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1 	IETP0Bu0:td 

The Vlagga Bis :ict is situe t.:d in the eastern: TOL\Ti 
\i La hieadqaartr rs j ot 	(i 	&I1L I 	 I' 	i 	t ( 	J Ct 
at \Vngga. 

Its total area is apiro ximatcly 30d'C) s . miles c e.n 
prising virtuali ly  au or tt 	]t0LE•].I and Kyccmiba S}ii:ces; 
arid. approximately two '[birds of,  ead of the cJoc acon and 
Iliabo Shires. 

The prncipa1 urban centre is the City of Wagga \Vagga 
with a population of 29, CCC 	Ii is a centre of tertiary 
education having a Teachers College, -in Agricultural College 
and a College of Advanced Education, Rural research.i 
facilities in the area include the AricuItural Research 
Institute and the SoiL Conservation Service Research 
Stctioxi. The city is the largest s-Lock selling centre in 
few South Wales and in also a centre for light industries 
it has regional abattoirn, flour milling and stock feed 
production units , milk and dairy fe ctorieo , an egg mcrket-
:ing plant and small scale timber mills. 

dunce with a population of approximately 4,000 is the 
W 	 on1a, other mimi cipali-ty in the d isiri ct . A nuiriher of 

smellier towns and villages arc distributed throughout the 
area. IViany of these are siutated anproxirnatelty ten miles 
apart along the original rail iinjcs established to eer\ece 
the wheat industry. 

The area was discovered by Sturt on his journey of 
exploration in. 1829, and soon after, set'LJ.enten-c commenced, 
wjtb the area upon which V'.Tagga is now situated, hem 	taken 
up for settlement in 1832. By the early 1840's the vihoie 
area had been taken up by rastoralisis. In this period 
ca-tile were more important than sheep, requiring Less labour,  
:LoNer handling costs and being easier to market. 

Wheat was first grown in 18i4 to meet local needs. A 
flour rnii:L was established in Wagga in 1857. however, it 
was not until the coming of the Railway in 1879 and closer 
settlement in later periods that large scale wheat pro-- 

40 	duction develoned. 

Closer settlement was greatly stimulated by the develop-
mont of the rai:Lway but much of the land VISS still unavailable 
for settlement, being locked up in large pastoral holdings 
which also enclosed the river frontages. Some pastoral 
companies controlling several holding's, shore up to 250,000 
sheep per annum in the. late 19th century. 

With development of mechanization and further closer 
settlement after 1900 wheat growing was greatly expanded 
and former large nastoral holdings also commenced product'ion. 
Production increased six-fold in the period from. 1880 -to 
1920 and tee Ri'verina became one 0-f 'the principal wheat 
producing areas in Australia 

Aftec 1900 corrme,rciai Cairying was commenced on the 
fertile fiats near Wagga. It ultimately expanded along 
these flats hotri, north and south of Wagga and along the 
fiats of the Kyeamba Creek and of the Tarcutta Creek about 
Tarcutta itself. In recent yeas r tuere has been some 
expansion of tb industry fr itr esh iilk production and 
a marked decline in creem production 	11 change to hoe-f 
produ.cii on hc; a occurred part ecu.ar] y in out .1. yeng areas 



Q. 1 .2 

Cross-breeding for fat Iamb ppoduction commenced after 
1900.   The wheat-sheen fe:em of I ater periods had its origin 
In this development . In the 1920 	with production eet;iLmul- 
a-bed by further closer setilem-nt the area became the most 
:importw-it wheat produc. :1 ng area in the State 

Fanning vvaa generally on a wheat-fallow roLabim:i with 
stubble being burnt. Much of the accelerated erosion was 
initiated in this period. 

High levels of wheat productian cuntnued into the 1930  a, 
However early in this period the combined effects of skeleton 
weed, rabbits and the great depression asserted themselves 
and farming for many, pariicularly in marglnal areas became 
unprol i-table, 

In an effort to maintain previ cue levels of income, 
farmers irL tinIly formed the land more intensively. Skeletorn,  
weed became even more widespread and erosion was greatly 
accelerated. 

Towards the end of the 1930'  a the effect of the depression 
was receeding and the use of subterranean clover based 
pastures and wider rotations gave some control of Skeleton 
Weed 

During the immediate post-war decade the value of sub-
torrarlean based pastures and annual app].ics.tions of super-
phosphate became even more vmidely recoiised. In this period 
the area of improved pasture in the Riverina increased by 
600 percent. 

The introduction of nayxomatosis in 1951  aided by more 
recent and more effective poisons (e.g. 1.080) have given 
more effective control of rabbits. Generally the rural 
industries prospered until the mid 1960's, when changes 
in the wheat marketing situation, and depression of'ool 
prices again reduced prosperi:ty. 

Because of the generally favourable farming environment, 
diversity in production is possible and some changes, 
particularly away from wheat production, are taking place. 
Generally the object is to produce wheat up to the limit 
of the quota and to utilize additional arable capacity for 

W 	the production of alternative crops. Choice has to be 
made between the -traditional alternative crops, oats, 
barley or rye or the new crops being introduced such as 
rape, field peas and lupins. 

Cattle are also replacing sheep in many areas, there 
being an increase in cattle numbers of approximately 2 
over the 1969-70  period, and this trend is continuing. 

In the grazing areas a marked reluctance to continue 
annual topdressing has been noted and less attention is 
being given generally to pasture improvement and management. 

In conclusion, the accelerated erosion of the past 
occurred over a relatively short period. Measures to 
control it have been evolved. Changes in land use, however, 
demand that the position he kept constantly under revier/. 
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2 . 	CEC:[CCY 

2.1 Introduction 

In the district oxtensive :eea of metamorphosed 
Orciovicien sedmonts occur togcti;er with smaller areas 
of SiIoria!I sed:imcnts. 

Jet mc inim 	'a of a:urh;Le s occupy ].c:go areas as 
repre sent cT byL be \iantabadgery hatholith N.E. of \Vagga. 

Small areas of Tertiary ailuvi urn remain as remnants 
in the Forest Bill - Lake Albert area. 

At lower 1ev sic the older sedimentary materials are 
overlair by e;veusive deposi te of Qmate:inauv (:en-L) 
a]1iiv iun 

2.2 Formations 

2.2 1 (cccov1c1ar1 MeTEunOrBhOOO Sediments 

These deposits have a N.E. teenri and occupy large 
areas east of ITyeamba Creek and bet.veen Wagga and Coolamoci. 
Smaller interrupted deposits also occur south of V/agga, 
these being of the same general trend. 

They are made up of qL4artzete, slate, grawacke. 
phyllites, scuists and hornfels. 

Common soil types found on them are red podzolics and 
red earvhs 

2.2.2 Silurian Sediments 

These are found. in the north east section of the 
district being contiguous with the much more extensive 
deposits to the east. 

These are composed of sandstone, shales, slate 
siitstones ama conglomerate. 

Red earths are the main soil types found on tbee. 

2,2.3 Lower Devonian Granites 

Lower Devonian granites run in a wide belt from N.E. 
of Wagga through Merrar and Junee and are contiguous with 
the Ardlethan grani.ies to the North East. The Wantakadgery 
bat}iolith is included in this section. 

Smaller outcrops occur south of the Murrombidgee 
River giving rise to areas of more rugged topography than, 
the surrouxiding Itandscap e. 

The major soil types occurring on the old weathered 
granite landscapes are red podzoiics and red earths, 
whilst solosmetzics and red pod.solics occur on the smaller 
outcrops. 

2.2.4 	 Allixvd̀viii  

Small areas of these sediments are found in the Forest 
Hill and Lake Albert areas. Al; Forest Hill they occur 
as high level terrace remnants. :Lake Albert (artificial) 
is the site of a former Tertiary, lake. They are areas 
of p,eaerally level, topography. The princinal soil typo 
occurring on them is a red earth. 
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2 . 2 . 5 	Qua:[;ereairy A7L]r' irmia 

xtensive deposits of thess occur in the west of the 
district, and along the major creek and river systems. 
They consist rininJ.y of gravel, sand, silt and clay. Many 
different soil types are found on them but the principal 
ones are yello; soloneizic , ehernozems and red brown 
earths. Yellow solonotsics are famed along the creek 
systems, chernozem.s along the TIurinanbidgee liver and red-. 
brovm earths north and west of Coolemon, 

2. 3 	 os 

There appears to be no direct relationship between 
geology and erosion, 
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3 . 	L!\NPHOIfl\1S 

3.1 	Irrtroduc± ion 

The district conniirises several uhysiographic regions. 
To the east and south east steep hilt systems :Lntrude in  to 
the area. Westwo:cd the liii. 1 sysacas become progressively 
less pronounced and gradually change to s1opn.g pains. 
Hence the Wagga district compriseselements of both the 
S o u t h V/eat slopes and the aoaociaed riverine plains. 

Altitude varies from 230O on the 0E. corner to a 
little Ov e:r 500 on the JVuiru:ti Oge e PLiver flood plain, 

The pn1uc: pal drainage system is 1-1 iJurrunhidgee 
River which i.aecis the disarict in its westerly course. 

To the east of Wagga secondary drainage lines generally 
run in a north to south direction before joining the 
Murrunibidgee. In the western portion 	 t . of the disrict the 
Kindra and Boggy Creeks flow in a westerly direction. 

3 2 Descrirtion of Len df orm Classes 

The area has been classified and mapped into four 
general clone classes. 

3.2.1 Land_with Slopes Greater than 30 

These lands are not extensive but occur along the 
eastern and south eastern boundaries of the district. In 
many places they represent scarp faces or steep ridge 
crests. Owing to their steepness most of these ].ands still 
retain their native vegetation, Further clearing may 
produce only unproductive pasture and lead to severe erosion. 

3.2. 2 LandwithS1sbweenlQ-3Q 

The remainder of the bill systems comprise these slope 
classes which are typified by lower ridges with generally 
shallow lithocolic soils. In many esreas the better country 

S has been cleared but severe erosion can occur. This is 
typified by extensive sheeting or deep gullying and eon 
teal of erosion on this country by structures is extremely 
difficult. 

3.2 3 LandwithSlos_between 310 

Land of this class is common throughout the district, 
occurring on the foot slopes of the hill systems and 
extending in a westerly direction. They are favoured lands 
for arable use and extensive areas exist north of the 
Murrumbidge e River. 

With intensive arable use banks and waterways are 
recommended otherwise serious erosion will result. 

32.4 Lend_withSloIDes1escthsn3 

Most of this land occurs in the westerly portion of 
the district w].ere it is typified by gentle slopes falling 
to the west, Extensive areas also occur along the valley 
floors of the Idiarrumbidgec River and the iloulaghans, Kycamba 
and Tarcutta Creeks. Sheet erosion can occur on the gently 
sloping land in the western portion, but due to the better 
moisture relationships exictng in the drainage systems, 
erosion is negligible. 
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4. 	C IL 1IVIA TE 

11.1 Rainfall 

4.1.1 

The aveiage armaal rainfall for the district is shorn 
in figure 4.1. it varies from less than 13 inches in the 
North West to more than :o inches in the Sea h East, Fa u-
fall increases from west tO cant and from north to south, 

Highest rainfails are recorded at higher elevations 
in the south east corner. 

4.1.2 Distribution 

Mean monthly rainfall for Wagga Wagga, Juree, Geru1a:i.n, 
The Rock, Tarcutta and Junee Reefs are shown in figure 
4.2. Distrihali on is generally winterdominant, wiiI June 
the wettest month. 

4.1.3 

An estimate of rainfall variability for s i x staLl ens 
is given by the ouartile analysis as shown in table 

Rainfall is,  rarely distributed normally. 	Occasional 
high monthly totals greatly affect the monthly mean wnch 
is therefore a poor indicator of rainfall occurrence. 
Hence the monthly median rainfall is preferred. 

Lower and upper quartilesare also presented. 	The 
first or lower quartile is the rainfall that has been 
exceeded in 75%  of the years. 	The third or upper quartile 
is the rainfall, that has been exceeded in 25% of the years. 

As a measure af variability the median deviation has 
been calculated. 	For Wagga Research Station for January, 
the median is 118 points and the median deviation from 
this is 79 points. 	That means that in half of the years 
the departure from the median is 79 points or less. 	The 
deviations have also been expressed as percentages of the • median to give a percent variability. 

Generally the winter and early spring months have the 
most reliable rainfall. 

Table 4.1.2 indicates the percentage of total rain 
per month that may be expected to fall within various 
intensity classes. Although Juno is the wettest month, 
the average rain per wet day is 17 points whilst during 
the period October to April the amount of rain received 
per wet day varies between 19.2  and 32.1 points. For this 
latter period a greater percentage of the total rain falls 
in higher intensity classes. 



Table 4 1 .1 Rainfall Distribution and VariabiIit-  forse1otod. 	tD1S_On 

I
iontn 	 Jan 	Feb 	1721 ar 	Arr 	ivay 	rne 	July 	ug 	Sep 	uci 	oov 	Dec 	fear 

ViaaSoil Conservation Station (1948-1970) 

1t Quartile 70 32 36 69 
rdedlari 118 85 148 132 
3rd Quartile 211 151 225 236 
Median Deviation 79 60 98 65 
Percentage Deviation 67 70 66 49 

'Naga WaggaF.0. (1872-1968) 

95 107 102 146 115 151 115 66 1910 
172 165 222 190 187 210 168 139 2139 
317 248 256 238 249 334 233 224 2512 
77 59 62 45 62 86 60 73 289 
45 36 28 24 33 41 36 53 12 

1st Quartile 43 27 40 60 81 133 109 117 116 120 53 43 1709 
Median 116 92 111 136 152 226 174 195 57,  73 193 162 126 2103 

3 	nto1c 237 219 214 2L1 264 31 253 277  2i 202 232 25l 
Medjan Deviation 74 83 83 86 80 100 67 76 67 92 98 90 399 
Percentage Deviation 64 90 75 63 53 44 39 39 39 48 60 '71 19 

The Rock (1894-1967) 

let 0rartile 40 24 38 67 75 132 111 112 97 117 39 51 1q06 
Tjo p 100 101 105 125 152 237 l 2' 226 l6' L6 119 129 2093  
3rd Quartile 199 207 220 214 227 324 307 282 237 334 215 219 2525 
Median Deviation 75 88 8L 64 76 99 96 77 67 78 85 31 398 
Percentage Deviation 75 87 77 51 50 42 45 34, 41 42 71 63 19 

Ocamain (1900-1968) 

lot Quartile 21 14 19 61 59 115 90 92 94 93 52 32 i49 
Median 84 64 127 83 113 154 187 162 126 159 129 35 1773 
3rd Quartile 238 171 222 206 245 250 241 222 209 257 227 212 2162 
i 1eaian Deviation 74 62 99 57 69 64 7 63 - 

9 0 63 
Percentage Deviation 88 97 78 65 61 42 40 42 47 50 64 32 19 
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Taie4.1.l (Could) 

Month Jan Fe Mar Ar May ue - t e c 
-I 

Year 

un9A (1892-1958) 

let Qu.artiie 58 24 42 64 72 114 105 109 87 114 66 59 1702 
Median 110 106 127 123 138 186 135 167 143 195 153 140 2017 
3rd Qartile 213 221 225 256 265 299 244 264 225 255 230 232 282 
Mean Devation 75 84 88 37 83 80 76 64 33 81 33- 
Percentage Deviation 68 79 69 71 60 43 41 44 59 33 5 77 IT 

Tarcua0 	(1872-1968) 

let Onartilo 56 36 61 67 97 159 136 163 129 157 79 78 2034 
1eoan J30 12i 127 14 138 252 226 251 212 243  1C IL 25'5 
3rd Quartile 268 223 266 279 302 384 346 323 276 345 303 263 3053 
Median 	arti1e 93 91 	8 0 104 96 102 108 31 78 87 flO 63 461 
Percentage Deviation 72 72 63 63 51 11) 48 32 37 36 77 56 18 
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Total Rain - Rainfall Intensities - 1948-60 (inohesjhr) 

c% Between t h e following. 

Points of Rain 

Month 	0-25 	25-50 	50-75 	75-100 	100-150 	150-200 	> 200 	Rain :er 
l'st Day (pts) 

Jan 40.54 13,54 8.38 4.44 6.87 5.41 20.61 
Feb 36.53 12.09 5.96 4.47 4.51 5.41 31.03 27,8 
Mar 50.78 9.16 10.55 5.66 5.19 6.15 12.45 32.1 Apl 52.30 16.50 5.17 3.98 3.98 5.60 12,47 20,3 May 73.49 9.73 6.10 2.09 2.22 2.69 3,67 1-7  
June 8.39 7.85 4.25 0.57 1.78 1.01 0.16 17.0 Jaly 80.99 8.05 4.56 1.56 0.50 2.30 2.03 17.0 
Aug 75.01 3.95 4.57 1.57 3.98 1.57 4,33 11.3 
Sept 71.91 13.14 4.77 1.50 2.07 3.07 3.54 20.8 
Oct 61.04 12,89 3.81 2.79 2.68 5.39 11.65 21.3 
Nov 47.47 11,52 5.95 3.41 5.47 6.95 19.21 20.4 
Dec 61.77 6.54 3.29 5.87 4.83 5.26 12,42 10.2 



A rain non 	oci. 	:Ls a period of rLej D 	rot 	sepe. 	rted b 	a 
period of two or mo a rainLess days (0.Latyer 1960) 	The 
re cults of this ailalysiS a:d 	rho erago nunthei- 	of' rain 
dai a pnr month for \\ageri. Rn sea --'cb ftt aF: 	are 	Love 	in 
labia 	4.1.3. 

Tables 4 	1 4 	and '1 .1. 5 	show -bbs percentage 	Df 01a6bi1 i ty 
of r000iviro; 
moo the num ocr 

monthly rainfall 	in excess of siDecified ereoun br; 
Of daire per monin on l'L oh fails ci SCC 1 ± I ee 

enounLs can be ecpected at,Vlagga Iiesearc1 Station. 

4.2 TcorIee.Lrta:e 

4 .2,1 horitFi1yJoragco 

Table 4 . 2 IlL ii Sta the average raosthly maximum , nriimum 
arid terre au :Lai nilenimirm temper ercure a ror !agga Ho searon 
SLrtteon. 

Figure 4 .3 :LllLu3tyatee the moan temperature variation 
o-e or the year and incltude S 	Lhe 	soilL t ooiperature a-',-  6 ft. 
(labia 4 .2.2 f or \agga Rcscarcn Ststesii ). 	The temperature 
lag between the atmosubare and 	is 	sc to the :neulatirg 
properties of soil, 

4 . 2. 2 

Daily 	temperatures for th j. e f/agga district can vary 
markedly on either side of the average, rant icularly in. 
the summer months. 	Temperatures exceeding 37. 3°C are 
corrrnon during December, January and February and tempera- 
tures e x c e e d i n g 37.8C can be expected in most years. 

The average length of the frost ñ are leriod at the 
Wagga Research Station 1948 - 1970 was 1981 60 doys, which 
compares with Foley's 226 ± 43 days for a. ten year period. 
The earliest recorded frost was on 22nd March, 1965  and 
the latest 21st November, 1960, 	The 	Lo\vest terrestrial 
minimum teriiperature recorchect at the Vlagga Re search Station 
was .9.50C  on 10th July, 1965. 	An rxverage of 36 frosts 
per year between 1948 and 1970 were expe:oienced in which 
the terresTrial minimum was less than. .1.70C and an average 
of 15 frosts having a terrestrial ininin;em temperature 

W greater than 	1.700, 

The average number o± days of frost at Wagga Research 
Station is given in table 4.2.3. 

Table 4.2.3 - The average number of days of frost 
- 	per month 	hecorCed at Wagga Research S tImer. 

Jaan Feb Mar Aur May Jim- e Jul y Ann' Sept Oct Nov i)r a 

0 0 0 1.0 6.2 9.0 11.6 10.4 4.7 1.5 0.3 0 

4.3 hrapostop 

Evaporation. figure a are limited to those recorded at 
the Research Station, Table 4.3.1  lists the mean monthly 
evenoration figures and their standard deviations. 



Table 1.1.3 Number Raty Periods per Month of Let. Icunl to or 
Exceeding the Number of Days Specified. 

Month 1 2 3 5 6 3 10 15 Average Mo. 
Rain Fey s/1Iont 

Jan 3,2 1.5 0.3 0.1.  Feb 3.1 1.5 1.0 0.7 0.5 0.2 0.2  
Mar 2.9 1.5 1.0 0.7 0.4 0.2 0.1 - - 6 
Aur 3.4 2.2 1.1 0.8 0.5 0.2 0.1 0.1 - 7 
May 3.7 2.6 1.8 1.2 1.1 0.9 0.4 - 11 
Jume 3.5 2,6 1.3 1.2 0.8 0.3 0.4 0.2 - 11 
July 3.6 2.7 2.2 1.3 1.0 0.9 0.6 0.5 0.1 13 
Aug 3.3 2.7 2.1 1.7 1.3 0.9 0.4 0.2 0.1. 13 
Sept 3.6 2.6 1.3 0.9 0.7 0.5 0.1 0.1 - 10 
Oct 4,i! 3.2 2.1 1.3 0.8 0.5 0.3 0.2 0,1 11 
Nov 3.9 2.5 1.5 0,3 0.6 0.4 0.1 - - 
Dec 3.2 2.1 1.3 0.5 0.2 - - - 7 



lablo t'_.1.4  Mere tae Frob ciii6y of FeceiVinE 'Dntb1:r 
in Excess of ccecejedorc nts \Vaga Research $tation. 

Month 	0.501.00 	1.50 	2.00 	2.50 	3.00 	4.00 	5.00 

Jan 65 49 35 26 20 16 9 0 
Feb 72 53 40 30 22 19 11 1 
I1ar 73 55 44 27 22 16 10 8 
Apr 81 61 47 32 25 15 7 0 
May 86 65 51 39 27 13 3 4 
June 97 84 69 57 42 30 12 6 
July 98 76 59 42 27 13 6 1 
Aug 91 82 59 40 24 15 4 4 
Sept 90 76 59 38 16 10 6 0 
Oct 92 80 64 47 37 25 9 1 
Nov 78 66 54 31 20 12 2 0 
Dec 75 53 42 30 13 9 4 



Table 4.1. 	No. 
can 

Days/Month on 
he ExpecteJ. 

Amount of 

which Falls of Secified 
Wagga Research Station. 

Rainfall (ins). 

Amount 

Month 0.01-0.10 0.110-0.25 0.26-0.50 	0.51-1.00 1.01-2.00 2.01-4.00 

Jan 1.5 0.7 0.6 0.5 0.4 0.1 
Feb 1.6 0.9 0.8 0.8 0.3 0.2 
ITarch 1.3 1.0 1.3 0.8 0.4 0.2 
A p r 2.5 2.0 1.0 0.6 0.4 
May 3.5 2.3 1.9 1.1 
June 4.5 2.6 1.9 0.8 0.1 
July 6.1 2.6  
Aug 6.0 26 1.5 0.5 
Sept 2.9 2.2 1.8 0.7 0.3 
0c 303 2.4 2.0 1.7 0.4 

2.7  
I)ec 1.7 1.0 1.3 0.3 0 ,2 



Table 4.2.1 Average Monthly Maximum, Minimum and. Terrestrial 
Minimum Temperatures of Waga Research Station 

Ja Feb r Apr May June  	N  Doe 

Temuerature 31.1 30.3 27.3 22.3 16.5 13.9 12.3  14,4 17.5 21.1 24.9 28.7 
Ranre 28.3 26.8 25.1 19.1 14.4 11.5 iLl 12.7 14.4 17.7 20.8 25,5 

34.1 33.3 30.2 24.5 18.6 18.7 19.4 16.1 19.7 25.L 29.6 31.8 
Minimum 
Temperature 16.2 16.4 14.1 10.1 6.2 4.3 3.1 4,1 5.7 8.5 10.8 12.5 
Range 12.9 14.7 11.4 7.9 2.5 2.1 1.4 2.7 4.1 5.8 8.3 10.6 

18.7 19.3 16.8 12.4 9.3 6.6 5.4 5.3 7.9 10.8 13.3 16.1 
Terrestrial 
Minimum 
Temperature 11.9 11.7 9.7 5.7 2.9 1.1 0.2 0.9 2.3 5.3 7,2 9.8 

Range 8.8 9.IL 4.6 1.9 -0.2 -3,4 2.7 -1.3 -0.3 3.1 4.7 5.9 
14.3 15.6 13.1 9.1 6.7 3.7 2.1 3.7 3.6 7.7 10.7 13.8 

Period. of Observation at VTagga Research Station from 1946-1973. 

(Temperatures in 05) 



tIable4 .2.2 Avera 	for Various Climetic 	?ucc at CaaaaFcc.ccrch C tion in 

I C1ilo Dat= 	eroa of JI 	CeO 	ar A 	
7p y 	Jnmp Ju1j AS:il Oct 	oDccear 

Records 

Rainfall (in) 93 years 1.46 1.49 1.71 1.65 1.37 2.4l.91I.26172il21D122J9 
E'aporation (in) 22 years 8.96 7.05 6.20 3.77 2.04 1.29 1,19 1.76 2.69 4.15 6.07 8.16 53.32 

I 	Max. 	Temr 	(°C) 22 years 31.2 30.2 27.4 22.4 16.6 13.9  12.3  14.4 17.7 21.2 24.9 28.7 21.7 
Mm. 	Temp 	(°C) 22 years 16.3 16.3 14.1 10.1 6.3 4.3 3.1 4.1 5.7 6.5 10.7 12.4 9.3 
Terr. 	!.,',in Temp 21 years 12.0 11.7 9.8 5.7 2.9 1.2 0.3 0.1 2.3 5.3 7.2 9.8 5.7 
Dry Bulb Temp(°C) 21 years 24.4 23.3 20.7 15.5 10.3 7.6 6.4 8.4 11.5 15.7 19.2 22.6 16.2 
Wet Bulb Temp(°C) 21 years 17.0 17.1 15.6 12.3 8.7 6.6 5.4 7.1 94 12.3 15.3 15.6 11.7 
Dew Point 21 years 11.4 12.6 12.0 9.4 6.9 5.4 4.2 5.4 7.1 9.1 12.3 9.8 7.2 
Anemometer 22 years 3305 2784 2701 2222 2241 1975 2109 2380 2415 2851 3096 3374 31425 
(miles M.M. ) 
Anemometer 22 years 108 99 88 76 73 64 69 76 32 92 104 110 87 
(miles D.M,) 

Soil Temp © 4" 5 years 22.7 22.9 20.8 16.4 12.7 9.7 8.5 9.7 11.6 15.8 18.3 20.3 15.8 
(Oc) 

Soil T e m p © 8" 5 years  23.7  24.1 22.2 18.2 14.3 11.1  9.7 10.6 12.7 16.5 19.2 21.5  J7.0 
(00) 

Soil Temp © 20" 5 years  23.7 24.2 22.5 19.0 15.1 11.9 10.3 11.1 13.1  16.5  19,3  21,6 17.4 
(0) 

Soil Temp © 40 5 years 22.1 23.1 22.4 20.1 17.1 13.9 12.1 11.9 13.2 _'5-7 18.0 20.2 17.4 



Table 4Jontdj 

Ciinatio Dafa: Feriod of Jan Feb Mar fpr May Je July Seu: Dod lou Leo Mear 
Record. s 

Soil Tear @ 72" 

 

I 	Y ears 20.0 21.2 21.4 20.6 12.3 26,3 14.5 13.6 13.9 15.1 l67 13.3 17.5 
(0(1 

No. 	of viet days 22 years 5.3 5.6 6.3 7.4 11.4 11.1 13.4 13.3 9,3 10.9 3.0 J,J  103.3 

Days of Freed 21 years 0 0 0 1.0 6.2 9.9 11.6 10.4 1.7 1.5 0. 0.0 47.5 

= f/{ondhly Mean 
= DeilLy 	1car. 
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5. sOILS 

5 .1 	otes on ti'ic Soils Ma-ia 

The soils map ( Eig.  5.11) is modif ed from the "Atle.s 
of kus±ralian Soils, Sheet 3' , urenereci by the C. S.I ,h .0. 
Because of the co11eit   	ut  l 	 f 	to map 
actual soil types therefore landscapes (laad forms) are 
used as the mapping unit. The msppir ; un to are, more 
precisely, assocaions of various o 3 1s rether than just 
one single soil group. in tb.e fol].oaing description of the 
major great; soil groups other soils that occur in associ-
ation with each group are listed. 

Soils are identified according to 'A Factural Key for 
the Recogniti on. of Austrelian Soile' (iJorthcote, 1971). 
This Key codes soils according to profile features. Each 
Principle Profile Form is coded By a series of letters 
and numbers e.g. Dy 3.43.  These codinge have been corre-
lated vvi tie great soil groups by various workers. The 
correlation of Charman (1971) has been used. 

The grea.t soil groups that have been used as mapping 
unijs are listed below with the Nortlic;ote codings of soi] s 
that occur within them. 

Great Soil Groun Northcote Codinna Associated Soils 
C cmm on e s t5t B or s 

R, c 7 Fodzolic Dr 2.21 Dr 3.21 Dr 2.22, 	Dr 	2.32 
Dr 3,2 

lellow Solonctzic 

hod Earths 

Red Brown Earths 

Chernozems 

Siliceous Sands 

Dy 3.42 	Dv 3.13 

Gn 2.12 	Gn 2.13 
On. 2.15 

Dr 2.33 	Dr 2.23 

Urn 6.11 

Uc 1.22 	Uc 1.23 

Dr 2.21 Gn 2.12 

Gn 2.25  Di' 2 .21 
Dr 2.33 

Dr 2.43  Gn 2.12 
Ug 5.2 Ug 53 

The first four great soil groups occur in major 
proportions in the district but the latter two are only 
of minor lmportance. 

5.2 Great Soil Groups 

5.2.1 Red Fodzolic_Soils 

Red podzolics are found in large tracts throughout 
the district. The maii.i areas are found east of Junee, 
between dunce and the Murrumbidgee, and south of the 
Murrumbidgee east of Wagga. They are found mainly on un-
dulatinig to steep hilly country. These soils tend to 
form under a higher rainfall so are found predominately 
in the east of the district. 

The red pod.zolics 	(Dr 2.21. and Dr 3,21) are the 
dominant soils. 	In close association are red solodics, 
yellow solonetzics, yellow 'odzo1ics and red earths. 
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For exarnule red podaol:ics and yallo\e solonetzjcs occur 
i a close association in the Southcusb of the district 
Tacu-Lta and Kyeanbe. Yellow solcietzl cs occur on the creel 
terraces in. Qua tcrno.ry alluvLuJlI and the red podzolics occur 
On the CilOdC5 and hills vv1ieh are Ordcrn i cian. sic bee with  a 
few scatte..e6 areas of grani be (see fig. 2.1). 

These red pcd.zolics are well dcvelopsd on the middle 
slopes but on the upper slopes and crests of hiutlne they 
are less deieioed. The midzolics on the upper eleuco are 
often chefLLov: and associated with lithosols Mn 4.1 

The essential features of these soils are a pronounced 
texture contrast, medium to coarsetoLured A horizons 
overlaying a predominately red 13 horizon of much higher 
clay content; a distinct pole A2 horizon; and acid reaction 
throughout the solum. The boundary between the A and B 
horizon is chars cterjstjcsll\r clear to gro.dual rather than 
abrupt and it is a duplex soil 

A typical profile has the following features. 

Lo—Shellon organic horizon. 

A 	Dark reddish brown (idosisell 5 YR 3/4) loam which 
has little structure. 	p11 5.5  to 6.5 	Seasonally haul 
setting crust on surface. 

/2 1eeic boundary differenti ation between A1 	and Ac. 
Colour light reddish brovr 	(L1unel.] 	5 YR 6/ui ). 	Loamy 
texture with little structure. pH 5.5 to 6.5 
B—Red (fkmsoll 1CR 4/6) light clay with strong ped 
struc boo. 	feds hove Ji;tinct cutana, 	p11 5.5 to 6.5. 

Identificalk on 

 Loamy A horizon, clayey B Horizon with a clear to 
gradual boundary between A and B horizon. 	These soils 
are duplex. 

 An A2 horizon is present but not bleached. 

3, lIed clayey B horizon usually with strong pod structure, 

17orthcote classification of these soils is Dr 2.21 or 
Dr 3.21. 

Ch ccii al and Hey sic ad Pr ort ie a 

Red podzclics are inherently infertile commonly with 
deficiencies of phosphorous, nitrogen and molybdenum. 
These soils are highly erodibI.e and suffer from sheet 
erosion and moderate to severe gully erosion, 

5.2.2 Yellow Soioiietzic_Soils 

in the district these soils are found along flood 
plains and creek terraces. Common examples occur along 
several creee systems such as Sandy Creek, Kyommea Creek, 
Tarcut-ha Creek and lioulaghe rio Creek. 
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Other so LIa that oc cur ia ci. ace association with yellow 
solonc-taic soils are red pcdzolics and red eart;hs, with 
anal 1 areas of yellow pod zolics and yellow ear t.}c and sins] 1 
areas of one rnozems aJ.ong creek banks. 

The important features of these soils are strong 
tuna differentiation. with a iiery atrup t boondsry between 
A and B hon a one . The A hon zon is nan ally I omny and 
often ha a viell dereloped bleached. A2 horezon, The B 
horizon is clayer vith strong coarse columnar blocky 
struct are. 

A typical profile lias the following features. 

A o—Shallow organic hoxi non, 

Al-Dark reddish brown. (hu:isell 2.5 YR 3/4) loom which 
has little structure, ph slightly acid ph 5. 5 to 6 5 
A2 	Teak  oouedary differeritiat ion between A1  and A2. 
Colour dark :ced (Muisel 2.5 YR 3/6) and vftibn dry the 
Ap is often strongly bleached. Loamy texture with 
little structure. The ph is slightly less acid then 
A1  being pH 6 to 7. Ferromanganiferous nodules are 
often :['oujid in the lover A2 or upper 13 horizon. 

B Yellowish brown (1\Iunsell 10YR 5/4) and when dry 
mottled with red, brown and grey. Texture is generally 
medium clay and structure is moderate to strong, 
blocky. A special feature of these soils is the 
columnar st:eucture of.  the B horizon characterized by 
a distinct vertical cracking pattern.. Beds are 
strongly developed with distinct cutanc, (shiny clay 
surfaces). The ph increases from neutral at the 
top of the B to strongly alkaline in the lower B 
horizon. 

Identification. 

Features to look for in the field to identify these 
soils are: 

Loamy A horizon, c]ayey B horizon with a sharp bound--
ary between A and B horizon. These soils are duiiLex. 

Yellow B horizon with. red, browrn and grey mottling. 

Co],umxiar structure of B horizon.. Vertical cracks 
are strongly developed in a dry soil.. 

Strong ped structure in B horizon. The peds have 
shiny clay skins which are often grey in colour. 

Northcote classification of these soils is Dy 3.43 or 
Dy 3.42. 

C:iemics,l arid I'J:\rcic'e]. Froparuies 

These soil-s are inherently infertile with severe 
deficiencies of nitrogen and phosphorous and may have 
deficiencies of' calcium and a range of trace elements. 
Use of feruniazers and legacies are necessary to obtain 
satisfactory pasture and crop growth. 
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Moi sture :r 	]xtt:Lonships can 	oeapobien The ssria:o 
soil set a hard and the 	:izltra;ion rate in low. The h 
lion son when 'vet 	cxpandai' illirig the cracks and become a very 
impermeabl_e . Those soils are highly enodabi e suffenina 
from severe gLlly erosi on., 

5.2,3 Red Earths 

The maj or areas of red earths ocean in -Lbe northern 
portion of tho dirct 	te 	fairl 	argesi 	 alo  
areas in t.hc south west . Tb eec soils are forru.d. mainly on 
undulating, and undulating to rolling cout..try * They are 
fouiid north of the Jiurrumbidgee and west of \Vagga and 
dunce extending west to about Gania:irt. There is also a 
small area between The Rook and Lurrumbidgec River. They 
are found mainly over granite. 

Other soils that occur in close association with red 
earths are, yellow earths, red podzcJ ice, red brown earths, 
and small areas o:t yell ow eo.Lorici area. 

Iborun ol cay 

Boundaries between horizons are indistinct with a 
gradual increase in clay from top soil to deeper ponticn.s 

W 	 of subsoil., The soi.l has an earthy fabric with no, or very 
little pod s1ructure. These soils are red-brown to red 
in colour. The A horizon is usually loamy sand to sand.y 
clay loam. The P horizon has slightly higher clay content 
and may be as ciayey as a medium clay. 

A typi cal profile has the fo]..loviing features. 

Ao-Sha]low organic horizon. 

Al-Dusky red (Munsel.IL 1OR 3/3) loam which has little 
structure. The pH is 6 to 6.5. 

B-Clear to gradual boundary 
Colour red (Hunsell. 10R 4/6) 
soi] which. is highly porous, 
red earths varies gTeatly. 

between A and B horizons. 
clay loam, massive earthy 
p of subsoil between 

Identifi cation 

Loamy A horizon with a gradual increase in clay content 
with depth. Boundary between A and B gradual to clear. 
Textural differences Latween horizons only slight so 
profile is a gradational soil. 

Very distinctive red B horizon. 

B horizon earthy with few if any pods. 

B horizon is very porous. 

Northccte classification of thc;ne soils is 0-n 2.12, 
0-n 2.13,  0-n  2.15. 

Chern i cal amdFh: calL Pnorties 

Generally their nutrient status is low and heavy 
fertilization with phosphorous and nitrogen and smaller 
applications of various trace elements are necessary for 
maximum yields. 

Red earths have a high water permeability and also 
since they have a relatively low clay content they have 
a low water holding capacity. 



5 . 2 .4 Rca BrO\RTI Earths 

These soils are common 111 ascii arid to sub humid 
areas. They are foand ma:inly in the western parts of the 
district north, of the IVlurrunbi dge e River . we at of Marrar 
A small area also oc curs nort1 east of Tue ROCk 	lucy 
mainly occur on Cainozoj. c aD uvlum. 

Other soils that occur in close association with red 
(roe/Il E011" ks are i-ed.. ea tha and grey and brown clays. 

A typical urofile has the following features, 

Ao--Shall ow organic layer. 

A1-Da1-k reddish brown (Munsell 2.5 YR. 3/4) ].oam. 
Weak crumb to blocky structure with a reasonably 
hard setting crust on the surface. The ph varies 
groat ly,  
A2-lVJay have a wakiy differentiated A2  to a differ-
entiated bleached A2 loamy, st:eong brown (IViunsell 
7.5 YR 5,/3). The ph varies but is alkaline to 
neutral 

. 	 b-Clear to abrupt boun.daiy between A and B horizons. 
hedicri clay, red (Munseil 2.5 YR 4/$ strong ped 
structure with clay skins. Strong prismatic to 
blocky structure . The pH is strongly alkaline 
pH 8 to 9. 

Identifi cation 

Loamy A horizon with a clear to abrupt boundary to 
clayey B horizon., this soil is a duplex soil. 

Brown to red B horizon. 

B horizon has strong ped structure with shiny sur-
faces (cutans). 

Alkaline B horizon (ph to 9) and may have carbonate 
nodules. 

Northcote classification of these soils is Dr 2.33 

40 	
or Dr 2.23. 

CL emle al a a d 	a1 FrO rti a 

For maximum production in these soils fertilizers are 
required, especially phosphorous. Because of their suit-
able physical status they are very good soils for wheat 
production. The clayey sub-soil has a high water holding 
capacity but is still easily penetrated by plant roots. 

5.2.5 Chernozems 

These soils are found along the flood plains and 
river terraces of the Murrumbidgee. Northcote classification 
is Urn 6.11. They have a thick dark A horizon, dark grey 
brown, brown or black in colour and varying from loam to 
light clay in texture. Structure is moderate crumb, 
granular or f:Lne blocky polyhedral. The B horizon is 
dark yellow-grey brown, or,  yellow brown. or reddish brown, 
with a slightly }.Dgher clay content and moderate medium 
blocky structure. The A horizon is moderately acid, and 
deeper in the B horizon the soil is mildly alkaline. 
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5.2,6 Sil iceouc Sands 

These soils oucur on send hills and amId ehec Us, 
They are food close to tiie U[urrum bidgee in the wa at era 
portion of the dnstrac;. Northoote cia sm fication is Pc 1.22 
aid Us 1 . 2 	 r 	to 	 en 	 x-•  
ture, deep profiles and the gencralt absence of hor:Lzon 
diffcrentiat on except "or a darker A.I. Soilcolour varies 
but brown colours predom:Lnate 

5.3 	Soil Froperties and Design Cr1 icnia 

5.3.1 introduction 

The following three tables are presented in order to 
facilitate the adus-Lment of design for soil conservation 
works to tlic nature of the soil involved. The tables deal 
with the soil facto:c in the coefficient of run-off, critical 
velocities of flow in hank channels and adjustmen-Ls to 
"Ku values for bank spacing. Details 	dasign methods 
using these parameters are act out in Section 11 of this 
manual. The tables hereunder are intended as a gaide to 
design on the particular soils found in the district. 

5.3. 2 CoeffiitofF-offamdSoi1Tirpe 

Table 5.3.1 enables the estimation of the "soil factors" 
in the co-efficient of run-off to be carried out. Soils 
are expressed as Northcotc codings. 

Table 5.3.1 Increasing hazard. 

0-5 

Med j. urn  

5-10 

H j 

10-15 
L Ex 

15-20 

treme 

20-25 

Dr 2.3 Shallow lith- 
Dr 2.4 Dr 3.4 osols or roch 

out crop 

Gn 2 Dr 3.2 Hard-setting 
soils in dry 

Dr 2.2 Dy 2.3 Dy 3.4 
season. 

Uci Dy 2.4 
Gn 4 Dr 2.6 Dy 3,2 

Urn 

Infiltration is of paramount importance in table 5.3.1 
and allowance should be made if a particular soil is more 
or less permeable than the table indicates. 

Surface sealing or !hard_setting  nature of the surface 
soil, textural and structural condition of both surface 
soil and profile are all factors which shou] d he borne in 
mind. State of erosion and state of cultivation are also 
important. 

If in doubt about the correct grouping, it is wise 
to err on the safe side and apply a higher weighting. 
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5.3.3 Critical Ye] cci t tee 

Table 5.3.2 indicates tile criti•.cni ieiociiies of 
flow to be used in berilc d ign, based. on Sc-). I tyne. 

Table 5 3 2 In ores sing I-To nnT 

Low 	I\TediinIl 	IN h 	V. I-h nh 	Ex;reme 
2i7sec 	l.3Yi/T7c 	I .5TT:7ec i. 7T7T4 	lTf7.e 

nmi Dr 2.3 Dy coil 
(dense Dr 2.4 	Dn 	3.4 known t 
silty Dr 1.2  he high 
soils) Dy 2.3 	jg 	.4 Jo\r 	dis- 

(hi 2 Dy 2 . 4 p or ci Dl 
Dy 3.2 
Dr, 2.2 

The assumption has beei made, in ireparing table 5.3.2 
that the floriytal excavation for banks in the Waggo die trl ct 
will entend at least to the top of the clayey B horizon. 
if this is not so (e.g. if a soil has a rarticulanly deep 

horizon) then suitable adjustment must he made, allowing 
for the texture and structure of the material reached 
during excavation of the channel. 

The soils have been placed according to the expected 
detachability of the B1  horizon, and in some cases this 
would be increased by the dispersibility of the clay manerial. 

Land use can also be an important factor in relation 
to subsequent farming operations. If the channel itself 
is to be cultivated, then scouring is much more likely to 
occur, and a lower velocity must be chosen. When the land 
is to be used for improved pasture, then a higher vloc;i.ty 
will be more suitable. Bank channels that are properly 
vegetated and maintained will carry flows well in excess 
of two feet per second. 

5.3.4 Ad justment of Ste Tart?s  'K' for SoilT e 

Table 5.3.3 provides a guide to the adjustments which 
can be made when calculating bank spacings. Soils are 
grouped according to their expected credibilities. Soils 
are listed in great soil groups, with typical Northeote 
codings in brackets. 
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ible 5 . 3 3 Ad;iustmetit of Cte\rrt; a "1K' for Soi I ':yp 

Ci a c  s 1 o 	_adijustment, 	to 	Kfi.  
tTnif arm PrinT)] e 1 oem S and sand a 
iiard-a.rtting soloreizic 	nails 	(ut 

Dy 	3.13). 
Clan a I] Add 0.1 "KI' 

Red-hrown earths (Dr 2.23). 
Hard--setting pod aol.. 	c 	soils 	(Dy 
Dr 3.21). 

Claas III Add 0.2 "K" 
Rod Earths (Un 2). 

Class IV Add. 0.3 	"K" 
Black earths (ug 

Class V 	Add Q • L "K", 
Forous coarse sandy or gravelly soils, 

• 5.11 Suitabili ty of So us for Use 	Structures 

Red Fodzolic 

These soils are good constructional material because 
they have a fair clay content in the subsoil. Some of. these 
soils are dispersible and caution should be thken where 
this is suspected. 

Solodized_Soi.one-bz and Solonetzic Soils 

These soils are often dispersible and structures often 
fail due to tuimeiling. Care should be taken in compaction 
and -the use of chemicals is advisable if soil tents show 
that the soils are dispersible. 

Red Earths 

These soils often do nol have a high enough clay con-
-Lent and since they are porous soils, structures can leak. 
Dispersible red earths have not been found in the Riverina, 

Red Brown Earths 

These soils are good constructional material with a 
well graded clay subsoil. These soils are seldom dispers-
ible. 
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6 	\'ICCE'iI\ IF 10P 

(3 .JJ.ntrodrrfioyj 

Figure 6 1shcn a the cli tnibut on of the maj or plant 
conan.niitio a within the 3Vagna. cli st.r:i. ci 	This i-,-ap has been 
conpii ed from the survey by Ileore (1953) who defined tb.e 
communities in. terms of associationF; and all. iancos, The 
general term c ommuni 'try has been al cnt od for the prim o e 
Of this stony arid is analagous co Moore a term allranc;e. 

Small areas of dry scierephyli forest have been no- 
sei v od for i c 	1± fme 	of 	I e Foi cc is in the  
Kyeoniba, Full, 	Humula regions. 

Simile: f:: ir the Gannair Coolamor regions, areas 
have been reserved ±r Finns radi.a'ta plantations and for 
Cypress fire regeneration. 

6.2 LTo 	LEO eS 

Six maJor Communities have been recognised, 

6.2.1  

This community has the structural form of a savannah 
woonland. In the Wagge. district its occurrence is gcxieral:iy 
restrjcted to the flood plain of the Murrumbidgee River 
and hence most commonly occurs on chernozem soils. 

Other tree species found in the community are. 

ELri;aswool1sian.a - grey box 

B. albens 	 - white box 

B. rnelliodora 	 - yellow box 

Where soils are well drained in areas free from 
periodic flooding the following pasture species are found: 
Danthonja and Stia app are the usual perennials; whilst 
the moct common. annuals are Jiromus app., Vulia app., 
Hordeumle'jonmnnrn (Barl 	as ey gra, M 	 .' e.aornorpha, 
ioge'L:h.er witn various naturelised InifoiLLunt app. 

Generally pastures are of poor quality but in areas 
not subject to periodic flcoding pasture improvement is 
possible using s-pecies recommended for the area. (See 
section 13). 

Except for some gully erosion ad'jacent to the major 
streams this community is not a problem from a soil oon-
servation viewpoint. 

6.2.2 

This commtu:ity has the structural form of a tall 
woodland. It occurs predomnately 	he B.W. 	hi 	 . 	 te  
district westward of the 20" isohyet on red brown earths 
of heavy texture. It is also found elong J-Iouiaghei:is 
Creek in the centre of iiC district and south of the 
Murr'mnbidgee River between Wagga and Forest Hill on 
solonetzic soils. 





1 	1 il]c eoreci H  on 1:ivsc:n the di stribildLdu 
of this cuanicci t and iepospbv the main :[acbce2hoet-
ing distri buLiori being raini 11 sad soil type. 

Other t: ce species iFCwtri arc white. OCx, ilL ce hen: 
m Oiil 	Lscol1r]1e 	(\ 1t 	Crp es i'tnc ), 	Is 

the associatson 	the eti;ter spsc:Lss is usuaIJ.y west 
of the 20" icoi'yei 

On iieavic.r' soil theprincipal seass Species are the 
pe nure I 	 i 	sep 	0 Lip sp 	\dii Isi n 
soils annanl grasses end i.egeenes are sirriltar to those 
found in the Ri er Red Gue uoninuXLi Ly. 

Much of the area has been ci eared foi cereal pro-
duction. 

6.2.3 \Th,I to Box Conrmsei ty (Eucalyptus ai hens) 

This community occupies the major portion of the 
district between the 2011-2 " isohyeLs 	ILs eLructural 
form is typically a tall wood]and vcryi.ng to a savanneb 
woodland in the ]eas L favourable sites It is commonly 
found on red podsolic soils but there appears to be ILittie 

W 	 ielationsbi.p between soil type audits general distrjbution. 

Other tree species fowid in.lude yellow box, grey box, 
EulLptusmacrorhyncha (Red stringy hark) and Euiyptus 
blaketyi iLd Gumi). 

Evidence suggests that the dominant grasses wore once 
Themeda australis (Kangaroo grass) alon with Foa australis 

	

Tssokdrsaand 	1QacseLLJm IFl.arns gi 
Howevcr unac'r grasing Lne mann C9SCJ e are 01Jnaiselcita 
(Spear Grass) and i)anho'iis' spp w tu suthrjoc}jJ ouecriero 
(pitted blue grass) 	 very com 0nl particularly ori 
overgrazed country. 

As with the Grey Box community much of the area has 
been cleared. 

6 . 2 .4 Ped Gum - Red Iron lmrk Co eu.eeitv (Eucalyi3Lus 

__ - - 
This conmunsity has the general form of a dry scleronhyll 

forest, although it is very variable, the height of the 
domino.nh trees ranging from 20' to 60' or more depending on 
the situation. It is generally found below the 26?  nsonyet 
in the south of the district and rimning N.N.E. across the 
Murrurn.bidgee River along the Maleho range almost to Coolamon. 

In the S.E. of the district above the 26" isohyet it 
occurs in conjunction with Red stringybark and EjLus 
rossii (scribbly gem). 

Its occurrence is restricted to ridge country con-
sisting of upper ordovician quartzite, slates and phyllitos 
which give rise to po or skeletal soils. 

Eucaiy1)tusdealhata is most commonly found on the 
poorest and least developed soils aL or near the tops of 
the ridges often in association with Casurina_stricta 
(Hill Oak) and white cypress pine. 

The dom:inan.L geass species are Danthoriia. spp and StiDa 
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6.2. 	R 

1i1]ii e comaei -t7 Las the si;ructu.rel form a 1  e dry 
sole op}lvlI Purest occurring ioij e the 2'l isollyct on the 
higher ridge co - try  	corne of th d srict   ,  
lb IC Ii qi-,  ont-ly 	0OC1c cd vj Lu lied 	nri (i 	dc1bea) -rj 
red :ironbnrL 

Slopes rengo irom1O to 3O or more asni eeet for 
rink banking and clearing, are little improved. 

Folio\rving clearing the dorn.nanf grass species are 
Dauthonia opp, Stuns spo and Ar stii1 epp esecially-  on 
the deep soils in. hi glier ra rfn:. 1 areas. 	Fol].owing heavy 

mng AYJ 	1hYr) a gi 	so) i 	C011iOO 	don1inen L 

(3 . 2.6 Shrub Vcod1  end Corn uniThr J:Pm05 eindula 
- 

This shrub woodland con.riuuutty is represented as a 
very small area in the K,V'. corner of the district 

It seems likely that Ace cisendua (Myall) was once 
the doelLnarit e .c 	s iihLr 	 )1ris (Saib LuaY 
occurrin 	a g as 	shrub stratum. 
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7 	ILJS) USE 

'7.1 Introduclion 

in the di stri c -L broadly c onforms L a land 
systems as defined by Christian and S Lewart . However 
topography exerts the greatet influence on land ccc. 

Much of the area has been cleared and even the few 
remaining extensive timbered areas' ore utilized to some 
extent for grazing. 

The three principal types of loud use are. 

( a ) Arabic 	with wheat as the princi pe] crop. 

(b) Grazind. 

( c  ) Dairyinn - with lucerne and intensive cronpin. 

In addition small areas in the diatr ci have been 
reserved for State forests, 

7. 2 Pc eerILpt1 on. of Land Use Divi ci one 

7.2.1 Arahle'Eastern Zoce (wheat, pius other 
1sandraz.e' 

This division comprises the major portion of the 
district. It consists of undulating country with slopes 
ranging from 3-10 percent. 

Rainfall varies from 19-22  inches increasing from N.W. 
to S.E. with reliability in the growing season increasing 
in the same direction. 

Property size varies from 600 to 1500 acres with an 
average size of 700-800 acrcs and there are few large 
holdings left in the area. 

Wheat is the principal crop, but barley is grown and 
a large number of sheep and cattle are grazed in con-
junction with crop production. 

W 	
The main form of sheep enterprise is crossbred sheep 

for fat lamb production to meet the early market. The 
Coolamon-Rannock area caters particularly for this market. 

The cattle industry is a well established one based 
on good quality stock. Numbers have increased significantly 
in recent years. (15 per annum in the 1969-1971  period). 

There has been some increase in the growing of other 
cereals such as barley and cereal rye. Rape, lupins, 
field peas and sunflowers are also being introduced with 
the principal areas of production being around Wagga,The 
Rock and Harefield. 

The production of subterranean clover seed has been 
an important sideline to some farmers at various times but 
there has been little activity in the industry during 
recent seasons. 
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7.2.2 
CC1.L Li 	 ie) 

This div:Lseon 	crally comp:emses the gently sloping 
lO\vf aiUh I I 	C to iiC WOOf O 	I C (1L5I 

Lower aiflToLl with lose probability of receiving 
effective rainfall in The rrowieig season, reeulcs in 
slightly iowci' avmge yields -Uban in the above division. 
This trend is accentuated wee' Lward. 1)30 growing season 
is generally one week shorter tretn et VJagga, 

Slopes very from 0-3%  and generally thee is no 
appreciable erosi on. Scils are predominately red--brown 
earths in conrent to the red earths and red podzolic; of 
the above division. 

Fropert; :i::e o.n hf.i. 	the e. nree being 700-800 
acres. 

Sheep arc the most important grazing animal . In the 
eaetern section faf lambs for he early ls.mb market are pro--
Juced but towards -Uhe wesU sierinos are carried. 

The area is generally marginal for cattle. However, 
there has been a large increase in. numbers in recent years, 
the increase being 30f in 1.970-71,  This may lead to 
difficulties in the future. 

A feature of the area is thot it is a traditional 
wheateyi and eaten hay s  and chaffgrowing area with a widely 
developed market. Bay is usually cut in early October. 
This offers and alternative to wheat growing for grain 
production. 

7 .2.3 Crazilat Class 

This division comprises land generally too steep and 
too dissected for broad acre wheat production. 

Rainfall is generally in excess of 22 inches per aumum 
and is reliable with goig  	g  
from mid-April to the end of iTovembor. Whilst this is 
ideal for pasture production with fodder crops it may be 
too high for quality grain production in most seasons. 

Much of the division has been sown to improved pastures. 
Fodder crops in the fonii of oats and barley are grown 
together with dryland lucerne on the limited areas of 
river terrace. Lucerne is also included in the pasture 
mixtures to some extent. 

This division carries both sheep and cattle but whilst 
sheep numbers have remained static in the recent years 
(1970-1971) cattle numbers have increased at the rate of 
1-20% per annum. The area favours a stable cattle industry 
producing quality stock. Sheep are predominately cross-
breds for fat lamb production. 

7.2.4 Grazin_2nd Class 

This renresents the poorest class of land in the 
'district. Relief varies from 1200-2000 ft., rising to 2000 
ft., in the S.E. corner of the district. Topography is 
steep with the main ridges themselves freiuently in excess 
of 30% slope. 
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poor irumrt;ure skol etal sos]s hene been ceveicned on 
metamorphosed sedments, whils ether ai' cas cOns a L of 
infertile degraded soils formed on steep granite ridges. 

Climaticsii\r the arc is favc r h] with rai:f if i 
mores sing from 24 to 40 per annum towards the S.f. 
corner; arid the growjng season norma].iv ext ends into early 
December. 

The area is ma ]fliJ\T ut  Liized. for grazine' with merino 
sheep but cat tie numbers are mores sing also 

vation and improvmentThere is  
has generally consisted of c].oarinf, aerial sowing and 
ferti lizi pg a ad the co;rHoi of noxious weeds and vermin. 

Portions of the ares. have been reserved for forestry 
purposes. WiLL the favourable moisture regime this form 
of land use could be extended. 

7.2.5 

Most of the dairying in the district occurs in this 
divisi on with fresh milk producers being main] y located 
on the Murrumhidgee River near Wagga or downstream from 

W 	 there, and along the Kyeamha Creek in the Ledysmith a:cea. 

Although there arelimits on the number of licence a 
for fresh milk production, production has increased l5-20 
in recent years (1970-71 mci. ) in response to increasing 
demand. Cream production has declined sharply and this 
has particularly affected the industry in the Tarcutta 
Creek area where there has been a swing to beef production. 

Property,  size varies from approximately 50-500 acres 
and carrying capacity is generally one cow to 4•5 acres. 

Irrigation is 'both from the river and from bores. 

In addition to lucerne growing under irrigation, sun-
flower and grain, sorghum growing has also recently been 
introduced. Seed production mainly under ciryland conditions 
is also practised. There is particular interest in the 

. 	production of Fhalaris tuberosa cv. sirocco at the present 
time. 

Some dry land wheat crops are also sown along the 
river west of Wagga but the likelihood of floods dic--
courages this form of production. 

7.2.6 Fores't Areas 

Small areas of land have been reserved as State Forests. 
Approximately 20,000 acres have been reserved in the South 
East portion. of the district for hardwood and Pinusradiata 
production, whilst approximately 2--3000 acres have been 
reserved in the drier North West portion for Cypress Fine 
regeneration. 

The more moist South East; corner would appear to have 
a good potential. for extending this form of production. 
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8. EROSION 

Three classes of erosion. are 2:ecogniscdwiL- hin LIie 
Wagga, district; and have been mcii ca ec Oi n.e auccnp ning 
map. 

8.1 Erosion Classes 

8.1.1 No Anureciahie Erosion 

This erosion class occurs in two majn areas. 

(a) 	In the far western portion of the district, west of 
Coolamon. The land is flat or only gently sloping with 
the average annual rainfall genersil less than 20'. 

(h) 	In the central and easiern portions of the distr:i ci 
e.g. the flood plain of the iiurrimbi.dgee River, the lioulaghans 
Crock system, the small creek systems around Big Springs, 
between The Rock and Uranquinty .ind the area around Lake 
Albert. Some minor gullyiiig does occur along drainage 
lines of large catchments extending into the surrounding 
hills. 

5,1.2 	S1iht Sheet Erosion _with Shallow Gullies 

This class occurs on undulating to hill y lands in the 
central portion of the district north of Wagge.. The soils 
are predominately red earths and erosion is a direct con- 
sequence of poor land management. 

Roadside erosion is common in this area. 

8.1,3 Gully Erosion with Shet Erosion on TJulanci a 

This class occurs over large areas of the eastern part 
of the district. Topography is hilly, but dissected by 
gently sloping creek valleys. 

Sheet erosion is often associated with the Podso....ic 
soils of the upland slopes. 

. 	 Very extensive gully erosion can occur on the lower 
slopes between. the creek flood plain and the surrounding 
steeper slopes, mainly associated with solonetz.ic soils. 

Gully erosion is frequently found in the drainage 
lines of the steeper slopes. 

8.2 Tunnel Erosion 

Dispersible soils are found in all major soil types 
within the district except the red earths. 

Tunnel erosion has only been encountered in small 
areas within the district associated with either solonetzics 
or red podsolics and less frequently on red brown earths. 
The main area of occurrence is east of Wagga, south of 
the Murrumbidgee River. 



83 ioils and Erosion 

The most severe erosion occurs on the yeiiov SO.iOflCtZie 
soils. Pad sheet erosion aad MajOP ELDly erosion. OCCUrS. 

.Podcoi:Lc soils erode eas:i.iy sad sheet End maILiv erosion 
occar on there bUG with less ccv eriLy than on the y siLovi 
solonetaice. 

Pod brown earIYis are affected by moderate sheet and 
gully erosion, They are usually iomd on flatter areas so 
the erosive ac bion of wat;er is not as severe. 

PLed earths suffer only mild erosion under normal agri-
cultural practice. 

8.4 Land Use and Erosion 

The most severe erosion in the district is found on 
arabic sloping country. The more ictensive the cropping 
the njone severe is the erosion. 

In the past red earths suffered from severe erosion 
after continuous cropping but this has been halted by the 

. 	use of rotations Incorporating a subterranean clover-Jey 
per i o (3. 

Unimproved hilly grazi:rg country south east of Wagga 
is very vulnerable to erosion but is stable u_ndcr improved 
past are 

Generally the introduction of rotations with a clover 
ley phase on arabic areas and pasture improvement on grazing 
lands has reduced the erosion hazard, 
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.1. 	Soil Con:servati on Region a 

The Wagea district can he roughly divicd in ho 'three 
regions based on variations in general soil conservation 
prac Lice, irneiy: 

The South Eastern Region. 

The Central Region. 

The Western Region. 

9.1 .1 	The South. Eastern Region 

This region can again be rough1 sub-divided into 
northern and southern zone,,,-,on the basis of topography. 

The southern zone comprjses steep rugged hilly lands 
with slopes genri11y in excess of 20 percent. 	These lands 
are main].y located east of the I-lnJne Highway and include 
the Kyea.mha , Iluimula, 	Obeine and. Weatbrook areas. 	The zone 
is mainly second class graziri.g country with sheep the main 
grazing animal although cattle nuinbers 

W have been increasing 
in recent years. 

Pasture management is an important soil conservation 
practice, emphasis being placed meiniLy on stocking rates 
and stocking management to maintain pasture cover. 

Pasture improvement is possible using species recommend--
ed for the area (Sec-Lion 13). Aerial sowing and fertilizing 
with superphoophate is the usual method of pasture improve-
mont, 

Structural soil conservation works are usually limited 
to diversion banks and associated gaily control structures. 
Trickle pipes are also frcquently used. 

The northern zone comprises lands with slopes usually 
ranging from 10-20 percent and includes the areas around 
Ladysmi-bh, Rorambola and Tarcutta. 

Soil conservation practices include crop rotations, 
pasture establishment and management in accordance with 
recommendations (section 13) and stocking rates consistent 
with the degree of development. In addition some struc-
tural soil conservation works such as diversion banks and 
gully control structures may be required to support these 
practices. The latter are sometimes fitted with trickle 
pipes. Diversion banks must be further supported by contour 
guide lines where cultivation is undertaken. 

9.1.2 The CentrjRe i..on 

This region comprises more than half the area of the 
district and includes The Rock, Wagna, dunce and Coolamon 
areas. Slopes range from 1-10 percent. Agricultural 
activities consist primarily of cereal growing in associa-
tion with sheep and cattle grazing and some pig enterprises. 
Some oil seed crops are also grown. 
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Conservatio.i practices rely mccc on a :ruciurai works 
and icclnde ccmnrc1 ensiva i:aded 'back systems div eniine 
run—elf into 	 a con 	rnci ad na. tns or ei;abie ne 
toge-L;her n:1h gully control structure S - 

]\anage1[en:L'r S_Oils O 	clad e CCntOt)5 (:ui,'ti ye time, 
crop rotation arid rae Lure improvement 	This is the be 
area in the district for growing a icrayerni clever end 
the reconmeiiJee3. crop ro tatieri I s two years crorping followed 
by two years of clover icy. TLi. a i fray adad that 0-Lb er 
management innut s are applied at the CS-ICE intensity, 

9.1.3 	/terJ 

This area comuricee the mainly fiat arab]. e land with 
slopes under 3 percent. The main centres in this area are 
Ganmain, tiat eng, end Cowabbi e. 

There is no appreciable erosion. 

Agr.. cdi ural activities consist primarily of cereel 
cropping with eerie grazing, macni y sheep. 

Soil conaerva-tccn practices consist of lend managc--- 
ment with some structural works aimed at diverting run--off 
flows into gaily control strictures. 

S 
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10 . 1JAN11 Oh! Sdl}PSCi TION Tff  jAN11 lIANNING 

10.1 ]jarm Plenum 

The farm ulen ir the basi a for round roil conrelrva iori 
management 	it provides icr the ole reification of the land 

mI a vur our land c1  uc 	I 	 mm i Ha 
beat use of each acre of :La.nd on a fiance ty . The copa iL].iy 
classes are used to indicate the vontous management reqnire-- 
merits to achieve sotuid 	cofleor\'a±.lon. at the different 
levels of land use. 

Management requirements for a.ra.ble lands include crc 
rota-tions, sound soil and crop residue treatment;s well 
p:La,nnod fencing and rupport.Lng soil conservation measures. 
These soil conservation measures include graded banks, 
diversion banks and gully control structures arid contour 
cultivation. The intensity of these measures is governed 
by climate, topography, roil tyje and the level of land 
1150 

For grazing lands, manogement includes use of the 
most suitaoie mndo of livesrock, stockmng rates consistent uc  
with the degree of development, grazing systems, sound soil 

W 	 management and forage treatment, fodder conservation and 
supporting soil conservation measures, In the Wagga 
district supporting soil conservation measures include 
diversion banks, gully control structures and contour guide 
lines. Gully control structures usually have a dual pur-
pose. They provide additional watering points and con-trol 
gully erosion. 

10.2 Land Cap abil 	01 assificat ion 

The following basic criteria are used for identifying 
capability classes in the Wagga district. 

10.2.1 Climatic_Zones 

The whole of the district has a mediterranean type 
climate. However, there are variations in the climate 
within it. The main variat ions are rainfall and rainfall 
reliability. The climatic zones based on rainfall are: 

Table 10.2.1 
	

Ciimatic Zones 

Zone 	 Rainfall (per annum) 

Cl 	 Over 25" 

C2 	 20-25" 

C3 	 Less than 20" 

Zone Clcovers the south-eastern part of the district, 
02 the central and C3 the western part. 

10.2.2 Slll.ass 

Slope is the only readily measurable factor for the 
identification of land. classes. Factors such as physical 
limitations and soil characteristics modify the slope 
limits of the various land classes. 
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Tnbie 15.2 2 SlOpE Classes 

Slope ' 	escniption 	Romar]mi 
(usaal jr) 

Pie L 

Gently sloping 

Gentiysloping 

Piodorat ely 
sloping f:o 
rolling. 

Mo dora u elv 
sloping 

27 	2 5b0 + 	 Hilly and 
mounts f none 

('1 	-' 

Upper lisa of Close 
II on fed Fodzoiic 
and Red trovn:i earth 
soils. 

Upper limit of Class 
II on Red earths. 

Upper limit of Gb so 
Ill on all sell 
types. 

Upper limit of Class 
IV lands in 25_30u 
rainfall on Red 
Fodzolic soils. 

Upper limit Class V 
on. all soil types 

Class  

10.2.3 FsicalLmitaUons(excludThc1o) 

If slope is not a limiting fec i;or for arable use there 
must be no other physical limitations to cultural practices. 
Other physical limitations determine the grazing ciassis 
to he applied. 

Symbol 	 Fhysical Limitation 	 Remarks 

Slope and erod•-• 
ibility are the 
only limits to 
arable use. Al-(  
forestry and 
grazing use. 

P1 	No physical limitations to arable 
use. 

F2 	Very Vvt areas, isolated 

P3 	Very stony or rocky.  

P 4 	Very dissected. 	 ) 

P5 	Very severe effects of 
cast erosion. 

Very infertile soils. 	) 

Grazing, 
forestry or 
unusable land. 
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10.2.4 Soil Erodi, bid I tv 

De;ree of Cazard 	Great Soil Groop 

1 	Low 	 Red I - ntis 
2 	i\odmte 	 Red Brown Earths 
3 	Moderately High 	Red Fodzolics 

High 	 Solonetzice 

10.2.5 Other Factors 

Land may be classified as arabic by all the aboi e 
crterja but be utilized for some lees intensive use ouch 
as grazing o:rfores-try. Its deveil cement towards ito poten-
tial capabeiji wOid depend upon social, economic or tech-
nological circumstances, 

10.3 Lend Cap abiliyC.ecs  

CI sos I 	]efinitlon: 	Arabi e lends requiring no special 
soil conoervaijon practi ceo. 

IC entidi cent :1 on: Level to 	most level slope class 
O-1 	with no uIrrsicsl 1 imitations 

except Occasional flooding. Usually very fertile 
and suitable for irrigation, 

Extent: 	 These iaridn are generally con- 
fined to the alluvial fiats of the 

urridg M 	umnb 	ee River and Tarcutia and Kyeamba Creeks. 
Soils are a prairie type of medium fine texture. 

Class II Definition: 	Arabic lands requi:cing simple 
soil conservation measures such as 

contour cultivation and crop rotation. 

Identification: Slopes for this class never 
exceed 4% Where slope lengths 

exceed 20 chains a class III classification may 
be applied. For example on red brown earth soils 
with heavy texture and slopes of 2-3%  in excess 
of 20 chains are classified as Class III. 

Extent: 	 Found throughout the whole of the 
district but are ex-bensive in the 

gently sloping lands of the central and western 
sections. 

Class 111 Definition: 	Arabic lands requiring intensive 
soil conservation practices such 

as diversion banks, graded honks and grassed water-
ways in addition to the practices for Class II. 

Iden-bificotion: Slopes range un to 12%.  Above 12% 
slope cereal crops cannot be bar-

vested by machinery when operating between contour 
banks. Slopes of 2-3% whi ch would normally fail 
into class II are included in this class when slope 
lengths are in excess of 20 chains with no physical 
limitations but with climate and soil limitations. 



Exte;t: 	 Foned i ii assoc i ati ca wi ii? 
ii land a pi'L.J ipaiLly in the catn; 1 

reg i on. 

Cias IV Dcfinition: 	Gii ug lands rc? cu i nun no  
LDOJ I 

is no structural works S PC PC ptiirOd.. i[amd in this 
class should he capableof sust,, Iining a a 
ne Live or improved pasture award to pro ta cL 1; 
from erosion, 

id eatifi eat lan : Si_one a range from O--]_O and Class 
IV land a are t opographi ccJiLr  

able for cultivaijon ha for reasons of sLone, 
gravel, shallow soils or other features could not 
be casoified as Class II or Class III lands, 

Extant: The mej onity of Class IV lands 
ilbUl 	ct c e lo c, Lt o1 	ii 

the south eastern zone 	These lands are usually 
very wet during the month a Apri I to October and 
the surface is unable to support; eulLivati on impic-.- 
rnents. 

. 	 They are usually associated with red podzol ic and 
solonetaic soils. 

In other parts of the district they are con--
fined to smell areas along creek flats on the 
effluent of drainage lines from steep ccmw try 

Some Class IV lands may be cropped occasionally. 
This practice entails the sowing of a. pasture 
mix-tine with oats as a cover crop. It allows the 
nitrogen build up to be utilized and pastures to 
be renovated. The oats also provide valuahrI.e 
winter grazing. 

Class V Definition: 	Grazing lands requiring intensive 
soil conservation measures. 

(ientfication: Generally slopes range from 0--25. 
The other physical factors that 

. 	 are used to identify Class V lands are shallow 
infer-tile soils, oissected landscape, and severe 
effects of past erosion. 

Lands with 0-10% slope with colonetzic soils would 
be excluded from Class Ill and placed in Class V. 

In other instances lands with slopes in excess of 
2% may be classified as Class V. These lands 
have N.W. aspects and have been overgrazed. 
Structural works in the form of pasture furrows 
would be installed on them with crawler type equip--
ment and the fulL range of recommended management 
practices would be applied to them. 

Extent: 	 These lends occur primarily in 
the south easte:cn region of the 

district. 
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Cia an VI ]JsfLnhtsoe: 	G.zing lends that require yen 
good nna gement to remain stahl e. 

I i 	a. it i u lud 	e  
o took, rca tOJ cti5ve stock. 	: rates, provinica of 
VteiIg nca.nts, g::or[ fc ear:, preven iLen of fire 
aad coniroi ol pests aria weeds 

Extent: 	 Lioniied ocunirdnce in the oou-bi 
esstern rcion of the distrjc-L-. 

Identification: Land thet requires special pro- 
tective xneaaurs s. Uosn.LLy stccp 

gra..ng land a with elopes in excess of 25i. Top-
ogre ehy so rugged that intensive soil censerret ;icai 
stracteral works cannot be corzoed out, Soila are 
ina1ly of ic\ ierti]ity 

Saled le 	so 	rin 	C 	VIt 	nl 	aly 	n 	.  
Special soil consaivaticnmeeeurco and sin ck 
s- anking control must be applied to salted area a 
if rooleme. time is to be successful. 

Class VII Defi itici: 	Leiide reserved for gr :Th Limber 
because of erosion hazard, is-

accessibility, steepness, shall owriess, in.fertil by 
or other factors. 

Extont: 	 These lands occur genoralle in 
the south eastern margins of the 

district. 

Class VIII Du triti on: 	Land which is economically un- 
productsve (cliffs, lakes, swamps 

etc. ), These areas are often beet suited to wild 
iizfo preservation. 

EoL ant: 	 Instance of occurrence in the 
district is insignificant. 

10.4 Land tiaranement of the Various Ca abilitr Classes 
w77T71nthef1dm a 

10.4.1 Mana Le entofArableLands 

The mapagement requirements have been listed at the 
beginning of this sections. No management input should be 
cor.isidered alone as each will effect the stability of the 
system as a vvnoie. Each should be considered in relation 
to the whole menagement and the level of land use that must 
be sustained. 

1. LL2P Ro t ions 

 Red Earth Soils: Observation indicates that the 
highest intensity of use that these soils could sustain 
would be,  2 years cropping followed by 2 years clover 
ley. 

 Red Brown. Earths: The highest intensity of use for 
these soil.s is 2 years cropping, 3 years clover ley. 

 Red Podeolic Soils: The highest intensity of use for 
these soiis is 2 years cropping, 	2 years clover icy. 



2 . 	Soul end Or 	Fool Ire T e 

The so tituont ii eo±ud c ieyLa of fallow. tync of 
Implement iice 	dirocscoi-i uc 	i:Livation 1001 StUic con Lm i; 
of soil SAJ CSiaL)L Iveen Ofld OOillltEnO-1flCO ol do or 
icy and s iilLe d I sposal 01' usC 

Lengtn. of Puiloo on red e tho and red pcdzolics cart 
hoof shor dora Lion 	Thu initial vorki.nos are delayed 
until DCCC IbOIL - February po-ie 01 	.Cea crown earths require 
loud-er fulL 0 vi and mey hevvcrkud in SujeLembor 	Cc Lu bur 
proceeding sooing. 

Tyne impiemeu.to should be used on oil soil typos, viL crc 
possible, ii; preference to disc nplemnnto 	Excess paatnre 
or crop resdoe should be reduced by either heavy stocking 
or mowing prlor to soil woeking, Further at all times, 
the :Lnitis 1 and fins].. culi iv at ion should be on the conto ur. 

The e si;aJ ishmeat and mu in benance ol good dcv en icy 
are essential for the mal Lii eiance end improvement of the 
chemical ad piiysica] properaes ou all arahie lends in the 
diatx lot. In short rotations, clover must be underso'An 
weth the final, crop of a rota.tion . Further, the rate of 

. 	 sowlng rnu.s 	L be sufficien,-Ll.y h euvy to en sure max 00110 cov(_roge 
in one yeor. On red earths and red podzol.ic rates in excess 
of 4 lbs/acre are strongly recommended. In lOng'oI' rotations 
such as in a 3 year clover :ler in a 6 year rotation, clover 
should be lopd:cessed with euperphospl-vate in the :Lst and 2nd 
year of icy. That is Pert LU zer should be applied in the 
4bh and 5th yeer of the 6 year cycle. 

Stubh:Le incorporation has in many areas proved imprac-
tical because of 'Lhe short term crop/clever ley rotations 
(2 x 2) common throughout most of the district. Cunulative 
nitrogen deficie)-jcies develop and s s nitrogenous ferti:Lizcvrs 
would then be essential, cereal production becomes uneconomic. 
In most cases stubble is burnt. Such prac-bices necessitate 
the use of supporting structural soil conserva-uion measures. 
However, 011 the red brown earths a clover Icy rotation of 
longer JurcrLion is employed. On this soil type the last 
crop in the rotation is oats. This crop can, in most cases 
be successfully established when mulch is incorporated. 

I C). 4.2 FondAateWt sa1Sstem 

Excess run off from arabic land is usually disposed 
of in either e constructed or natural waterway. In either 
case the foil owing poinLs should be noted.: 

All no-Leads should be located to provide the least 
obstraction possible to farming operations. In some 
cases natural surfaces may have -to be re-shaped to 
achieve this point. 

All water disposal surfaces must be compact and 
covered with vigorous mat of vegetation before being 
required. to carry excess run off. 

All waterway areas should be fenced. 

Waterways mast never be used as lanes, stock routes 
or fire breaks. They should be located and protected 
to prevent this type of use. 

Excess g.roo'th. should 'be removed, at periodic intervals 
by controlled grazing. 



A. 10.7 

10.4,3 Feic Lh 

Fenc 1J f on a :bJ. c Innis shouiri - P lways c im to eric 
the lOnfe ct; woaTing runu c:Iroec  the ccpe . Pad dock Hive, 
va'Leriii.g poin s and tyf.c of rotatioi and iivaotock 
prises are othur points to be ( 0.nCiWTh:.ed wJIO]1 d eter::inid 
farn lr0; 	Furbher , the 15 dO CCC Tqyout most US COO CLCiCJ'C 
i n relati ca to the Wa ten ciocosal eye bcn of the wboie fe: 

10.4,4 SuprozrTtjTir Quagurvation I 	Liner 

Iirforiurijjop on desidn of b}oes.; ;r:cecurcs iu dreh U v;I ii 
in other 	of the hn&---cook. 

The lien CJ j i' of sLier c tural g5AqhnorjB a; C)r vs ry with 
differeri U IL celLs of land. use. Hore en, the locati on aid 
CCCIL gr of these works must always he :;;clntive to the hihet 
level of 1ad use. An individual Iardd ck approach should 
he aioided at all costs. 



7fic1;ea 

:ILI_ •I_ 1 

boil (0li.C.rVa.tJ ci ii 	c -Laos ere used to control the 
erosive pot: enti iii 	runo±f gerLed •bi7 	t0i11i WILh} to 

I'LU catcLiient 	Wi tbin the We gan ctt:Lsct hoLe she' dura--- 
tioso high inaiei y rI tCtCiip. aiii iO5 duratic,e Ion 
intensit;, f:rn.i. ;al sto: isa are the inai ri scarce of 
C 1 CllO 	Ot 	 tioc 	 01 
runoff have to he. e sLiyatod for design naxncse S 	1Th c :Ln' ost- 
mErit in t a Li'TCL:UY'e determine tt.e return pen cc flee—
quen oy for the sLoics so morn expeucj vji' aructurce are ce- 
signed t or n sohen s:i±cnsie.n * 	he od lowing ruini. all 

a 1,  S PC' 	 C 	a 	i L 	on c r 	5 enuL 	re 
in theVagge. district 

Stnc ii 	 Retains, period for 
design raintull 

0-ice dod c-mka 	 5-10 veers 
Diversion honks 	 10-20 yesro 

I Waterwea: s 	 10 icars 
Gully cotrol structures 	20-50 years 

\Vhen lard n agcomine practices •tha'L i-educe runoff 
are 'ed in association vi,th sLrucicures. protection fron 
rainstorms of longer return periods will he provided. 

11.1.2 The Rational forain] a 

The Rational Method is used to estimate the peak dim-
charge for the design of the atructere and is aphiic-ahie 
to areas up co 3200 acres. 

It is expressed by the equation: 

. 	
QCiA 

Q 	design peak ruieoff rate in cu'bic feet per second. 

C = ruxioff coefficient - dimensionless. 

i = rainfall intensity in inches Per hour for the 
design return period, and for a duration cqusl to 
the 'tine of concentration" of the catchment. 

A = catchment area in acres. 

11.1.3 L1tdnEtLDunationofDesjrnS'Ler 

The Rations]. Method assumes that the 	ak rate of 
discharge froio. a catchment area will he caused. by e sterrri 
of duration just long enoogh f o r all parts of the catel-irnent 
to contribute simultaneously to flow past the aie of the 
structure to he designed. ihis duration is usuafly referred 
to as the "Time of concentration" and is 'the time required 
for water to flew from the most remote (in time of flow) 
point of the area to the outlet 



Wg. 11 2 

i o dot 	d h: Liie foil cc:L 	I ennui u: 

Tc 	To 	-i- 

To 	Time of coucostrel;ion 	(mi:Iniu s) 

To 	Tmne of overland flow 

Tch 	of ci 	unsli sod flow, 

Fgire o J 1.] 	1 	J. 	. 1 	2 	and 1]. .1. 	ore aL 	ti ce 	o 	CCYJ-. 
cerltrauodn to 	oil cud 

It 	s 	ire en 	coLic 	:'.:bme 	tue cc mci :1oL cohen 
deLermini ng t hoc of cocento: Li on: 

Overland flow oecu:cs as a thin sheet of wetor spread 
more or less everii 	over 	cnc si.niaee and as Oucli 	S 
restric Led to very 	shent ditnu.coe l:Li less than 
200 	feel;. 

Time 	of conecr!Lr-oi; i on 	of a caL obmeut following intro-- 
ducta On crfmt 	P 	1 	CO 	CL v LL Cl! OOf 	.3 	VIJIi 
differ from time of coneentrotioji of theuntreated 
erea, 	]Design time of concentracLon to be used should 
be that of the treated catchmen-L 

(i) in any system of design invoilvius many differen-L 
structures e.g. a system of bc.nks feeding a waterv;ay, 
several trial time_­ of eoncentre-ti.oa s}tou].d 	be 	cml-- 
culated, 	The time of eoncen-tra-Licn with the lorLgeet 
duration should then be selected for the design as 
this allows for the v'bo;.c' area to be contributing at 

s that in Lant. 

Table providing times of concentration to be expected 
for various soil conscrva-tcon structures are given in the 
relevant sections. 

After the time of concentration has been estimated 
this is then used to determine the rainfall intensity that 
has a duration equal to the time of concentration for a 
particular return period. 

Figures 11.1.4 and 11.1.5 enable rainfall intensities 
for the Wagga district to be determined. Figure 11 .L.4 
delineates isopleths for the 5 year :oeturri peric.d and 20 
minute intensities while figure 11.1.5 is an i n t e n s i t y 
duration frequency curve derived from data for the Wagga 
Research Station. Frequency, or return periods from 1 to 
20 years are given for durations of 5 to 360 mins, (Table 
11.1.1 gives the data from which the curves are derived). 

To determine rainfall intensities outside the 2.7 to 
2.8 inches/hour isopleths that bound the R e s e a r c h Station 
the following ratios are to be used. These can. be.,  applied 
to any return period and are given in table 11.1.2. 

Table 11.1.2 

Rainfall Intensity 	Multiplier 
In che s/Hour 

2,5 	2.6 	 0.93 
2.6 	2.7 	 0.97 
2.7 - 2,8 	 1.00 
2.8 - 2.9 	 1.05 
2.9 	3.0 	 1.08 
3.0 - 3.1 	 1.12 
3.1 - 3.2 	 1.15 



Tao1e11 .1.1 ReturnFerioci/DuraUonDa- a for Rainfall - Waa PLesearcijor 

Duration 	1 in 1 bar 	I in 5 Year 	i in IC 	 : 23 boar 
(minutes) 	TThr 	 FTiTTT1°r 

5 11 1.32 55 6.60 70 8.40 84 
10 18 1.08 72 4,32 91 5.46 109 
15 23 .90 83 3.42 104 4.16 124 
20 25 77 90 2.70 112 3.36 13z1. 
30 30 .60 100 2.00 125 2.50 143 
60 37 .37 118 1.13 146 1.46 I7 

120 45 .22 135 .67 167 .34 198 
240 52 .13 153 .33 188 .47 222 
360 57 .09 163 .27 200 .33 238 

5;. 
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FGURE. 11.1.5 

RAINFALL NTENST'( FREQUENCY DURATiON CURVES 
WAGGA PESEARCH STATION 
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e. 	•i:: 0 	Ct c -C 	c c. me cc. m eH -U inC cm e'j 	at Ccc.! 50) )rj 
br a 	o t crc wC ibi a I C car rctur -i ía-net od. 
(The ti ice 	of c m oemt:nat. C. en hoe al: eadc-  been 
det;ccrnicj.ed 	ec 40 minutes) 

Frocenece 

	

1. 	Enter FIg ii .1. 5 with a Cur ttion of 1O mine toe and 
piQue veT' cnie to the 1. in 10 room :rcrCurn uccotod 
line 	Ji no c 	r i 	 UI 	t 	C 0J o 2 C' 
J nOO s,/iieur 

	

2, 	Cool mien lies be cwe en the 2.6  end 2 . 7 inch/b onec 
íao'( it 	00 	ii nec 	1J 1 2 	1 e 	be 

ITItLLtJ.pliQct b7 0. 97 

	

0.97 x 2 .0 	1,95 inches/hoer 

this is the in C ensi ty to he used for cubit ilu i C oi .1 010 
the Eat ii. on ci formula, 

11 .1 4  Ccic±1 ciert of tie  n-off 

The cocfiih ci cm C of run -off 	C) ( re eeoc 	Cot he re:Lio 
of 	rH. e 	c. ccccJ'i 	to the rate of raiufnd.. 

S Tb n C will be directly effected by rainfall 
in Lnoity 	infiltration capccci±,v 	of the soil, 	cover 	relief 
and by surface and s Cream detention and storage. 

The coefiLi cien:L of runoff can be est.imcnCcd by addition 
of the values g\feii in (,ach sub--section (A to F) el To ble 
li1.3). 

Where dii rferin.g C values appIL' for different areas 
within the cc Crlojnemt, the C value must be weighted according 
-Co t;ho areol proportions of the various values. The simp--
lest method is to take rainfall intensity for the vno1 e 

c. 	riuio 	romarea and use this Co cai 	nbnf 	e a c h 
area senara-Le] 7 - 

Example - If there are 90 cones with. C of 0.3 and 60 acres 
C of 0.6 and i for the vtbole 150 ocros is 

2.0  inches per hour. 

q(0.3X2.0X90)+(0.6x2.Qx60) 

54 

126 cusecs. 

11,1.5 ieCforhar-g-eAroas 

For area,-,,greater than 200 acres, the calculation of 
ruxcoiEt using Ct.e equation q 	C. i .i,. will give over- 
estimations. To overcome this, the quantities should be 
multiplied by the values given in table 11.1.4. 



Table 11 .1.. 3 EINMUMn  of  00efficipyt of Rsncrrf 

A. .linfa]I[ 	I:c 

1 in per hr 	 0 
1 in to 2 in par hr 	0.10 
2 in to 3 in per bc 	0.20 
3 in to 4 in ror hr 	005 

I 	12 Relief 

Relatively tic I cv rare ci eeoc  
Ro]1Ln5 	 5--1C;d 0 
iJilly 	 U 	 J 0-20) 0.05 
Stecp 	 20% 010 

0, Surfe cc rotention and sireom ai :1 ci sflc cc 	ci ocr 

Boori' defined and meaneniyis: streame 
1 argo surface as orage; vial en and oo I 
conservation on 90 per cent. 0 

Conoiderable surface depressions;  
ovenlaudfl or significant; 	seine ponds 
and swamp a; 	caine bank a and I uric :D 0.05 

Well defined s-i stem of smell 
watercourses (not S.O.S. 	Banks) 0.05 

TJegIh gibie ; 	few surface deprossinc; 
we tercourses ate en 	erorlsxcj flow uhin, 0.30 

 

Run-off low (Soils Gir4 and be].) 0.05 
Run-off mediucri 	(Soils Cri3, 	Ug5, 	Phd 	iUr2 .2) 0.10 
Rim-off high 	(Soils Dr2.3, 	Dr2.4, Dr32 

Dy2.3, 	D2.4 	Dy32) 0.15 
Run-off very high (Soils Dr3 . 3, 	D:c3 . 

Dy3.3, 	Ly3.4) 0.20 
Run-off e:-:treoe 	(Sha] low lithosoLs an 

rock outcrops) 0.25 

 Cover 

About 901 of area with improved pasture 
or dense dry forest 0.05 

About 50% of area with improved cover, 
not more than 50 per cent cu1tivation 
open wood].and. 0.10 

Sheet-eroded native paatrvres; less than 
10 per cent under good iiotive or improved 
pasture; 	clean cultivated crops. 0.20 

No effective plant cover. 0425 



laid e LL 1 4  Co.sre 2t OL fc'Y nec 

200 acres 1,000 5C!C5 0.80 
00 acres 0.00 1,500 cores 077 
/00 acr€c: 0.88 2,000 acres 0.75 
500 acre 0,85 2 590 acres C) 
600 acres C) 	85 , 000 acres 0 .75 
800 acres 0.82 

ii . 2 Banks on Arabic Iaild 

11.2.1 General 

The chc6 purncse for harks on Such hnJ is to reSuce 
sheet and nil erosion and :pre\'ent gaily 	osion. 

The spacfr.g and dimensions. of banks on this type of 
C ountry wslJ. S op end on 

(a) the control of inter-hank erosion 

(h) the ability of the hank to convey the runoff from 
the micro-bank arcas. 

In the Wagga di.atni. ci , sys-Lrccis of banks or arabic land 
are common 	Where they are required the following rirci:tes 
of design should be felice eJ 

11.2.2 Graded. Banks 

11.2.2.1 Ban.) 	cin 

On. cultivated land, bank spacing will in almost all 
instances be governed by the distance d.owrrsJ.ope thrrtr the 
bank cam be placed without inter-bank erosion heccming 
serious. Spacing will depsnd on 

Land use, 

Degree of slope, 

11requency and nature of the rains that cause erosion, 

Erodibility of the soil, 

Degree of existing erosion, 

Subsequent management and maintenance. 

The basic formula for bank spacing is 

	

HI 	 K 
or 

	

Vi 	K\'S 
100 

	

where i:LL 	 Horizoatci interval 

	

Vi 	= 	Vertical interval. 

	

S 	= 	Land sloc percent 

	

K 	= 	A constant. 

ri 



The foli o\jh.d; values arc 	to thi. die irici... 
Inc \aiuC S 5 ft. he sod On. 	cro ppi.; fOSeL 1 Oii of tee years 
crop and 2 yca1;. ley e'iiclm is cacE Icr od. the nis Icisa 
cropoing f c ouon cy wi tick can he so tc irri.;d with out adverse 
I. Ong born eL octs. 

Basic K vlue arc: 

Fodzoiic, 	solodi cc and sO]eiIetZ}.Cc 

Dr .21.Dr 3.21 	Dr 2.4 	650 
Dr 2,32 	Dr 3.42 

Red brown e ar-Lhe 

Dr 2.22 	Dr 2.23 	Dr 2.33 	750 

Red and 	),,i earth it 
Gn 2.12 	On. 2.l 	Cu 225 	800 

An addition of 10% P tad 2D; 0 I ji . h fiHd c 
lend use factor vdicre 	Pd 	ri iia 	 Pel 	i;y  and iptovcs- 
mont to structure Las resulted from the continued use of 
euc) clever In the icy period. IL ccc fec itOf$ vioniLd not he 

I Oh in chatter ro ttationc 

Iie foil OV/:Lrg tab] e for bank spacing has been adjusted. 
Iii Learns of the land use lactor. Where land is regularly 
cropped for iso years in dour the values are shown under 
regular culLtiva Lion; where the ce-crnaeng ircqucncy is less 
ihau two years in four (e.g. 2 years in five) ibo voieis 
shown for occasional cult;ivation snoul.d he usecl.  

Ta ? 	Spacings of Banks 	Horizontal 
Iriteivois (Chains) 

Fodzoiic & 	 Red Brown Esrths 	Red. Earths - O 	C 	. . 	. . 	 TT 	 IT 	01 . ),L),I±; 	U 1L';  

Soils K = 650 

Reguier Occasional he.gular Occasional Rego.iar Os ce-tel oral 
cuiti--. culti- cuiti- cuuti-- colim- cul Li- 
vation vation vnbion Vitt1Oi vati.on vail, on 

7.6 8.4 9.0 9.8 9.5 10.1 
6.2 6.8 7.2 8.0 7.6 8.4 
5.4 5.9 6.3 6.8 6.6 7.2 
4.8 5.2 5.6 6.1 6.0 6.6 
4.4 4.7 5.1 5.6 5.4 6.0 
4.1 4.5 4.8 5.1 5.0 5.5 
3.8 4.2 4.4 4.8 4.6 5.1 

2% 
3% 

5 % 
6% 
7% 
8% 

11.2.2.2 Bank Size 

The capacity of the cI'mniiel must he sufficient to 
con:ey the run off . The capacity form ala is 

q 	a.v. 
where 	cj 	runoff in cusecs 

a 	= 	cross cccii anal area of the channel 
V 	vel.ocitr of flow. 
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11.2.2. 	ruin: Fcrrcd mi. 	n \'l..oci Thy 

live mc 	miiLemih].e 	e1:c depend or Ld. 
s0i 	Th10 	k1U C&LC (U 	i 	dO 00 	0' 0'tn 1flhid 	].ie:1 ed 
oiUmL. :le maci; be 	emend 

rJ001(; 	11,2.2 gives rixiliun 	voloci tie- for sour the of 
wga dietni. ct . 	fhcro f is dcreira! Ic to reduce the [1 
at the outlets Lmier vol. oe.i 	Thee rear 	be 	used, Power an, 
is rocommLnc1 eci t1st the Lm. 	ncTh 	icesthe i 1 .0 	fL 	icon cnn. 

Tab] e 11.2.2 MnXi.Incd Fvoa:n 'rH n P1 oc 	ii 'r 	oULt nv, 

jt 

S 

Yellow duplex 5011 s known to be 
bigh1' dispersible 

Rod and yniTLe':; dsp] ci oils mottled 
cloy subsoile 

(Dr 3,3, ide 3./I, Dy  

OL]JLi dapiox oi1s 

Dy 2.3,  Dy 2./I Dy 3,, ? 
IDr 2 2, P e 2 2. 

Red 	cid Yc'(__ic)vv7 earths 
(Cvn 2) 

Dense silt; .c me 

1 . 0 ft.. p or soc 

1.2 ft. CU 

1.5 -IL. pm 	one. 

1 . 8 ft . permnvc 

2.0 it, per eec, 

11.2.2 .'l  Feosired C-mci Thy 

This is ca1ceiaThcdiji coo of the rational forms] a, 
q = C.i.Jx. 

Time of coneontation wi] 1 be the Thie of overland 
flow plus luke 	time 	cii 	cluanucoli.sed f'] a. Teble 31 .2 .3  yivce 
times of conee:cLnetion :Cor a variety of bank lengths. 	Ca 
a range of led so a:i.o 	e ep 
ences 

 

in 
o 	uiiIari -- 

times of overland flow betmccn bank spacings Qiti 

different soil types will be negligible and may he dis-- 
regarded. 

For the time of conce:.tlui 'raorv, from table II.. 2.3 
determine the rainfall intensities from figures 11,1.4 and 
11.1.5. 

Using this rainfall intensity, determine the value of 
C from table 11.1 .3, 

From the values for ii, C and are., cal nulate the 
discharge. 

11.2.2.5 iicwTc Thrcnr cm 

From the discharge and the velocity, cal culate the 
cross—sectional erca. 

a = q/v 

Ti.'ie vol oc:itic-o given in table 11 . 2 . 2 are -the mnamirnujn 
p01501 seible rrr1onhieo for conditi onus of hare si1.. Un/I e:r 
these conditions Lhere is no vegetal resim Lance 



'1232.2 1J_2.3 
rr, 	C0C21'I22/\'1IJ 011 312 

cil.22 1131A11'KS  

16 15 20 25 30 0 

25 29 15 L4) 4 7 69 
23 27 33 38 44 55 67 
22 26 32 37 43 53 66 
t .2 3] 36 42 53 65 

29 24 30 35 41 52 63' 
37 23 29 31 '0 5'1 6$ 
1 23 29 33 40 3] 63 

Velaci'1v '- 	1 .2 Poet per secoa4 

22 27 21 35 40 50 , 
20 25 29 33 33 48 57 
19 24 28 32 37 47 56 
18 23 27 31 36 46 55 
17 22 26 30 35 15 51 
16 21 25 29 31 '34 53 
16 91 25 29 '34 44 52 

Veloc:i ty feet pet' scea: I 

21 24 27 31 35 '12 49 
:L9 22 25 29 33 40 47 
18 21 24 28 32 39 46 
17 20 23 2'' 31 38 45 
16 19 22 26 30 37 44 
15 18 21 25 29 36 43 
15 .18 21 25 29 36 43 

Velocity 1 .8 feet pci s000z2d 

19 22 25 26 1 38 z '1 

37 20 23 26 29 36 42 
16 19 22 25 28 35 4] 
1 5 .] 8 21 2 27 34 40 
14 17 20 27 26 33 39 
13 16 3.9 22 25 32 38 
13 ±6 3.9 22. 25 32 38 

Ve].00ity feet Per secarci 

3.9 21 21 27 31 35 41 
17 3.9 22 25 29 33 39 
16 18 21 24 	. 28 	. 32 38, 
15 17 20 2.3 27 31. 37 
14 16 19 22 26 20 -16 
13 15 18 21 25 29 35 
13 15 18 21 25 29 35 

;] ape 
per 

5 

8 

2 
3 

5 
6 
7 
C) 

/1 

6 
7 
8 

3 
4 

6 
7 
8 

69 
67 

53 

54 
55 
52 
51 
51 

50 
48 
47 

Li 5 
4'1 
4-3 

46 
Zi 

411 
42 
41 
10 
40 
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If channels are \'caetaiej, the vol oci ties. for a .j 
Crude will ba leo: 	For the type of e oget.e Li. on tie aL wIll to 
found in the chamneis 10 caltAuted 3und,the 0 	L - A 

to m0dcrPta and this willd1  C the velccity to 	I 0 
:i.rr:r'.;cLy too thivds of that for beXC 0011.. 	Tie 1.0 munqs tInt I 
the eIiocl-Lo as celeula Led from the nIsXLaLe:! velocitieB  
net be incree. sci by 50'l. 

To determine honk d:Iojonsiops •seleot the type of,  
croso-secflco J:0(itilIefl 1.0. Lmtter Wopen, ealter i. e.Ith IL, 
dEY cc of frecijeard , and d.epr.Ii of cirt; from Lb ; range 	: 
in tables 11.2.4. For the 	 cro -see Lion and. S1.00 
read from the tahle the reqLilrcd ciimeisi one 

11.2.2.6 i:.-fjo 

The gr:mJD of the banlc has di:roc.0 o i. 	vs both the 
velocity and capacity. 

The grade to ta used mii:t depend on 

 the required velocity of 

 the re siotonce in the ohorinel; 

( e  ) the depth of flow and the shape of the channel. 

Vciocit.y of flow is determined by use of idanning' 5 

:L5 R 	5d 

II 

	

where V 	velocity in IFO vt per ceeceid 
: hydraulic radius 

	

S 	grade in feet per foot 
n = coefficient of rougimese. 

See figure 11,2.1 for graphicul solutions to this 
equati on. 

Hydraulic radius = a SQfi = p 	wetted JIOr 1IL!OtCf 	It 	
ft 

by Jr: vii c rrjius (end hence velocity) increase with 
with increase of depth of flow. 

For parabolic and trapezoidal honks, F is approximotely 
two-thirds of the depth. 

Foughness coefficient 'n is influenced by: 

the nature, density and height of any vegetation; 
the nature of the channel; 
the gradient; 
the depth of flow. 

For graded banks with hare channels, a value of O035 
is commonly used, For vegetated channel. c, figure 11.2.4 
gives direct solutions of JV!:ILnning' s foiexiala. 

To assist in the determination of grade, figures 11.2.2 
and 11 .2 . 3 give the approximate relati ouahi.p between depth 
of flow, grade srJ velocity for hare channels and channels 
with 1 ow to moderate Vegebai resestance 
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Table 1J.2.4(Li' 1). 	t n 	t I brorid 	e9 banks vith 
I[rpeac4 da j (1iaune1s. 

cul- 

= 	

-LL 

Cross 	I Deptb Hvd. 
Sect- Chan of 	I Fad- 
iOfldl fleil Fio..' jus 
j\re P, 11 dt5 ) : 
(sq. ft. 

15 8.5 1.00 0.71 

2.0 10.0 1.17 0.02 

2.1' 1 1. 0 J. 	3 2. 0. 9 1 

30 	12.. 0 	1. 4) i 1. 00 

1-It. of 
Fnk Bank C t 

above Up" Do'.vn 
c:hsm el. iii] I lii Ii toll 

(It.) 

1.50 9.9 5.7 4.5. 
6.5 5.9 
7.5 7.0 
8.3 8.5 
9.4 10.0 

1. 62 10, 0 7. 0 5. 0 
8.0 6.3 
9.2 7.8 

10.2 9.5 
11.8 1.1.5 

1 . 90 1 	.; 	. 	0 7 . 8 5. 9 
9.0 7.1 

10.0 8,7 
11. 4 
12.9 12.7 

2. 00 2. 	0 8. 3 6. 	2. 
10.0 7.5 
11.3 9.5 
12.7 11.5 
M. 3 13. 5 

Approximate lcnglh Cut and Fill from Peg Line (feet) 

Slope 15 sq 

cEL 
ft. 

±i 

20 s. ft. 2.5.sq. ft. 30 so. ft. 

L±L_ 
2 15.5 11.5 18.0 14.0 20,0 15.5 21.5 1.7.0 
3 16.5 1.2.5 19.0 15.0 21.0 16.5 22.5 18.5 
4 17.5 13.5 20.5 16.5 22.5 18.0 24.0 20.0 
5 1.9.0 14.5 22.0 17,5 24.0 19.5 2.6.0 21.5 
6 2,0.5 15.5 23.5 19.0 26.0 1 	21.0 29.5 7,3.0 
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Table 11.2 4( h) J 	j5iOi; of riti 	tr 
Trauczo.i 1: I Cbaan els 

L 	---\ 
,,- '- 

1.1 

r 05 $ 

Chan 	lDej.t1h 
nd of 
Wi cfth JC low 

10. 0 1. 27 

2.5 1 11.0 

30 1 12.0 

40 	14.0 	1,81  

battled 
I Ieght 

ank 

	

i- yd. 	above 

	

Rao 	c'Laiiaoi 

	

if 	(b.  

Lcnth 
Fill 
(ft. 

5. 8 
6. 3 
6, 7 

7. 0 
7, 5 

7. 0 
7. 5 
S. 0 

8.0 

Lenbth 
Cut 	1 Siof 
(ft. ) 

1.5.0 
17.5 5 
21.5 7 

17.0 3 
20.5 5 
25.0 7 

12. 0 3 
225 5 
29.0 7 

2.2.0 3 
Z. 	5 5 
31.5 7 

1.0 

1. () 

1.43 	I 1.0 	1 1.93 

1.59 1 1.10 2.09 

1.27 12.46 



J'JLi I iL 

it]. Lut ...0 aut 

) i -- 

9.0 16. S 34 10 
9.9 jF.O 1,5 12 

10.0 19. 5 3.7 14 
10. 5 21. a 1. 9 

10. 0 10, 0 1., 	0 10 
10. 3 I3 9. 0 1. 7 12 
11.5 21.0 1.9 14 
12.0 23.0 3., 	1 16 

11.0 II. 0 1. 	8 10 
11.5 j 30.5 1. 9 12 
12.5 22.0 2.1 1.4 
1.3.0 1 24. 0 2.3 16 

I 
Settled 

I ,Teht 
ivaal Chan Dei:i0 Saci Cr eat 

ca . nd Rac above 	1 Oii tLh 
1 Widlli F law ill s di1aru1L 	C. W. 

It,)  

30 10 .. OS s so 	F 0 

40• 	10 
	

7 i 3. 04 	1 1 0 

50 i 10 
	

3,0 1 3,49 	I 1.0 

'Tab]c 11. 2 	(e)fli.re.er.e cf D•'aioa 	aica 

'l1 	 N 

___.1' J.,... 
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Figury H.M . A pproxmte rtahonship bctwn 
depth of flow, gradc of channel and velocity 
of ilow in bare channels 
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Figure 1I.2.4(a)Sotution of Manninc3s Forrnu!a for 
vegetated channe)s of low vegetzii r€.tardance 

(Good sLand 2-6 inches high or 
Fair,  stand 2-10 inches hh.) 
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Figure 11.2.4(b) Solution of Marininqs Formula for 
ve.e.La€ed channels of modcraLe vcgeial r€tardanc. 

( Good stand c;— 10 inches htqh 
Fair sLmd II- ?4 inches hkjh.) 
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If the calculation of cross-sectional area is based 
on bare soil conditions figure 112.2 is used for the 
determination of grade of the channel. 

If the calculation of required area has allowed for 
vegetation by adding 50$, figure 11.2.3 should be used to 
determine grade, keeping in mind that velocity will be 
reduced by two-thirds. 

Example 

 Calculated q = 30 cusecs. 

 Maximum velocity = 1.4 ft. per sec. 

 Cross-sectional area = 30 = 22 sq. ft. 	(if vegetal 
1.4 

resistance is anticipated, the required cross-section 
is 33 	sq. 	ft.) 

 Land slope is 4%; channel is to be 12 ft. wide; 
batters are channel uphill 6:1, channel downhill 
6:1, bank downhill 5:1, 	freeboard 0.5 ft. 

 From table 11.2.4, height of bank is 1.8 ft. 	(approx.) 
 Also from table 11.2.4, the depth of flow for a cross- • sectional area of 22 s2. 	ft. 	(30 cusecs at 1,4 ft. 

per sec.) 	is 1.3 ft. 

 From figure 11.2.2 for depth of 1.3 ft. and velocity 
of 1.4 ft. per second grade is 0.15%. 

Note If the calculation of grade is carried out for the 33 
sq. ft. cross-section, 	the velocity is 0.95 ft. per 
sec. and the grade from figure 11.2.3 is 0.15%, 

11.2.3 Level Banks 

When used on arable land, these are left open at the 
ends so that they will empty after rain and be ready to 
receive n.m-off from following rains. 

Because of the absence of a gradient in the channel, 
flow will depend on the level of water and there is a 
complex relationship between bank spacing, bank height and 
bank capacity. 

11.2.3.1 Bank Spacing 

The maximum spacing for such banks is that given for 
graded banks in 11.2.2.1 and table 11.2.1. 

11.2.3.2 Bank HeQht 

Table 11.2.5 gives suitable bank heights for a range 
of bank lengths and spacings. 

These heights allow for 0.5 ft. freeboard and are 
sufficient to allow a discharge of 1 uusec per acre from 
the inter-bank areas. Coefficient of roughness is taken 
as 0.050 to allow for possible resistance to flow by 
vegetation. These figures are for a bank with a channel 
width of 10 ft., a channel uphill batter of 5:1 and bank 
uphill batter of 1.5:1. 
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While runoff rates of greater than 1 cusec per acre 
may be experienced, these are unlikely to persist for long 
durations and the storage capacity of the banks should be 
sufficient to compensate for this extra runoff. Amounts 
of runoff that can be temporarily stored in the banks are 
also given in table 11.2.5. 

The relationship between bank spacing and cross-.-
sectional area is given by: 

111= 	a 
-5:5 Q 

where 	HI = horizontal interval 
a = cross-sectional area 
Q = runoff in inches. 

Runoff Q can be determined from - 

Q = CI 
where 	C = coefficient of runoff 

I = rainfall in inches. 

If it is desired to check the runoff, the 1 hour rain- 
falls give a suitable measure of the heavy rain that is 
likely to occur. 

11.3 Drainaj3anks on GrnJs.nd 

11.3.1 General 

Banks referred to in this section are either graded 
banks or open-ended level banks. Closed end level banks 
(pondage or absorption banks) which are also used on grass-
land are dealt with in Section 11.5. 

11.3.2 Banks on Potentially Arabic Land 

This is Class III land that is potentially arabic but 
is under pasture at the time of banking. Bank spacings 
should be such that it will be possible to adapt the system 
to provide adequate protection should the land-use be changed 
and the area enters regular cultivation. Spacings should 

40 	be determined as outlined in 11.2 and then doubled or 
tripled according to the degree of erosion and the capacity 
of the banks to handle the runoff. The bank size that is 
required is, in the case of graded banks, determined from 
a = q/v as outlined in 11.2.2.2. Rate of runoff q is cal-
culated as described in 11.1 and values for v are given in 
table 11.2.2. 

For open ended level banks, bank size is determined 
as described in 11.2.3. 

11.3.3 Diversion Eaxiks on HillX Gr a z i&  Land 

Location of the banks and spacing of the banks is 
frequently determined by the availability of outlets, 
rock outcrops, gully heads and patches of severe erosion. 
Natural outlets are normally used and the stability of 
these will often be the limiting factor in determining the 
acreage to be drained. 



Tahle 11.2.5 Bank Heights and Storage Cpacities - Level Banks 

Bank Bank Length (Chains) 
recin 

±cbain) 10 20 30 40 50 
Mt. 
(ft) 

Storage 
(in) 

Mt. 
(ft) 

Storage 
(in) 

Mt. 
(ft) 

Storage 
(in) 

Mt. 
(ft) 

Storage 
(in) 

Ht. 
(ft) 

Storage 
(in 

3 1.7 1.8 2.0 2.4 2.7 
1.0 1.1 1.3 1.6 2.2 

4 1.7 1.8 2.3 2.6 2.9 
0.8 0.9 1.3 1.6 1.9 

5  1.7 1.8 2.5 2.8 3.1 
0.6 0.7 1.2 1.5 1.8 

6 1.7 2.1 2.7 3.0 3.3 
0.5 0.8 1.1 1.4 1.6 

8 1.7 2.1 2.7 3.0 3.3 
0.4 0.6 0.8 1.0 1.2 

H 
H 

H 
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The capacity required in the banks is determined as 
previously outlined. Note however, that the channels will 
be vegetated and figure 11.2.3 should be used to determine 
grade. 

Wherever possible, level sill outlets should be used. 
Figu.re 11.3.1 is used to determine suitable sill widths. 
For sills on natural pastures, the lower velocity of 3.5 
ft. per second should be used. 

11.3.4 Open-ended Level Banks 

These are used on both potentially arable land (Class 
III land) and on hilly grazing land. 

For the Class III land, table 11,2.5 indicates minimum 
heights for the banks On hilly grazing land, the area 
drained by the bank is known rather than the bank spacing. 
Table 11.3.1 gives a series of mThimum height-s for banks 
of various lengths and catcbnient areas. These are for a 
bank with a 10 foot channel 5:1 upsiope and l-:l downslope 
batters and allowing 0.5 feet for freeboard. Runoff is 
taken as 0.8 cusecs per acre. 

Table 11.1.1 BarLk Hehts for Teve] Banks (ft)  

C a t chmerit- Bank Leh(Ohains) 
Area 

10 20 30 40 

10 acres 2.0 ft 2.0 ft 2,0 ft 2.0 ft 
15 acres 2.1 2.1 2.4 2.5 
20 acres 2.4 2.4 2.6 2.7 
30 acres 2.8 2.8 2.9 3.1 

11.4 Wateas 

Where waterways are used the following criteria and 
met-hod for determining the width should be used. 

11.4.1 Reouired Capacity 

The capacity that will be required will be the peak 
discharge in cusecs estimated as out-lined in section 11.1. 
For exceptionally long waterways it may be desirable to 
estimate the flow at a number of points but generally the 
flow at the outlet- is the one taken for desigu purposes. 

11.4.2 PermissibleVe1oc;ofFiow 

The maximum velocity of flow that can be permitted 
will depend on cover, slope and soil type. 

Maximum velocities for vegetated waterways are given 
in table 11.4.1. 
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Table_11.4.1 Maximum Velocities of Flow 
for Vegetated Waterways 

xeiocrtec 
Group A 	Group B 	Group C 
Soils 	Soils 	Soils 

Kikuya Grass 8 6 5 
Couch grass, Phalaris 6 5 4 
Improved pasture 
predominately clover 5 4 3.5 
Native pasture 4 3.5 3 

Group A soils Red and Yellow Earths Gn 2.12 Gn 2.13 
Gn 2.25 

Group B soils Red Brown Earths Dr 2.22 Dr 2.23 
Dr 2.33 

Group C soils Podzolics, solodics Dr 2.21 Dr 3.21 
and solorietzics Dr 2.43 Dr 2.32 

Dr 3.42 Dy 3.42 
Dy 3.43 

11.4.3 DelthJFlow 

For waterways with a level cross-.seciion, the hydraulic 
radius R may be taken as being ecivai to the depth of flow. 

In vegetated channels, there is a complex relation-
ship between depth and velocity of flow and the density 
and height of the vegetation. For such channels, the 
graphs of figure 11.2.4 provide a ready solution. 

For the velocities given in table 11.4.1 and the 
range of slopes encountered in soil conservation work in 
the Wagga district, table 11,4.2  gives depths of flow 
for various degrees of vetetal resistance. 

The low or moderate retardance figures as given shou]..d 
be used in calculation of waterway width and the high 
retardance figures indicate maximum flow height under dense 
vegetation.. 

11 .4 . 4 WaterwlyWidth 

Waterway width is calculated as follows: 

Cross-sectional area = Caa(usecs) 
Velocity of flow (ft per se(.;) 

Width = 	 Cross-sectional area (f) 
depth of flow T fiT 

To simplify determination of waterway widths, tables 
11.4.31  11.4.4, 11.4.5 and 11.46 give widths for a range 
of flow and slope conditions. 

For cases outside the range of these tables, the 
widths per cusec of flow from Table 11..2 are used. 



Table 11.4.2 Depths of Flow and required widths for Waterway Calculations 

Grade Depths (ft.) 

Retardance 

Width per 
Cusec (it. ) 

Depths (ft. ) 
Retarctance 

I Width per 
Gus cc (ft. ) 

Depths (ft. ) 

Retardance 

Width per 
Gus cc (ft. 

3. 5 ft. 	per sec. 4.0 ft. 	per sec. 5.0 ft. 	per sec. 
Low 	High Low 	High Low 	High 

2 170 0. 63 	1. 20 0.453 0. 70 	1. 30 0. 357 0. 85 	1. 50 0. 235 
3 0.50 	1.00 0.571 0.56 	1. 10 0.446 0. 67 	1. 20 0. 299 
4 0.45 	0. 88 0. 635 0.49 	0. 94 0.510 0. 57 	1. 00 1 	0. 351 
5 0.40 	0. 78 0. 714 0.43 	0. 82 0. 582 0. 50 	0. 92 0.400 
6 0. 37 	0. 72 0. 771 0.40 	0. 77 0. 625 0.45 	0. 85 0. 	45 
7 0. 35 	0. 68 0. 816 0. 37 	0. 72 0.676 0.42 	0, 80 0.476 
8 0. 33 	0. 70 0. 865 0. 35 	0. 67 0. 714 0. 39 	0. 76 0.513 

10 0.28 	0.55 1.020 0. 31 	'0. 62 0. 806 0. 35 	0.70 0.572 

6. 0 It. 	per sec. 7. 0 ft. 	per sec. 8. 0 ft. 	per sec. 
Moderate 	High IModerate High Moderate 	High 

2 0/0 1. 10 	1. 60 0. 152 
1 

1. 25 	1. 80 0. 114 
1 

1.40 	2. 00 0. 089 
3 0. 86 	1. 30 0. 194 0. 99 	1.40 0. 145 1. 10 	1. 60 0. 114 
4 0. 76 	1. 20 0. 220 	1 0.83 	1. 25 0. 173 0. 93 	1.40 0. 135 
5 0.66 	1. 10 0. 252 0.74 	1. 15 0. 194 0. 82 	1. 25 0. 152 
6 0. 60 	0. 95 0. 278 0. 68 	1. 05 0. 210 0. 76 	1. 15 0. 165 
7 0.57 	0. 90 0. 292 0.62 	0. 98 0. 231 0.69 	1.05 0. 181 
8 0.53 	0.68 0.314 0.53 	0.81 0. 270 0.58 	0. 90 0. 215 

10 0.48 	0. 66 0. 347 0. 53 	0. 81 0. 270 0. 58 	0. 90 0. 215 

NOTE: For velocities of 3. 5, 4. 0 and 5. 0 feet per second, widths 
are based on conditions of low vegetal retardance and for 
6. 0, 7. 0 and S. 0 feet per second on conditions of moderate 
vegetal retardance. 



Table 11.4.3 Waterway Width (Feet) 

Slope Design CapacitynCusecs Maximum depth 
depth of of Flow (ft) 

/0 
FlOw 	ft) 20 40 60 80 100 	125 150 175 

2 0.63 9 13 27 36 45 	57 68 80 1.20 
3 0.50 11 23 34 46 57 	72 86 100 1.00 
4 0.45 13 25 38 51 6LL 	80 95 111 0.88 
5 0.40 14 29 43 57 71 	89 107 125 0.78 
6 0.37 15 31 46 62 77 	95 116 135 0.72 
7 0.35 16 33 49 65 82 	102 122 143 0.68 
8 0.33 17 35 52 69 87 	108 130 151 0.70 

Velocity of Flow 3.5 ft. per second. 
Low Vegetal retardance: 
Add freeboard to fignres in right hand column for minimum banJ height 



TAELE 11.4.4 

W!TE2WPX WIDTH (FEET) 

Desqn - Capacity in cusecs - 
Siope Depth of 

____ 
20 

______ 
40 

_____ 
60 

______ 
80 

______ 
100 125 150 175 200 250 300 Depth of 

Flow 	(ft. Flow 

2 0.70 '7 14 2 29 36 45 54 1 	63 71 89 107 1.30 

3 0.56 9 18 27 36 45 56 67 78 90 112 134 1.10 

4 0.49 10 20 31 41 51 64 77 90 102 129 153 0.94 

5 0.43 12 23 35 47 58 73 88 1 	102 116 145 175 0.82 

6 0.40 13 25 38 50 63 78 94 110 125 157 188 0.77 

7 0.37 14 27 41 54 68 85 102 118 136 170 - 0.72 

8 0.35 15 29 43 57 71 89 11 	107 125 

J 

143 178 

__  

- 0.67' 

- Velocity of flow 4 feet per second 

- Low vegetai retardance 

- Add recuired freeboard to figures in richt hand column for minimum bank height. 



TABLE 11.4. 

WATERWAY WIDTH (FEET) 

Slope 
/ 

Design 
Depth 
Flow 

Capac:ty in cusecs Haximuri 
Depth of 
Flow 20 40 60 80 100 125 150 175 200 250 300 

(ft (ar) 

2 0.85 5 10 14 19 23 29 f 	35 41 47 I 70 1,50 

3 0. 67 6 12 18 24 30 37 45 52 60 75 90 1.20 

4 0.57 7 14 21 28 35 44 53 62 70 88 105 1.00 

5 0.50 8 16 24 32 40 50 60 70 88 100 120 0.92 

6 0.45 9 18 27 36 45 56 67 78 89 111 133 0.85 

7 0.42 10 19 29 38 . 8 60 71 84 95 119 143 0.80 

8 0.37 10 20 31 41 51 64 77 90 103 129 154 0.76 

- Velocity of flow 5  feet per second 

- Low vegetal retardance 

- Add freeboard to figures in right hand column for minimum bank height. 

clq 



TADIE 11.4. 

WATERWAY WIDTH (FEET) 

Slope 	Design Capacity in cusecs Maximum 
Depth of Depthof 

Flow 
_____ 
20 

_____ 
140 

_____ 
60 80 

____________ 
100 125 

_____________________ 
150 17.5 200 

_______ _______ ___- 
250 300 Flow 

38 46 1.60 2 1.10 4 6 9 12 15 19 23 27 30 

3 0.86 4 8 12 16 19 24 29 34 39 48 58 1.30 

4 0.76 5 9 13 18 22 28 33 39 44 55 66 1.20 

5 0.66 5 10 15 20 25 32 38 44 50 63 75 1.10 

6 0.60 6 11 17 22 28 35 42 49 56 70 84 0.95 

7 0.57 6 12 18 24 30 37 44 52 59 73 88 0.90 

8 0.53 7 13 19 25 32 40 47 55 63 79 94 0.68 

- Velocity of flow 6 feet per second 

- Moderate vegetal retardance 

- Add freeboard to figure in right hand column for minimum bank height. 
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11.5 Absorion_Banks 

11.5.1 General 

These are level banks closed at each end so that runoff 
is retained. it is usual for one or hotli ends to be left 
lower than the bank so that, if excessive runoff occurs, 
the bank will spill before the hank is overtopped. 

Where the soil is impervious, absorption banks tend 
to hold water for long periods and so become relatively 
ineffective. In wet seasons, useful plants may be drowned 
out and useless plants encouraged. 

11,5.2 Size and Span 

Spacing and Size are related by: 

I-Il = l2a 
Q 

and 

a 	HIx Q 
12 

where 	HI 	horizontal interval in feet 
a 	cross-sectional area in feet 
Q 	= quantity of runoff in inches. 

Quantiti of runoff Q is determined from long duration 
rains by Q C x Rainfall. For short banks on soils that 
are riot particularly impervious, The one day rain shoald be 
used, but for banks on impervious soil the 3 day rain. 

For the Wagga district, the long duration rainf ails 
for the different return periods are given in Table 11.5,1. 

Table 11.5.1 

Period 	Freency of_Occurrence 	I 
5 ears 	10 years 	20 years 

1 day 	260 points 	280 points 	285 points 
3 days 	335 points 	400 points 	460 points 

Values of C can be determined from table 11.1.3 using 
the less than inch per hour rainfallL intensity figare. 

11.5.3 Storage 

It is sometimes advantageous to know the storage 
capacity of these structures so that they can be compared 
with the capacity of a gully control structure. These are 
given in table 11,5,2. If absorption-diverson banks are 
used, the cross-section areas below spillviay level should 
be used in calcalatjon of storage. 
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Table 11.5.2 

Stora cityofThiies(cuyds) - 
Cross-sectional Lengbh (Chaiiie) 
Area 	(sq.ft.) 10 20 30 40 50 60 

10 244 488 732  1220 1220 1464 
15 366 732  1098  1930 1.830 2196 
20 488 976 1464 2440 2440 2928 
25 610 1220 1830 3050 3050 3660 
30 732 1464 2196 3660 3660 4392 
35 854 1708 2562 4270 4270 5124 

11.5.4 Pipe_Outlets 

Where pipe outlets are used to reduce the period during 
which water is stored in absorption banks, the following 
should be considered. 

Discharge from pipes larger than 2 inch diameter can 
cause ruing to bare areas, gully fill or highly 
erodible soils. Care should therefore be taken in. 
the location of these larger pipes. 

As the discharge through any pipe size, (up to 6 inches) 
even with a 3 ft. head, is negligible in tenns of 
cusecs (6t  pipe - 3 ft. head - discharge 1 cusec) the 
discharge intake ratio should be disregarded in any 
calculations of runoff and storage. For this reason 
it is recommended that: 

the size and spacing of banks should be calculated 
as per section 11.5.2. 

Storage of banks should be as per 11.5.3, 
Total discharge of flows from banks through 
pipes should not be attempted. 

(3) The size and number of pipes in an benk should have 
sufficient discharge to: 

Ensure drainage of the hank prior to expected 
return of follow-up rains. 

Ensure drainage prior to causin.g drowning out 
of useful plant species. 

Ensure that pipe flows from other sources (e.g. 
higher banks) into the bank wi].l not cause over--
topping. 

Table 11.5 	 h .2 shows approximate discarges which may 
be expected from pipe outlets, 
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Table 11 5, 2 I)ischarge from Dribble Pipe Outlets 
Cij yds/hr 

Pipe Size 2" 3" 4 6" 

lIoul in ft. 

3.3 9.0 24 50 1/5 
3.0 8.5 23 49 135 
2.75 8.0 22 130 
2,5 7.75 21 45 125 
2.0 7.0 20 40 115 
1.5 5.9 17 .35 100 
1.0 4.7 14 28 80 

Table 11.5.2 used in conmction with table 11.2.5 
and figare I.J. .5.1. (noinograci relating catcliment 
runoff and storan:e) 	aive a reaeonab]e assess— 
merit of pape sizes and numoere to be used. 

Gully Control Structures 

11.6.1 Betters 

The slore of the hatters will depend on the type of 
maerial used. Recornnerided slopes are gIven in table 11.6.1. 

Table 11.6,1 Minimumi Batter Grades for Embanlc.ments 
of Gully Control Structures 

Material 	 Upstream Downstream 
Batter 	Batter 

Gravels and sands with 
aupre ciabi e amorri s of silt 
and clay 2:1 21-:1 

Silty fine sands, 	Sili s of 
low pla.:ti ci ty. 	Gravelly 
clays sandy clays, 	clays of 
levi to medium plasticity 3:1 

Clays of high plasticity 
Silts of high p1aeticint,r 3:l 3:1. 

Note: If the soils are susceptible to tuilnell jug the 
Latter grades should be flatted by 1/2 unit 
e.g. 2g::L becomes 3:1. 

If no plasticity test is available soils with more than 
65/ clay Sheuld be considered ss belonging to Group C. 
These soils arc very sticky when v'at arid the dough can be 
rolLed into long threads that car be formed into a ring. 

11 .6 .2 L 

This is the height of water above epillwoy level when 
the maximum outflow is taking piece. 

Surcharge heights can be read from table 11 .6 . 3 whoa 
the velocity of discharge has been saLected. 
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11.6.3 Freeboard 

Freeboard is the vertical distance aiLoved in addjijon 
tosurcharve. For farm struc-hures, the following heig-}/t 
should he used: 

Up to 2,000 cub. 	yds. capaci-L 2.0 ft. 
2,000 to 4,000 cub, yds. capacity 2.5 ft. 
Above 4,000 cub. yds. capacity - 	3.5 ft. 

These heights are those after settling has taken place 
and should be considered the minimum. 

11.6.4 Setclement 

The amount of settlement of -the wall will depend on 
the materials used, the amount of compaction achieved during 
construction and the height of the wall. For structures 
of the size used in soil conseraiion. works, the embankment 
should be constructed 10 higher than the design height. 

Up to 10 feet add 1.0 foot 
10 to 15 feet add 1.5 feet 
15 to 20 feet add 2.0 feet 

11.6.5 Top Width 

to design height. 
to deaig height 
to design height 

Table 11.6.2 gives suitable top \r.1ioi- bS for the walls 
of gully control structures or earth embathments. 

Table_11.6.2 Top_Widbh for Earth Embankments 

Height (It) Top Width (It) 

4.0 6.0 
6.0 7.0 
6.0 7.5 

10.0 8. 
12.0 9.0 
1e4.0 9•5 
:16.0 10.0 
18.0 10.5 
20.0 11.0 

11.6.6 il1WE 

The caracity of the spillvay can he determined from 
table 11.6.3. 

Table 11.6.3 	il1\yDapthsaadCamacjtths 

Conditions Maximum Ma:imum Surcharge Width 
Velocity Depth (It) per 

(It) cusec 
(It) 

Erodible soils and ) 	3.0 0.4 0.5 0.95 
poor cover ) 	3.5 0.5 0.7 0.60 
Intermediate ) 	4.0 0,6 0.9 0,40 

) 	4.5 0.0  
Ooocl cover and ) 	5.0 1.0 1.5 0.20 
erosion real atant ) 	5.5 1 2 1.8 0.] 5 
soils ) 	6.0 1,4 2.1 0.10 
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To obto.ia the spillway widti 

Deternin.e the critical runoff in cusecs (froii Sec-Lion 
11.7). 

Determine the appropriate soil arid cover co:n.di-bions. 

From this, decide the \Te?ocity at the outlet. 

From table 11.6.3, read the width per cusec. 

Multiply the runoff in cusecs by width per cusco. 

Examr].e - If the SOIl is considered to be not highly 
crodibic and with fair cover, the maximum 
velocity is 4.0 -ft. per see, and width per cusecs 
0.4 ft. If the discharge is 60 cusecs then 
width is 0.4 x 60 	24 ft. 

11.6.7 

One inch of runoff per acre is approximately 134  cubic 
yorde. From this the capacity required to hold a certain 
runoff from a given catchmer.t area can he calculated. e.g. 
- inch runoff from 80 acres = 0.5 x 80 x 134 = 5,360 cubic 
yards. 

A graphical solution is given in figure 11.5.1. 

Figure 11.6.1 is a graph relating cubic yards to acre 
feet and to gallons. 

].1.7 Grass Flumes 

These are used to conduct runoff sefely to a lower 
level e.g. from a wateiv'ay to the floor of a gully, or the 
overshot spill way of a gully control structure. 

11.7.1 Velocitji 0±' Flow 

The maximum veloci Lies of flow are given in table 11.7.1. 

Table 11.7.1 Maxiiruir Velocities of Flow for 
VeactoLted Flumes 

Co or 	 1v1aximwr Velocity of 1110w 

Group A 
Soils 
ft/sec 

Couch gress ) In dense 
Phalaris 	) swards 
Kikuyu grass ) 	 7 
Improved pasture 
predominately clover 	6 

Na-tive pas-bure 	 4 

Group B Group C 
Sails 	Soils 
ft/sec ft/sec 

	

5 	4 

	

3.5 	3 

For other grasses, interpolate in the above tabJe to 
obtain suitable velocities of flow. 
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NOMOGRAM 	RELAT NG CATCHMLNT, RUN- CF F AND STORAc: 

FORMULA S 	344 RA 

Vl'7)crc S-= storaje ii, cub/c vords. ,c!rur,.oif u poirto, A = Catc/imqr,t crac in, C7CS. 
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To c"etc-rmine r'n-oft from known catchrne,,t and known storage: piece stroig/t 
edqe fiom known figure on cotc/uoent scol to krioi'n f/ure on st000ce rca/c 
Rear4  run- off at intersection of straigb/ co'gc one/ run off scale. Wren catch-
r'?e/it Ic greater than bOO acres or storage is greoter t/,an /0,00() cubic 
yards, set on Li'I' one!LL02i-Ijgs- 

/0 	 /0 

To estimate storaçc from known cotc/,;ic/;t and estd,,oed run-off p/ace 

straighT edge from known figure on catch 'c'rit oroir to ei,a:iicc/ ligure on fur;-

off scale. Read es tocic7foc storace at ,nterro I/or, of strc.'ç/t cc/c/c' and storaqe scale 
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Stand Height of Vege atioa 

Good Greater than 11 inches 
Fair Greater than 30 inches 

Good 6 to 10 inches 
Fair 11 to 24 inches 

Good. 2 to 6 inches 
Fair 2 to 10 inches 

Degree of 
Retardanc e 

High 

Idoderat 

Low 

S 
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11.7.2 	G}i 

Dept}i of flow with gradient; and resistance to how 
(rouginesn) are the factors gocJn:i.ng velocity. The degrn 
of resistance or retareance is chiefly governect LytOc 
amOUnt and nature of the vc;eta-tion, Table 11.7.2 gives 
a guide to enable -the degree of retardance to be selected 
for a particular case. 

Table 11.7.2 Classification of Vegetation According 
- 	to Petardance 

Table 11.7,3  gives depths of flow for moderate and 
high retardaiice condtions for a number of gradients. If 
only low retordarice is expected, grassed flumes should not 
be used. 

Table_l17,3 Dths of Fl ow (ft) 

Moderate Vegetal 	High Vegotal 
Resistance 	 Res:tstance 

Velocicy (ft/see) 	Velocity (ft,/sec) 

1 in 20 
1 in ]4 
1 in 10 
1 in 7 
I. in 5 

4 5 6 7 4 5 6 7 

(5/) .53 .60 .66 .74 .84 .94 1.06 1.15 
(7) .46 .51 .56 .62 .73 .80 Pc .96 

(lo%) .40 .43 .48 .52 .63 .69 .76 .91 
(15/) .34 . 36 .40 .43 .54 .59 .64 .69  
(20j) .30 .32 .35 .38 .48 .52 .56 .60 

For this table, depth of flow is considered to be 
equal to the hydraulic radius in Mamiing' s formula. The 
calculations Of depth hare based on figures 11 . 2 . 1 (a) and 
11.2.4 ( b ) . 

11 .7,3 Gradient and Width 

From the calculated critical flow and the data of 
table 11.7.2, it is possible to determin.e the width for a 
particulsr gradient (or the gradient for a particular 
width). 

e.g. Step :L: Calculate the discharge in cusses (from 
Section ii). 

Step 2 	Determine the niaximun velocity of flow from 
table j]7 1  

Step 3: Classify the vegetation ace ordium; to table 
11.7.2. 

Step 4: bor the chosen velocity and gradient, determine 
depth 0f flow from the thle 11.7,3. 
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Step 5: Divide dschergo by the velocity obtained 
in aue 	, to S,Jve cc CrO5SSeC1nLOUa.I 
area 

Step 6: Divide the ares obtained in: step 5 by the 
depth obtained in step z to give the width 
in feet. 

E x jfl 1 -- 

Step Step  Discharge is calculoted as 60 cusecs. 

Step  Soil is group lB and coven as a dense award 
of Kikuyu so velocity is Oft/sec. 

Step  The flume will be fenced so retardance will 
be moderate. 

Step  Gradient will be 1 in 7 sol, with moderate 
retardance and velocity of 6 ft per second 
depth will 	be 0.40 ft. 

Step  Cross-sectional area 

Discharge 	60 10 sq. 	ft. 
VIT 

Step  Vidth 	Area 	30 25 ft. 
Depth 	.4 

If the vQifth is fixed end the ;radient is required: 

 Divide discharge by velocity to obtain ares.. 

 Divide area by width to obtain depth. 

 in the appropriate velocity column 	interpolate 
between the depths given, to obtain the appropriate 
gradient. 

e . 	if in the above example only 20 ft. is available for 
width 

(a) Discharge 	60 	10 sq. ft. 
Veio'cily 

(h) 	A r e a 
V'idth 	50 q - 

20 

(c) 	From table ii .7. 3 gradient will be approximately 
1 in 10. 

It is emphasised that flumes should he fenced in order 
to maintain a good cover of vegetation to prevent erosion 
of the surface and undercutting  of the vegetation. 
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12. SFECT.AL  TECHN1çTJES 

12,1 Interpretation of Soil Tests 

The fo11ovin/ chart has been prenared to assist in 
the interpretation of soil--testing resulLte issued from 
Wagga Research Station. The chart gives an indication of 
the advisab1ity (or othenwise) of hailding soil coneer-
va-Lion structures with sail maberi al of given ariaiy sic. 
It is based on the experience gained mod a review of soils 
tested over the last four years. 

D.I, 

Clay Contents 

a 	 h ( 

	

0' 	 - ) /0 	> 3 ) /9 	 /0 &. 	 ema rk 5 
V.E 20% 

S 

Greater 	safe 	safe 	safe (c) 
than 6 C) 

3.0 - 6.0 safe safe safe 	(c) 

2,0 - 3.0 safe(c) safe (c Unsafe 

1.5 - 2.0 safc(c) safd(c) Unsafe 

Less than 	safc) saff(c Unsafe 
1.5  

Higher seepage 
raLes-X as D.I. rises 
above 6.0 

Optimum D,I, is 
be-tween 4.5 and 6.0 

Critical D.I. is 30 

Optimum mechanical 
analysis desirable 

Unwise to construct 
without ameloirants. 

D.I. 	Dispersal Index 

V.E, 	- Volume expansion co-efficient 

(c) 	= Good construction conditions desirable 
* 	:o Pineliorant required.. Types and rates 

assessed by soil test, Specific recommend-
ations will be given after soils are tested. 

The optimum mechanical analysis would be: 

Clay 25 - 35% 
Silt 10 - 150;L 
Sand 50 - 65% (Fine and coarse sand. combined). 

This is essentially a clav-loam soil, and when uroperi 
compacted gives a ctense impervious soil mass of great 
stability, narticu.larly is the D.i, and V.F. levels are 
wi-bh:Ln safe limits. The more a soil diverges from this 
optimum, the greater the problems will be, with regard to 
seepage, dispersihility and cracking - and this must be 
borne in mjnd when using the above chart. 

12.2 Coetrol of Field Tunnel Erosion 

Control technicues for small. shallow field tunnelling 
have been devised from results of trials at Urangeline 
and Pleasant Hills. 



Wg. 12.2 

The fclioa'in.g measures should be applied. 

The area should be fenced nd grazing contra] led to 
maintain an effective vegetatave coven. 

Exi sting tunclelling areas should be contour ii ned. 

An improvcd pasture mixture containing both annual 
legumes arid perennial grasses sLou.icl be sown. For 
successful establishment fertilizer rates higher than 
normally applied may be necessary. 

The pasture helps to achieve a more even infiltration 
of water; and prevents the accumulation which leads 
to tunnelling, 

A cereal crop should be growa occasionally as culti-
vation he]ps to improve even water infiltration, end 
breaks up cracks. All cultivation should be on. the 
contour. 

At Urangeline complete control of tunnelling was 
aclni.eved where the area was cultivated to grow a wIeai crop 
once very three years. 
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13 . AGRONOrilIC BECOiffN])ATIONS 

13.1 Introduction 

There are two aspects of soil conservation agronomy, 
namely: 

() Pasture improvement and managemermt, usually associeted 
with broad acre stahilisation or protection. 

Revcgetatiou, which innoives the re-establishment of 
growing plants over relatively small areas. The re-
\'egeta-LioJ! of waterways, flumes, gaily control struc-
tures and other denuded areas liable to erosion are 
examples of this type of work. 

13.2 Choice of Sfocies 

There are three alterne:tives available wi-t;h regard 
to speciPs selection namely: 

(a) Improvement of native pasture sviards. 

(h) Utilisation of introduced species. 

The introduction of special purpose plants. 

The most common selections are introduced species, 
particularly for revegetatioc work, and most frequently 
for broad acre sowing. The improvement of native pastarea, 
using fertiliser or seed and ferti]iser is usually carried 
out only on steeper lands, Special purpose plants are 
most frequently used as pioneer plants to provide rapid 
stahilisa-tion on very adverse sites, which are later re-
placed by more permanent i:]ants. 

The initial objective of soil conservation agonomy 
is to obtain a protecive award as soon as possible. The 
ultimate objective being to establish a permanent perennial 
award responsive to good management. Whi].st the initial 
objective niay be achieved using simply a single species, 
the final award should include both grasees and legumes. 
For this reason, recommendations for initial sowings are 
usua]ly mixinree. 

As a result of previous experience in the Wagga district, 
emphasis has been placed on cool-season species in all 
sowing recommendations. This is a result of the Mediterr-
anean type climate, characierised by wet cool winters and 
hot, dry summers (see section 4). However exceptions do 
occur, particularly on very small areas and where special 
techniques arc used at sowing. 

13.3 Establishment and ManaaementTecLnirua 

13.3.1 Batter Grades 

As a genera]. rule hatter grades of structural works 
should not exceed, l:l, to allow for effective revege-Lation. 

13.3.2 PacementofTonaoi 

Research conducted at Wagga Research Station has 
demonstrated that the spreadiria of only -" of top-soil 
over freshly exposed surfaces greatly assi.ebs revegeta-Li on 
by providing a more favourable environment for plant growth. 
It should also be possible to reduce bOth seed and fcrtil-
izer rates,. 
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Coisequrntly top-soil should be stock piled prior to 
Pee cosdruction of earhv;orks and re-spread over the 
completed structure. On sheet eroded areas every attempt 
should be made to obtain an adequai;e supply of top-soil, 

13.3.3 

Sowing rates used in revegetation era j  acts are gecer-
al:Ly considerably higher than those for noimsi pastare: 
improvement. The greater the depth of soil removal, during 
earthwork construction or bg erosion, the higher is the 
seeding rate. 

In other words, with increasing d.ei- th of soil removal, 
the soil env ironment for plant growth becomes :Lncreas:Lngly 
deleterious so that a higher initial sowing rate is required 
to achieve simil ar plant densities. For broad acre work 
every attempt should be made to assess soil loss and sowing 
rates adus1ed accordingly. 

1.3.4 Fertilizer Rates 

Similar c onsid eration.s to those mentioned shove apply 
here, 

13 . 3 5 dcci lIe ii Frerarat i or anA dos'inr Proc adure a 

Within the limitations of the particular site in. 
question every attempt should be made to produce a fine 
seed bed. 

For most revegetation work (i.e.  relatively seial:L 
areas) seed and fertiliser will usually be hand broadcast 
and then harrowed. For harrowing very small areas heavy 
duty garden rakes are ideal but for larger areas a. small 
wheel tractor and diamond harrows could be used.. For 
large scale revegetation and broad acre sowings conven-
tional cultivation and sowing machineri will be used, so 
that wherever possible contour cultivation should be 
practised. 

When revegetaLing structural works, sowing should be 
carried out as soon as possible after consLruction. Com- 

. 	 pac tion following sowing generally sigriiii cantly improves 
germination and is recommended where it can be safely 
undertaken. Under dry conditions, where only small areas 
are involved, watering is recommended until good estab--
lishment is achieved, 

13.3.6 LejeThocuThtirn 

For all revegetation work legume seed should be 
inoculated with the approria-be strain of inoculumn and 
pelletted. Felleting should be done as near to sowing 
time as possible. 

13.3.7 Fulchisi,  

IVfulching materials should be applied immediately 
following sowing. 

13.3.8 Insect Control 

The activity of insects frequently results in the 
failure of revegetation programmes particularly under 
certain climatic conditions. 
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In order to control insect damage seed should first he 
dusted with a sLmtacle in,,    	 vted  se 
ing

-
by ants and other insect damage. The area ShOUld. then 

be eprayed at sowing to control lucerne flea and red ILegged 
ear'Lhmite particularly if consistent rain has fallen in 
the early au,tuiut reriod, 

13.3.9 Post. Establislimen-t:r1anament 

All revegotation projects irrespective of size can he 
divided into establishment an.d management phases. The 
establishment phase clearly jnvolves initial preparati on 
of the site, sowing, fertilisiug and, where necesamey the 
installation of special protective measures, (e.g. straw 
or bitumen. mulch) and is relatively straightforward. 

The suhsequeiit management; of the sward is more complex. 
For example it i_s generally not possible to replace the 
entire nutrient loss resulting from soil erosion with one 
feri Li cr annLLcIiOn 	This is not OCU5o of the de+uat 
quantities of fertiliser reduired, although these could be 
i.nmiense, but because the fertiliser nutrients which are 
relatively readily available, would be far in excess of 
the requirements for one seasons growth, and would there-
fore be wasted and lost from the profile. The survival 

. 	of a successfully established award cannot be guaranteed 
after the first year if additional feitiliser is not 
applied. It is essential that a regular top-dressing pro-
gramme be folloeed for at least 2-3 years after establish-
men L 

The presence of grazing animals on the developing 
sward will seriously affect the final result. All waterway, 
flume, spiliwsy and other water disposal areas should be 
specially fenced foliovv'ing sowing to exclude stock for at 
least two to three years. 

Unrestricted growth resulting in a large hulk of top-
growth with a spa:rse ground cover is detrimental. A regular 
programme of slashing (where practicable) or stocking should 
be commenced. Stocking rates should be high (i.e. 10-15 
she(-p'ac. ) far very short periods (i. e. 7-10 days). Both 
slashing and stocking should not be carried out more than 
twice each year and usually at the height of the growing 
season. This will permit control of bulk and will not 
markedly affect seed set in annual species. 

In field practice it is frequently desirable to provide 
immediate protection for v'ater disposal areas. This in-
vo]ves the use of complete sodding, straw mulch or bitumen. 
Some general notes on these techniques have been provided 
in section 13.5. 

13.4 Zone Recommendations 

Agronomic zones within the district are shown on the 
attached map. Generally they are similar to the land use 
zones shown on the land use map. 

The agronomic recommendations vary between zones to 
account for variations in soil conservation practice. 
These r ecommendaLions are designed as basic guideline-s only 
and are not meant to cover every situation likely to be 
encountered in the field. Research Station staff are readily 
available for discussion should any unusual circumstances 
be encountered. 

To assist in the caiculatiolL of seeding: and ferti] izer 
rates for small areas conversion tables are included at the 
end of this section. 
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13.4.1 Zone 1. 

This zone comprises steep, sharply dissectcJ second 
class grazing country at elevations of 1200-2000' with 
poor skeletal soil. Rainfall varies from 2-30 ir.iches 
with the main gracing peraod from midApril to early 
December. 

Soil conservation practices involve land management. 
Pasture z'mprovement, topdressing and improvement of native 
pastures controlled stocking, control of noxious animals, 
tree plantiiig and some re-affo:t-estatiosi. Some gully con-
trcl Structuzres and assoejated diversion works are also 
installed. 

Trickle pipes are freciuently  used and this causes 
some problems vvith species eel cation. 	Water logging, and 
surface flows of breckish waver have deleterious eiiects 
on plant growth in some situations. 

Species_an 	Covii 	F v-es for Zone I 	(all rates are lbs/ac.) 

The fo1loving species are suited to the area, and 
savings should be made at the rates mdi. rated for either 
top--soil 	or sub-ecu. 

Top Soil Sub-soiI 

hJalaris tiXberoaa cv. Commercial 
(Commercial Phalaris) 3-4 6-8 

Lolium perenne cv. Victorian 
(Victorian Feremiis]. Rye) 3-4 6. 8 

Lolium rigidrn (Wimmera Rye) 4 10 

Lh:rharta ca1cina (Pererr(iial Veldt 
Grass) 4 8 

i)uctyli.s glomera:t;a cv * 	Currie 
(Currie Cochafoot) 3-4 6-8 

lTestuca arundinacea v. Demeter 
(Demeter Fescue) 3--4 6-8 

Trifolium repens cv, Ladino (Ladino 
Whit e Clover) 2 4 

Triif.oliurn repens cv. 	Irrigation 
(Irrigation White Clover) 2 4 

Trifolium suhterranoun cv. Woogeriellup 4 10 

T. subterraneam cv. Mt. Barker 4 10 

Trifolium incarnatum cv. Dixie 
(Dixie Crimson Clover) 2 4 
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Pedica,osativa cv, Hunter River (Lucerne) should be 
cub 	t3 ul) UL( 	) 	jj I 	C,  10 \/  2 

Woogeneliup should be the only cultivar of sub-
terranean clover used. 

Limited field experience suggests that oliumridum 
cv. I\Ierredin (Tderredi.n Wimmero Rye) should be sub--- 
iut 	 mm 	mra Rye.st 	f 	 a 	i  

General sowing reccmmendations are similar but the 
foil owing mixture is recommended for revegetating banks. 

Merredin \Vimmera Rye 
	

10 lbs/ac 

Woogeneilup sub-clover 
	

10 lbs/ac 

Oats (as a cover crop) 
	

20 lbs/ac (Cooba) 

Jgain native species should be carefully managed to 
provide suiiiner ground cover over broad acres. 

Fertilizer Recommendations for Zone Ii 

Again recommendations are similar to those for Zone 1 
However, Superphoaphate -- Mo is not reQuired for 	sail 
sowings and ordinary superphosphate should be used. It 
should still be used for sue-soil sowngs. 

13.4.3 Zone III 

This zone comprises undulating fertile an able land 
with slopes of 3-10 per cent. Rainfall varies from ].9--22 
inches per year. The soila are mainly red podzolic and red 
earths with solonetzics occarring along viatercourses. 
0-razing is normally carried out in association with arabic 
enterprises. 

Soil conservation measures used in this zone rely 
even more heavily on structural works including contour 
banks, waterways, gully control structures and flumes. 

Crecies_and Sowing Rates for Zone II I (all rates are in lbs/ac) 

The following species are suited to the area, and. 
W 	 sowings should be made at the rates indicated for either 

top-soil or sub-soil. 

Top-soil Sub--soil 

Phalaris tuherosa cv. Commercial 
(Commercial Phalaris) 3--4 6--B 

Phalaris tuberosa cv. Sirocco 
(Sirocco Phalaris) 2 LI 

Lolium rigidum cv. Merredin 
(Merredin Wimxnera Rye) 4 10 

Ehrharta calycina (Ferermial Veldt 
Grass) 4 8 

Dactylic glcmierata cv. Currie (Currie 
Cocksfoot) 3-4 6-8 

Bromus uniloides cv. Friehes 
(Friebes Perennial Prairie) 4 8 

Tn. oolum aubierraneum cv. Woogenellup 
(Vioogenollup sub-clover) 4 10 



Cont d 

Top-coil Cub-soil 

(Ciar
T. sub erraneun cv. Ciare 

e 
 

sub-clover) 	 4 	10 

Medicago sativa cv. Huoter River 
(Ilunier River Lucerne) 	 6 	10 

Trifolium incornesum cv. Dixie (Dixie 
Crimson Clover) 	 2 	4 
T. h:i rium cv. Kondi nil 
(Kondinin Rose Clover) 	 3 	6 

Vicia daisycarpo cv. Namoi 
(Namoi Woolly-pod vet oh) 	 20 	20 

	

Cynodon dactylon (Couch Grass) 	 4 	8 

Secale cereale (Cereale Rye) 	 30 	30 

Avena satj\ra (oats) (Cooba) 	 20 	20 

From this list the follov'ing specific recommendations 
can be made. 

For Waterws 

Fhalaris 	 4 lbs/ac 
Friches Perennial 
Prairie 	 4 
Couch Grass 	 4 
Merredin Wimmera Rye 	4 
Woogenellup sub--clover 	4 
Punter River Lucerne 	6 

For Bank Re\TegetatiOn 

Morredin Wimmera Rye 	10 lbs/sc 
Woogeneliup sub-clover 10 
Oats (as a cover crop) 
Cooba 	 20 

For Badlyhoded Arose - Gravel Fits etc 

Merredin Viimmera Rye 	10 lbs/ac 
Woogeneilup sub-clover 4 
Glare sub-clover 	4 
Kondinin rose clover 	4 
Cereal rye (as a cover 
crop) 	 30 

or 

Fhaiaris 	 8 lbs/ac 
Merredin Wirnmera Rye 	4 
Glare sub--el. over 	4 
Woogenellu p sub-clover. 	4 
Dixie Crimson Clover 	2 

In ver:v Coerce Parent--materials 

Namoi wolly-pod vetch 	20 lts/ac 
Perennial Veldt Grass 	8 
Kondinin Rose Clover 	8 

Fertiii.ser Recommendations for Zone III 

Fertiliser recommendations are as for Zone IT. 
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This zone comprises gene.ral1i en iy sloping lands 
of O-3 per cont slope , with soils one ?lomlncn tly red-•br own 
earths. Rainfall is less thmri 19 inches per year which. 
decres sea even fnrth erveatsard al ong  wiJ;h a decreasing 
proabilit; of nec n is irig fzoctive reinfali..during the 
growing sea eci. 

Structural cosnrvatioii measures are gonerilly limited 
to gully control aUras turcs and associaLed diversion banIcs 

Sbeciss and Sovi r 1-ates for Zone IV 

The species an Uted to the area, arod the soviinc; rates 
are similar to those for Zone ill. flt}icsgh empIa si a 
should he placed on those species sri-bed bc di r conditIlOfla, 
and particud r see should be made of: 

Tni.foliui subterraneuc cv. Geral dt,on (Geraldon 
sub-ole; or), Idedicago in icstei.a cv. Jcma.1cmg 
(Jemaleng Barrel Redn c) 

The specific recommendations for the zone are; 

(i) cencralvierwaipwje 

	

S Sirocco fhalenis 	 4 lbs/ac 
V/imrnera ryegrass 	 4 
Woogeriellup sub-clovee 	 4 
Gerald ton sad- clover 	 4 
Bonier Thver Lucerne 	 C 

Watnivavdowio;.:sin 

Sirocco Phalaris 	 /1 lea/ac 

	

viinmera. ryegrasa 	 4 
Jeinalong barrel medic 	 4 
Geraldton sub-clover 	 4 

General BnnJ_and denuded area sowi ns 

Merredin Wionnera ryegrass 	10 ] hs/ac 
Clare sub-clover 	 10 
Kondsnin. Rose Cloven 	 4 
Oats (Bun(3y) 	 20 

Bank end denuded Area So\4s in sclf-mu]china Soils 

Jemalong Barrel medic should he substituted for Clone 
sub-clover at 4 lbs/ac, 

Alternative Mi xure s-Denuded Areas. Gravel Di is etc. 

Sirocco Phalaris 	 4 lbs/ac 
Namnoi V'oolly-pod vetch 	 4 
Clare sub-clover 	 20 

or 

Sirocco Phalanis 	 4 
Merredimi Viimniera ryegreca 	4 
Jemalong Barrel medic 	 4 
Kondiniri rose ci over 	 4 
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Pert iii a 	 :: or 1caor 	Z 	.  

Pert i.liser recommendat J. o.us are as f o r Zone II. 

13.5 Special Teciu.üquea 

13.5.1 introduc U on 

Special techniques of stahili. zation and revegetation 
are reservea fo ezutical problem areas vhc a normal eatab-
lishmer- b techniques are insufficien 1; to ensure erosi on 
control. 

The stabs1ty of areas of water concentration is prob-
ably themoat important factor in the success of any we] I 
designed programme of soil conservation structural works. 
A soi.l conservationist should make every effort during the 
initial design period to ensure that undisturbed soil 
surfaces are used as water disposal areas, Where dis-
turbed sites hsiTe to be used these should be stabilized 
prior o carr ing concentrated flows. 

Occasionally immediate protection is required to both 
control erosion and. promote the growth of vegetation. A 
num nor of techni.cues are available to this puruose. 

13. 5.2 1  la hmulehin 

This process consists of mixing either wood pulp or 
hammer-milled hay and seed and fertilizer with water in a 
large tank and spraying this on the area to be treated. 
The hydromuicher is a machire specially designed for this 
purpose. 

The method. is particularly suited to sowing very 
steep and high road batters or inaccessible areas which 
camnot be traversed by conventional seeding equipment. 

The wood pulp or hay acts as a vehicle to distribute 
the seed, and also adheres to the batter, thereby holding 
-the seed in place until it germinates. 

The method is very convenient, is quick and does not 
represent such a hazard to passing traffic as does bitumen 
being sprayed. 

13.5.3 Ra and Bitunan 

This is a well established technique in which the hay 
is blown mechanically, or spread by hand, on the area to 
be treated and is 'tacked" to the surface at the same time 
by spraying with slow breaking anionic bitumen emulsion. 
The seed and fertilizer are sown by band or with a mechanized 
blower in a separate operation prior to the placement of 
hay and bitumen. 

The hay i spread at a rate of -2 tons per acre 
dependin.g on: 

() the season, which affects soil temperature, and 

(h) the degree of protection required in the particular 
circumstances. 

It has been found that when the soi.l temperature is 
considerably lower than the air temperature a heavy mulch 
].imits growth. Consequently a light mulch is applied 
in this situation and a heavy mulch is applied when soil 
temperature equals or exceeds -jr temperature. 
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The bitwnen is used at a rate 01 0.05-0.10 gollons 
per squa:e yale d 

It is used by the Serv.t cc only in specialized siiva-
tions where it is critical to obtain a quick vegcLati a 
cover, such. as along the -Lo edge of a roat batter, in a 
drainage line or along the shoulder of a road. 

The technique is more expensive than nydromuLcbing. 

] 3. 5,4 Har and Wire heiting 

Hay, held in place with viirc netting is a we.LL--estab]isocd 
technique used only in particular situations because it is a 
slow inannal operation and is ccnsequen-L-ly exrensive. UsLnLLLy 
it is restricted to extrane si_tuitions where bitumen would 
not be sufficient to hold the hay in. place. Extremely 
windy or steep areas are examples of such sitnations, 

Wire netting is always used no hold hay in place on 
waterways or drainage lines wIi*ch have to carry runoff 
before the vegetation is established. 

The technique consists of spreading hay (usually pastare 
or oaten) by hand, at l--2 tons per acre, after sowing the 

W 	 area with seed and fertilizer. The hay is held in place 
with a specia± grade of black wire netting pinned down wi Lh 
galvanized wire pine or "rabbit bows" about 9 inches long. 

The black netting is 19 gauge, 6 feet wide with only 
2 twists instead of the usual 5 twists found in normal 
netting and has a 2 inch mesh. 

This netting is very pliable and can be easily moulded 
to the shape of -the land surface. It can be laid in any 
direction but is usually laid at right angles to any expected. 
flow so that the upper layer overlaps and overlies the low 
1arer in such a manner as to offer little resistance to 
the water flow. 

The ne-tting is overlapped and pinned along the edge 
at 3-4 feet centres and across the middle of,  the netting 
at 3-6 feet centres, depending upon the particular si-tu- 

. 	atiosi. For example , in a waterway, where concentrated flows 
might be expected, the netting would be pinned at 3 feet 
centres whereas on a slope where little flow occurs 6 
feet centres would be sufficient. 

The success of the entire technique depends to a marked 
degree on the efficiency of the pinning. 

13.5.5 Bay and _Plastic Weave Fabric 

Plastic weave fabric is employed in exactly the same 
manner as the wire netting described in the previous tech-
nique and is also held in place by galvanized wire pins. 

The fabric coats twice as much as an equivalent 
quantity of wire ne-tt:i.ng however wire netting weights seven 
-times as much as plastic weave fabric. The latter material 
is used particularly in alpine reclamation work where trari-
sport of materials is by specialized vehicles with a 
limited carrying capacity. 

Plastic fabric is an. effective replacemen-t for wire 
netting on areas which have to be closely mown after vege- - 
ttiOfl is established, as it breaks down much quicker than 
wire netting. 
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5 6 	Li tui'j and Other Lianid taLili zers 

The use of medium setting. slow humaiug ad oi-ii c 
bitumen has been described previously (kun1ow, 19d4) 

W1.iere 	soril moisture conditions are good it is used 
to hold seed. and fertilizer in place on a hatter until 
gersirumf ion has taken ulace. 

On s-Leap hatters the tecmique consists of light] 
spraying tbbe better \viih-) bitumen, and while it is still 
"tacky" the seed and fertilizer are applied. Another 
slightly heavier application of bitumen is then spraied 
on to ensure complete adhesi on of the sean and feruiii zer. 
The total bitumen applied should be no more then 0.2 
gali ens per square yard. 

The main disadvantages of the use of hi tieson are (1 ) 
the drift of the bitumen sprar onto passing vehicles, (2) 
it is unpleasant to handle and necessitates ex;reme care 
in keeping spray equipment dean to maintain efficient 
operation, (3) it peels off quickly once the surface seal 
is broken, (4 ) in. the alpine and sub-alpine area a where 
frost heave constitutes a real problem, bitumen does not 
prevent frost action, (5) high temperatures created under 

W 	 the bitumen surface during the summer months can adv ersely 
enFect germination and establisi-irnent. 

Liquid stabilizers are availab].e which are clean, 
relssively easy to handle and relatively clear,  vtould possibly 
he more sutabIe for summer sowings despite the greater 
expense involved. 

13.5.7 Jute heal and Litimnen 

Although this is a very expensive technique, it has 
proved extremely worthwhile in. very particular situations 
where provisi on must be made for runoff to flow before 
vegetation is established. 

The techni quo isused in table drains and catch drains, 
particularly where these are on a, steep giade and need pro-
tection against erosion. it is also used to protect a 

. 	shaped tdropdovmt drain directing runoff,  clown a hatter from 
a catch drain to the table drain or from the shoulder of 
the road down a fill batter to a safe disposal area. The 
entrance or outlet of culve:rts can also be protected with 
this material before vegetation is established. 

The area for treatment is prepared by shapin:-; to remove 
obvious irregulariti. es, raking and watering pri or to sowing 
with seed and fertilizer. This is held in place by a light 
coating of bitumen emulsion. applied at a rate of between 
0.1-0.2 gallon.s per square yard. 

The jute mesh is then laid on the wet bitumen and 
"pressed" into place. A heavier application of bitumen 
is then sprayed on to bring the total_ apulica-tion to between 
0.3 and  0.5 gaD ona per square yard. 

Situations treated by this method are capable of taking 
flows for which they are designed, without damna.ge, four hours 
after the jute mesh is laid in place. 
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13 - 5. 8 Suudr Tech eiqlj2s 

hni  	tute the mainThe tec 	 e 	 nit 	methods 
used in stabili za Lion proramaies. Rove' en, there are rrany 
lrja+lOflC and ccnPoiria Lions not listed. 

As examuies, jute mesh is of Len used as a soil pro-
tection under the hay-vire uettinf treatment to give more 
s-ba bili ty to the soil etmiace , enS plastic weave fabn:Lc 
is used inplace of 	e 	i 	 or hay-lastict  	p  
treatment mentioned above . The Jay drorcuicher can be used 
to re-fertilize established areasusing only water and 
fertilizer, 

Finally it is emphasized thet, where practicable, 
accepted farm practices associated 'i L the establis}m eat 
of pastares are probably the most efficient method of 
stabilizing exposed su:-faces 	The specialized. tecJiiiq:iues 
should only be used as additional measures where condiz ions 
47'or vegetation estahljs}mient are difficulLt 

13 6 ]o  	bles  

These tables have been prepared to assist in the cal- 
culation of sowing rates and fertilizer applications for 

W 	 email areas for revegeta-bioa,  and for waterways and other 
wLeer disposeni areas, 

Table 1361 Fertilizer Application per Chain. 
of Waterway for a Range of Fertilizer 
Rates (cwt./ac) and a Range of Waterway 
Widths 

Fer-b iii z e r 
Rate 

Cv:t/ac 15 20 

Width of Wat 	J. ( Feet  ) 

25 30 5 	40 50 	60 	120 

1 2 3 4 5 6 7 9 10 20 
2 5 6 8 1-0 12 14 18 20 40 
3 7 9 
­ 

15 18 21 27 30 60 
4 1-0 12 1-6 20 24 28 36 40 80 
5 12- 15 20 25 30 35 45 50 100 
6 15 18 24 30 36 42 54 60 :1.20 
7 17 21 28 35 42 49 63 70 140 
0 20 24 32 40 48 56 72 80 160 
9 22 27 36 45 54 63 81 90 180 

10 25 30 40 50 60 70 90 100 200 
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Table 1.6 .2 Fort] lizer App1icatioi (ibs) for 
f cj pe of Fort iii.er Hates (CwL/ao) 

Over Small Areas 

Fertilizer 
Rates 

cvt/a c 	100 20() 400 800 1000 	acre - acr 

)) 
2 - 1 	2 4 	5 536 112 
3 71  84 168 
Al 1 2 	4 8 	10 112 224 
5 i 2-- 	5 10 	12- 140 280 
(3 1 3 	6 12 	15 168 336 

7 14 	173 196 392 
8 2 4 	8 16 	20 224 448 
9 21 4-- 	9 18 	22 252 504 
10 2 V 5 	10 20 	25 280 560 

Table 13 .6, 3 Sowing Hates ( oz/chn  ) of Waterv\'sy 
for a Raige of Sowing Rates (lbs/ac) 
and a Range of Waterway Widths 

Sowing 
Rate Waterway Width (Feet) 

lbs/ac 15 20 25 30 35 40 50 60 

6 23 3 31 4 5 6 7 91 
8 3 4 5 6 7 8 10 J2 

10 4 5 6- 8 9 iO- 13 16 
12 41 6 71 91 11 121 15 19 
14 5 7 81 lO 121 14 18 21 
16 6 8 10 12 14 16 20 24 
18 7 9 113 14 16 183 23 26 
20 8 10 13 16 18 2] 26 32 
24 9j 12 141 183-  22 25 30 38 

120 

19 
24 
32 
3$ 
42 
48 
-, ) 
64 
76 
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aL1e 13 	So;ir fate (ozo) for o Ronge of 
1- ha ee 1 Lo/o: ) 

Sovi:Lng Re to 
]..Uz/acre Aroc 	(Cc. feet) Area 

IL 00 200 400 Boo 1.000 47 acre an 

6 - 1 2 2 24 18 
p (A 

10 '10 30 
12 -- 1 2 4 5 48 96 
14 56 112 
16 64 128 

3 0 7 72 144 
20 80 iCC) 
24 1 2 4 8 10 96 12 
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