “Fo-1e61 v ‘1-0261 | "03-GT61 - "61-8161 - *a98(] i
! i AU
T - I - 5 ) 2 |
Iepufn
‘pauadQ !

aurg jo a1wlg

L §99 |8 T ;89¢ | UBEM- WYY | “
A 86 % | &P 0 | GL T |- uregioyjoy-Leaqoy ,
LTyt €6 G (010 [ €6 ¢S |°° Leayoy-wepieamd i 0 €I
i H ey B3le M
A ¢L OLB 89 $9 | L 905 T8M 4inog-uepiean) | 4 903 °° **oUI Ul | -InUNINE
P . 1961136 1 |6g 1| " wredrep -[dreog |
b - €6 [ 150 {198 | " [Ldreog-uoypeyIg
I .. 8% ¢ U0 [OYYH -9I0TUI0],
. . * ¥66 | 990 * oL | ozoumog-990wo( |
Lot - €% (0L0 |898 | 1910 -euIfy !
. ,V .- 16 6 FTI T €p 8§ | °° eurpy-snssvuIed  ¥1 FF e1ediep, -snsseuIeJ
snsseu |
19¢ |0 % |19¢ . s | sitH dipwey | 19 ¢ |-ied - s(tH dipuely
sinH dIp
[ . 0¢ 0T | *° 0S OT | -UeJy -Ieary Aemuop
; I9ATY Aem
Lot . [\ A .. 0 L |-@0D-¥ea1) suogsewil]
! Yo01() oU0y8 s[itH drpuagy
WpEIg 0 €6 |0 §5 | 0 §g |-ewmrT-aeary exndey | 0g 0F -10a1y eyudBH,
i 10ATT
*t . BE6B|BE 6T " %€ 67 | eindeH - ndueteyey | _
8IT ‘0 4 |0 2 - 0 L |nSuereyoy-IMUBIBYAM
R BLF | FE0 |88 ¥ | INUBIRYM-eZITL !
. - 89¢ (060 |[88¢€ | BZI-PIBM m
R g6 |01 |9T8 | paep -nxedey] ,,
0t {9gL |9L0 089 |°° mnaedvy-uoppeg i eredrep
S 1L 98 |96 ¢ |GV 86| °" UOppeg-u04olg | 88 56 | T BANONIEY - WO - W03OT g
T 1¥¢ % {0 o1 °° 0 or|" BUEIIEM-SS0] | 0 O | *° BReIre -850y ; Leatns maN
digs :
. I O|FI . $% T | -umog ssoy oy Aeaing ' "
- .. 0I8 {690 1832 |°° ssoy-ndeyeny 8809
. . 14 |190 |or 4 | ndesenyg-eynusoH | G4 GT | **  SSOY-®ANIYOH | e IIOH
: gousag
o JoT¥ 0T F .- OT % °° youmagerewny | 0T $ | °° youeag BIBWNY BIB W MY
.W , B IHOH
A A LY 9% | 0T & | LE %3 @ BABDOH-UINOWADID | Lg $§ | BABINOH-[InowAe1y) | -qrnomsers)
(V¥ & - ¥ 5 . $F ¢ P|Iu-Uesegoyeduvuny | Fv g | - .
”, SBLIRI[0) YIoqBZIH
boes - 6 9 logg |69 ¢ nawog-Lwropedusunyg g9 g ! uolsmolxy | Aemiley
| | ¥991) [80)
,, _ Lao11100 sopa(iop ugeqezl |10 ‘Aae1y
W . . 11 4 0L & I ¢ wawndqsm.ﬂzoﬁhﬁwﬁ I ¢ |ijalog - YInowdein | 10D 083%1Q
PR W R PR |1 CR |10 R LN
6 8 L 9 g i3 e ¢ 1
| . | i
¢ H
Cwow | 3 o | |
~BIWIO I o ! w ; | _ = ,
repun | g voror |2 anry | . - _ ‘uory
! D. 19301, “ M werg T013099 _ H "aoISIAT(Q | -sudoxddy
P @ ! 3 i
i

1

|
|

"prrujuod—ANVISI HIOOS
‘panuu0s—rge] ‘HOUVIY IS OL da GEAFAYAG ONV ‘GALONYLISNO;) ‘TEZINOHIAY SENIT INENNYTAOL)

40 SHIDNAT] J0 gIdv],



51

- - SIS = - - 690 [990 890 C pafeaing : g9 0 cway
ge 8 T o o o o . B o o 66 6 $6 0 | 998 | Yorqun(-uosIdW[RJ | GG § | -IBA\ - UOysIeW|Bg
R R .. - o mueId; 0% v | OF F colopy (19113) Loaing
gL IT T e e . o e T g0 0 el 050 |0 Bl °° IQ8IONOJ,-I0SPUIM | OF 9T | °° SU0YSZUIATT
9L ¥1 - - - - | : I A R LB 9T 1€ T i 9L T . - eredeSy-exererspy | 94 FI | eredes N
: | ' gowm !
8¢ CT . .. . . . : - A &% 91 88 QI -evIe)BYBH - HOOIJUN(Y . 2IUIBIDY
¢l 18 - .. . .. - .- - .- - 08 €3 Gl 1 - - uwooxjun(i-umadNn g [*gg Lg | -¥yBH - uocorjun(y sayousig
, ' ! —‘sayoun.g pus gnig
69 9%% P LT ‘ o I . o o Tt & 908, 69 9981 URIg-IeIreAy YINOS | 69 9%E| ° sury urey _ SIfBITB A
] . . T - | -+ umeag 63 0Y | 63 05t 680G |t oouwssreuuooey sury umpy
.o . . . .. .o . ,v .o , .. | h. MN N- ﬂN ﬁ e ! h_ .HN .ot @@.AODHSW NOmNQa-HH
¥ 1T o ot e ot o o _ o T P L 11T | L3 0 ¥ OIT | C° PPWeYS-pPI0IXQ | 0 €8 | °° BANWI,-PI0JXQ | {Inqrojue
.o .- . .. . .. .. B boe- eLy | " eL 1 | . aL 1 s 19 oo 3-outue feg |
| : | ! suljuad
.. .. | - .. .. .. .. I ¢9 g .. eg g | .. €9 G | -teQ-sumo( O®R{IBAA i |
| 7 ! sumo(J :
£9 o1 TT f tr o T o B bt o o L8 i ¥¢ 0 1% 8 OBYIBA -9JBUELE A\
R o o . Pt o T ¢S ‘¢ I ev ¥ 9JBUIB M -oWX|OYPRIS  §F AT | *° BB A\
T A A L : Pt cmmeIdi € 6T i € 61 Tt 1§ 61| " Aeams Areurmriieid | i
. , , i : ! ; ssed s oying pue
| : i )NeaI) oIareg oy
¢ 9¢ .. [ .. . .- . .. . .. 0S 8¢ GF 3 ¢ 9¢ Koyszoaq-oxipysep | 8 GG | Lanqpy pue emedQ
" e ST .. .. .. 113 il e < oiare |- uoISueyX
6% L% o oot I o : o o o T 66,3891 6% L3 winqSudg-premury, | 9F 66 ¢ °° uojInqusy
’ . : S}10,f u03aINng
0% %% ooy T o o o o G G| 99¢ 03 &% m UGAYOJ-BIBYBY | 0 65 - SV - e1BY8Y
[ [ e .. .. P .. . _— ¢ 0 soplrg 0% SYI[ONYM |
88 1T ,W | | TTEL ) 85 Tl gg 1p ST PRYIT 66 11 | SPIORITAY
P AP R .. .. .. .. e o LL 0 euwwi-[e0()-peysumdg | )
! : L :
09 08 j | Lose|lL € * £9 63 | pleydurdg-uosefioyg 09 og | pleysurds
- . - e - T v weldi vv 61 | PR 6T | T B 6T | °°  eoumssiedumooey
7 , , woaBy
9%y 66 | 7 o ) | 7 B B [ T o I %6 | § & | 9% 8G | Ioaryg d[PII-uooury o1 gf | -1sa1yg 919311
€ %% | o AR I o " c T 187 88| LT § _ 1€ g5 | e8puquinog-AquIoH | 1§ 65 | °° e8puquynog
, ! , | : , ! ! _ qoxnTo |
9% 9 b - : " I 989 | "t 1989 [suy) - uoypPAIigg g | w0094
! i | ; §,999UUsg-U0y8I (ourry ursyy .
L 0B R - - - - o] T 8918 19T 4 0B i189p - U W | L (g | Woi]) uojeil{ | pruor—
9L 1% o Coot o I o o o o 88 V% | 96 B 9L 1% oM\ PI0JX()-eI10IFUEH | 9L TG | PIOJXQ - BIOIBUBY . IfEIL®M
. ” : i ; : —‘sayauney | - 1N uning
W YW PR W R W R U0 K WOR W R PR WCR ! W R W R W W
LI 9T | ST™| 1 €T el It or ! 8 .8 5 “ 9 | ¢ i i 8 i 14 T
) i ) i i : ; , i ) i
| | . W : | i A |
Te30L, | "ge-Tasl _ ‘16-0561 | "06-616T  "61-8T61; — ! Lo , c w 2 _ : i
! ! i ‘garker | - " ! |
S - .wﬁ:% 7,..*“%.“%& .m m | = |
. i9puq | Iepun s | . s - ) = . | ‘uo
peuedQ ” ‘ & " 1830% .W. w M«Mﬁ ooy uw UoIsIAIQ _ .a_aouwnﬁ

oury jo o3ely

PonuLuoI—gLeT ‘HOUVIY ISTE Ol 41 QEAZA¥AQ ANV ‘TdloN¥iSNO/y ‘AEZINOHLAY

“panuuod—dNVISI HLNOS

SENIT INEANYAAOY) 40 SHIONAT

d0 A'4V],



L9 ¥

52

091

¥ @

66 &
R

S PO,

mﬁMmﬁ

1830L w "86-1e61

— ‘T6-056T

“06-6161 | "6T-816T| —

‘PonuUU0I—G 6T - ‘HOUVIY IS¢ Ol 43

Q4igA¥0Q ONV ‘QILDANISNON ‘UHZIHOHINY SENIT INARNYEAOL) 40 SHIDNAT] 40 F11dV],

.. .. ‘wieag| 04 G% | OL S5 | 0L 95| "° pefeaing | 0L 65 | °° neiddg BIA
; , youny
‘ @Q.x Do_uoﬂﬁn
s08y A ‘q3ing
. . ‘wead| O 88 | Of 8% _ 01 83 | *° pedsaing | 0T 83 | -X0Y 03 LOISUBIXT
- G06T “"9°d GI - .- g9 9 069 |°° oleseipH-joleH]
wmnmg
.- .- . . 9 3 € % | €& 03" _jouepg-mqedrep €5 95 ; JOMeH - Iqedrem
. . - . %6 92 | 09 T @ 35 93 | Aqopddy-eyeyemrep ,,
. 1161 "9deg 03 - . 1T6 [ $90 LB 8 | BYBYBWIBM-INUBYOL,
. . . 09 (o9 * 10 9 | muefol-munel
. . wiped) 89 €6 | €9 €% *+ g9 gg | - muner-edoyene],
- G161 994 I . . 165G 1880 |61 ¢ |vedoyeqey ueausrgopy
- Q16T “qod 1 o . 8 9 (660 !65¢ | UeuworJolf-oangeyng .
. ST6T “'qod 1 - T 1%G L |80 | TI L | omgeyng-ededmon . gsng
: 606102 LT " "t 688B |6 0 |083 | - ededmom-sumpe) cplemweg - 8ul]
. FO6T 90y T - . 89€ (080 |88 g |  SuUIIeED-EIRMQ ; -38D _Jo TWopounp
. . . € 16!€9 1T | 036l | " wegemQ-eusniored | 6% S01 Aqorddy - »qinjoreg
. (39010 Louwoag ®B1A)
. . .- & TT | 65 11 g6 1T | *° Loaing yemy, | €6 11 | PUM [[IH - Suipng
“ qIno
. . o 109 TT {09 IT 09 11} " *+ pedeang | 09 1T - ®¥eden-uogyo11p
.- . - .- 0 @1 o ¢ Losang re1a], ganogy vyed
.- - - - 0 L oL | * pedearng | 0 g . -BOL - BYIDI9|BE
gynojy vyed
. - . 0% 8% | 0% £3 03 €3 | °° ** pekesrng | 0% §G | -SO - JEL S0
. oo 0L % |18 %8 | 12 ¥% 1% %2 | gSingxoy-juommeag |
. PI6T 93T 81 - . 1T 9 9¢ g | "yuowmnesg-I1H Sig | y3inq
. 0161 “Snvy 1 i i L4 ge 5 ** ITH S1g-eousamery | 0T 4§ | X0 - 20U3IM®B]
- - - : 8L €8 9L 1% | PowoImerf-ofjlasyIe[) | 9L 15 | ~° aouRIMBr]
.. . . o 99 6 | 8L 8 |7 uremnQ-eISsol | 848 | °° wBIn0
. ! Lemqreyg
.- - . 09% 093 09sg | * pakesing | 09 g : £oI|®A TRIONIEY
L1e110D 111 aury
. - . . ¥ 3 09 T |-uigq of pIojsjoqqy | 09 T  KIBLIOD [[1YUIL]
uojySuag
. - - . G9% | S9% I 2 I ** pedesang | g § 03 puUBS] UGLLD
- . I 91 ¢ "¥% 5 | IIIH o[ppeg-epswng | §% g ° pUR[S] U99IDH
! : Erclniicivig) .
- o A A 6% 6 T | 3od - prwepuelpi e T sIsuleg) 30g "pyuos —
ssyousayg
. : - - %G G ! 66 € AN eWI-£o[BA YoUuT | 65 § ArMrey Le]IeA Youl | pue goig
i | .ﬁuﬂoolwuﬁozﬁ&m -1 M Gumd B
W COW | CWW W [ T W PR _, w W 0K
3T T - 6 @ 8 L g 2 g € 1
_ i
- ena z | ]
| . duiks( | -uory 3 | | A
I, ~8WIo g ) ﬁ wm W
 topan | wepun .m. " ‘18307, & ey *ao1noeg & w UOISIAIQ pon
k _ m wrep B m bt -srxdoxddy
QU JO 933§ ,_ _
PSS R RN _ L
‘panutiuod—ANVISI HLAOS



53

: | ; : i
90 OFLT - 6G 81 | °° 00 8T | °° LG PILT " g9 11 _ 6T 86 | 99 €6¥ 6L 8096 99 L90|6T 1S8T . €% 1965 °° s[ejor
. . . .. e . . w - o 1 mo n o otr o .- pefeasng 0 TT | -+ vouwig wimeio
el NN s s .o .e : . .o .. : e .. VGH %% .o ql 8% .e Omhmdgnhhﬂﬂﬂho.ﬂe ;mﬁ 44 .o ﬂOﬁde ﬂduﬁduo
P .. .. .- .. .. .. . 0% F 0F F - 1o ¥ .. UOPJID-BINEIQ) |
A, . e .e .a s : .o . 8 8 ! .o 1T 8 .o 8 8 .e umBGHOImwhwmdudﬁE hmbmﬁ
Jioo o ot B o 6061 ""300 1T o o ‘ N L1 6 0Tt 4 8 ozederen,-eyeoyrem nvie M
91 8% - .. .. .. .. .. e . _ e 9z ¢ 8¢ 0 IgF ¥ ++ gywoqyep -1qndo1Q -yndeag
ﬁ i _ . ‘skempreyg
" o ot R ot IR A ot 8L TF L8 9 |1 g8 | " 1quderp-emoresely (79 09 | °° nep-inder) (uzegsopm
.. ! adog Lemirey
0% o1 o .. o oo o o o o 9% €1 99 0 0% 5T | edoyeBpeyy - uogurpy 0% 3T | -08peH o3 wojUIM | ([IH 9Iselog
ysng
.. .. . . . m .. .o . .. o .HAH o .HH i .. o ﬂ.ﬁ . . @Q»ﬁOu’Hgmo HH gowg0m|nouﬂmg
. .. . .. .. .. . .. -umpeag) 08 1T 108 1T *+ log 11 |°**  eouessreuuoooy worerey
.n e .. .. .. 1 .o e e .e ON m ON w .o ON w .. .o vwhwb;u.gw |H~0wwa=_\.H
‘qyousag
0¥ 01 ot o te ot ot ot I o 0 IT 0 T O0OF% 01 DINQSSOJY -UOPSWNY [§ 0F | °° BOIBIBIN-UGPSWINTY |pU® UO)S
: JTeYA -8ury - 118
¥ 18 .. . e AL . .. . .. 61 26 ST ¢ % L8 | uosSury-([iS1eocrsauy [ L8 |U03STUIN-[[181€0I0AUT | -18BOAAU]
e .o . . e _ .. .o s »e .w wﬂ mm . wH mm . @0%0>Hﬂ—m
65 8T | °° . oo 1861 ‘Ampeor | - *t BT 8T 690 [68 8T | °°  lemmoi)-ophi)
. . .. .e W .o h_omH —-Nduﬂ. bm .. Oy e Nﬂ w NuN- O mﬁ m . 0@>AOIﬂH©=“NQ—<
1z 451 o B e o e 9061 ‘*9eq ST | *° T OGP I 9 T 68 OT | BIpUBXe[Y-TY) 0338YD
o o B B ot 9061 ‘A[nf 31 | °° o 0L L $6 0 (96 L  [{981)) 0938YH-nejRWQ BOMBEY
o o o o o 06T “3dog 1 o .. 98 ¥T - 9T T 106 §1 neyswQ-Aefep ep] 9j®ry 03 aulg 1814
o .. o o °t h °t o T |0 YOI 89§ (8T 86 Lo1[BA BPI-MIBSUWIM G BST | UMBI POIG THeres |-uep ofesp
.- - .. e .. e .o ; .o e ﬁbm ﬁhm . «bm . .@@%Q>H=w
9€ 6 o o o ot ot A 8301 BLO 986 wequa)-91epuspy (0§ 61 | °° SI0310-9[¥PUSPH
0L €1 B o B I B 6061 990 1 . T . 08ST 0P T 048I BIBNIB AL -0[BPSIoAlY (0L 6T | SI9ZJIMG -9[BPsIeATY
59 o1 o . B oo 8061 “"AON9G ; "~ | °° v 198 FT IS T 99 BT ¢ UOIN09g BYBATBAA |G9 BT ot BYBHIB M -010D
.e .o .. .. . “ .. .o .. “meag| &g 31 |26 FT 128 F1 -+ £oaIns %uﬂﬂma:oum
.o .. “e .o o .o .. e : .. 86 6 ,wm 6 .w 8¢ 6 .o ﬁw»hwxvudw 0 %% .o wuo._mv.Ow—OMH .Egul
| . i Ay 9owsiq | (seyoueag
6¢ 98 o o e R o T o gL L 18T 6898 C° uepswinrI-e10p) 166 9¢ | SWIB[d ®OWI® AN | pUB Fynig
| i i ‘PIUOO—SYIUDLT | -1 HBITE M
WR W R | PR | TR | W R | O R WR PR WR PR R R W R
A or et | e 8¢ or | 6 B g i g g I
i i
ST : : | ! T
T830L ‘Zo-Ta6! | “15-0861 | '0G-GI6L . 618161 | — e18Q ! z : !
| J ; i | Burke( | -womy b i i
T _ -918[J | -Buaog e ® = I
19pa o . = .
‘peued( “ van | weeun .m. ‘1830, m MMM ‘cyoey [ WOIBIAI(T .aﬂnﬂﬂﬂ&d
! $ . 8 .

eury Jo 93®g

‘panuryuos—ygg6l ‘HOUVIY LSS 0L 40 QARFA¥AE ANV ‘@AIONdISNO) ‘TEZINOHIAY SEXI] INIRNUTAOL)

‘panunuod—(dNVISI HLAOS

0 SHIBNIT] 40 T4V



APPENDIX C.

ANNUAL REPORT ON BUILDINGS, BY THE GOVERNMENT ARCHITECT.

The GoverRNMENT ARCHITECT to the Hon. MinisTer or Pusric Works.
Sir,—
I have the honour to submit the following report on the various building operations of the
Department for the year ended 30th June, 1922.

GoveErNMENT HoOUSES.

Auckland.—A benzine-store was emected, and general renovations carried out.
Wellington.—The main alterations and additions were completed early in the year. A new fire
service was installed on the first floor, and various alterations, renovations, and repairs carried out.

New ParniaMENT BUILDINGS.

The buildings were practically carried to completion before the end of the year. The balance
of exterior marble was placed in position, and the whole of the interior marble work, including marble
floor of main entrance and first floor, and the marble stairs, was completed. A large amount of
plastering, tiling, carpentering, painting, plumbing, asphalting, &c., was fequired to finish the building,
and this was practically all done before the end of the year. Granite steps to Public Gallery, Legislative
Council, &ec., were set in position. Three oak “ Van Kannel ” doors were crected at front entrances,
and the handsome panelling of Cabinet-room completed. Two clectric lifts were installed, and the
electric lighting, bells, telephones, &c., were practically completed.

All carpets ordered came to hand and were laid. A large quantity of furniture was supplied by
various firms, but a larger quantity was made in the Public Works workshops, of better quality and at
no greater cost. The seating contract for the Legislative Council was satisfactorily completed. The
heating contract was practically completed.

Various other works were carried out, and a large amount of rubbish, &e., removed from the
grounds, while all machinery was dismantled and removed. Lawns and gardens were laid, and paths
wetalled. Only lawns and gardens on Museum Strecf frontage remain to be done.

Otp ParrLiamMeENT BUinpines.
Various alterations and repairs were carried out.

DEPARTMENTAL BUILDINGS.

The maintenance and general upkeep of public buildings has been carried out as far as funds would
permit, including renovations, repairs, fittings, &c., to Departmental Buildings at Auckland, Hamilton,
Whangarei, Taumarunui, Tauranga, Napier, Gisborne, New Plymouth, Wanganui, Wellington, Nelson,
Greymouth, Christchurch, Timaru, Dunedin, and Invercargill.

PoST-OFFICES, ETC.

Te Kopuru.—A new building was erected during the year.

Waiotemarama.—A new office was erected.

Alterations, repairs, &e., were carried out to various offices in the Whangarei district.

Manurewa.—New brick building completed and fittings supplied.

Morrinsville—Addition of telephone exchange and mail-room in wood.

Henderson.—New building, in wood, commenced and completed. Residence attached. Fittings
and furniture provided. '

Onehunga, Takapuna, and Devonport—-New automatic-telephone exchanges, in brick, completed.

Aria.—New building, in wood, crected, and fittings supplied.

Mangapeehi.—Old building purchased and converted into post-offices ; fittings supplied.

Whakahora.—New building erected.

Owhango, Piopio, and Taumarunut.——Alterations, &e., carried out.

Te Teko.—New building (on skids) erected and fittings supplied.

Whakatane—Postmaster’s residence erected.

Tauranga, Te Puke, Otakiri, Ngongotaha, Whakatane, Waimana, Rotorua, Katikati, and Mokai.—
Renovations, alterations, &c., carried out. _ '

Rata.—New building, in wood, just completed.

Taihape.—New telephone exchange, in wood, completed.

Wellington : New Telephone Exchange, Stout Street.—The whole of the concrete foundations,
including exterior walls up to street-level, have been completed, and asphalt damp-course put on.

General Post Office, Kelburn Telephone Exchange, and Post and Telegraph Stores.—Sundry alterations,
repairs, &c., have been carried out. _
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Post and Telegraph Workshops, Pipitea Point.—New workshops, in concrete, well advanced.

Electric lighting, heating, &c., installed.
* Rangiotu and Paraparawmu.—New buildings have been erected with material from Featherston

Camp.

Sundry alterations, repairs, renovations, &c., have been carried out at twenty-eight other offices
in Wellington District.

Pikomanu.—A new building, in wood, has been erected.

Wakefield, Nelson.—Alterations and additions.

Motueka.—Electric-light installed. Minor repairs and renovations to nine other offices in Nelson
District.

Greymouth.—No new buildings. Repairs and renovations carried out at many offices.

Chrisichurch.—New building, Hereford Street: Outside of building now complete, and inside’
plastering and the heating well in hand.

Chatham Islands.—New Superintendent’s residence has been erected.

Amberley.——Lineman’s residence, in wood, has been erected.

Duvauchelle—New building with residence attached, in brick, erected; fittings and furniture
provided, and electric light installed.

Hororata.—New building erected, and furniture and fittings.supplied.

Timaru.—Extensive additions and alterations, in brick, carried almost to completion.

Cave—-A four-roomed cottage moved to new site and fitted up as post-office.

Mayfield—An old building renovated and altered to form post-office and quarters.

Alezandra.-New building, in reinforced concrete, erected, and furniturce and fittings supplied.

Garston,  Lumsden, Nightcaps, and Ranfurly —New bmldmg% erected, and furniture and fittings
supplied.

Dunedin, Howea Flat, Invercargill, and Ophir.—Alterations and additions carried out.

Minor repairs and renovations to twelve other offices in Dunedin district.

COURTHOUSES, ETC.

Wanganui—Native Land Court—large new building in brick, plaster finish inside and out;
contains Court-room, offices, strong-room, and outbuildings : buildings completed.

Waipukurau and Pukekohe.~—New building completed and furnishings provided.

No other new buildings were erected, but renovations, repairs, alterations, &e., were carried out
at eighteen other Courthouses throughout the Dominion.

PoOLICR-STATIONS AND (GAOLS.

Paparua Prison.—Two new cottages have been erected ; old original cells have been converted
into an up-to-date farmsteading, complete with electric light throughout, and the ¢ld stable has been
converted into a store; new piggery completed ; water-supply largnly augmented, and a septic tank
built ; new Kast Cell- rango has progressed very favourably general repairs and renovations have been
carried out.

Waskari.—New residence erected, with office, stable, and cells.

Palmersion North.—8ergeant’s residence, new building in brick, completed.

Dannevirke.—Police-station completed.

Holitika.—New police-station and sergeant’s residence have been completed.

Fortrose, Invercargull, and Tuatapere.—Dwellings purchased and removed, &e.

Bull’s.—New residence in wood, with cells, completed.

Mount BEden Prison.——8ix new cottages in concrete blocks were completed by prison labour,
assisted by Public Works Department.

Mohaka.—New building nearing completion.

No other new bulldmgs were erootod but extensive repairs and renovations have been carried out
in several districts and minor repairs in othcrs and several houses purchased and renovated for use as
police-stations.

MexTAL HOSPITALS.

Tokanui—A male admission block, in brick, was completed, giving accommodation for twenty
patients.

Avondale.—General repairs : brick addition to Auxiliary No. 2 (female), to accommodate eighty
patients, was completed and handed over.

Wolff Home, Auckland.—A new roof built on.

Porirua.—Electric lighting, &e., overhauled, and sundry repairs and renovations carried out,
including a new roof on the old laundry.

Nelson.—New reception block, in brick, was completed, and electric light is being installed.

Holkitika.—Extensive additions provide for a bakehouse, store, dining-room, billiard-room, and
nurses’ quarters.

Sunnyside.—~Additions comprising a day-room and a dining-room were erected, and repairs and
renovations carried out as required.

Hornlby.-Extensive alterations and additions have been made.

Seacliff —Alterations, renovations, &c., were carried out.

Wuaatati.-—A new unit was added for female patients,
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EpucaTION.

Whangarei District.—Various additions, alterations, &ec., were carried out to twelve Native schools.

Tauranga Dustrict.—New Native school at Matata completed, and alterations and renovations
done to six others.

Gisborne District.—Renovations, &c., done to three Native schools.

Greenmeadows.— Various repairs, &c., carried out at Receiving-home.

Wellington.— Extensive excavations were carried out at proposed site of Girls’ College, and various
repairs, alterations, &c., were carried out at other schools, receiving-homes, &c.

AGRICULTURE.

Tauranga.-—~New accommodation arranged for Stock Inspector, and furniture provided.
Whakatane.—New residence for Meat Inspector completed.

Te Puia.—Additions to Stock Inspector’s residence carried out.

Waipukurau and Hastings—Renovations and repairs carried out.
Wellington.—Alterations carried out at Dominion Laboratory and Biological Laboratory.
Wallaceville.-—Alterations and repairs carried out.

Lumsden and Palinerston.—Various works done to offices.

GENERAL.

In addition to the foregoing, various works, alterations, repairs, &c., were carried out in a large
number of offices for different Departments, including Defence, Tourist, Immigration, Public Health,
Government Life Insurance, Public Trust, Pensions, Marine, State Advances, and Labour; also to
Ministerial residences.

Twelve workers’ dwellings were erected at Petone.

A large quantity of furniture and fitting was made at the Public Works workshops and supplied to
various offices.

Joan Camprernn, F.RIBA,,
Government Architect.
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APPENDIX D.

ANNUAL REPORT OF CHIEF ELECTRICAL ENGINEER.

The Crier ErLrcTricAL ENGINERR to the Hon. MiNtsTER oF PuBLic WoRks.
SR, —
I beg to report on the position of the development of electric power in the Dominion for the
past year as follows :—

The demand for electric power generally is still very urgent, both in the districts already par-
tially supplied and in those in which a supply is not yet available. The fall in prices of our primary
products which took place during 1921 resulted in a financial stringency amongst the primary pro-
ducers which rendered it nocessary for them to look very carefully into the cost of conversion of their
premises to electric working, and for the time being caused a check in the demand in many directions.
Buti the check has been only temporary. The lower prices both for primary products and manu-
factured goods have necessitated cvery cffort being made to reduce the cost of production. The
supply authorities--particularly the Power Boards—have realized the difficulty with which the
consumer is faced in financing the conversion to electric power owing to the reduction in prices and
in many cases this has been met by the provision of a special loan to make advances to consumers
towards the costs of conversion. This is being largely taken advantage of by intending consumers
and the demand for electric power for essential industries and for domestic supply is as urgent as ever.

The power available is still generally deficient, owing to the delays which occurred during the war
period in making necessary extensions to plant both in the State and in the local installations. The
accessions to the generating-capacity of the electric-power stations of New Zealand made during the
year under review were the addition of one unit of 1,000 kw. at Invercargill (Borough Council, steam),
and onc unit of 650 kw. at Tauranga Borough plant (water-power), and of new local stations at
Motueka (50 kw., gas), Kaikoura (37 kw., gas), Tamaki West (40 kw., gas), Havelock North (144 kw.,
water), Murchison (80 kw., water), Kaponga (90 kw., water).

The total installed plant capacity of the generating-stations of New Zealand—omitting standby
provisi the end of the year was 51,749 kw., as compared with 49,630 kw. at the beginning of
the year. But every important station is being extended, and orders have been placed for the follow-
ing additions :(—

Kilowatts.
Lake Coleridge (Public Works Department), water . .. .. 6,000
Horahora (Public Works Department), water .. . .. .. 4,000
Auckland (Electric-power Board), steam .. . . .. 13,000
Wellington (City Council), steam .. .. .. .. .. bB,000
Dunedm (City Council), water .. . .. .. 3,000
New Plymouth (Borough Council), water .. . .. .. 1,000
Pukekohe (Borough Couneil), gas .. .. o .. .. 120

32,120

Tn addition, work is well under way for the following new stations, which will all be in operation
by 1925 :—

Kilowatts,
Mangahao (Public Works Department), water .. .. .. .. 20,000
Waikaremoana (Public Works Department), water . .. .. 700
Monowai (Southland Power Board), water .. .. .. .. 4,000
Palmerston North (Borough Couucil), gas . . .. o 900
Teviot (Power Board), water .. .. .. . . - 250
Wairarapa (Power Board), water .. .. . .. . 300
Whakatane (Borough Council), water .. . . . .. 300
Opunake (Power Board), water . . . . . 120

26,570

By 1925 the electric power available in the Dominion will thus be more than doubled as compared
with the present installed capacity.

The growth in the installed capacity of clectric - power stations of New Zealand since 1910 is
shown in Fw 4 herewith. The unsatisfied demand has for the whole period been substantially in
advance of the developed power.

8—D. 1.
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InpusTrIAL DEVELOPMENTS.

No marked changes have taken place in the industrial position since Mr. Parry’s report of 1918,
Electric power in dairying is making satisfactory progress. There are now about 548 electric
milking plants in operation in New Zealand, distributed as follows i(— .

Thames Valley Electric-power Distriet .. . . . .. 257
Te Awamutu Electric-power District . .. . . .o 48
Cambridge Electric-power District . . . .. .. b0
Central Blectric- -power District . .. . . .. .. b9%
Tai Tapu Dairy Company’s district .. .. .. . .. 36
Eyre County .. .. .. .. . . o 4
Rangiora County .. .. .. .. .. . o 32
Murchison County .. .. .. .. .. . . 4
Stratford District . .. .. .. .. . . 8
Hawera District .. .. .. .. .. . .. 50

Total .. . . . . o .. H48

This does not inelude any plants supplied from private installations of which no records are
available. The largest use of cleetric milking will be in the electrie-power district arcas, only a few
of which are yet supplylnrr power, and Whun the power districts now being formed are in a position
to supply, this number w]]l be largely increased. There are 12,468 power mllkmg plants in operation
in New Zealand, mainly driven by oil-engines, and as soon as the electric mains are available
practically every one of these will be changed over to electric drive.

The treatment of phosphates for the production of artificial manure has made important
progress, owing mainly to the interest acquired by the Government in the Nauru Island deposits.
During the year large treatment-works have been put into operation at Auckland and Christchurch
—the first supplied with power in the meanwhile from its own steam plant and the latter from the
Lake Coleridge system. These plants take 200 to 300 h.p. cach, and thus constitute an important load.
Works for the treatment of phosphates are now established in Auckland, Christchurch, Dunedin, and
Invercargill. The Wellington District is not provided for so far, and it is antic 1pated that when
Mangahao power is available this industry will also be undertaken in this district.

One electric stecl-furnace has been cstablished during the year, supplied from the Lake Coleridge
mains, and, after considerable difficulties of initiation, 18 now successfully converting pig iron into
steel castings. A proposal has been made to utilize 3,000 h.p. for the smelting of Taranaki
ironsands, and cxtensive and successful trials have been carried out in England on samples of the
ironsands. Negotiations are now in hand as to a suitable source of electric power for this industry.

It is anticipated that when the extensions and new stations now under construction are generally
completed—say, in 1925—there will be, on the whole, sufficient surplus of power to justify a
campaign to develop the demand by encouraging the extenmsion of cxisting industries and the
establishment of new industries. Until this surplus is available the main advantage of electric
power in attracting new industries cannot be realized.

It is important that every development should be laid out and the capital cxpenditure arranged
so that the installation will prove remunerative to the supply authority. But it is equally important,
from the public point of view, that the layout in every case should be capable of extension at the
smallest possible capital outlay up to the full capacity of the site, whether from water or steam power,
in order to meet the inevitable expansion in the industry.

Owing to the financial stringency, the question of electrification of the suburban railways has
made no further progress, though the clectrification of the Otira Tunnel is in hand. A special power-
station with 2,400 kw. of steam-power and 250 kw. of water-power is being installed for this purpose.
Automatic electric-power signalling for the railways has been introduced on the Wellington-Hutt
line, and it is proposed for other seetions. Though small, the demand for power for this purpose will
be importnnt as the system extends.

SAVING EFFECTED BY WATER-POWER.

With regard to the saving that is effected by the use of hydro-electric power, the actual costs of
supply, including capital and operating costs of the power-stations in operation in New Zealand last

vear, were as follows :— Water. Steam. Gas, Oil.
Number of stations . .. .. 27 10 22 2
Average capacity (horse- powor) .. .. 1,200 2,600 170 540
Aver.lfre load-factor (per cent.) .. .. 48 32 125-5 325
Japital outlay per horse-power .. .o £104 £69 £108 £84
Working-costs per horse-power vear .. f£61 £17 £23-4 £29:4
Capital charges per horse-power year .. £56 £6-9 £6-1 £6-5
Total costs per horse-power year .. .o E11T £23.9 £29-5 £35-9

Compared with the water-power stations, at the same load-factor (48 per cent.), the fuel stations
would have cost much more to operate. Moreover, the load-factor of most of the water-power plants
can be largely increased at no inerease in the cost of supply.

There ig thus a saving in the cost of supply from the twenty-seven existing water-power plants
of New Zealand as compared with the ten steam plants of £12:2 per horse-power year, and as compared
with the twenty-two¥gas-engine plants of £17-8 per horse-power year. It must be noted that of these
twenty-seven water-power plants more than one-half are old, small, and ineflicient plants of 200 horse-
power ot less, so that the comparison is not unduly favourable to water-power.”
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As compared with the cost of generating power by small steam or oil ebgines, now used in districts
in which clectric supply is not available, the saving is still greater. Kach water horse-power operating
on a 48-per-cent. load-factor supplies 4,200 horse-power hours per year. The samme number of horse-
power hours developed in numerous small steam-engines using an average of 9 b, of coal per horse-
power hour, worth £3 per ton delivered into the boiler, would cost £60-7 in fucl alone, showing, compared
with £11-7 for water-power, a saving of £39 per year per horse-power of power-station output. Com-
pared with small oil and kerosene engines using 1 pint of oil per horse-power hour, costing 16s. per
case delivered, the value of oil required to generate 4,200 horse-power hours is £52-5 per year, as com-
pared with the average cost of water-power of £11-7—a saving of £40-8 per horse-power year. The
actual saving in practice is about the average of these four figures— viz., £12:2 as compared with large
steam plants, £17-8 as compared with gas-engine plants, £39 as compared with small steani-engines,
and £40-8 as compared with small kerosenc-engines ; i.e., an average saving over the whole output
of £27 per horse-power year.

Of the average capital outlay of the water-power systems of New Zealand— viz., £104 per horse-
power --more than one-half is in the reticulation, which would be required in any case, leaving the
capital cost of the power plant and transmission less than £52 per horse-power. The actual capital
costs of the power-plant main transmission-lines and main substations in a few typical cases of hydro-
electric stations are as follows : Lake Coleridge, £39 per horse power ; Waipori Falls, £32-5 per horse-
power ; Horahora, £3b per horse-power ; Wairua Falls, £29 per horse-power.

The actual saving to the consumer after paying the whole cost of hydro-electric supply, including
interest, depreciation, operating-expenses, maintenance, distribution and management charges at the
actual average cost of the twenty-seven water-power stations of New Zealand-—viz., £11-7 per horse-
power year ~is thus £27 per horse-power year, and is sufficient to pay off the whole of the capital cost
of the power plant within two years. The actual revenue of the water-power stations is only £13-2
per horse-power year, so that, of the £27 saving, the supply authority realizes only £1 10s. and the
consumer the remaining £25 10s.  But this is none the less a real saving to the community in reducing
the cost of production by this amount,. ’

UrtiMATE DEMAND TO BE PROVIDED FOR,

The ultimate demand to be provided for is a very important question which must be kept
constantly in view in considering the development both of the large Government schemes and the
smaller local schemes designed to supply the local demand until the comprebensive Government system
is available.

The basis of the general system laid out for the Dominion as a whole is a supply of 1 horse-power
to each B head of population, or 0-2 h.p. per head. This was the basis laid down by Mr. Parry in 1918,
and no reason has been found to depart from it. It is admittedly ample for all present purposes, but
is not cxcessive considering the possible and probable development of electric cooking and special
clectrical industries; and in advantageous circumstances it is exceeded elsewhere. For instance, in
Tasmania, with a population of 213,887 persons, the power already developed by the State in its first
water-power station at Waddamana is 66,000 h.p.—a provision of 1 in 3-1 or 0-32 h.p. per head
of population ; and work is now in hand on a supplementary station higher up on the Shannon River
for 15,000 h.p., which will bring the proportion up to 0-38 h.p. per head. The justification for this
large development is, of course, the sale of a single block of 30,000 h.p. to the Electrolytic Zinc
Company, and of another of 5,000 h.p. for the manufacture of carbide of calcium. It is anticipated
that the provision of a surplus supply of electric power in New Zealand would attract similar large
industries here.

In addition to this evidence, the following are the amounts of electric power actually installed in
the various provinces of Canada as compared with the supply available in the four metropolitan

districts of New Zealand :— Total Electric Horse-power

Horse-power per Head of

- installed. Population.
Ontario .. .. .. .. . .. 1,212,650 0-41
Quebec .. .. .. .. .. .. 1,015,385 0-43
British Columbia .. . .. .. . 305,315 0-58
Manitoba .. .. .. .. .. 97,247 017
Nova Scotia .. .. .. .. .. 46,948 0-09
Alberta .. .. .. .. .. .. 33,187 0-05
New Brunswick .. .. .. . .. 30,180 0-08
Yukon .. . . .. .. .. 13,199 317
Prince Edward Island .. .. .. .. 1,869 0-21
Saskatchewan .. .. . .. .. Nil Nil,
Canada (total) 2,762,880 0-31
Tasmania . .. . .. N 66,000 0-32
New Zealand .. .. .. .. .. 74,000 0:06
Canterbury Distriet .. . . .. 10,000 0-09
Dunedin District .. .. .. .. 8,000 011
Auckland City .- . .. .. 17,200 0-20
Wellington City . . . .. 10,000 0-12

The Canadian figures for the various provinces are particularly instructive, illustrating both the
large proportion of power per head of population in the industrial provinces and the comparatively "
small proportion in the purely agricultural and pastoral provinces. As compared with the proposed
allowance for New Zealand of 0-2 h.p. per head of population, the large industrial provinces of Canada
now usc 0-41 to 0-58 h.p. per head, whereas the agricultural and pastoral provinces use from 0-05 to



D.—1. 60

0-08 h.p. per head. The demand over the whole Domninion of Canada is 0-31 h.p. per head. The
relative proportion of industrial to agricultural industries in New Zealand will be approximately the
same as in Canada, and the provision of 0-2h.p. per head is thus a comparatively conservative
srovision.

! On this basis the allowance, based on the 1916 census, is 130,000 h.p. for the North Island and
90,000 h.p. for the South Island. Allowing for transmission and distribution losses and for normal
increase, the total power now required is 160,000 h.p. for the North Island and 110,000 h.p. for the
South Island. The Government Statistician forecasts a population of the Dominion in 1930 of
1,573,000, which on the one-in-five basis indicates a demand of 300,000 h.p. delivered, about 180,000
for the North Island and 120,000 for the South Island, plus the necessary allowance for standby
plant and transmission losses.
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The curve shown in Fig, 3 gives the output of electric power in the eleven western States of America
in which the conditions are generally fairly comparable with those in New Zealand, and a forecast to
1930, based on developments actually in hand (Journal of Electricity, vol. 46, p. 601). Fig. 4 gives
similar curves for New Zealand, the forecast up to 1926 being based on actual commitments and to
1930 on the development in view. This gives the following results :—

Year Horse-power Bstimated Horse-power
‘ installed. Population. per Head.

- —— L - —
1921 .. .. .. 74,000 1,218,000 0-061
1922 o o o 79,000 ﬁ 1,273,000 - 0-062
1924 . . .. 122,000 1,342,000 0-091
1925 .. .. .. 146,000 1,378,000 0-106
1926 .. .. . 160,000 1,415,000 0-112
1928 .. . .. 190,000 1,492,000 0127
1930 . .. .. 240,000 1,573,000 0156

The forecast of the development is conservative, and will still leave in 1930 an unsatisfied demand
of 60,000 h.p. In fact, based on the experience in Canada and the Western States of America, a much
larger development is required than is included in the present programmes of the Government and the
present local authorities.

ELECTRO-CHEMICAL INDUSTRIES.

Apart from the normal development of the general systems of clectric-power supply, the main
justification for the development of the largest and most cconomical sources of New Zealand will be the
establishment of large electro-chemical industries taking 10,000 h.p. to 30,000 h.p., such as the alkali
and nitrate industries of Norway and Germany, or the zinc-extraction and carbide industries of
Tasmania. There are several sites in New Zealand, particularly on the western fiords of the South
Island, quite as favourably situated for such industries, and it is important that these should be
surveyed and the results advertised abroad, from whence the capital for these industries will come.

Laxke CorLErIDGE ELECTRIC-POWER PLaANT.

The year under review is the seventh ycar of operation, and, in spite of the fact that serious turhine
troubles developed, necessitating the calling into service of the steam standby plant, and cntailing a
period of restricted service, a small credit balance is shown after paying operating and capital charges.
The year was again abnormally dry, but lake-level conditions were steadily improved as a result of
temporarily diverting a portion of the Harper River into the lake (Fig. 6). Insulator troubles are still
unduly frequent, but a decided improvement is shown as the original stock is weeded out and replaced
by later designs of insulators. The plant operated under heavy overload throughout the year.
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"The capital outlay at the end of the year was £671,608, as against £499,957 at the beginning of the
year. The revenue for the year was £56,814, being £1,498 in excess of all charges, including interest
at 43 per cent. and depreciation at 2 per cent. Financial results of operation and load records are
given in Table A herewith.

The power- housu maximum load reached 7,600 kw. on a rated plant capacity of 6,000 kw.—i.e.,
26°7 per cent. » of 2'6 per cent. over the previous year. The output reached
37,929,750 umts an increase oi 4 5 pel cent. on that of the previous vear. The annual load factor
was 57-3 per cent., and the average weekly load factor was 62+9 per cent.  The growth of load since the
inception of the installation is shown in I‘1g 5.

(zeneratlng costs per unit still show an upward tendency, being 0-02d. in excess of the pleVlous
year’s cost ; but this increase should not recur, as it was more than accounted for by expenditure on
maintenance of the temporary diversion of the Harper River and the demands made on the steam
standby plant as a result of breakdown of two of the turbines.

Bitensions—The erection of the third pipe-line was completed in July, and preliminary runs on
the fifth unit made the following month, but, owing to trouble with the foundations and turbine, this
unit was not put into service until April last. A contract was let for the fourth pipe-line of 52 in.
diameter, and work commenced on it in November. Very satisfactory progress was made: the
pipe-line has since been completed. A three-unit exciter of 330 h. p. capacity was completed and put
into operation in October. Work on the erection of the switching-station at Windwhistle for the
Timaru line tap-off was proceeded with, and orders placed for all the necessary switching equipment.
In November a contract was let for the erection of the transmission- line poles from Windwhistle
switch-station to Timaru, a distance of eighty-five miles, and this work has since been completed. A
third transmission-line, from the power-house to Hororata, was put into service in February, and a
commencement made on the reconstruction of the south main transmission-line from Lake Coleridge
to Christchurch.

The permanent diversion of the Harper River was commenced in the middle of August, a staff
of thirty men being employed on this. This work is now completed.

A 1,500 k.v.a. synchlonoub condenser was installed at Addington substation in December, with
great improvement to the service in general. In fact, without this it would have been 1mpos31ble to
carry the heavy overloads cxpcncnced

Power Boards were created to reticulate Banks Peninsula and Springs-Ellesmere Counties. The
former completed and put into service the first portion of its system in December, and by the cnd of
the year had completed the reticulation over fully one-half of the district. To supply this Board a
33,000-volt line has been run from Tai Tapu to Motukarara, and put into service temporarily at
11,000 volts. The Springs-Ellesmere Power Board has also commenced reticulation, and is already
giving a partial supply. The 11,000-volt feeder was extended from Lincoln to the Selwyn River to
supply this Board.

A Power Board to reticulate and supply Ashburton district has also been formed, and is proceeding
apace with the development of the reticulation. It will take supply from the Timaru line at Methven
aud at Ashburton.

The Department’s 11,000-volt reticulation has been increased during the year from 77} miles to
821 miles.

Connected Load.—The total connected load increased to 39,957 kw., as set out in Table D here-
with, an increase of 164 per cent. on that of the previous year. The maximum demand on the
substation was 6,720 kw., showing a diversity factor of 5-94. ’

Operation.-—The plant has been heavily overloaded throughout the year, the position being
considerably accentuated by the breakdown of two of the turbine-casings. On the 24th October a
crack developed in the casing of one of the 1,600 kw. units, and during repair the available plant
capacity was reduced to 4,600 kw., the steam standby plant being called into service.

On the 8th November the new 3,000 kw. set was put into operation, but on the 27th it developed
a crack almost identical with that which had occurred on the 1,500 kw. set. The steam standby plant
was again called into operation, and in the meantime the casing of the first set sent to Christchurch
for repairs. These were completed, and the set put into operation on the 21st December, when the
whole load was again carried by the station. The casing for the sixth unit (3,000 kw.) arrived
earlv in March, and was immediately installed in place of No. 5, and put into operation on the 30th
of that month, bringing the capacity of the station up to 9,000 kw.

Throughout the whole period of trouble the public bodies and wholesale consumers co-operated
loyally w1th the Department in its endeavour to maintain the service, and only this co- operation
made it possible for the Department to carry out its obligations with a minimum of inconvenience to
the general public.

Transmission-system.—Three complete interruptions to service occurred during the vear, on each
occasion the south line failing whilst the north line was under repair. The breakdowns in question
occtrred—(1) 16th July, from 7.30 p.m. to 11.45 p.m. ; (2) 30th August, from 8.53 a.m. to 12.40 p.m.;
(3) 26th February, from 5.18 a.m. to 8,561 a.m. The total period of complete interruption in supply
for the year was thus eleven hours and a half, of which only four hours and three-quarters occurred
between 8 a.m. and 5 p.m.~—the ordinary industrial day. On each occasion the Tramway Board’s
standby plant of 2,000 h.p. was called upon and essential services were maintained.

In addition to these three complete interruptions, single-line breakdowns took place on forty-
three occasions, involving the replacement of ninety-five insulators, or 1-8 per cent. of those in service
and a breakage of the line wire on five occasions. Compared with experiences elsewhere, ranging from
10 to 20 per cent. of insulator failures per year, this record is satisfactory. With the replacement of
the balance of the original insulators, manufactured in 1913, by modern types of insulators, and the
replacement of the aluminium wire by copper wire of & larger section (19/13 S.W.G.), it is anticipated
that these accidental interruptions will he reduced to a minimum.




63 D.—1.

Waler-storage—The temporary diversion of a portion of the Harper River at the end of the
preceding year resulted in a substantial rise in the lake-level, and a corresponding increase in the available
head at the intake in spite of the increased demand. At the end of the year the lake-level stood at
1,661-1 ft., as against 1,658-8 ft. at the heginning of the year, a rise for the year of 2-3 ft. (fig 6).

Laxr Courrinem.
Variations in Lake-level, 1916-22.
Year. RAINFALL IN INGHES PER MONTH. Totals.
1916 260 093 208 416 398 127 831 380 275 151 302 020 3461
1917 046 267 260 106 361 101 396 209 578 365 024 513 3226
1918 067 258 171 177 314 306 204 369 396 554 595 134 3545
1919 390 000 127 123 050 500 388 065 542 341 300 161 2987
1920 168 371 082 472 189 067 104 468 359 144 333 165 2920
1921 263 119 145 165 445 362 285 421 206 174 098 111 2794
1922 146 158 326 357 131 052 283
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Industrial Developments—Owing to the overloaded condition of the plant and the delay in getting
the fifth generator into service restrictions were still in force at the end of the year, but were entirely
removed on the final test of the fifth gencrator in April, 1922, which brought the plant capacity up to
9,000 kw. (12,000 h.p.). Since then supply has been given to the Canterbury Frozen Meat Company
(making the fourth large freezing-works connected to the mains), Kempthorne-Prosser’s new super-
phosphate-works, the new woollen-mill erected by the Kaiapoi Woollen Company at Woolston, and
several other consumers who had been waiting for supply. Moreover, the restriction on the use of
ironing and heating points was removed, resulting in an increase of the city demand from 3,750 kw.
to 4,290 kw,

Future Extensions.—1In addition to the extensions now in hand, which will bring the plant up to
the full capacity of the existing headworks—viz., 12,000 kw. (16,000 h.p. )—plans and specifications
are in hand for a further extension, consisting of an additional tunnel, 11 ft. in diameter (as compared
with the present 8 ft. tunnel), and an extension of the power-house to take at first two and finally
threc units each of 7,500 kw. (10,000 h.p.). This extension will provide for the whole of the water
available from Lake Stream, the Harper River, and the Acheron River—in fact, the whole of the
economical capacity of the site—and involves raising the lake-level from the present overflow level
of 1,667-5 ft. to 1,670 ft. by means of a small outflow weir.

Third Pipe- line Contract.—A valuable experience was gained during the year in a new form of
contract for this work. During the war a great many works were let on the basis of 10-per-cent.
commigsion on the cost. This is an undesirable form of agreement, in that it gives the contractor
every inducement to wasteful and extravagant expenditure. For the erection of the third pipe-line
a tender was received in the following form : The Department to pay the actual cost (estimated in the
tender at £8,500), and the contractor to receive a commission of £850, reducible by 15 per cent. of
any excess in the actual cost over £8,500, and increased by 15 per cent. of any saving below £8,500
in the actuul cost of the work. As the next lowest tender was very much higher, and as the above
arrangement gave the contractor every inducement to do the work at the lowest possible cost, it was
accepted. The actual result was that a very hearty degree of co-operation was attained between the
Department and the contractor, both being interested in keeping down the cost to a minimum ; and,
after all services offered by the Department, such as electricity, transport, &c., had been charged up,
the actual cost worked out at £7,184--a saving of £1,316 on the cstimate— thus increasing the com-
mission to the contractor acoordmgly, and giving a result eminently satisfactory to both })ar‘rwq

WatkaTo ELECTRIC-POWER SUPPLY.

The Horahora power plant has now completed its second complete year of operation since it was
purchased from the Waihi Gold-mining Company, and the results have been very satisfactory indeed.

The capital outlay at the end of the year under review was £353,808, as compared with £249,499
at the beginning of the year, an increase of £104,309. Of the total the sum of £212,500 represents
the amount paid to the Waihi Gold-mining Company for the power-house and transmission-line to
Waihi and substation at Waikino as taken over, and the balance, the amount expended on.new lines
to supply Hamilton, Cambridge, and Te Awamutu. The result of the year’s operation shows a
revenue of £28,207, against which are chargeable £7,986 working-expenses and £17,699 to cover
interest and depreciation, leaving a net profit of £2,5622, as compared with a loss of £6,282 in the
previous year. The revenue has been derived as follows: Three mining services, £19,779; four
dairy factories, £2,455; four Power Boards, £3,208; one borough, £1,391; rents, &c., £1,374:
total, £28,207. This satisfactory result is due largely to an increase of over £5,000 in the revenue
from the mines, due mainly to the supply given to the Grand Junction Company at a very small
additional capital outlay, and to the energy of the distriet staff in getting additional business else-
where.

But the provision of the 50,000-volt lines and substations necessary to supply future requirements
entails considerable additional capital cost. It is expected that the general demand, apart from the
mining load, in the district will increase sufficiently in a year or two to pay the additional capital
charwes as well as the additional maintenance and working-expenses involved in these extensions;
but for the current year the revenue from the mining load has fallen off at a rate of £300 per month
as compared with last year. The revenue from other consumers can hardly be expected to increase
sufficiently to offset this as well as the increased charges referred to above, so that unless the mining
load and revenue recover the financial results for the current year will probably be less favourable.

Arrangements have been made to supply the Railway Department with 400 h.p. to 600 h.p. for
its large house-building factory at Frankton.

Tenders, closing about the end if the year, are being called for an extension of the power-house
capacity by 4,000 kw., making a total installed capacity of 10,300 kw., which is sufficient to utilize
the minimum low-water flow in dry years and allow one spare unit. To enable the whole of the low-
water flow of the river to be taken through the head-race the extension of the existing weir across
the river has been put in hand. It is proposed to reserve 2,000 kw. of this for supply to the Auckland
Power Board. Sufficient material is on hand to enable the construction of the line to Auckland to
be gone on with.

The maximum load on the power-house has been 5,800 kw., which dropped, owing to reduction
in the mining load, to 5,000 kw. at the end of the year. If the mining load increases again it is
probable that the plant will be overloaded before the extensions above can be installed, but the supply
contracts entered into with five of the large consumers who had previously installed their own steam
plants permit the Department to make use of these plants if required, and if necessary to call on
them to feed back up to 3,000 h.p. of steam power, so that there is no need to fear a shortage before
the extensions now in hand are completed.
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The following additional 11,000-volt lines have been put into operation during the year :—

Number of Size of Length

Circuits, Wire. (Miles).

Horahora—Leamington .. . .. o2 7/14 12-54
Leamington-Hamilton .. .. o o2 7/16 15-86
Hamilton-Frankton .. . . .4 ~ /16 3:47
Total route-miles .. .. 31-87

The following 50,000-volt lines have been constructed but are . not yet in operation, though

portions are bonw used tem porarily at 11,000 volts : Number of Size of Length
Cireuits. Wire. (Miles).

Waiorongomai-Waihou - . | 7/12 5-22
Horahora-Leamington .. .. .. o1 7/12 11-24
Leamington-Mystery Creek .. . o1 7/12 9-60
Mystery Creek-Te Awamutu 1 7/14 9-50
Total route-moiles .. . .. 35-56

In addition to the above, a section of 50, OOO vol’c hne from Mystery Creek to Hamilton,
6:62 miles long, to complete the line from Horshora to Hamilton, is nearly completed, and it is
proposed to build a 50,000-volt line to connect up from Hamilton to Waihou. When completed
the 50,000-volt system will consist of a ring main from Horahora via Hamilton, Waihou, Te Aroha,
and Matamata back to Horahora, with single-line branches to Waikino and Te Awamutu "$hus giving
the advantage of an alternative line to Te Aroha and Hamilton in casc of trouble. This will assist
substantially in ensuring continuity of supply to Waihi and Waikino. The 11,000-volt lines from
Horahora to Hamilton via Cambridge and Matangi will then become 11,000- volt distributors for
Cambridge, Matangi, and other consumers en route, as well as providing a third emergency feed of
limited capacity from Horahora to Hamilton.

In addition a 50,000-volt line is being surveyed from Horahora to Arapuni and on to Te Kuiti,
which will probably be joined up later on to Te Awamutu, giving another ring main and an alternative
route for that district.

The 50,000-volt to 11,000-volt substations at Hamilton, Te Awamutu, and Waihou are well in
hand, the buildings being completed and the transformers and switch-gear all delivered. In the
meanwhile supply is being given temporarily at each point at 11,000 volts.

Operation.—The power-house was shut down from 7 a.m. to 3 p.m. on the 28th, 29th, and 30th
December to examine the race and to cnable alterations to the screens to be completed. These
alterations have been cffective in preventing blockage of the screens, and no trouble has been
experienced in operating the plant at practically full load. During the above hours of shut-down,
power was supplied to cssential industries from the Grand Junction Company’s steam plant at Waihi
and dairy factory steam plant at Hautapu. The breakdown of condenser-bushings on the 50,000-volt
oil switches necessitated these being cut out of service, causing some inconvenience in operation.

The only line breakdowns during the year consisted of three pin insulators and two sets of strain
insulators, which was replaced. In order to reduce the electrostatic strain on the insulators, which

.are now over ten years old, the transformer neutral at the power-house has been earthed, and four
clements instead of three inserted in the strain insulators. It is expected that these changes will -
render the service still more reliable.

The. painting of all towers from the ground up to the telephone eross-arm was completed during
the year. KExamination of the towers showod that they were generally in good order. A number
were painted from the telephone cross-arm up to the top during the three days shut-down at Christmas
week, but the time available for cutting power off for this work is small, and bad weather made it
1mposq|blo to do much this year.

Apart from the shut-down for overhaul for three days during the Christmas holidays for a total
time of 31 hours 20 minutes, power was off the 50,000-volt lines owing to accidental interruptions on
seventeen occasions for a total period of 35 hours 63 minutes, and on five occasions, at prearranged
hours, for minor repairs for a total time of 11 hours 16 minutes. Most of the above accidental
stoppages were momentary, only two belng of more than one hour’s duration. One on the 2nd
January was for a period of 11 hours 46 minutes, and one on the 2nd March for 22 hours 12 minutes,
The Grand Junction Company’s steam plant prowded standby service on both these occasions.

There was ounly one interruption on the 11,000-volt lines due to insulator failure, one strain
ingulator having broken down, due to lightning. There were a number of momentary interruptions
due mainly to lightning and birds causing grounds, and thus opening the eircuit-breakers ; and also
a number of prearranged stoppages, amounting in all to about fifty hours, to allow of work being done
on the lines, new consumers being connected, or new apparatus installed.

MaNGAWAO ELRCTRIC-POWER SUPPLY.

This plant will have an ultimate capacity of 24,000 h.p., the whole of which is included in the
first installation, consisting of threce 6,000 h.p. and two 3 ,000 h. p. pelton wheels, operating at a head
of 825 ft., and dnvmg generators operating at 11,000 volts three-phase. The energy from these will
be stepped up to 110, 000 volts by means of two ‘banks of transformers, each of 12,000 kw. caracity,
for transmission to Wellington, Bunnythorpe, Marton, Dannevirke, Pabiatua, and Masterton. In
Wellington the distribution will be undertaken by the City Council, which is already supplying
11,000 lighting and 7,000 heating and power consumers with a maximum load of 3,6C0 kw. on the
A.C. system, and 3,300 kw. on the D.C. tramway-power system. In the other districts the distribution

9.—D. 1.
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will be undertaken by Electric-power Boards, of which seven are already constituted, covering the
whole area whichcan bhe reached from Mangahao and the whole of the available power, which has been

allocated as follows :— P Horse-power

opulation. allocated.

Wellington District .. .. .. .. 93,030 12,000
Hutt Valley Electric-power qutrlct . .. .o 22,594 2,000
Horowhenua Klectric-power District .. . .. 12,000 1,200
Manawatu-Oroua Electric-power District .. .. 36,642 3,300
Rangitikei Electric-power District . .. .o 12,222 1,800
Wairarapa Electrie-power District .. .. .. 22,159 2,000
Tararua Electric-power District .. .. .. 10,090 1,000
Dannevirke Electric-power District .. . © .. 13,082 1,300
24,600

Negotiations are now in hand for the supply to Wellington City. The Power Boards covering
the balance of the district to be supplied have all been (onstltuted and are making provision for the
erection of the necessary reticulation in each case, but have not yot entered into contracts for the
supply of the necessary power.

The above allocations of power available from Mangahao are only onc-half of the ultimate demand
anticipated from each district, and the full output of the plant is thus assured apart from any agree-
ments to take power. In faot Mangahao will be overloaded and will require supplementing from
other sources as early as when the Lake Col eridge plant has reached the same position. Tt is
anticipated that, pending the installation of the large plant at Waikaremoana for this purpose, this
relief will be available from the steam stations being installed by the Wellington City Council at
Livans Bay (10,000 kw.) and by the Wanganui Borough Council (1,750 kw.).

AraPUNI ELECTRIC-POWER SUPPLY.

The proposed installation at Arapuni consists of an ultimate equipment of twelve units each of
12,000 h.p., of which cight are required to complete Mr. Parry’s scheme (96,000 h.p.). The first
installation proposed will consist of four of these units (48,000 h.p.), and the plant will not pay its way
until the load reaches ahout 36,000 h.p. In the meanwhile the load will be built up by means of the
Horahora plant (14,000 h.p.) and Auckland City steam-power plant (26,000 h.p.) and smaller installations
at Te Kuiti, Huntly, Nearuawahia, Pukekohe, Tamaki, and Rotorua, amounting in all to about
another 1,000 h.p. But the Arapuni works are in an entir ely diffcrent position from Lake Coleridge
and Mansf,ahao, in that without the Auckland City load (estimated to reach 26,000 h.p. by 1928) it
was impossible to develop the scheme on a commercm]]v sound basis. It was thorefore necessary to
arrange a definite contract with the Auckland authorities before putting the works at Arapuni in hand.
This was accordingly done. This contract anticipates that the Auckland Electric-power Board,
which has taken over the obligations, will have a demand of at least 15,000 kw. (20,000 h.p.) in 1928,
when the works are expected to be completed. The Board is extending its existing steam plant
from 6,500 kw. up to 19,500 kw. capacity, and it is now anticipated that this plant will be loaded up
to 16,500 kw. by 1925. Allowing one unit of 3,000 kw. as spare, this is considered the full load of
the p]cmt and it is antlclpated ’c}mt the load will grow considerably in excess of this by 1928, if power
is available.

WATKAREMOANA ELECTRIC-POWER SUPPLY.

The ultimate development proposed at this site will consist of three power-houses, taking the
regulated flow from the lake of 540 cusecs, and giving the following outputs on a 50-per-cent. load-
factor :—

Horse-power.

Upper power-house (450 ft. head) .. .. .. .. .. 40,000
Middle power-house (675 ft. head) .. .. .. .. .. 60,000
Lower power-honuse (344 ft. head) .. . . .. .. 30,000

Mzr. Parry’s scheme requires only 40,000 h.p. at this site, for which the middle power-house will
be installed, being the most economical.

In the meanwhile a small temporary plant has been erected for construction purposes and to
give a supply to the Wairoa Electric-power Board. For this purpose the two three-unit exciters with
their synchronous motors and water-wheels each of 500 h.p. capacity, intended u]tinm’rely for the
main power-house, havo heen installed, the motors being operated as generators, giving a capacity of
1,000 h.p.

An arrangement has been entered into with the Wairoa Power Board to operate the plant and
supply power to the Department as required for construction work on the main plant. Supply will
be available within a few weeks.

Apart from this small plant, the greater portion of the capital outlay has been expended on the
permanent improvement of the road and bridges to give access to the main power-house site and
pipe-line intake, the road in the meanwhile serving also to improve the access for the settlers of the
distriet.

Surveys for the main scheme and foundation investigations have also been carried out, as well
as a survey for a sawmill tram-line. Continuous river and lake gaugings have been made during the
vear. :
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Kugerric-rownr Boarps.

The retriculation of the electric power supplied in bulk from the Government power-stations is
intended to be undertaken by the Electric-power Boards, and twenty-three such Boards have now
been constituted, as detailed in the attached table. These cover a total area of 31,141 squarc miles,
or 30 per cent, of the arew of the Dominion, and include a population of 470,087, or 385 per cent. of the
total population of the Dowminion; so that about one-third of the Dominion is provided for by the
Power Boards already formed.

The subdivision of the whole Dominion into suggested clectric-power districts as outlined in the
last Statement provides for forty-one districts, and nincteen of the above twenty-three correspond
. closely to the subdivisions proposed.

Electric-power Boards of New Zealand as constituted on 1st September, 1922.

Proclamation | Num roxi- . .
Namc of Blectric-power u(:ilgditu_kttin;.: Nuofbcr M)mpalfﬁeXl P lati Vulu{:’oi thtcablc Amount of X(iﬁmifir Toan Poll
District. District Members | Area of opulation. roperty Loan. l
wazetted. | on Board.| District. (unimproved). For. ‘ Against,.
j —
Sq. Miles. £ £
Southland. . .. 19/11/19 12 9,086 65,450 13,600,471 1,500,000 | 6,516 415
Thames Vallcy .. 8/1/20 12 2,304 16,000 6,814,993 550,000 | 1,503 28
Te Awamutu .. 8/1/20 10 309 6,000 1,759,558 120,000 359 ..
Cambridge V. 8/1/20 8 104 5,000 1,683,632 60,000 198 3
Banks Peninsula .. 8/1/20 7 372 3,500 3,430,817 100,000 331 23
Wairarapa .. 26/3/20 9 2,073 21,800 3,114,718 260,000 1,704 225
Central .. .. 8/1/20 7 300 9,110 3,667,904 200,000 5156 19
Wairoa .. .. 20/7/20 10 1,369 3,900 2,417,251 100,000 504 31
Springs-lillesmere .. 8/7/20 7 242 5,400 2,627,468 60,000 302 16
Teviot . .. 22/7/20 7 120 1,800 169,137 35,000 191 27
Opunake .. .. 18/8/21 7 240 3,227 536,153 70,000 170 20
Auckland .. . 1/4/22 12 227 128,000 21,502,118 600,000 | 4,179 288
Ashburton .. 17/11/21 12 2,542 16,691 9,346,863 296,500 1,590 96
Manawatu-Oroua .. 1/12/21 12 1,301 38,330 12,944,573 500,000 1,144 96
Dannevirke .. 11/8/21 10 676 11,848 3,565,382 175,000 651 93
Horowhenua . 1/12/21 9 630 11,795 3,403,255 260,000 973 26
Wangauui- l\/ddl‘fltlkel 1/12/21 12 2,614 41,564 10,864,130 Poll not yet| taken.
Tararua .. .. 23/3/22 10 700 8,485 2,859,070 s »
Taranaki .. .. 19/5/22 7 1,969 34,558 2,865,396 s .
Hutt Valley .. 6/7/22 9 471 22,450 2,659,074 » o
Buller .. .. 11/5/22 5 1,818 10,057 686,209 ' .
Westland .. .. 28/10/20 9 750 3,272 196,268 ’ »
Recfton .. .. 30/6/21 5 24 1,850 59,316 s 5
Totals . . .. 31,141 | 470,087 110,763,756 ! 4,886,500 {20,830 | 1,406
I

In addition to the twenty-three districts already constituted, petitions have been circulated or
other preliminary steps taken to constitute Klectric-power Boards in the following districts :—
Aroca

Population. (Square Miles).

Waipawa .. .. o .. .. . 8,634 1,235
Tauranga .. . . .. . .. 6,197 651
Marlborough .. .. .. . .. 16,967 437
South Canterbury .. .. .. .. .. 40,657 5,100
Otago .. . . .. .. .. 108,604 4,126
Te Kuiti .. .. .. .. .. . 8,568 1,115
Selwyn .. .. .. .. .. .. 10,455 2,281
Grey Valley .. .. .. .. .. 11,953 1,452
Otago Central .. .. .. .. .. 5,121 2,684
Wairere Falls

Totals . Lo 217, 006 19 081

With regard to the sources of bupply of the twcnty thle(, districts constituted, four are now taking
supply from Horahora, three have arranged to take supply from Lake Co]endge seven propose ‘ro
take supply from Mangahao, one has arranged to take supply from Arapuni, one has arranged to take
supply from Waikaremoana, three have arranged to construct their own power-stations, and four
have not yet decided upon their source of supply but will require to make their own arrangements :
that is to say, sixteen out of the twenty-three have been formed to take supply in bulk from the
(tovernment, and the other seven will probably also take such supply as soon as it is available.

Out of the twenty-three districts sixteen have already laid out their schemes of reticulation and
taken their loan polls. The total amount of the loans is £4,886,500. This amounts to 5+4 per cent.
of the unimproved rateable value of the districts concerned, and £14 per head of population of the
districts concerned. 1t is anticipated that each Board will so arrange its scale of charges that the
whole of the annual costs, both working-costs and capital charges, will be paid out of Fhe revenue
received from consumers ; but if the who]o of the interest at an average rate of 6 per cent. were a
charge against rates it would amount to about §d. in the pound on the ummplovod value, and propor-
tionately less on the capital value. It will be noted that the loan polls in the various districts have
been passed by an average majority of fifteen to one—in other words, the ratepayers have been
practically unanimous in approval of the loans.
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Of the twenty- -three districts constituted the majority have included the whole of the arca con-
cerned as rateable inner area, the presumption being that it is intended to supply over the whole area
4s soon as it proves remuncrative to do so: these are, particularly, Southland, Thames Valley, Banks
Peninsula, Central, Wairoa, Springs—Ellesmere, Auckldnd Manawatu— Oroua Dannevirke, Horo-
whenua, Tararua, Hutt Valley, and Buller Power Districts. ch others-—viz., Awamutu Cambr 1d,go
Teviot, Opunake, Reefton—have limited their arca to a small district, tho whole of which it is
intended to reticulate. The remaining five districts—viz., Ashburton, Wairarapa, Wanganui-Rangi-
tikei, Taranaki, and Westland—have taken advantage of the provisions of the Act for including the
more sparsely settled districts as outer areas, only the more closcly settled portion being included in
the rateable district at present. But provision is made in the Act for the inclusion of additional
areas in the rateable district on petition, and this has already been taken advantage of in two cases.

On the whole, the legislation, as far as can be judged at present, is proving quite succe sessful in
relieving the Government of the detail work of reticulation, in throwing the responsibility of this
reticulation on to the shoulders of the local ratepayers, and leaving to the prospective consumers, as
ratepayers, the decision as to which areas can be reticulated remuneratively and which should be
postponed until the prospects are more promising.

Locan ELECTRIC-SUPPLY SYSTEMS.

Inctuding the Government stations, there are now sixty-onc clectric-power stations in operation
in the Dominion, as detailed in Tables K and L herewith,

Four new stations commenced operation during the year under review, viz.: Motucka (50 kw.,
gas-power) ; Kaikoura (37 kw., gas-power) ; Tamaki (40 kw., gas-power) ; Murchison (80 kw., water-
power). The following will commence operation during the current year: Fairlie (40 kw., water-
power) ; Havelock North (144 kw., water-power); Whakatane (250 kw., water-power); Opunake
(120 kw., water-power) ; Teviot (250 kw., water-power).

Extensions were made to existing stations during the year as follows: Invercargill (1,000 kw.,
gteam-power) ; Tauranga (650 kw., water-power); Kaponga (90 kw., water-power); Ractihi (32 kw.,
water-power) ; Hawera (180 kw., water-power); Oamaru (150 kw., gas-power); Patea (40 kw.,
water-power) ;  Martinborough (50 kw., gas-power); Stratford (90 kw., oil-power). In addition
extensions and new stations arc in hand to the extent of 32,000 kw., as already detailed.

The sum of the maximum outputs of all stations has increased during the year from 42,157 kw.
to 48,866 kw., an increase of 6,709 kw., or 16 per cent., and the number of consumers in the Dominion
has increased from 73,151 to 88,838, an increase of 15,687 consumers, or 21 per cent.

The total installed capacity of the sixty-one power-stations has increased from 49,630 kw. to
51,749 kw. of main plant, and is distributed according to source as follows :—

Stations. Kilowatts. ?&p&gﬁgﬂ
Water-power . . .. A 25,125 49
Steam-power .. .. .. .o 10 22,470 43
Gas-power .. . .. .. o022 3,343 6D
Oil-power .. .. o . o2 811 16
61 51,749 100-0

In addition there are 7,247 kw. of subsidiary or standby plant, distributed as follows: Water-
power, 110 kw. ; steam-power, 4,753 kw. ; gas-power, 310 kw. ; and oil-engines, 2,074 kw.

The total of the maximum loads was 48,866 kw., as compared with the installed capacity of
51,749 kw., apart from the 7,247 kw. of standby plant, showing a margin in main generating plant
of 2,883 kw., or 56 per cent. of the installed capaclty The water-power plants as a whole were
actually overloaded by 500 kw., and the extensions in hand are thus urgently required to meet the
increasing demand.

The load-factor for the year, based on a maximum load of 48,866 kw., and an output of 171,943,546
units, is 40 per cent.; and the load-factors for each type of plant are—Water-power, 48 per cent. ;
steam-power, 32 per cent. ; gas-power, 25-5 per cent. ; oil-power, 32'5 per cent. These figures in each
are high, due to the extensive use of electric power for tramways, industrial, and domestic purposes.

The units sold per consumer (exclusive of tramways) was 1,210 units, as compared with 1,246
units per consumer in the previous year.

The maximum demand per head of population in the areas actually supphed was 0-067 kw., or
0-089 h.p., inclusive of tramways, and the units sold per head of population were 146, exclusive of
tramway load. Both of thesc figures show an increase over the previous year.

The total length of distribution-line is 2 ,814 route-miles (apart from 400 miles of transmlssmn-
line), as compared with 2,260 miles in the previous year. The power-demand supplied per mile of
line was 14 kw., the sales 38,500 units, and the revenue £327 per mile, excluding tramways in each
case. The number of consumers per route-mile of line is 31-4, as compared with 32-3 last year. These
figures are of considerable importance in considering the question of the construction of new lines,
and the probability of their proving as remunerative as the average returns from the existing lines
of the Dominion. It is usually considered that country lines costing £250 to £300 per mile will pay
with two farms connected per mile, each with a milking plant, and taking a maximum demand of
about 4 kw., yielding a revenue of £50 per year or more per mile of line.

The average return (cxcluding tramways) was £24 per kilowatt of output—also a very important
figure in estimating the return from a new plant. It will be noted that this includes the lower return
of £17-6 per kilowatt from the large water-power plants. The steam, gas, and oil stations, which
represent average retail conditions, show a revenue of £33-7 per kilowatt of output, which is the figure
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which may be taken in forecasting the return from ordinary general retail business, excluding such
large consumers as freezing-works, &c. The revenue per kilowatt from the twenty-two gas-engine
stations is £41 per kilowatt of output, and from the output of the two oil-driven stations is over £52
per kilowatt ; but these are obtained at high retail rates, ranging from 8d. to 1s. for light and 3d. to
Bd. for power, as compared with usual retail prices of 6d. and 7d. for light and 14d. to 3d. for power.

Out of the total number of sixty-one stations and twenty-one bulk dlstrlbutlng authorities,
twenty-seven made a loss last year, as compared with thirty which incurred a loss in the previous
year. Costs are now falling again, and it is anticipated that hercafter only those that are in the first
two or three years of operation will show losses.

Over the whole Dominion the electric-supply business involves a capital outlay of £5,224,629
for an installed capacity of 51,749 kw.—.e., £101 per kilowatt; and the revenue, after paying all
working-expenses (£534,642) and capital charges, including depreciation (£305,838), which work out
at an average of 5-85 per cent. on the capital outlay, yields a net profit of £82,688, or 1-6 per cent. on
the capital outlay. The business on the whole is thus remunerative, as well as supplying a public
necessity to 88,838 consumers.

The table herewith gives a full analysis of the results of operation of the sixty-one stations,
separating the returns from water-power, steam, gas, and oil stations. The most significant figures
are, of course, the low costs per unit and per kilowatt output of the water-power stations. It must be
noted that these figures include the returns from a number of quite small water-power plants, only
five out of the twenty-seven installations being over 1,000 h.p. capacity.

The comparison of the capital cost per kilowatt is also instructive. In comparing the costs of the
steatn and gas stations it must be noted that the average size of the ten steam stations is sixteen
times as large as the average size of the twenty-two gas stations, and this has more to do with the
higher working-costs of the gas stations than the nature of the fuel. On the same average size of
plant the gas stations would probably show a better result than the steam stations.

1t is noticeable that the publication of these details of each of the power-stations of the Dominion
is alrcady resulting in a very healthy competition between individual stations to show good results,
to the substantial benefit of the public. .

Jf lccmc-power Sup])ly of New écaltmd Jor the Yeur ended 31st March, L),JZ

—_— Water. Steam. Gas. 0il, i Total,
R B S A |
‘ ;

Number of stations .. - .. .. 27 10 ! 22 2 61
Avcrage capacity (kilowatts) .. .. 925 1,992 128 406 800
Number of consumers .. .. .. 47,357 28,570 | 9,376 3,535 88,838
Installed capacity (kilowatts), (main plant 25,125 22,470 ! 3,343 811 51,749

only) .
Maximum load (kilowatts)—

General supply stations o . 25,543 9,916 | 2,506 601 38,566

Special tramway stations .. . .. 10,000 300 .. 10,300
Units generated .. . .. (107,674,949 | 56,244,921 6,303,129 | 1,720,547 | 171,943,546
Annual load-factor (per cent.) .. .. 480 320 255 325 400
Units sold to tramways .. . 9,894,562 | 25,099,034 1,132,602 . 36,126,198
Units sold—~Genoral supply . .. | 79,134,631 24,210,925 ‘ 3,084,324 | 1,216,201 107,746,081
Total capital outlay* .. .. | £3,506,427 | £1,148,824 ' £478,271 £91,107 £5,224,629
Total capital per kilowatt installed* .. £139 £02 £143 £112 £101
Total annual working-costs o .. £206,221 £226,193 «  £78,733 £23,495 £534,6042
Total annual working-c(mt por unit sold .. 0-56d. 2:25d. 45 4-28d. 1-18d.
Total annual working-cost per kilowatt, £8°1 £22'8 £31-2 £39°3 £13:8

maximum load i ) :
Total annual capital charges .. £189,072 £91,353 £20,200 £5,213 £305,838
Total annual capital charge per unit sold. . 0'51d. 0-91d. 1-15d. 0°96d. 0+68d.
Total annual capital chalge per kllowatt £74 £9:2 £81 £87 £7-95.

maximum load
Total annual percentage of capital ()utlay .. 54 79 515 57 59
Total annual costs .. .. £395,293 £317,546 £98,933 £28,708 £840,480
Total annual cost per unit sold . . 1-07d. 3-16d. 5-66d. 5°24d. 1-87d.
Total annual cost per kilowatt, maximum £16'5 £32°0 £39-3 £48 £21-8

load .
Total annual revenue .. . £450,055 £338,923 £102,755 £31,435 £923,168
Total annual revenue per unit sold .. 1-22d. 3:4d, 588 5-74d. 2:056d.
Total annual revenue per kilowatt, maxi- £17°6 £34'0 £41-0 £562:56 £24

mum load
Net profit .. .. . . £54,762 £21,377 £3,822 £2,727 £82,088

* Includes distribution.

InspecTION OF ELECTRIC LINES.

During the year the following eclectric - supply systems were inspected: Havelock, Banks
Peninsula Power Board (part), Springs-Ellesmere Power Board (part), Rangiora County (extensions),
Murchison, Motueka, Tamaki, Kaikoura, Blenhcim (Hospital), Blenheim (F. O. Linstrom), Picton,
Oamaru, Kaitangata, Invercargill (extensions), Gore, Mataura, Bluff, Winton, Hikurangi (collieries),
Whangarei, Devonport, Raetihi, Waiuku, Ohakune, Portland Cement Company, Wairua Falls,
Pukekohe, Napier, Havelock North, Hastings, Waverley, Stratford, Patea, Inglewood, Waitara,
Bull’s, Eketahuna, Pahiatua, Fairlie, Wellington (extensions), Sumner, Heathcote, Ngaruawahia,
Huntly, Te Aroha, Thames, Te Kuiti, Te Puke, Hamilton, Hokitika, Waiuta, Central Power Board
(extensions), Te¢ Awamutu Power Board (extensions), Thames Valley Power Board (extensions),
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Cambridge Power Board (extensions). The number of route-miles of electric lines at the end of the
year under review is approximately 3,200, 'With the constitution of the seven electric-power districts
in connection with Mangahao, together with Ashburton, South Canterbury, and Southland, and other
Power Board areas, all being reticulated in the near future, the volume of the work will necessarily
be considerable for some time to come, .

During the year steps were taken to inaugurate a ‘“ safety campaign” in connection with the
general use of clectricity, and advantage was taken of the columns of the School Journal to broadcast
some information on the care and use of electrical appliances, and the dangers in unauthorized
interference with same or in touching any broken wires lying on the ground, &c. It is anticipated
that this avenue of giving publicity to the need for safety precautions will produce good results in
educating the rising generation, concurrent with the increasing use and applications of electric power.

All Tocal authorities throughout the Dominion were also circularized drawing attention to the
prevalence of electrical accidents. A list of the electrical accidents which have occurred in New
Zealand during the past twenty years was compiled from existing records on this Department’s files,
totalling sixty-seven accidents, of which thirty-three were fatal, and this was distributed to all
concerned. The various electric-supply authorities are becoming alive to the necessity of constantly
keeping before the public the risks which exist if proper precautions are not observed, and have
adopted various methods of propaganda accordingly.

Licenses for the erection of electric lines were issued to seventeen public bodies during the year,
each involving a detailed investigation of plans, and numerous inspeetions were made of the plans of
proposed hydro-clectric works submitted under the regulations.

‘e

AvusTRALIAN WORKS.

An opportunity was afforded to me during the year to visit Australia and to look into the
construction and organization of the corresponding works there.

In Sydney the general features of the large electric-power plants at Ultimo, White Bay, and
Pyrmont proved very uscful. The White Bay plant of the Railway Commissioners consists of three
10,000 kw. steam turbines, and runs at an operating-cost below 0-2d. per unit, consuming less than
21b. of coal per unit, costing £1 5s. per ton in the power-house bunkers. The circulating-water
system and boiler-room equipment of this station are of special interest. The control-room and
oil-switch layout are also very carefully designed. The control-room is practically separated from the
engine-room, having direct communication only by a bay-window so high up and remote from the
generators that all communication must be by telephone and electrical signals. In Ultimo power-
house the old high-tension switchboard, now situated on a gallery in the engine-room, is to be
removed, and replaced by a remote- control switchboard located in a similat operating-room shut off
by windows from the engine-room. At Newport (Victorian Electric Railway) power-station the
operating-room containing the switch-panels is entirely removed from the engine-room, and, it is
claimed, with advantage in operating. In New South Wales I also visited the Port Kembla steam
station (3,600 kw.), which is being developed by the State Government to supply power for constructing
the Cordeaux and Avon dams and for permanent power-supply in the district. The most interesting
feature of this station is the fact that every circuit is metered with a printometer meter, giving a
perfect. automatic record of the station output and its distribution. At Port Kembla I took the
opportunity of examining the processes of copper refining and manufacture into wire and cable, and
the Cordeaux and Avon concrete gravity dams in course of construction. The Cordeaux dam will
be 177 ft. high above foundation—about the sanie height as the Arapuni dam—but will be much longer
(1,315 ft.) owing to the flatter nature of the valley. It is a gravity section containing about 220,000
cubic yards of concrete, estimated to cost £675,000 complete.

In Melbourne I got into touch with the development of the Victorian Electricity Commissioners
at Morwell brown-coal ficlds, consisting of a 60,000 kw. steam plant and an eighty-mile transmission
at 130,000 volts, and also the Newport power-house of the Melbourne Electric Railways. This
station consists of six steam-turbine units, each of 10,000 kw. to 14,000 kw. capacity, and contained
many details in the boiler-room, engine-room, and switch-chambers of great value. The details of
the Melbourne Electric Railway overhead construction and rolling-stocks and workshops were also
instructive. Although they have had about 200 motorcar equipments, each consisting of four
150 h.p. motors, in service for about two and a half years, only two armature breakdowns had occurred
in that time and a few field breakdowns. The operation of the clectric trains generally has proved
efficient and economical, and has increased the passenger-carrying capacity and the comfort of the
railways very much.

In Adelaide I examined the tramway and lighting power-stations, and the plans of the new
power-station under construction at Port Adelaide, designed for 10,000 kw. units.

In Sydney and Adelaide I examined the working of the electric steel-smelting furnaces closely.
These are both small single-phase furnaces, 7 cwt. and 15 ewt. capacity, taking 200 kw. to 300 kw.,
and are proving very successful indeed.

In Broken Hill and Port Pirie I got into touch with the mining concentrating and smelting
industries, which give the raw material for the electrolytic zine industry which forms the basis of the
Tagmanian hydro-clectric-power scheme. At Port Pirie the Government wharf-cranes for handling
the coal for Broken Hill and the concentrates from Broken Hill were particularly interesting. Fifty
men were employed, and it is a rare example of a large wharf worked entirely by permanent labour.
By keeping general repair work in hand the men are Sl kept fully employed without lost time, and
only twice in four years have men been laid off owing to shortage of work, and that due to stoppages
of work at the mines.
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In Tasmania the Government hydro-electric scheme offered much valuable information, as the
details of the development are similar in many ways to our own developments. The Great Lake dam
is a multiple arch dam of twenty-nine spans of 40 it each, and & maximum height from foundations
of 801t. The area of the lake is BO squarc miles, the watershed 216 squarc miles, and the capacity
of the dam at 11{t. draw-off 18 315,000 acre- feet. The pipe-lines, both wood- stave and steel, are
speeial features, The four wood-stave pipe-lines are cach over a mile long, and run down to a
maximum head of 400 ft., the pipes being 4 ft. and 5 {t. in diameter. The steel pipes are gas-welded
pipes with muff joints, and the total head is 1,130 ft. or 480 lb. pressure. The power-house is equipped
with nine pelton wheels and generators, of a total capacity of 66,000 h.p. The transmission-lines to
Hobart are carried on two lines of double-circuit steel towers, a distance of sixty-two miles, at a
pressure of 83,000 volts.

Many of the details of construction and experiences of operation gained in Tasmania will be of the
utmost value in putting the new lines into service here. The two main consumers of the power are
the Electrolytic Zine Company, who are now taking 15,000 h.p., to be increased under contract to
30,000 h.p., for zinc-refining, and the Electrona Carbide Works, now taking 2,500 kw. to be increased
to 5,000 kw., for the manufacture of carbide of calcium. The huge carbon electrodes for the carbide-
furnaces are each 20'in, by 15in, by 7 ft. long, and are made on the premises by means of a 3,000 ton
press. In the trials of electro-chemical industries in Christchurch during the war the production of
the necessary electrodes proved the main stumbling-block.

In addition to the above main works numerous smaller works and industries were visited and noted
in detail.

In addition to the opportunity of visiting engineering and industrial works, the visit enabled me
to get into direct touch with the development and organuatlon of electric-power supply and dis-
tribution under four distinct systems of control, viz.: (1) By a branch of the Public Works Depart-
ment in New South Wales; (2) by a special Governmer\t Department set up for the purpose in
Tasmania ; (3) by a special Electric-power Commission responsible direct to Parliament in Victoria ;
(4) by private enterprise in South Australia. .All four are meeting a very large demand, and facing
such developments as are before us in New Zealand, and the organizations which are actually meeting
the demand most effectively are the Electric-power Commission of Vlctorla and the Hydro-electric
Department of Tasmania.

The visit proved most valuable, and it is very essential that the members of the staff engaged in
the detail design and layout of the hydro-electric works should have opportunity from time fo time
of making similar visits to the corresponding works being carried out in other countries, particularly
America, Sweden, and Switzerland.

STavy.

The hydro-electric work of the Dominion has developed rapidly, and the present staff deserve
the highest commendation for the loyal and efficient manner in which they have coped with extra
duties ; but the personnel will have to be materially supplemented to maintain the efficiency that is
imperative with the growth of this important work. A few additions have been made, and two officers
made prolonged visits to America for the purpose of gaining experience, with most satisfactory
results. However, urgent work is waiting to be done, and it will be necessary to obtain additional
experienced officers in this class of work at an early date.

Lawrence Birks, B.Sc., M.Inst.C.E., &ec.,
Chief Electrical Engineer.
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TABLE A—LAKE COLERIDGE ELECTRIC-POWER SUPPLY.—RESULTS OF OPERATION.

Fourth Year,

Fifth Year,

Sixth Year,

Seventh Year,

- March, 1919, March, 1920, March, 1921. March, 1922,
£ £ £ £
Capital outlay. . 403,157 422,076 499,957 671,608
Costs:
Working-costs 17,138 17,759 21,341 25,911
Interest .. 15,692 16,863 18,639 20,981
Depreciation, 2 per cent, 7,329 7,624 7,946 8,424
Total costs 40,159 42,246 47,926 55,316
Revenue—-
City Council 13,556 16,029 17,700 18,890
Tramways .. 6,885 7,660 7,835 7,957
Wholesale consumers 14,090 18,735 22,339 26,019
Retail consumers 1,529 1,952 1,785 1,880
Miscellaneous 1,264 1,455 1,714 2,068
Total revenue . . 37,324 45,831 51,373 56,814
Profit (P.) or loss (L.) (L) 2,835 (P.) 3,585 (P.) 3,447 (P.) 1,498
Accumulated deficiency .. 37,707 34,121 30,674 29,175
Accumulated Depreciation Fund 27,393 35,389 44,751 54,5637
Maximum load (kilowatts)—
Power-house 5,900 7,066 7,412 7,600
Substation 5,340 6,260 6,712 6,720
City Council 2,625 2,966 3,601 3,750
Tramways 1,580 1,760 1,840 2,120
Units output—
Power-house 27,495,720 33,010,130 36,309,580 37,929,750
Substation 24,548,554 29,572,160 32,588,320 33,947,100
Units sold— .
City Council 10,886,290 12,936,340 14,700,000 15,419,100
Tramways .. . .. 5,485,370 6,417,900 6,379,717 6,499,258
‘Wholesale consumers and local bodies 6,770,488 8,348,174 10,051,734 10,746,697
Retail consumers 245,398 315,562 270,900 278,897
. Total units sold 23,387,540 28,017,976 31,402,351 32,943,934
Losses—
Transmission-line losses 2,947,166 3,437,960 3,728,190 3,082,650
Percentage 10:7 10-1 10-27 10-5
Distribution losses .. . 1,161,008 1,472,414 1,185,969 1,003,166
Percentage 4-7 44 3-64 3
Annual power-house load-factor (per cent.) 533 53-3 55-6 57-3
Average weekly load-factor (per cent.)—
Power-house . .. 59-1 59-9 61-4 62-9
Substation 68-4 586 60-5 62-0
City 52-6 531 53-8 536
Working-costs—
Per kilowatt (power-house maximum) £2-90 £2-51 £2-87 £3-40
Per kilowatt (substation maximum) .. £3-21 £2-83 £3-17 £3-85
Per unit gencrated. . 0-149d. 0-129d. 0-140d. 0-161d.
Per unit sold 0-176d. 0-152d. 0-150d. 0-188d.
Capital charges—
Per kilowatt (power-house maximum) £3-90 £3-46 £3-58 £3-87
Per kilowatt (substation maximum) .. £4-31 £3-91 £3-96 £4-37
Per unit generated. . 0-201d. 0-178d. 0-174d. 0-184d.
Per unit sold 0-236d. 0-209d. 0-203d. 0-2144.
Total cost—
Per kilowatt (power-house maximum) £6-80 £5-98 £6-46 £7-27
Per kilowatt (substation maximum) .. £7-52 £6-75 £7-14 £8-23
Per unit generated. . 0-350d. 0-307d. 0-314d. 0-350d.
Per unit sold 0-412d. 0-361d. 0-366d. 0-403d.
Revenue—
Per kilowatt (power-house maximuin) £6-32 £6-48 £6-93 £7-47
Per kilowatt (substation maximum) .. £7-00 £7-32 £7-65 £8-45
Per umt generated. . 0-326d. 0-333d. 0-337d. 0-354d.
PPer unit sold . 0-383d. 0-393d. 0-392d. 0-414d.
Per unit sold (city) 0-290d. 0-297d. 0-288d. 0-295d.
Per unit sold (trams) .. .. 0-301d. 0-286d. 0-294d. 0-293d.
Per unit sold (wholesale consumers) .. 0-5d. 0-538d. 0-533d. 0-585d.
Per unit sold (retail consnmers) 1-50d. 1-50d. 1-568d. 1-61d.
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TaBLE B.—LAXKE CoLERIDGE ELECTRIC-POWER SUPPLY.—ANALYSIS OF CaPiTAL OUTLAY.
Capital Outlay. .
Tterm, Expend{};:;f during
31st March, 1921. 31st March, 1922, '

£ £ £

Land, roading and fencing 17,393 17,393 ..
Harper River diversion 12,778 17,355 4,577
Tunnel and headworks. . 115,397 146,424 21,027
Power-house and machmery 78,203 99,641 21,438
Staff v111age . 14,182 14,298 116
Transmission-lines 61,264 136,743 75,479
Addington substation .. 27,095 41,143 14,048
Primary distribution 46,569 51,932 5,363
Secondary distribution. . . 27,869 42,420 14,551
Service transformers and meters 16,148 16,745 597
Vehicles and loose eqmpment 17,398 19,070 1,672
Telephone-lines 1,903 1,903 e
Office furniture 237 247 10
Surveys, preliminary expenses, &c 37,174 44,348 7,174
Interest during construction 16,347 21,946 5,599
Totals 499,957 671,908 171,651

Tasre C.—LAKE CoLERIDGE ELECTRIC-POWER SUPPLY.—OPERATING OR WoORKING CosTS.

1921, 1922,
Expenditure. e
Cost. Per Unit sold. Cost. Per Unit sold.

£ d. £ d.
Harper diversion maintenance .. .. 1,002 0-007
Generation 6,003 0-046 6,299 0-046
Trangmigsion 3,137 0-024. 3,155 0023
Main distribution sta‘mon 2,576 0:020 2,282 0-017
H.T. distribution 1,728 0-013 2,040 0-015
L.T. distribution 1,296 0-010 1,306 0010
Standby plant 2,688 0-020 4,586 0-033
Management and general expenses 3,913 0030 5,241 0-032
Totals 21,341 0-163 25,911 0-183

TasLe D.—Lage CoLERIDGE ELECTRIC-POWER SUPPLY.~—CONNECTED LoaD ¥ KiLowaTTs AT 31lsT

MarcH, 1922,

R — Light. Heat. Power. | Total.
Local Bodies.
Chrigtchurch City Council 7,516 1,760 14,994 24,270
Riccarton Borough Couneil .. 47 64 51 162
Lyttelton Borough Counecil .. 146 44 192 382
Lyttelton Pumping Station .. .. .. 116 116
Sumner Borough Council . 151 153 54 358
Woolston Borough Council .. 141 146 30 317
Kaiapoi Borough Couneil 101 144 41 286
Rangiora Borough Council .. 110 52 107 269,
Heatheote County Council .. 206 238 34 477
Paparua County Council 124 134 48 306
Halswell County Council ‘e 46 49 38 134
Eyre County Council .. .. 31 52 44 127
Tai Tapu Dairy Company 62 98 83 243
Rangiora County Council .. 44 62 112 218
Waimairi (Hillmorten) . .. 2 2 .. 4
Springs Ellesmere Power Board 45 83 3 131
Lake Coleridge . . 29 162 63 255
Power St&tlon and Substatlon .. 8 30 66 104
Direct Wholesale Consumers,

Tramways e .. .. 85 . 5,642 5,727
Freezing-works (4) 121 20 2,273 2,414
Flour-mills (6) 6 . 337 343
Dairy factories 1) 3 .. 56 59
Quarries (2) 2 1 169 172
Tanneries, &ec. (6) 29 7 634 670
Seed-cleaning (4) 5 1 175 181
Brickyard (1) .. . 91 91
Railway workshop (1) 31 210 241
Harbour Board (1) 55 .. 113 167
Institutions (6) 120 234 147 500
Soapworks (1) 3 .. 34 37
Steelworks (1) 3 600 21 623
Glueworks (1) ! 3 .. 87 90
Sawmill (1) ! . 1 23 23
Woollen-mill (1) .. 4 4
Aviation Company (1) 5 10 6 21
Twine-mill 1) .. .. 118 118
Railway-stations  (2) 40 28 68
Chemical-works (1) .. .. 196 196
Racing club (1) 24 1 27 53

Totals i 9,344 4,147 26,467 39,957

[

* Substation maximum output = 6,720 kw.

10—D.

Diversity factor = 6.
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TaBLE E.—LAKE CoLERIDGE ELECTRIC-POWER SUPPLY.—(GR0OSs FINnaNciaL REsunts oF DISTRIBUTION
oF ENERGY ¥OR YEAR ENDED 31sT Marcy, 1922.

. @ ]
'E g Reventte % g ;g Balance,
. 58 -
Distributlag Authority. 25| S colfom |ttty | 28 |mterest. | SiERE| 3
58 gé 5 Profit. |Loss,
Ao | a
. .
£ £ £ ‘ £ | £ £ e | ¢ £
Public Works Department 466 | 671,608 | 30,991* .. 25,911 20,981 . 8,423 | 1,498 .
FChristchurch City Council (15,153 | 392,864 | 87,643* 18,890 26,198 14,172 .. [20,266 (10,523
Halswell County Council 125 5,403 1,103 405 177 ‘ 263 50 .. 208
Heathcote County Council 646 14,570 3,441 1,604 836 422 327 .. 252
Kaiapoi Borough Council 370 4,500 | 2,061 834 467 ‘ 236 45 225 254
Lyttelton Borough Council 230 5,000 | 2,082 676 944+ 250 100 .. 112
Riccarton Borough Council | 499 | 6,824 | 2,370 |[EW- 328 }ossrios0s| .| 88t
Rangiora Borough Council 250 7,266 1,740 516 254 ¢+ 349 55 218 348 | ..
Rangiora County Council 198 | 12,207 | 1,608 637 359 . 536 100 .. .. 24
Sumner Borough Council 440 9,398 2,431 647 718 i 315 60 144 547 | ..
Tai Tapu Dairy Company 120 4,569 | 1,779 879 541 282 .. 300 ..o | 223
T
Waimairi County Council | 1,816 | 42,400 | 9,349 gé‘ | oap }2,577 2,032 | .. 2,660
LG 1,9
Eyre County Council 108 5,160 614 266 58 ’ 118 15 157
Totals 20,421 |1,181,769 (147,212 28,228 159,927 J40,261 752 !29,576 16,943 | 247

* After dedncting amount of sales to other distributing bodies, totalling £26,823 to Public Works Department, and £2,405 to

Christchurch City Council.
Department.

t Woolston Borough included in Christchurch City Council return.
C.C. = Paid to Christchureh City Council.

Net profit of the whole Lake Coleridge system, £16,606.

TABLE F.—Waikaro ELECTRIC-POWER SUPPLY.—RESULTS OF QPERATION.

P.W. = Paid to Public Works

e Firgt Year, (Sccond Year, o First Year, |Second Year,
March, 1921, | March, 1922, March, 1921, | March, 1922.
£ £ £ £
Capital outlay 249,499 353,808 Maximum load—continued
Central Power Board (k.v.a.) 80
Annual costs— Hamilton Borough (k.v.a.) .. 270
Working-expenses. . 6,452 7,986 Units output—
Interest .. 10,675 13,187 Power-house 16,729,050 | 25,659,550
Depreciation 3,960 4,512
Units sold—
Total costs 21,087 25,685 Waihi Gold-mining Company | 14,477,387% 15,383,006
Grand Junction Company .. 738,613 | 5,449,870
Annual revenue— Other consumers .. 160,000**2,260,719
Mines e 19,779
Dairy factories 2,455 Total units sold. . 15,376,000**23,093,595
Power Boards, &ec. . 4,599
Miscellaneous (rents, &e.) 86 1,374 Units lost 1,338,450**2,565,955
Percentage loss 8% *10
Total revenue 14,804 28,207
- Load-factor—

Profit (P.) or loss (L.) . 1 (L) 6,282 | (P.) 2,522 Annual .. .
Accumulated debit balance. . 8,404 5,882 Average weekly 710 713
Accumulated depreciation fund 5,653 10,210

Working-costs— :
Maximum load— Per kilowatt (power - house £238 £1-95
Power-house for year (kilo- 3,500 5,800 average weekly maximum)

watts) Per unit sold . 0-100d. 0-083d.
Power-house average weekly 2,675 4,080 || Capital charges—

(kilowatts) Per kilowatt (power - house £5°47 £4-34
Waihi Gold-mining Company 2,800 3,334 average weekly maximum)

(kilowatts) Per unit sold .. .. 0-228d. 0-184d.
Grand Junction Company 550 1,700 Total costs—

(kilowatts) Per kilowatt (power - house £7-85 £6-29
Thames Valley Power Board— average weekly maximum)

Waikino (k.v.a.) 571 Per unit sold .. e 0-327d. 0-267d.

Horahora (k.v.a.) .. 369 Revenue—

Cambridge Power Board 116 Per "kilowatt (power - house £5-48 £6:01

(k.v.a.) average weekly maximum)

Te Awamutu Power Board 127 Per unit sold . 0-229d. 0-293d.

(k.v.a.) .

* Assessed.
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TarLe G.—WAIkaT0 ELECTRIC-POWER SUPPLY.—DRETAILS OF CAPITAL QuTrLAY, HORAHORA SCHEME.

Capltal Outlay.

Land, roading, and fencing at Horahora ..

H lewdwm ks

senerating-station, tmnsfmmor%, .’md m;whmorv ..

Staff village, Horahora

'I'mnsmission-]ines

Distribution-lines

Main substations

Distribution substations

Vehicles and loose construction eqmpment
Land, stores, and siding, Ruakura

Stadl 1n~;1don( 508, Ruakum

Office furniture, Hamilton

Surveys, supervision, preliminary expenseq, &ec.

Interest during construction

Totals

Increase.
31t March, 1921, 31st March, 1922.

£ £ £
2,968 3.125 157
86,308 86,700 392
46,988 58,065 11,077
7,430 9,538 2,102
59,077 106,476 47,399
536 716 180
17,940 30,846 12,908
“e 6,078 6,078
5,184 7,812 2,628
1,533 9,917 8,384
.. 2,612 2,612
363 427 64
5,546 12,180 6,634
15,620 19,316 3,696
249,499 353,808 104,309

TaBrE H.—WAIRKATO ELECTRIC-POWER SUPPLY.—OPERATING OR WoORKING CosTs.

1921. 1922,
Expenditure. - e
Cost. ‘[ Per Unit sold. Cost. Per Unit sold.
£ d. £ d.
(Generation 3,844 0-0600 3,735 0-0388
Transmission 957 0-0149 911 0:0095
Main substations 789 0-0123 740 0-0077
H.T. distribution .. .. 504 0-0053
Management and general 862 0-0135 2,084 0:0216
Totals 6,462 0-1007 7,974 0-0829

Tasue J

Waihi Gold-mining Company
Grand Junction Company
Cambridge Dairy Company .
New Zealand Dairy (‘ompany, Frankton
State Farm, Ruakura .
Cambridge Power Board
Central Power Board .
Te Awamutu Power Board ..
Thames Valley Power Board
Hamilton Borough Council ..
Horahora Village

Watkato Erecrric-rower SurpPLY.—CoNNECTED LoAp 1IN Kruowatts (31sT MarcH, 1922).

Total e ..

Light. Heat. Power, ‘ Total.

164 100 4,461 ‘ 4,725

38 38 2,452 2,528

5 2 403 410

6 .. 400 406

8 1 12 21

150 152 229 531

114 131 154 400

137 190 81 408

.. ‘e .. 2,887
438 174 471 1,083 .

6 73 79

. . 13,478

Maximum load, 5,800,

11—D. 1,

Diversity factor == 2-3.
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D.—1.

Source of PPower.

North Auckland District—
Wairua Falls
Omapere

South Aucklund District—
Kaituna. .

Wairoa River
Waikato River
Waikato River
Waikato River
Waikato River
Waikato River
Waikato River ..
Pokaiwhenua River
Marakopa Ifalls
Waircre LFalls

Huwke's Bay Districl—
Waikarcmoana
Waikaremoana
Te Reinga Kalis
Waikohu River

Wanganwi District—
Mangawhero River
Mangawhero River
Rangitikei River ..
Wangaehu River ..
Karioi

Puranaki District—
Waitara River
Waiwakaiho

Wellington District—
Mangahao River ..
Makuri River
Waiohine
Hutt River
Tauherenikau

Totals—North Island

Marlborough District—
Clarence. . ..
Waihopai River ..

Nelson and Buller District—
Boulder Lake
Rotoiti Lake
Rotoroa Lake
Inangahua River ..
Four-mile Creek ..

Westland District—
l.ake Brunner
Kumara Water-race
Otira River
Rolleston River
Kanieri Lake
Toaroha River
Whitcombe River
Kakapotahi River
Wanganui River ..
Wataroa River

Canterbury District—
Clarence River
(larence River
Waiau-ua River ..
Waimakariri River
Lake Coleridge
Acheron River
Harper River
Wilberforce River
Rakaia River
[.ake Heron
Opihi River
Pukaki Lake
Tekapo TLake
Ohau Lake

80

Position of Power-house.  |Cubic ¥
T

NorTH IsLAND,

|
Wairua Falls .
Utakura Stream !

Kaituna River

Wairoa ..
Aratiatia Rapids
Orakeikorako Rapids
Aniwhaniwha Falls
Atiamuri Rapids
Arapuni Gorge
Horahora Rapids
Horahora Rapids
Marakopa ..
Wairere Falls

Upper Waikaretaheki
Lower Waikaretaheki
Te Reinga Falls
Waikohu ..

Raukawa Falls
Wanganui River
Makohine ..
Wangehu River
Karioi

Waitara River
Waiwakaiho

Shannon
Makuri Gorge
Woodside . .
Mungaroa . .
Featherston

Soury

Kricaburn
Waihopai Gorge

Aorere River
Buller River
(towan River
Blackwater River
Four-mile Creek

Stillwater ..
Kumara

Otira

Otira

Kanieri River
Toaroha River .
Hokitika River o
Kalkapotahi River .. !
Hende’s Ferry ..
Wataroa

Jollie’s Pass
Conway River
Culverton. .
Gorge Bridge
Rakaia River
Rakaia River
Rakaia River
Rakaia River
Gorge Bridge

Rakaia River
Opihi Gorge
Pukaki
FHairlie . ..
Waitaki River L)

Available |

Flow

second. |
. L

|
150%
11%*

500%

420%
4,400%
4,400%
4,400%
4,400}
5,300¢
5,300%

165%

90

160%

5301

530%

124
45t

125
125

1,500t
260
300%

400
150%

1601
100%
120%
2001
150%

ISLAND.

G40
130*

50*
2004
900t

78

24%

1,750
87

40

36
100
150
250
100
830
1,360

200
1,150
1,600
2,000
100
50t
3204
1,100
2,600
300
200
5,000%
5,100%
5,0001

Head

:cct Available
[ :

Average Power
on b0-per-cent.
Load-tactor.

1. H.p. Kw.
130 3,200 | 2,400
550 1 1,000 750 |
784 . 65,000 | 50,000

80 | 5,600 | 4,200
170 ‘136,000 100,000
35 | 14,000 | 10,000
80 . 32,000 | 24,000
25, 10,000 | 7,500
165 163,000 [120,000
27 13,000 | 10,000
170 | 4,600 | 3,400
420 1 3,100 | 2,300
60 | 1,600 | 1,200

1,100 | 97,000 | 75,000
360 | 32,000 | 24,000
125 | 1,300 | 1,000
847 | 6,000 | 4,500

90 | 1,000 750
680 | 7,100 | 6,950
300 | 75,000 | 56,000

70 1,500 | 1,100
180 | 8,800 | 6,600
140 | 4,600 | 3,600
250 | 6,200 | 4,800
895 | 24,000 | 18,000
384 | 6,400 | 4,800
120 | 2,400 | 1,800
330 | 11,000 | 8,300
440 | 11,000 | 8,300

747,400 |561,250
158 | 8,300 | 6,300

96 { 2,000 | 1,500

2,600 | 22,000 | 16,000
600 | 20,000 | 15,000
400 | 60,000 | 45,000
125 | 8,000 | 6,000
450 | 2,000 | 1,500
200 | 29,000 | 22,000
330 | 2,400 | 1,800
700 | 2,300 | 1,700
700 | 2,000 | 1,500
330 | 2,800 | 2,100
760 | 10,000 | 7,500
800 | 16,000 | 12,000
580 | 4,800 | 3,600
580 | 40,000 | 30,000
700 | 80,000 | 60,000

1,160 | 20,000 | 15,000

1,050 |100,000 | 75,000
200 | 27,000 | 20,000

90 | 15,000 | 11,000
480 | 8,000 { 6,000
480 | 4,000 | 3,000
480 | 25,000 | 18,000
480 | 44,000 | 33,000

30 | 6,500 | 4,800
200 | 4,000 | 3,000
400 | 6,700 | 5,000
460 | 50,000 | 37,000
900 400,000 (300,000
300 125,000 | 90,000

Nearest City,
Port, or
Deep Water.

Whangarei

Tauranga
Auckland
Tauranga
Auckland
Auckland
Auckland
Auckland
Auckland
Auckland
Auckland
Te Kuiti

Te Kuiti

(isborne
Napier

(isborne
Gishorne

Wanganui
Wanganui
Wanganui
Wanganui
Wanganui

New Plymouth
New Plymouth

Wellington
Pahiatua
Masterton
Wellington
Wairarapa

Blenhoim
Blenheim

Golden Bay ..
Nelson

Nelson
Westport
Westport

Greymouth ..
Greymouth ..
areymouth ..
Greymouth ..
Hokitika
Hokitika
Hokitika
Hokitika
Hokitika
Hokitika

Christchurch. .
Christchurch. .
Christchurch. .
Christchurch. .
Christchurch. .
Christchurch. .
Christchurch. .
Christchurch. .
Christchurch. .

Christchurch. . |

Timaru
Timaru
Timar
imaru
Timaru

J
I

| Distance.

Miles.
18

25
125
20
154
148
142
139
105
97
97
27
22

50
60
35

28

45
24
48
25
60

65

15
24

45
28

10
50
60
20

10
12
52
52
12
17
20
26
36
48

90
90
75

65
65
65
65
50

30
85
40

85
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* Signifies daily storage availuble to utilize 50-per-cent, load-factor.

TABLE M.—AVAILABLE WATER-POWER IN NEW ZEALAND—continued.
Avallable <
. . Flow : Available Average Power Nearest City, g
Source of Power. Position of Power-house. [Cuble Iect Head, on 50-per-cent. Port, or 3
per Load-factor, Deep Water. ]
Second. =]
Sourn IsSLAND—continued.
Otago and Southland District— '
Ahuriri River .. | Waitaki River 600 200 | 10,000 7,500 | Oamaru 62
Waitaki River Waitaki River 15,000 30 | 37,000 28,000 | Oamaru 60
Waipori Falls Waipori River 230t 700 | 26,800 20,000 | Dunedin 30
Lee Stream Outram 15%* 750 | 1,800 1,300 | Dunedin 18
Deep Stream Taieri River 110 900 | 8,400 6,300 | Dunedin 20
Taieri River Deep Stream 700 220 | 12,000 9,000 | Dunedin 44
Talla Burn Clutha River 30 890 } 2,200 1,600 | Dunedin G0
Teviot River Roxburgh 1001 1,900 | 30,000 21,000 | Dunedin 90
Manuherika River Chatto Creek 200 350 | 5,800 4,400 | Dunedin L0127
Hawea Lake Wanaka Lake 2,500t 205 { 80,000 60,000 | Dunedin .. 0170
Shotover Wakatipu Lake 500 250 | 10,000 7,500 | Invercargill .. | 112
Lake Hall Doubtful Sound 220 2,625 | 48,000 36,000 | On seaboard.. ..
Lake Cecil Lake Te Anau 200 900 { 15,000 11,200 | On seaboard..
Lake Hilda L.ake Te Anau 1,550 1,190 | 55,000 41,080 | On seaboard. .
Liake Te Anau George Sound 12,630 694 750,000 560,000 | On seaboard. .
Lake Manapouri .. Smith Sound 8,400% 600 (840,000 630,000 | On seaboard. .
Bowen Falls Milford Sound 700 600 | 35,000 25,000 | On seaboard.. ..
Lake Monowai Waian River 5001 160 | 16,000 12,000 | Invercargill .. 60
Lake Hauroto Tewaewae Bay 2,300 514 100,000 75,000 | Invercargill .. 51
Totals—South Island 3,229800 2,411,180

t Signifies scasonal storage made available,

By Authority : W. A. G. SKINNER. Government Printer, Wellington.—1922.
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