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area. ThE< rainfall m the hilly portion of the catchment, amounts t o 
Plate 26. 

WEIR, CAMPASPE RIVER AT ROCHESTER, VICTORIA. 

33 inches per 
annum, whilst in 
portions of the 
plain country 
t o ward s the 
Murray it does 
not exceed 18 
inchp.s, the aver
ageforthewhole 
catchment area 
being about 24 
inch es . The 
length of the 
Campaspe is 
about 120 miles, 
and it joins t he 
Murra y at 
Echuca. 

The Loddon takes its rise in the Great Dividing R ange, near the 
town of Daylesford, and joins the Murray at Pental 

Loddon River. I sland, near Swan Hill, its'total length being about 200 
miles. The drainage area is about 5,600 square miles, of which 1,800 
square miles might be regarded as contributing, and the balance, 3,800, 
as non-contributing, The average rainfall throughout t he basin is 19 

Plate 27. 

PYRAMID H ILL, LODDON VALLEY, VICT ORIA, 
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inches pel' annum. On the lower reaches of the river the banks 
are very low, and in times of excessive rainfall the fiood-waters 
spill over the banks, and naturally irrigate large areas of Poly
gonum country. The country in the valley of the lower Loddon is 
very fiat, there being only one small hill in it. known as Pyramid Hill, 
(Plate 27.) 

The .vlitta Mitta (Plate 28) is probably, after the Goulburn, the best 
Victor<ian tributary of the Murray. It rises in the 

Mitta. Mitts. h River. Bowen Mountains, and flows t hroug hilly country, 
reaching the Murray a few miles above Albury. The 

fluw of the Mitta is well sustained throughout the year. The drainage .
area is 2,400 
s quar e mil es, 
the averag e 
rainfall over the 
whole of the 
catchment is 38 
inch es p e r 
annum, with a 
mean an nual 
di sc harge of 
54 ,400,000.000 
eubic feet . The 
princi pal t ribu
t aries are t he 
Bund a rrah, 
Snowy and Tal
langattaCreeks. 
Exten s i ve 
dredgi n g a nd 

Plate 2A< 

MITTA MITTA RIVER AT TALLANGATTA, VICTORIA. 

sluicing operations are carried on along the banks of the creeks which 
flow into the lVIitta lHitta. The immense quantitieB of sludge resulting 
from the opera tions are causing a se rious pollution of the lVIitta , and 
also the Murray, and I will refe r. to this question later on. 

The catchment area of the Kiewa River (Plate 29) is only 700 square 
. . miles, but it has an exceedingly high rainfall and can 

Kiewa. RIver. b . cr ' d t I I e relted upon to make an ellectlve an ex reme y regu ar 
cun tribut ion to the waters of the MUl'I'ay< 

The Ovens (Plate 30) rises in the Barry Mountains, near Mount 
H otham, and joins the Murray about 20 miles below 

Ovens River. 
Corowa. Its length is about 110 miles, and it has a 

drainage area of about 3,000 square miles, wi th an average rainfall of 
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Pia te 29. 

KI EWA RIVER AT KI EWA, VICTORIA . 

40 inches pel' a!lnUJ11. In heavy ra infall large quantities of water a re 
discharged, t he highest volume actually measured being 302,000 cubic 

Plate 30. feet per minute. 

OVEN'S RIVER AT WANGARATTA VICTORIA. 

The flats along 
t he river a re 
liable to fre-
quen t flooding, 
and are, there
fore, not suit
able fOl' irriga
t ion , The uppel' 
part of the ri vel' 
is particularly 
picturesque, and 
t h e town of 
Bright is one 
of the favourite 
tourist resorts 
of Vict oria. 
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OF THE MURRAY AND ITS 

TRIBUTARIES. 

In a country like Australia, where 
the available supply of water is small 
compared with the demand, a know
ledge of the quantity of water that may 
be relied on to be obtainable from any 
pl'Oposed source of supply is an e'lsentiai 

preliminary to t he discussioll of any scheme for diversion and 
utilisat ion. The qnantity of water needed for irrigation is very 

great, and the area of irrigable land will always be in excess of the 
capabilities of the volume of water available. Hence it is most 
important to ascertain with precision what the volume really is, so that 
works of di version and distribution may not be constructed in excess of 
the water that can be supplied. There are many methods of gauging, 
but the most preferable is that of obtaining the velocity of the st reams 
by the use of the elec tric current-meter. 

The ga ugings of the Murray at Albury extend from January, ] 87 7, 
and the records show that the highest known discharge 

The Murray occurred in June, 1880, wben the flow reached the res · 
at Albury. 

pectaLle volume of 3,21 4,000 cubic feet pel" minute. The 
lowest discharge ever recorded was ill February of this year, when the 
flow did not exceed 17,500 cubic feet per minute. The highest yearly 
volume passing Albury was in 1894, when 264, 383,000,000 cubic feet 
passed the gauging-station. The precipitation for that year amounted 
to 46 inches over the catchment a rea, the run-off being 38 per cent. 
In 1902 t he volume discharged at Albury for the year was the lowest 
011 record, viz.: 41,091,000,000 cubic feet. The previous lowest record 
was in 188-1, when the discharge reached 78,697,000,000 cllhic feet, or 
nearly double that of the abnormally low year of 1902. 

The Murray has been ganged at .Milctnra since 1865. During the 
flood of 1870 the enomwus volume of 1,14 1,728,000,000 

The Murray cubic feet · was discharged. It is estimated that in the 
at Mildura. ~ 

height of the flood the flow was 6,000,000 cubic ft e t per 
minute. By comparing the J·ecords at Echuca and Mildura lor 1870, 
it will be seen t hat about 60 per cent . of t he flood-waters passing Mdctura 
were contributed oy the MUlTumbidgee. The severity of the late 
drought had a very marked effect at Mildura, and the river fe ll to 
14,400 cubic feet per lIlinute in April last. The total discharge for the 
year 1902 was only 57,517,000,000 cubic feet, or about 5 per cent. of 
the highest known discharge. 
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The gaugings of the Murray ...,t Morgan (Plate 31 ) extend from 1884, 
and the records show that the highest discharge occurred 

The Murray in 1890, when t he maximum volume of 4,000,000 cubic 
at Morgan. 

feet per minute passed the gauging-station. The total 
volume for that year amounted to 1,067,000,000,000 cubic feet. No 
doubt this volume was exceeded during the flood of 1870, but unfor
tunately there are no records sufficiently reliable to support this assump
tion. In 1902 the exceptionally meagre rainfall, and the absence of 
snow on the mountain~, had the inevitable effect of decreasing the annual 
volume at Morgan when it reached its ]oweRt point, viz. : 105,000,000,000 
cubic feet, or only about 10 per cent. of the 1890 flow. J n Apl'il of 

Plate 31. 

GAUGING TH E MU RRAY AT MORGAN. 

this year t he mean discharge for the month decreased to 44, 500 cubic 
feet per minute, which is the lowest recorded mean monthly discharge. 
It might be pointed ont t hat in order to provide a navigable depth for 
the class of hoats t m rl ing on t he ri vel', South Australians ask that a 
mi nim um volume of 337,000 cubic feet per minute be provided, and this 
was reached for only foUl" mon ths since the beginning of 1902. 

vVith regard to the Murrumbidgee, the most reliable st ream measul'e

The 
M llrrum bidgee 

at Hay. 

ments J.ave been made at Hay, where daily readings 
have been recorded since 1885. The highest annual 
volume of discharge was reached in 1894, when some· 
thing like 400,000,000,000 cubic feet passed the gauging

station, rel'resen ting a mean discharge th roughout the year' of 12,700 
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cubic feet per second. In 1902, owing to til e non-appearance of the 
usual spring rains and t be mildness of the winter on the ranges forming 
the upper portion of the watershed, the discharge only amounted to 
18,500,000,000 cubic feet for the whole year, or a mean flow of 600 cnbic 
feet per second. Such a low volume as this is absolutely without 
parallel in the records, the nearest approach to it occurring in the year 
1898, when the yearly volume reached 60,000,000,000 cubic feet, or three 
t imes the volume of 1902. The lowest mean daily discharge was recorded 
in February, 1903, being 200 cubic feet per second, showing how greatly 
the flow fluctuates and the futility of diversion schemes unaccompanied 
by storagp. provisions. There are no means of est imating the proportion 
of rainfall discharged by the Murrumhidgee, as the published records do 
not include t he highest peaks of the Dividing Range, where the heaviest 
falls of rain and snow oceu l'. 

Plate 32. 

GUNNI NGBAR CUTTING AND REGULATOR. 

An inspection of the tabulated results of stream measurements at 

The Lachlan 
at Forbes 

and Cowra. 

Forbes and Cowra gauging-stat ions for t he past t en 
years stamps the Lachlan River with a reput.at ion for 
irregularity of flow which is, perhaps, not paralleled by 
any other stream in the Commonwealth. As illustrative 

of the rapid fluctuations which take plaee in the volume discharged by 
the r i vel', the year's 1900 and 1902 might be quoted. In July, 1900, 
a sudden downpour of rain, aided by melting snows in the ranges 
forming the upper portion of the Lachlan gathering ground, caused the 
river to rise from 19 feet to 46 ft. 8 in. in t wenty-six hours, or at the 
rate of more than 12 inches per hour, at the Cowra gauge staff. 
According to the evidence of old residents, this height was only 
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exceeded during the great flood of 1870. The estimated discharge at 
this height, being the best deduction possible from the observations at 
lowet· stages, was found to approximate to 1,800,000 cubic feet per 
minute. This volume was maintained for nearly two days, after which 
the river gradually subsided to its nOl'lnal level. The t,)tal discharge 
for the month of July, 1900, exceeded 19,000,000,000 cubic feet, and 
it may not be out of place to remark that had the proposed Mount 
Macdonald dam been in existence at the time there would have 
been sufficient water to fill the reservoir to overflowing, and allow a 
considerable volume to pass down the river to satisfy lower riparian 
holders, even after making a deduction for the contribution of streams 
which join the main river below the proposed dam site. The flood of 

1894, although not at any time reaching the maximum 
Flood of 1894. d· I d d· J I 1900 . d tBC large recol· e 11t u y, , was more sustalne , as 

the river was in flood for four months of the year, and in that period 
no less than 66,600,000,000 cubic feet passed the Forbes gauging 

P late 33. station. By way 
of comparison, it 
may be mentioned 
that this amount 
was 60 per cent. 
m o r- e than t he 
volume discharged 
by the Murray at 
Albury for the 
whole of the year 
1902, and, extend
ing the comparison 
of yearly volumes, 
it is noticed that 
there were four 

. years during the 
last decade when 
t he mean a nnual 
volume discharged 
by the Murray at 
Albury was only 

THE DARLI NG AT WILCANN IA (LOW RIVER). slightly in excess 
of the volume that 

passed Forbes in the year 1894-, namely, 92,600,000,000 cubic feet. 
To see the other extreme of flow one must turn t o the 

Drought of year 1902. The Lachlan during that yeat' was little 
1902. d h better than a chain of -watet·holes, and the isc arge 

for the twelve months at Cowra only reached 1,024,000,000 cubic 
feet, of which a very small proportion passed Condobolin. 
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The most complete records of the Darling flow have been taken at 
Wilcannia (Plate 33). During the great flood of 1890 

The ~arlin~, at when a larcre quantity of tropical rain was precipitated 
Wllcanma. b 

on the immense gathering ground in Queensland, the 
discharge of the Darling reached its highest known point, viz.:-
717,000,000,000 cubic feet. In 1902 the river was not rllnning for 
eleven months, the discharge for the whole year only reaching the 
insignificant volume of 700,000,000 cubic feet. The lowes t discharge 
previously recorded was in 1885, when the volume amounted t o 
20,000,000,000 cubic feet, or about thirty times that of 1902. 

In the year 1887, 52 inches of rain fell on the catchment area of the 

The Goulburn, 
at 

Murchison. 

Goulburn River .of which :35 per cent. was discharged 
t he volume passing the gauging station at Murchison 
being 168,000,000,000 Cll bic feet. This is the greatest 
obser ved annual discharge since gaugings were com

menced. In 1902, in sympathy with the other rivers of the Common-
Plate 34. 

GAUGING T HE 
OVENS RIVER, 

VI C. 

GAUGING 

THE 
LODDON RIVER 

AT 
HOLL YLOCKS , 

V.IC. 

wealth, the total volume for the 
year decreased to 27,753,000,000 
cubic feet, or about 17 per cent. of 
t.he 1887 flow. The rainfall for 
that year amounted to 23 inches 
over the catchment area, of which 
only 13 per cent. was discharged. 
The maxi mum discharge since records 
have been taken occurred in Novem

ber, 1887, when the volume passing Murchison reached 1,923,330 cubic 
feet per minute. It is estimated, however, t hat the flood of 1870 was 
accou.ntable for the discharge reaching the enormous volume of 2,750,000 



cubic feet per minute. In contrast to these high gauge readings we 
turn to the abnormally low year of 1902, when the minimum discharge 
fell to 4,000 cubic feet per minute during the month of March, at 
Mmchison. 

The gaugings of the O\·el1s River were taken at \Vangaratta tOWll

The Ovens, 
at 

Wangaratta. 

ship, a little below the junction of the King River, 
a nd therefore J"f'prel>ent th p. com bined flow of both rivers. 
In t.he year 1894 abundant rains fell on the ga thering 
ground of the Ovens River &lld swelled the yearly 

volume to 82,948,000,000 cubic feet. The maximum discha rge of 
658,000 cubic feet per minute was recorded in the ea,rly spring of 
tha t year, when the melting snows of the Barry Muuntains supplemented 
the copious rains. Towards the end of April last year the Ovens 
ceased running for a period of eighteen days, this being the first 
time ever recorded, and the volume for the whole year only amounted to 
6,118,000,000 cubic feet, or a littl'e more than one-third of the volume 
discharged in the month of Septem bel', 1894. The rainfall on the 
catchment of t he Ovens Ri ver was 27 inches during the year 1902, but 
the fall was so intt: rmittent in character and spread over such 
considerable periods that only 5 per cen t . ran off. 

The gaugings of the Mitta ~Iitta show that this river forms a very 
effective contributor to the waters of the Upper Murray. 

The MittaMitta, Like the Ovens, it reached its highest yearly volume in 
Talla~~atta. 1894, viz. : b7, 987,000,000 cubic feet, represpnting 43 

per cen t. of the rainfall. In 1887, al though the annual 
volume was less than t hat of 1894, the river reached i ts h ighest known 
discharge, viz. :- 922,100 cubic fee t per minute. Turning to the year 
1902 it is found that the yearly volume fell to 12,581,0011 ,000 cubic 
feet, or U per cent . of the 1894 flow. The lowest volume e \'er recorded 
passf'd the ga uging station in January of this year, when 4,1 00 cubic 
fe .. t per minute were discha rged. Taking t he period from 1886 t o 
1900, the mean an nual d ischarge was about 54,000,000,000 cu hic 
feet , so that the year 1902 may be considered as being 77 per cent . 
below t he average. It is worthy of notice that al though the rainfall 
for 1902 was 26 inches, or only 11 inches. below t he average for the 
fif teen years in question, the run off only represented 10 per cent. 

The Kiewa Ri vf'r gaugingH were commenced in 1885 and the highest 
recorded read ing was in SepTember, Hl89. The discharge 

TheKiewaRiver , correspondin O" to this read inO" was pu t down at 159000 
at Kiewa. '" '" - , 

cubic feet per minut e, being the best approximation 
deducible from the obsel'ved discha rges at lower stages. The latter 
remark applies t o nearly all the high discharges of other rivers 
mentioned in this paper. The total volume for the year 1889 was 
27,121,000,000 cubic feet. A still higher annual volume of 



Plate So. 

IRRIGATION IN VICTORIA. 
1. Inlet to }(ow Swamp, Nationa.l \Vorks, Vic. 2. Coonooer \Veir, ,A , ·oca Rh"er, Vic . 

3. Flood Weir, h OW Swa.mp National Works, Vic. 
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29,506,000,000 cubic feet was recorded in 1894 when 68 inches of rain 
fell on the catchment area, of which 43 per cen t . ran off F or t he 
fifteen years .from 1886 to 1900 the annual volumes were comparatively 
regular aud represent ed 1Ln average of about 20, 000,000,000 cubic 
feet; but in 1902, in common with the other rivers of t he MUlTay 
basin, t here was a m,Lrked falling off ill the yearly total, which only 
reached 7,021,000,000 cubic feet , being 65 per cen t. below the average . 
The lowest discha l'ge, however, for any single day occurred in Februa ry, 
1900, being 200 cubi, : feet pel' minu te. As an illustration of the 
effective nature of the K iewa gathering ground, it may be mentioned 
tha t alt hough the rainfall for 1902 was 26 inches below t he average 
tor t he period before mentioned, 23 pel' cent . of it passed t he gauging 
station. 

The evidence tendered to the H oyal Commision on the M urray H iveI' 
should dispel the often expressed opinion tha t the S tate 

Victorian and of Victoria contributes more larcrely t o the flow of the 
New South Wales "' . . 

contributions. M urray than New South W ales. On the VICtOrIan 
side of the Murray t he cont ributing a rea above A lbury 

I S double that of N ew Sou th ' Vales, b ut the volume d ischarged by 

Plate 36. 

MORNA ROCKS, LOWER MU RRAY. 

each State is al most equal, t h is being due to the fact that t he N ew 
South W ales tributaries a re fed from heavy def ositR of snow, which 
melt in t he sp ring and early summer. The M urrumbidgee in normal 
years also dischargps more thari ~ the com bined flo w of the Ovens, 
GouJburn, Campaspe, and L oddon,_ The Darling, which is wholly 
within N ew South ' Vales and whose waters are almost entirely at the 
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disposal of South Australia, is a Ii vel' of ex tremely irregular flow, yet in 
some years it can be relied on for a lai'ge accession to t he flow of the 
Murray. The following table shows the relative contributions to 
the main stream by the States of New South vVales and Victoria :-

High Year. Low Year. Mean Year. 

I cubic feet. cubic feet.. cubic feet. 
N ew Sout.h Wal es contriblltion ll ,OlO,OOO,OflO,OOO 42t,OOO,000,OOO 1293,000,000,000 
Victorian contribu lion ....... . 1 446,000,000,000 1255,000,000,000 1 153,000,000,000 

Prop~;tt~c~:l'~~lal. ~.~n.trib~t ed l 29 per cent. I 37 per cent.. i 34 per cent. 

The aboye figures are based upon the gaugi ngs taken for a number 
of years at the point of affluence with the Murray of the several 
contributing streams. 

Referring to the question of gaugings, the following appears in the 
report of the Murray River Commission :-

"Of the rainfall p recipitaterl on the drainage area O{' basin of a river, 
a portion is reahsorbed by evaporat ion into the atmosphere ; a portion 
dflRcenrls t brough the permeahle upper st t"ata, to {'('appear in the form 
of springs, perhaps in the ha~in of some other river ; or finds it s way 
to the sea through beds of deep-, eated drift, or fi ssures and chal1l1Pls in 
the rock ; t he balance I S discharged through the ri"er cha nnel. The 
prLl portion of t he P late 37. 

total rainfall on 
any drainage area 
that passes down 
its natural drain
age line i s ex
tremely variable. 
It is greatest from 
those areas whose 
inclinations a re 
steep, a nd in which 
the surface rocks 
are of compact and 
hard texture and 
but thinly covered 
with soiL And 
it iR greatest in 
those seasons when 
the rains are hea vy 
and the tempera
ture low; and least 
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