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RIVER MURRAY NAVIGATION.

The most important operationa that have been ns yet under-
taken in the colony of South Australia, are certainly those in
ennnection with the navigation of the viver Murray, This river,
which forras a notable exception to the general charncteristics of
the Australian continent in respect of its iniand waters, has ita
source among the Amnstralian Alps which lie near the south
eastern coast of Australia, on the borders of the two colenies of
New Bouth Walea and Vietoria; and, ns it receives the drainage
from the back or inland side of these mountaing, it takes an
inland course, at first in a west and north-west direction, form-
ing the Emun&m'}r-liue petween these two colonies; after which it
enters that of South Australia, when its course becomes abruptly
changed to one nearly due south, until it dischavges ile waters
into the broad but shallow lake of Alexandrina or Victoria,
through which it ec‘lmutu:ﬂiy reaches the ocean at Encounter bay
on the south-west eoast. It thus traverses, in a course of nearly
2000 miles, the entire south-eastern portion of the Australian
continent, forming a water comnunication, whose future import-
ance can scarcely be estimated, between the three principal
settlements of this new world. It is also fed in ita course by
tributaries, some of which almost vie in extent and import-
ance with the main stream. The principal of these are, the
Darling, the Lachlan, and the Murrumbidgee, the former of which
takes ita rise in the vicinity of Moreton bay, and pursues a course
of upwards of 1500 miles gefnra it joins its waters with those of
the Murray. _

It was in tracing the course of the latter tribu in 1830,
that Capt. Charles Sturt, of the 39th regiment, one of the most
intrepid and indefatigable of the early explorers of the interior
of Australia, came upon this noble river, which he named after
the then colonial secretary, Bir George Muorray. Sturt sue-
ceeded on that oceasion, after much privation and hardship, and
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with no other means of transport than a whale boat and a small
skiff, in expiaﬁfﬁ the Murray downwards to its mouth. This
discovery, which led to a further exploration of the hitherto
unknown munho-{l;ring immediately to the north and south of
the lower part of the river, was mainly instrumental towards the
fature colonisation of South Australia.

The Murray, which forms in its general features such a strik-
ing exception to all the other Australian rivers, yet partakes to a

t extent of the peculiarities which characterise most of them
in the final discharge of their waters.

The manner in which this river joins the ocean presents a
marked contrast with that of most rivers in other parts of the
world, which are generally found to gradually widen and deepen
in their course, and terminate in a broad estuary.

It would appear, from an inspection of the map, that the
Murray discharges itself into the broad expanse of lake Vietoria;
it would be more properly described as passing through this lake,
which, with the exception of the channel which the river takes
through it, is extremely shallow. After thuas passing through
the lake, the river takes a course round Hindmarsh island,
which it separates from the main land, in a channel bearing the
name of the Goolwa, or Lower Murray. The last six or eight
miles of this channel is separated from the gea, to which it runs
nearly parallel, only by a line of sand-hillaless than a quarter of
a mile in width. To the southward of this, and in the same direc-
tion; is a narrow strip of water ealled the EKoorong, between 80
and 90 miles in 'I-Emgti, running parallel with the coast and still
only separated from it by a narrow barrier of sand-hills.

The position of these waters is calculated to convey the idea
that the river Murray had been thus, as it were, coasting along
this great distance in the vain attempt to find an outlet, This
outlet of the acoumulated waters of the vast river and ita tribu-
taries is at last discovered to be a mere gap in the narrow barrier,
scarcely 200 yards wide, being actually lesa than the width which
the river ima{f possesses at ita junction with the Darling, a dis-
tance of nmearly 600 miles from the sea. The union with the
waters of the ocean seems afterall to have been accomplished only
by a sort of compromise, the understanding being that the river,
during thetime of ita pericdical flooding, a%u:mld permitted to
excavate for itself a channel just sufficient for the passage of ita
waters, which seldom exceeds 15 feet in depth, while in the
interim the ocean should be at full liberty to work away at the
filling up of the same, which it never fails to punctually perform,
gen ¥ managing, before the return of the freshes, to reduece
the outlet tg a b:ﬁlh of from 4 to 6 feet. i e i

And, undon ¥, imagining the ibilit a of
nature permitting the aﬁﬂaatiunguf thapf'l:.:aw of land-waters only
for a very few years, accumulations of sand, beaten up by the
waves and drifted by the wind, would, in that short time, close
the gap almost as ually as though it had never been, and
compel the river to work ovt for i.t.ng.f a new discharge. Some
idea may thus be formed of the striking peeculiarity of this
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feature of the noble river Murray, in which particular it ia pro-
bably unique in the whole world.

The beach adjacent to the sea-mouth, for a great part of the
extent of the sweep of the bay, is remarkably flat; so much sao,
that in heavy weather, the breakers extend uninterruptedly for
nearly two miles from high-water mark. And in the calmest
weather, there is always ao much surf acress the mouth, arising
from the eonstant swell of the Sonthern ocean, that an attempt
to enter the riveris atall times hazardous, The only zailing veagel
that ever entered from the sea was a little cutter of 30 tons,
taken in in 1841, by Captain Pullen, who was executing a survey
of that part of the cnast;—she has never made her exit again,

The great difficulties to be encountered by a wveasel under sail
cnly, in attempting the entrance, srise from the fact that, at the
aeason when there is sufficient depth of water, & strong current
is always setting ont; and a wind of sufficient force to enable a
ship to stem this corrent would necesssarily brinug s heavy surf]
which, with the narrow and tortucus chanuel existing just out-
side the mouth, combine to render the attempt almost hopeless.

One or two of the small steamers now navigating the river have
been sinee taken in; but the operation, even in this case, was one
requiring great skill and caution, and that in the moss favourable
state of the weather. The testimony of those persons ost
capable of giving an opinion, ia to the effect, that the sea-mouth
of the Murray, though occasionally practicable for vessels of light
draught, presents, in its present condition, dificuities and
dangers such as forbid its being regarded as a channel for com-
mercial traffie,

Anything like an extended series of really useful observations
has never been made of this part of the navigation. The diffi-
culties attending the execution of such will at once appear
obvious. The available navigation of the river may be said, then,
to commence at or near a point in the Lower Marray channel,
called Goolwa, A tolerably correct survey has been made from
this point upwards.

The following particulars are taken from the joint report of
the Surveyor-General, Capt. A. H. Freeling, R.E,, aud the Col-
lector of Customs, R. B, Torrens, Fsq, dated December 4, 1850,
who accompanied the Lieut.-Governor of South Australia, Sir H.
E. F. Young, in an exploring expedition as far as the junction of
the Darling:—* Windiug round gindmmh island, it now flows
with a gentle curreut in open reaches, about a mile in average
width, through which the navigable channel is upwards of 300
yards wide, averaging 14 fathom, and plainly indicated by the
colour of the water. (The soundings given by Pullen averaging
6 to 32 feet.) The course is 17 miles, terminating ut point Sturt.
The lake Alexandrina opens out round point Sturt, from whence
to point Pomond, the entrance to the Murray, the course is 35
milea. The soundings give 14 fathom, with plenty of room;
water occasionally brackish, From Pomond to Ngarto, 51 miles,
the river flows in noble reaches, 4 to 5 miles long, a quarter of a
mile in width, having a chaunnel 200 to 300 j’&l‘(?ﬁ«, with an ave-



rage of 3 fathoms, and in no place less than 1} fathom at the
lowest state of the water. The current, never exceeding 14 mile
per hour, is in some reaches nearly imperceptible.

“In this portion of the river there exist no objections, either
in the way of shoals or sunken trees, requiring particular notice;
and, as the prevailing wind is against the current, all circum-
stances. 8o far, are favourable to navigation, not only by steamers
but, by ing veasels drawing under 6 feet water. From this
peint to Overland corner, 180 miles, the river becomes gradually
more tortuous, dinﬁniahiugl ita breadth to an av of 300
yards, yet preserving a 2-fathom channel, 100 yards wiga; it flows
with & current increased to an average of 1% mile per hour past
Moorundee, winding through a valley some 3 miles wide, shut in
on either side by lofty clitfs.

“The channel in this of the river cannot be described as
obatructed, yet a ca 1 look-out 18 mnecessary to avoid those
sunken trees which, having fallen from the banks, lay immersed
in the river close to ita sides.

“ From Overland corner to the Darling, 311 miles, the eliffs
bounding the valley of the Murray gradually degrade into
sscondary banks; the course of the river becomes yet more tor-
tuous, the stream narrowing to an average of 250 yards, with a
g-fathom channel of 50 yards, the current inereasing to an
average of 2 miles per hour. The danger from sunkeu timber
is greater in this upper part of the river, but we found ne place
in which a steam vessel, drawing 5 feet with 25 feet beam, might
not he brought t’nruugflg.

“The principal difficulties may be removed at an expense
trifling com with the utility of the work. Four places were
observed where the sunken timber extended mearly across the
river.

“Soundings were taken in the channel every fifteen minutes
throughout the journey, and not less than 1} fathom found,
except in one place a quarter of a mile above Mouoruoa, when
8 feet only was shown. Sand spits project three-parts across the
river in many placea; but in such cases deep water is iuvariably
found near the opposite shore in a narrowed channel, with an
increased current.

“ Assuming the river, at the time of this visit, had risen 4 feet,
which, by all accounts, is an ample allowance for its rise, there
would remain a channel throughout of at least 4 feet in depth, at
the lowest season of the year. A succession of several dry sea-
aons might possibly reduce this depth slightly; but we think it
may be assumed for all purposes of navigation, that there exists
a at all times not less than 4 feet deep, from the Darling
downwards. Plenty of wood for steam-boat fuel is obtainable on
its banks throughout the course of this river.

¢ The channel is to be found generally near one or other bank.
The trees which have fallen into the river ave not so great
obatacles to navigation as may at first appear; for when the river
ia low, and s, in order to keep in the deep chaunel, are
obliged to approach the bauks, these fallen trees are visible and
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can be avoided; on the other hand, when the river is high, and
the trees covered with water, the centre of the stream may be
Eﬁ;pt, where there is no danger.

‘The river commences rising about the month of August,
causing the waters of the ﬂarling,r the Rufus, and the numerous
creeks and branches, to run up. The rise of the river between
September 25 and October 2, at the junection of the Rufus, waa
10inches. The flood-marks at the junetion of the Darling showed
a rise of river 11 feet above the water-level of September 2.
‘i[!_“h]: subsidence of the waters commences about the month of

ebhruary.

It is due to the zeal and farsightedness of Sir Henry Young,
that the river Murray, for so many years overlooked by the
colonists of this and the adjoining provinces, is at length begin-
ning to be avaled of as a means of internal communication.
Impressed with the importance of thia hitherto neglected stream,
this officer in the year 1850 turned his attention to the introdue-
tion of measures for promoting its navigation. With this view
he first made a personal inspection of 600 miles of the river, in
an expedition undertaken in the months of September and
Oectober of that year, during which the information contained in
the above extract waa gained, together with statistics of the
traffic that might be anticipated; according to which the total
annual freights, in wool, tallow, and other produce brought down
the river, was estimated at 8600 tons, with a return traffic of
2900 tons in atores of all kinds,

The great barrier to the successful navigation of this river lay,
however, in the impracticable nature of its sea-mouth. Accord-
ingly it became necessary to seek for some means of compensating
this prime defect. A commission, which had been appointed by
the Executive for this purpose, as well as for a gen examina-
tion of the coast line of South Australia, with a view to ascer-
taining its extent of harbour accommodation, brought into notice
a small natural harbour at Encounter bay, situated at a distance
of about 12 miles to the west of the mouth, and to which the
name of port Elliott has been given. The distance by land from
this port to a convenient point on the navigable Goolwa channel
is little more than 7 miles. It was therefore proposed to make

t Elliott the outlet for the river traffic, by the formation of a
ine of railway connecting it with this point.

The sum of 21,000!. was ap i from the Land Fund of
the colony for effecting this DEjEEt, together with some necessary
improvements in the harbour itself.

his measure of Sir Henry Young encountered at first con-
siderable opposition from the eolonists, biassed, it would appear,
by self-interested and partial views of what was calculated to
promote in a high degree the future welfare of this colony in
particular, aa wgll as the neighbouring ones. But by a steady
perseverance in the course which he had marked out for himself,
and supported in his views by the home government, the Lieut.
Governor succeeded after a time in removing much of the preju-
dice that his scheme had met with; and in 1851, a premium of
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40001, was offered by the legislature for the first and second iron
steaim-boats of not less than 40-horse power, and not more than
2 fuct dranght of water, which should snceeed in navigating the
Murray, from the Goolwa to at least the junction of the Darling.

This encouraging offer produced no effect until the year 1853,
when in the month of July, Capt, Francis Cadell pavigated
round from Sydney a small steamer, which he had bnilt there for
the purpose, of 40-horse vower. Waiting & favourable opporta-
nity, this little vessel waa pushed through the sea-mouth, and,
a boat of about 100 tons capacity, having been previouwaly built
at the Goolwa to act as a Eﬁhb&n the first freight-bearing vessela
that had ever navigated the waters of the Murray, tock their
departure from Geolwa on the 25th August, 1833, Gaone-
warra, abova Swan-hill, a distapee of 1400 miles from the sea,
was reached without accident on the 23rd September,

The following are the dimensions of the steamer, named the
Lady Augusta, in honour of Lady Young:—Extreme length on deck
105 foet; extreme lenpgth of keel, 98 . 6 in.; depth of hold, 6 ft. Gin.;
breadth of beam, 12 ?Eﬂt; on the eross guards, 21 foet.  She is built
altogether on the American principle and model, and cost about
500({. The engines, made at Sydney, are of 20-horse power each,
Her total tonnage, including engines, which weigh 30 tons, is
91 tona. Her beams and planking are of New Zealand pine, her
timbers are of honeysuckle. She draws 3 feet water when full,
and 2 fi. 4 in. when light, and possesses accommodation for six-
teen first-class passengers, and half as many sccond-class,

Encouraged by the succese of this undertaking, a company has
minee been formed for the navigation of the river, to which a
Charter of Imcorporation has been granted by the local legis-
lnture, whereby the linbility of the shareholders is limited to
double the amount of their al?;nrea. Thirteen vesaela of all kinda,
belonging to this company, are now navigating the Murray, con-
pisting of four paddle steamera of from 40 to 50-horse power, foar
wooden barges of from 120 to 150 tons, four iron barges from 50
to 150 tons, and a sailing schooner of 100 tons burthen,

FORT ELLIOTT AND GOOLWA RAILWAY,
AND HARBOUR IMPROVEMENTS.

The first survey for these, the principal operations in the
Murray Imﬁgii;t-iﬂﬂ scheme, was made in 1 m-w,"ﬁg Mr. R. T. Hill,
Survevor o the ifarbour Commission, who reported thereon to
the commissioners in March 1850, His estimate for a single line
of railway, 7 miles in length, with gradients sunitable for o-
tives, but designed to be worked at first by horses; also wooden
jetties at the two termini, with a small breakwater for sheltering
that at port Elliott, and moorings at the latter harbour,
amounted to 21,1004 The line of country is favourable, present-
ing easy gradients with very light earthworks.

Operations were not commenced until the beginning of 1851,
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At that time, the Harbour Commissivn was no in exist-
ence, and the engineer, Mr. Hill, who laid out the having
left the colony, the author was called upon by the government to
undertake the execution of these worka,

Upon a careful examination of the line, together with the con-
templated works, it was found that the sum which had been
appropriated was much lower than what would allow of their
being executed in so substantial & manner as lnith have been
desirable. But, owing to the then unpopuolarity of the measure,
the Lieut.-Governor was unwilling at that time to sanction any
inereased amount. This fact, together with the urgency for the
early completion of the line, consequent on the government being
in a manner pledged to its speedy performance, having already
offered a premium for the river navigation, rendered it imperative
to reject everything in the construction that would add needlessly
to expense, or be a cause of delay in the completion.

The object to be gained was the speedy completion of such
means of transit as the funds would allow of; it being judged
expedient to leave to the future development of the resources
which the opening of the line was calculated to promote, the
means for remedying the want of substantiality in the first
execution of the work.

The result has completely justified this view. before the
line was finished, hundreds of acres of land in its vicinity which
had been hitherto waste and uncultivated, were eagerly bought
up, the price paid for which was sufficient to cover nearly the
whole ontlay upon the works themselves. Townships were laid
out, and a busy and thriving population began to give life and
activity to what was before an almost silent wildernesa,

The traffic on the railway within the first year after it was
opened, was nearly sufficient to pay its working expenses. The
line was first opened throughout in May 1854, and the tonnage
conveyed along it from that time to March 18556 was 2371 tons,
in wheat, flour, stores, and different goods, besides 3780 bales of
wool. The receipts during this period were 10006 ils. 7d. for
goods, and 160l B5s. for passengera and parcels. The line is
worked by horses. The total cost of the working establish-
ment, as provided in the eoloninl estimates for the year 1855, is
16221 4s. 64. per sunum, consisting of the following itema:—

Boperiotenidenk .....ccccciimansissssnsisiasiionnns Salary £300 0 0
Buﬁ:kaaper ........... e A e SR AR AR do. 160 0 0
Two Warehousemen and one Breaksman, each

313 days, at . Bd. .........cociciiiminiierrrrenna 44606
ﬂnaTmmahr{med}Eﬁﬁdnﬂntﬁn ......... 146 0 0
One Labourer, 313 at 8z, ....... S verennes 126 4 0
Increase under 8 Balary Ack ...ccovveninininee. 2000
Incidental expenses ............c..cevenieiinniiiiiinenens 2600
Materials and extra labour for maintenance of

lin'a1-+i-iiI'Ir'Ir-'J--|!|-||-|!l!lfll+l-llfl-lll‘!+lll S EES R NN} LR R Y] 1m D ﬂ
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The exbeution of this little railway, which has the honour of
hﬂn% the first opened for traffic in the Australian colonies, has
justified the assumption on which some lines have been under-
tnken in the old country, namely, that a railway will make iis
own traffic. It has done more than this, and more than any
English railway could ever have the opportunity of doing; it has
not only created traffic, but it has created population-—has
mathered in its immediate vieinity a thriving community, where
was before but an aboriginal waste, and initiated the {iewinp-
ment of vast lines of internal water communication, whose
limits at the present time can scareely be estimated, but which
cannot fail to give a powerful stimulus to the progress of civili-
sation over the whole of that 1mmense area of country walered
by the Murray and its tributaries.

Until the discovery of thia navigable river, the oeccupation of
country westward and northward of Sydney and Port Philip,
found 1is liait when the expense of the long and diffienlt land
carriage over the mountainons tracts to these ports became such
as Lo make the settlers’ emplovment cease to be profitable, Thus
a lavge intevior traet of conntry remained unoceupied, not becrusa
of any inherent deficiency in natural productiveness, but because
of ita practical inaceessibility. The opening of the Murray, by
giving & western outlet to the sea, has become the meanz of
removing this practical boundary to profitable enterprise, and has
al onee ovened up a new and extensive area for colonisation.

Construction of Hailway,

At the time of the comrencement of this undertaking, thers
was in the colony no contractor possessing the means of carrying
it out in its entirety. Accordingly the governmment became in a
sanse their own contractors, purchasing all the necessary mate-
rials and employing a staff of workmen under the control of a
resident: aup&rintengieut. This course, which necessarily involved
a greater amount of labour and responsibility on those entrusted
with the management of the uundertaking, was yet found to
possess many advantages. In exeeuting for the first time a work
of this nature in a new country, it was anticipated that, in many
instances, a departure might be advantageonaly made from the
routine established in & country very differently sitnated in
respect of natural features and material progress. It was con-
venient, therefore, not to be bound by the strict termas of a
pre-arranged contract, but to be able to make such modifications
in the mode of ecarrying out the work as experience should from
time to time suggest. For the same reason, a far greater economy
could be secared than would have resulted had the whole been
let to a contractor, who, to cover the risks attendant on o new
work, and the fluctuation in prics of labour and materials, must
have allowed a considerable margin for l:mﬁ‘la. A satisfactory
proof of this was afterwarde given. When the work was con-
siderably advavced, a contractor came forward and offered to
complete the whole on certain terms. His offer, on examination,
was rejected, because his prices were in general nearly 50 per
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cent. higher than those at which the work was being actually
executed.

Orders were sent to England, through the Agent-General for
H.M. Crown Colonies, for the rails, turntables, truck-wheels nnd
axles, and such like materials as could only be procured there.
Both the price of iron and freights were at the time favourable
to the desired economy, rails being purchased at 5l 1s 3d. per
ton, and shipped to Port Adelaide %ar 1I, But 2L per ton had to

be paid for re-shipping by a coasting vessel from Pert Adelaide to
Port Elliott, not more than two days' sail.

Fig. 1. Sgcrion oF RarnwAar—{Scale, 4 foot to 1 inch,)

Fro. 2. Pran oF Banway—{Scale, 4 feet to 1 ineh.)

The weight of rails is 40 1b. to the yard, foot-rail section, as
shown by the illustration (fig. 1). It was at first intended that
the permanent way should be formed by screwing these rails to
longitudinal bearers of sawn timber 8 inches by 6 inches, laid
edgewise, the narrow face upwards, and supported by cross
sleepers of rongh timber placed at every 3 feet. On attempting
to negotiate for the supply of the sawn timber, difficulties were
met with; sawyers were scarce in the mlnng; and independent in
proportion to the smallness of their number. The only way of
procuring the required timber was to agree with these men, at a
certain price, to into the Tiers—the colonial term for forest
country—and f&]foand saw, and with others for the hire of
bullocks and timber wagons for carriage to the works. Little
dependance could be placed on the constancy of either of these
classes of men; this, and the difficulty and distance of the land
carriage over trackless hills and woods, led to the abandonment
of the use of longitudinals, with the exception of a few hundred
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yards of way at the terminal stations, where thers would be
r wear and tear,

The price at first paid for sawing was 174, per 100 feet, colonial
meanirement, a Ee 1 stem, according to which the gquantity
is nscertained by multiplying together the dimensions of two
sives of the sawn piece; thus in a scantling 8 by 6, 8 multiplied
by 6 = 48, which divided by 12 is 4, this size is then said to
coniain four measurements; consequently 25 feet lineal would be
160 feet measnrement. At this rate, 174 per hundred would be
about 2s. per cubic foot. The cost of cartage varies with the
distance, but the average price per cubie foot delivered was from
2¢.6d, to 35, The prime cost of the timber was nn inconsiderable
item, 51, per annum only being paid for the license to cut any
quantity on unsold land.

The prices afterwards advanced upwards of 50 per cent. in
consequence of the rise in wages wl;inh followed the gold dis-
COVErles,

The permanent way thus constructed has been found to stand
remarkably well, and has hitherto remained untouched by the
wiiile ant.

In laying the remainder of the line, transverse slespers alone
were used, Fig. 2 shows the permanent way thus constracted.
The rails are screwed to the sleepers by 4-inch coach screws
6 inches long. The sleepers are of native wood, chiefly the
encalyptus, which is hard and durable and not readily attacked
by the white ant, though not quits free from the vavages of this
destructive inseet, They are unhewn, being merely cross cut
from the stems of small trees and the branches of larger ones,
& feet long and averaging 7 inches diameter in the clear of the
bark, which is stripped off. They are laid at distances of 2 feet
from centre te cemtre, the largeat bmﬁ) gelected for the rail
}'uu.nlaiﬁna. They are slightly adzed at the point where the rail
ies upon them, to form a bed for it. The labour in cutting and
delivering these sleepers was paid for by piece work; their average
coat was rather leas than le each.

Workmen having experience in plate-laying could not be pro-
cured, but a few handy country carpenters were obtained, who
soon became tolerably expert; one of whom, with a gang of
labourers, could lay about 200 yards of permanent way in a
week, at a cost of 1s, 9d. per lineal yard, including trimming the
aleapers,

The earthworks were very light, the country being favourable;
the line generally nearly follows the surface. The ruling gradient
of one in a hundred, adopted in the original survey, was increased
to one in sixty-six for the sake of economy, and as being very well
suited to animal traffic. The only cuttings of any consequence
are two, situated near the two termini, one is abont 170 yards
long and 15 feet in the deepest part; the other, 370 yards and
23 teet at the deepest. The ground in both was easy for working;
after cutting through 2 or 3 feet of the crust, which consists of the
peculiar surface limestone described in a former part of this paper,
the remainder was a compact sandy loam,
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The earthworks were let piecework to gangs of lahourers, the
wagons and temporary raile and eattle being supplied them. The
two deep cuttings were done at a cost of 1s. 3d. per cubic yard,
the lead averaging a quarter of a mile.

The matﬁﬁa? used for ballast was the soft siliceons limestone, of
which a sufficient quantity was got from the cuttings to supply
the whole line. This was broken down small, and very socn
beeame consolidated into a compact substance, in which the
sleepers were imbedded, and which formed a firm and hard track
for the horses. (Jommon roads have been in some instances made
with thiz material alone, which, as long as the traffic ia light, ia
very durable, while, used for hiorae traffic alone (no wheels ing
over it, and kept well drained), it will stand without sensible wear
for years,

The line was not fenced: that was left to be done by the pro-
prietovs of lands adjoining the railway, the boundary ﬁne being
defined by the side ditches. Althongh the line is laid single,
sufficient width of land is taken for a double line.

There is one bridgs Lo carry an accommmodation road over the
line across the cutting at the Port Elliott terminus. The other
public roads cross on the level. No permanent water-courses
cross the line, but several considerable waterways had to be
left to carry off the land dvainage in the wet season.

A commodions building for storing goods iz erected at each
terminus, together with workshops and a residencs and offies for
the superintendent of the line. The line is laid double at the
terminal stations, with turntables to conneel them, and eross
lines communicating with the stores. There are two intermediate
sidings for passing places at about equal distances from the
termini. The rolling stock consists of eleven goods trucks and
one passenger carriage,

At the UGoolwa terminns the mils are carried direct to the
water's edge, where a small wharf front ia built, affording apace
for one of the river boats or barges to lie alongside in 12 feet
water, aud provided with a erane. At the Port Elliott terminua
the line is continued to the head of a wooden jetty running
100 feet into the harbour, with 6 feet of water at low tide,
EiiLE;d also with a crane. At this end there is also & weigh-

ridgo.

Tlilge rise of tide in the harbour is from 4 to 6 feet, but is
extremely variable; sometimes in the winter geason it will keep
nearly up to the high-water mark for weeks together, The effect
of the tide is searcely felt in the lake, the height of water at
Goolwa seldom varying so much as 2 feet,

Waren Wonks,

In the immediate locality of the town of Port Elliott thers is
an absence of water, but at the base of a range of hills lying
from one to two miles from the shore some good eprings are
found. The excention of works for the conveyance of this water
to the town and harbour was therefore determined on, for the
double purpose of supplying the shipping and the inhabitanta,
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Levels were taken to a spot one mile distant from the harbour,
where several small E:l:n'mgﬁ exist, Wells were sunk in three
different Elama, to a depth of about 8 feet, and steined in dry
brickwork. The water stood in all of them to the level of the
surface. These wells were connected together by covered brick
channels, puddled to keep out the surface water, which is slightly
brackish. A spot was then selected on the high ground imme-
diately overlooking the harbour, at the same level as the wells at
the springs. Here a covered tank was built, 24 feet long, 8 feet
wide and 8 feet deep, excavated in the ground and cased with
brickwork, the bottom and sides being 9 inches thick, with two
cross walls for supporting the sides, the whole laid in mortar, A
foot of puddled c.!;y 18 laid outside the brickwork, which makes
the tank effectnally water-tight, although the ground in which it
is built is entirely sand. The top is covered with 4-inch gum
planking, and 2 feet of earth Iaid over all. By this meauns the
water ia preserved at an agreeable temperature in all seasons.

The inhabitants draw their supply of water from the tank by
means of a pump placed there for the purpose. An overflow
pipe leads from tﬁa tank to the level of the railway below, con-
ducting the superfluons water, which is always flowing in a
stream, into an open trough for the use of horses and for general
purposes.

The shipping is supplied by 2-inch cast-iron pipes leading from
the tank to the jEt-t-F-ILEE-d, whenee the water is E::wn by a hose
Eipe and stop-cock, direct into the ships’ water-casks, which are

rought alongside in boata.

Between the springs and the tank, a distance of one mile, the
ground dips slightly, the greatest difference of level being about
20 feet. ‘The water is conducted from the springs by a 4-inch

ipe. Cast-iron piping not being procurable in the colony at a
fee:s price than 40s, per ewt., the necessary economy luded ita
use, accordingly galvanised tinned iron was . To com-
pensate as muc]):: as possible for the want of durability in this
material when laid underground, the pipe was carefully bedded
throughout in fine concrete of a thickness of 4 inches all round
it. us, should the }]J::l ultimately even entirely corrode away,
a clear and indestructible channel would remain in the hardened
conerete, the pressure from the head of water not being too great
for this material to stand.

Owing to the general dearth of good spring water throughout
the colony, particularly in the dry season, itiza common practice
to have somewhat similar underground tanks to that here
deseribed attached to dwelling houses. The rain water collected
from the roofs during the wet season, and stored in these tanks,
furnishes a supply during the dry season for all purposes. Rain
water 8o collected and stored, keeps very sweet and good, and is
scarcely distinguishable in taste from Emd spring water.

The clearance and cultivation of the land in this country,
nlthﬂuﬂgl;l‘l:ﬂf 80 recent a date, appears to have already a remark-
able effect in the development of permanent land water, where
none before existed. In many localities, and particularly on the



41

aloping foot of ranges of hilly, namerous H:lrillga have from time
to time burst forth, forming little perennial streama, A remark-
able instance of this ocenrred during thesnmmer of 1852-3. A new
spring suddenly made its appearance not far those wh:—‘:qcﬁ the
water supply for Port Elliott is drawn; over a space of more
than an aere the soil was slowly upheaved bodily to a height of
about & feet above the surrounding level, from all partas of which
water cozed ooty standing in pools on the top and overflowing in
a continuouns etream,

Harporrn Wonzs.

Begidea the jetty glready mentioned, at Port Elliott, two
rmoorings bave beew laid down in the barbonr, capable of holding
vessels of lavge size.  These are placed under the lee of the swall
island called Lipson®s breakwater,  In this sitoation three ov
four vesaels can ride in perfect aafeby in any weather, the iaimud
forming complete shelter against the south-west winds, which
are the prevailing ones. This auchorage is open to the south.
east; but little inconveniencs is to be appreliended from a heavy
gea from that quarter, on account of the shelter afforded by the
sweep of the bay in that divection.

A ihem'? swell almost continnally sets in from the south-wes!
bBatween ]’aipﬁn:ﬁ's breakwaler and Freeman’s knob, The jabty,
however, 15 well protected from this by the projecting hemdland
of the kneb., (oods can be lapded at it ia almost all weathes;
the practice is at present to do this by boats and lighters from
the vessels which lie at the moorings.  There ia seldow sufficient
surf in the harbour to prevent this being done.

The only work at present executed in the rviver, besides the
small wharf at Goolwa, is the buoying sut of the channel from

that poiut across the lake to point Pomond where the Murray
enters it,

Cosgr 01 Wonks,

_The total cost of the whole of these works connected with the
river Murray navigation, including engineering and superin-
tendence, has been 31,0004, of which the railway alone was a
little leas than 20,0007, being at the rate of about 28570 per mile.
There were no parliamentary expenses whatever, and searcely
auy for land, as the whole was erown land, with the exception of
12 or 14 acres which had to be purchased, at prices varying from
104, to 200, per acre.

Every circumstance that could tend to reduce the expense of
this undertaking was availed of by the government. By execu-
ting the works in detail, eontractors’ profits were saved; the
expense of superintendence was confined to the pay of one officer,
which was at first four guineas a week, nfterwards raised to
4l 16s.: the engineeeriug, management, and responsibility of the
whole und ing being borne by the Supervisor of Public

Works, who receives a fixed salary in his capacity of head of the
FPublie Works Department.



PORT ELLIOTT HARBOUR

A, Lipson's Broakwater —B, Hunken Rock.—C, Brealowstar, Freeman's Nob.,
, Jebty,—F, Port Elliott aad Goolwa Railway.—@, @,

Regarded as the sea outlet for the river Murray navigation
barbour of port Elliott, though the hest that m.tura ]md
gm:rided, is certainly, in ita natural state, not all that could be

The area and depth of water are doubtless sufficient for the
accommodation of a large trade, could the whole of that area be
made available. The most useful uflt,lmn thntmm
nm&ﬂmh]&tnﬂmnhﬂm,uﬂ:npmhm
the headland on the eastern side; bu
constant set of the sea from thﬁmth-wﬂa‘l thuupanmg
I;i:twaeni"rmmm’l hnh:nrlﬁu;?n&. nft.'hah.r

closed, or even partially closed inner bour
would be at once rmdnraﬂrmhbie, el mlghtwmhn
:lunguduufwhnrrmunlhmm ere there would be

Immmmmmmhhthamlm
] preased wi portance of effecting some improvements
in this harbour mamnv.mtmwm,mm

Fund water to be run
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PORT ELLIOTT BREAEWATER.

In the instructions which the anthor received for carrying out
this work, it was divected that the mostsimple and inexpenasive
method of construction should be adopted, in order to eifect as
much as possible with the fund provided.

The headland being a mass of fine granite, rising abruptly
from the ses to & height of upwards of 100 feet, it was at once
determined that this material should be used. The depth of
water serosa the opening varies from 13 to 3 fathoms at low
water, the rise of tide being about 5 feet. About midway thera
ja a sunken rock barely visible at low water, The naval officer
of the colony, Capt. Thomas Lipson, RN, in reporting on this

1 work, recoinmended that it should be c:u'ri:;g only as
as thia rock, giving it as his opinion that suficient sheiter
would thus be ni’é%r&a to the harbour, because the swell entering
beyond that point would be met by the detached rocks lying
within the barbour. He considered it further desirable not to
close the opening entirely, because, though wvessels generally
enter the harbour on its eastern side, it wight be convenient
sometimes to use this western entrance, there being 3 fathoms
water in the middle of it.

The bottom is rocky, and is indeed a sort of reef, the water
h&inﬂl&&p outsids and deepening again immediately within, as
will be seen by the soundings,

The whole of thia coast is at all times exposed to a very heavy
swell; which, on meeting this reef, occasionally rises to something
formidable, alwa ing across it in heavy weather.

An accurate observation was once takep, during the progress
of the works, of the height which a wave sometimes reaches at
this place. The level line of the top of the breakwater being
taken as a guide, the of & wave was seen to rise 3 feet above
the average water level. It is by no meana cerfain that the
trough of & sea is as much below the average level as the crest
is above it, but on a moderate calenlation the whole perpen-
dicular 1ift of this wave could not have been less than from
13 to 14 fest.

Sactioy oF DEZAKWATARL

Any work to withstand this sea must necessarily be very
substantial. The following simple method of construction was
tried, and has been foun par?mﬂy gnccesaful. Cranite was
quarried in large blocks, and at once tipped, after the manner of
a railway embankment, in the direction chosen for the work,

The top of the breakwater is 21 feet wide and & feet above high-
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water mark. No attempt was made to give any particular slope
to the sides, that which they assumed was about two horizontal
to one vertieal. It was anticipated that, by this method of forma-
tion, and by the nse of very large blocks, the slope which they at
first assumed would suffer no further alteration by the action of
the sea; because, by the work being tipped at once to its full
height, the lower stones were no sooner dropped than they were
at once covered by those above them, being, in addition to their
own intrinsic weight, thus held down by the superincnmbent
masa, The shape of the stones being very angular, they would
become so interlocked that it would be scarcely possible for the
sean to displace any of them, except perhaps those which lay
exposed at the top.

A commencement was made of the work in April 1853, The
stones, being quarried, were removed in wagons upon a line of
rails laid down and continued along the top of the breakwater,
as it progressed. In this mannoer a length of about 40 yards was
first completed. Some little inconvenience was felt at times by
the sea, which in bad weather broke quite over, disturbing the
line of rails; but not sufficient to make it advisable to go to the
expense of a raised staging.

his portion of the wu& was completed during the winter of
1853, and remained thus without any further additions during
the ensuing winter. The exposure which it had during that time
to many violent storms, gave satisfactory evidence of the correct-
ness of the prineiple observed in its construction, not a single
stone having been in any way disturbed.

The wcrrg was resumed 1n the summer of 18534, the same
method of operations being pursued, but this time in a more
systematic manner. A steam engine of six-horse power was
firat erected, with machinery for boisting and moving the stones,
also amiths' forges, with other conveniences for making and
repairing tools; and a double line of rails was laid down upon
the breakwater, with branches into the quarry. In a report to
t-l::&uvemmﬂnt, dated November 17, 1854, the total eost of the
breakwater to reach the midchannel rock, being a length of
211 yards, was estimated at 21,000f, This estimate was
on the following data.

Working Establishment. £ & 4
30 Men blasting and quarrying, at per day 10s.... 15 0 0
14 Men moving and tipping stones, at per day
R R AR e e it B
4 Blackamiths and Hammermen............ccoo0veee 4 16 0
1 DRVPENRIT. .oovamssensnsrsniimasansstpimmnmosnannisss 0 1 110
1 Man and boy attending engine.........cc..seeeeee.. 1 0 0
1 Working Foreman ........cocoiviviniiissisininnans.. 0 16 0
2 Boys, at per day 42, ..coocvivviiniiiiiirnsasisineeas 0 8 0
2 Emﬂfa, atperday 7. 6  ....cociiiinnnririiseneie. 015 0
Powder, iron, coals, wood, rope, &e. ......ovveeen 11 1 0

e ——

Total working expenditure, perday ... £41 3 0
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From previous experience it was reckoned that, with this
eatablishment, an average of 72 t:ubit.:]fvuﬂ.a of stone per day
could be deposited. The total quantity of stone in the breakwater
when completed, would be 20,506 cubie yards; the quantity at
this time remaining to be deposited was 28,028 cubic yards, con-
sequently the estimated time required for completion was 389
working days, which, at the above daily rate of expenditure,

would amonnt 0 ...cicceeniiiiiiiinrirsireriannen . 15,956 3 0
The outlay for plant was .......cocovivvieeee. 2,323 3 10

For stone previously deposited ............ 1,798 16 1
Allowance for contingencies.........c..oo.. 922 17 1
Estimated total............ £21,000 0 0

This is equal to an average of 14s. 3d. per cubic yard of stone,
measured in the breakwater, and of course including interstices,

At the beginning of February 1855, 97 lineal yards of the
work was completed, at a cost somewhat less than had been esti-
mated. At this time the work, though exposed to much heavy
weather, had stood perfectly well.

The sizes of the blocks run about as follows: out of vne hundred
fifty contain from 60 to 90 cubic feet each; twenty-five from 30 to
60 cubic feet; and twenty-five smaller sizes,

A toun and a-half of powder was used to quarry 6300 cubic
yards, or about 84 ounces to a cubic yard, measured in the break-
waler.

Costly as this work may appear when compared with English
prices, there is no doubt it was done aa cheaply as possible under
the circumstances. A contractor, who was quite competent to
the undertaking, made an offer to do the whole for 25s. per cubic
yard, provided the government would incur the necessary outlay
for plant. It is needless to say that this offer was not accepted.

Sand tamping was occasionally used in the blasting; it answered
very well when the charge was fired by the galvanic battery, but
with the patent fuse was apt to blow out,

The fulrnwing method a? blasting was found to answer very
well in breaking up small blocks. A cartridge was made con-
taining the requisite quantity of powder, having a small steel
wire in the middle of it, with a percussion cap at each end,
placed in such a manner when in the hole, one cap rested on
the bottom against the stone, and the other appeared at the to
of the eartridge. To fire it, a rod of iron, fitting the hole
aceurately, was placed upon the cartridge; a sudden blow being
given to this, by letﬁ:‘f fall a hammer by means of a trigger, the

rcussion caps immediately exploded and ignited the powder.

he blast acted well this way, splitting the stone, but in no case
driving out the iron rod. Twe ussion caps were used merely
as a precaution in case one should miss fire,

J. Knorr, Printer, 19, Arunds) Street, Strand, London,
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