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The Kc_\'ting Plan was published by Yeomans in 1954 This book
became an agricultural best seller and sold out, It is S[‘l" sought by
collectors,  Another edition was called for but it was obvious tlmtbas ih.‘
concept had developed and a new book was needed f
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A oo 57 THE CHALLENGE OF LANDSCAPE
| ucing
2 Cultivation to defeat ErOSION. ....iusmcssmmiasimminssasmssinser, 58 The Challenge Of Landscape was i : :
3 et e o e 258 . SPE <ANCSCape was published in 1958, in this Yeomans
3 HL.MSI,‘ILJW%“ O e e 258 further developed his theories and practice of land development. The
4 Flat l.u_l : l;::iﬂmt 258 Keyline bcnic of Permanence was first detailed in this book and provided a
5 y E]Si:::u;u; L Rn-:{; .......... 250 pr;;gtlczl] guide to property planning priorities, The use of Keyline pattern
B. ﬂ_ﬂDiL - desig %0 cultivation to enable the successful flood irrigation of undulating land from
L. AV f}:gnﬁ- 5 259 f:1r1|| dams was Sh()\\'ll.
L e e e e R R TR 5
B)Inthe Field = OniSiler - i it semsnssessasss 260
2 T T T T b s s Y EEERRSR, 260 b .
e chinf;:hcbcncﬁls Ui WATER FOR EVERY FARM
. Getadetailedto ic map of your area.
5 Con:1 dc;u;unuﬁgfrjﬂ:;[;?:nﬁié;mm 2 ;2: Water For Every Farm was first published by The K. G. Murray
3 Contact Yeomans Keyline T e Publishing Company Pty Lid, Sydney, N.S.W. in December 1965. The

261 second edition was published in October 1968. In this book Yeomans,
among other things, detailed the application of Keyline to flat land irrigation
and further developed the techniques of irrigating undulating land. The
flood irrigation of flat land at a rate of 8 hectares (20 acres) per hour with
one-man control was shown to be eminently practical. This book explained
many aspects of the plan: economic dam construction; locating farm dams;
irrigation channel and steering bank construction; irrigated pasture
management; fencing for maximum pasture utilisation; soil improvement
and more.

THE CITY FOREST

The City Forest was published in 1971 as a paper back. This book
extended the logical application of Keyline into urban design and propos_cd
the use of effluent on Keyline planned and irrigated rain forests - cily
forests. It was used as a text book for many students studying Landscape
Architecture in Sydney.

WATER FOR EVERY FARM USING THE
KEYLINE PLAN

Water For Every Farm Using The Keyline Plan was publ‘ishcd by Murray
¥ J books in 1978. This book was a compilation of the two earlier books named

xi




in the title. The compiled edition sqﬂ'cn:q some weaknesses: firstly jy was
only in metric, making it difficult to imagine for many readers and to make
matters Wworse on occasions it was :n;lccumfcl)-_ converted o metric:
secondly, in Part 1, the inaccurate idea that a Keyline fu:.'ms a continuoys
line n'é,ht across the landscape, called a "co_xmnun" Keyline, was re.
presented after non-use for thirty years. This point was somewhat clarifieq
in Part 2 of the book, but these problems contributed to confusion for those
going it alone with Keyline planning. This confusion was perhaps
compounded by a few errors in metric conversion. In one case, referring 1o
the once only application rate of pre-mixed superphosphate and lime
fertiliser, the imperial measurement of 1 cwt per acre of fertiliser became, in
metric, 1 kg per hectare, whereas it should have been about 125 kg per ha.
Since 1981 Second Back Row Press Pty., Lid., have twice republished this
edition in paperback form. The cover is a beige colour.

THE AUSTRALIAN KEYLINE PLAN F
OF HUMAN SETTLEMENTS

OR THE ENRICHMENT

Title of a paper presented by P. A. Yeomans to the Habitat Forum of the

t;;ni;ed Nations Conference on Human Settlements, Vancouver, Canada in

This Australian Keyline Plan issi ‘
) submission to the i
Conference was with th United Nations

ey ¢ sponsorship of the Murray Valley Development

Biography

Percival _Alfrlcd_Yco:_nans (P.A.) was born in Harden N.S.W. in 1905
eldest sor: of a family of four, In 1928 he married Rita Irene May Elm'ne.sl
also of Harden. They had three children; Neville born in 1928, Allan in‘
1931 and Ken in 1947. Rita Yeomans died 1964 and the 1wy original
Keyline properties at North Richmond N.S.W, were sold 1o pay death
duties. .

P. A. Yeomans married Jane Radek in 1966 and they had two daughters
Julic and Wendy. -

Following this marriage he undertook the design and construction of a
different concept in cultivation cquipment. He solved the need for better
equipment than the chisel plow to deeply loosen soil without bringing up the
subsoil. This equipment was the first rigid shanked vibrating sub-soil
cultivating ripper for use with farm tractors, It is many times more efficient
than a chisel plow, and is able to loosen more soil to a greater depth using
less tractor power.

The Prince Philip Design Award officially recognised the breakthrough
success of this equipment in 1974 when P. A. Yeomans Pty Ltd received this
coveted award for the Bunyip Slipper Imp with Shakaerator.

Manufacture of the Bunyip Slipper Imp eventually passed from P, A
Yeomans Pty Lid to the Yeomans Plow Company, which is now based at
Molendinar in South-east Queensland. This company is owned and directed
by Allan J. Yeomans the second son of P. A. Yeomans. The equipment has
undergone further developed including some landmark design
breakthroughs and has been renamed the Yeomans Keyline Plow.

P. A. Yeomans devoted much of his latter life time to consulting,
advising and lecturing on Keyline planning for which he has received
requests from many parts of the world.

P. A. Yeomans passed away, aged 79 years. in November 1984.
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THE DEV lPlL(())\\"S FOR KEYLINE
~wline of increasing the fertility of soils
i iotae psed in Keyline of INCrEasIng l.‘ lity oils
The basic p::;h',r:": l:;:;\ were first described In [Il_c Keyline Plan
has not changed sin¢ : has changed is the design of the cultivating

iched in 1954, Wha the design of the
published in = arion of the techniques for soil building that the
inment. and the modification @

equipment, and t

newer designs have permitied.

The production of fertile <oil from biologically inactive subsoll is not
B O i~ M o o
d;fﬁ*u;l p:md one technique is well known. We know that if sufficient
(mi1h e o s aree aveals o ¥
«d vegetation and animal manures are available for

pantities of de : g ’ :
: {he composted materials are blended into inert subsoils,

composting, and
rapid fertility can occur.

For broad acre farming however, there is never sufficient waste materials
available. The soil and the soil life must be managed to produce its own
composting matenial. Keyline techniques do just that and do it extremely
well.

The Keyline processes for the enrichment of soil were actually well
developed before suitable implements were found that would handle the job.
Earth moving nippers were often used because of my father's familiarity with
such cquipment. Results with this equipment were sometimes spectacular,
]S:‘l:fsu:iﬁ d;sastmus Rapid c_Irumgesland improvements in soil fertility
g (’}e::;m:\;}ncr. ’bcmlg achieved \\'1_1}1 ever Increasing success. At that
ekt mﬁ: Ciuscl plow was imported into the country by a long
o Ryt m]in ooked very promising and the implement was tried

Was commercially available,

In June of - :
it Whﬂewsz m}“falher and I were in the United States on another
"Malabar Farm. The g . 2t Louis Bromfield's well documented
well ahead of yha hniques of Keyline had, in my opinion, progressed
#asbeing done by Bromfield,

In Amarillg Texag we met Bill

Plow Co, A Graeme of the Graeme Hoeme Chisel
N Australig, Thew::om‘;i: here by we made the plow under their patent
Australia in 1952, The paten; s concept "chisel plow” were unknown in
and 50 anybody oy copy ﬂm‘;as-round 10 be unenforceable in this country
€S Spread, s we were f “S180s. This inevitably occurred as Keyline
ored 10 go our own way. The plow was
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strengthened considerably until it "eould 20
o take his tractor". That was my f
consequentially, mine too,

any where the farmer Wis game
iher's design Trequirements and

Keyline soil building techniques were then
limitations imposed by the plow itself
in the Keyline books.

slightly restricted by th
/ i
and these are the techniques df:sc)nb:i

The plow business was sold in April 1964, with a proviso that P. A
Yeomans, and m__\'sclf as the design engineer, had 1o keep out of the
agricultural machinery business for a minimum of five years, The designs
for a deep working, low disturbance chisel plow with the strength
characteristics of carth moving rippers, a "sub soiler chisel plow" were moth
balled.

They re-emerged, after this enforced hibernation, as the "Bunyip Slipper
Imp" with "Shakaerator". This implement won the Prince Phillip Award for
Australian Design in 1974,

The plow has an extremely strong, solid, rigid frame. The tynes or
shanks are made from cast tool steel. They are narrow with a tapered
leading edge. They travel through the soil with very little resistance, like a
sail boat's fin. The separate digging point is shaped like a long flat arrow
head, tapering out to about 4" (100 mm) wide at the rear. The digging angle
is very flat, only 8 degrees. A vertical "splitter fin" is incorporated on the
top face, and becomes a vertical blade to the arrow head. In use, and in deep
cultivation, the splitter fin initiates a vertical crack through the soil above,
up to the surface. The side blades lift and loosen the earth between Lhc
shanks, and then allow it to re-settle. No mixing occurs between soil
profiles and root disturbance is insignificant and gentle. After cultivation,
the ground surface often appears as if undisturbed, yet is strangely spongy (o
walk on.

The Shakaerator is an off set heavy fly wheel, bolied to the 1?10“' frame,
that assists soil shattering and reduces tractor horse power requirements mn
most soil types.

By then I had my own independent engineering business, amfmz
constraint, not in agriculture. This was where the new plow protoiypes e
built, After my father's death in 1984, my company took over the compler
manufacture of the plow. Improvements continued and Six nEw pm;n design
subsequently been issued.  Three of which have won tupte

awards at the Australian National Field Days.

The rapid soil building processcs of Keyline were no longer restricied by
the use of chisel plows, and the techniques were streamlined.

XIX



in addition, the use of this new plow enables the soil to absorb higy

tities of run off from storms, and heavy down pores. This is the run off
quantine:

. ally fills dams, and can often cause erosion. These cﬂ'cctg IF.\C o
Imf ﬂ?mu-} in the design of whole farm layouts. Greater emphasis is now
;3:;::: liiflowuon and size of the first .Li.m co.ustru.;md 'Ijlu,t; fi rst dam

 tends to be of greater capacity than p[c‘\'lﬂ.llb designs called [o':. _"'-":\'c:
“o-“ Mn farm dams now prove to be economically more viable. This firg
3:::1]:;35:;1 and placed 1o so enhance the refurns o the farm, :l:;:} future
dams can become self financing by the farm itself. M¥ brother Ken has
developed computer simulation design tcc!uuqucs. by \&lych such decisions
can be idealised. Design errors are virtually eliminated in the process, and
financial and ecological viability can be assured.

The Keyline soil building process is now much more rapid with the yse
of this plow. Many clones of the plow have now been produced, often with
interchangeable components, and if used correctly these plows can be
equally effective

The real value, almost one might say, the cash value of a soil is
determined, firstly by the basic mineralisation within the soil. This is
ordained by its geological history and formation. The farmer is not able to
change this, outside the addition of some exotic trace elements. And the
second determining factor, is the amount of humic acids within the soil,

their age and their stability. The fulvic acids are here considered as sub-
varieties of

. increasing
and rising salinity levels.

To produce good crops in rich soils it js

i encrally only
mainain, within the soil, gencrally only necessary to

reasonable levels of biological activity,

Humic acid is not a sim id, li 7 ic aci
1IIC 3¢ ple acid, like hydrochloric acid or sul i i
;wnuii a;:fd] s hardly an acid at a]. When organic mater h;_;lll:gehr:m Ufrgﬁgl
"ological processes within the soil, very Jar i
Organic molecules are the Iti el 'rela_uvc]y stable
i s ulimate result. Their formation is extremely
Vanationsg .

However, if the elements in the soi were in sol
long since been washed, or leached away,

occur for plants to exist at all

minerals, nutritious soluble cliemical elements become 4

fortunately, attach themselves loosely to the h ghly variable ouer i, oi'
the humic acid molecules. The element is o longer soluble, by it is readily
available to the tiny root structures of plants and fungi. As far as a plant m

concerned, the humic acid molecule is 4 Supermarket, and its outer surface is
the richly stocked shelves.

Carbon dioxide dissolved in rainwater forms carbonic acid. This
carbonic acid breaks down the fine rock particles, replenishing the shelyes
in the supermarket, Also, biological activity within the soil can produce tiny
quantities of acids, a thousand times stronger than the carbonic acid of rain
water. These acids make available 1o the surface of the humic acid
molecule, clements that would otherwise be totally inaccessible or
unavailable.

If the soil is devoid of biological activity, and the minerals in the soil
have been used up by growing crops, re-mineralisation of the soil can only
be achieved by the much slower use of carbonic acid derived from rain
water. I believe this 1o be a considerable, although unrecognised,
Justification for the "long fallow”. It takes a long fallow. or simpl,\: a long
time, to re-stock the shelves in the supermarket. When ouJ)I- minimum
biological activity can occur, then the concept of "resting the soil”, starts to
make sense.

Humic acid molecules can last thousands of years, and these were
described in German literature as "Daverhumus” (daver - German auc}
endure - English). The long lived dauerhumus does not itself for;n part I.h:.t
soil biological activity. Other humic acid molecules hm\‘t.:\'er‘ do form o
are much less stable. They can last anywhere from minutes (0 -m‘lr]‘h :
Thesc; molecules can, -g1id) do; get ivolsl e s’ SRR
contain, within themselves, protein and other similar mnuar:s;\it:‘“ ,m,g
nitrogen, as also do the long lived variety. Soil bm]ogl?[harmlﬁ.i trickle
down the short lived molecules and release a consiant, an th ‘This is
of ammonia to the fine plant roots, invigorating plant grov T
"Nahrhumus", (nahr to nourish). Almost all ,Gf the n;u:fﬁl;n u‘:e soil.
plants in healthy soil, is derived from this organic materi

1 , » decreases with
It is well known that total soil organic matter constantly

ical fertilisers, almost all of
mono-cropping, and by the use of soluble chemical f& %

e il life. The organic
which kill earthworms and destroy mlcmm?g'ca];glo?ftiiny years, and
matter content decreases over periods, usually in ex in the original soil

Up to one hundred years, to a level of aboullhall_f [-I;a[c;aimed- proves that
Then a stability seems to be attained. This, it i

xxi




hemical agriculture does not continue to decrease soil fertility, | tend 1o
;cli -\'c‘llm; most biological activity has already ceased, and (he Organic
. 5 v ) .
tter, still in evidence by high temperature soil testing, exists only in (e
natter, y g ing, ¢
porn:o!' daverhumus. These then are the extremely stable, but now cmpty,
supermarket shelves.

So many problems are solved simply by increasing soil's ua_!lumi fertility,
And it all starts with dead plant matenial, air and water. Activity then Starts,
bacteria, fungi, actinonycetes and worms devour the dead plant materig],
die, and in turn devour each other, In the process, concentrated acids are
produced that break down tiny rock structures, making available crucial
elements in the life cycle, Complex humic acid molecules are ultimately
formed. Some are broken down by more biological activity, Producing
ammonia for plant growth. Around others, the soluble new ly released
element, become antached, but still available for healthy plant growth, Long
chains of sugar like chemicals, polysaccharides, food stores for bacteria, are
formed that bind the soil together. The tiny root like structures of fungi bind
the soil particles in the same way. Small aggregates of these soil particles
and sand and clays accumulate, In our hand we feel the whole thing as good
soil structure,

Picces of the less stable humic materials reform, and reform again until
ultimately, relatively stable humic acid molecules are created. As the total
Organic content rises, earthworms move in and establish themselves. Their
Casts are a rich source of humus and their slimes and glues enhance soil

structure. The soils ability 1o retain moisture, its "field capacity". rises
dramatically and. 1o the £ ol

_ ally a - "armet, rainfall patterns become less critical. This
infense bwlognca]_ activity is the necessary "bio" in "biodegradable”. Soluble
heavy metals, poisons, become attached to the humic acid molecule and are
no longer in solution

: - and a threat, They won't 1
discerning fine ooy s &y be selected by the plants

producing plants canp,
logically inevitable.

For this all to happen, e gy
X » st first st : ] :
and then, if we can, we shoylg water it fucture an ideal g environment,

nic content in broad

3 and th : -
the lf.gun:cs and grasses, The current model of v (:} gro & mampulaut_}n. of
specifically, so thay 11s use would creae this idealigeq enyi s designed

ronmeny,

If conventional chisel plows are used 1o an excessiy
aeration and rain water retention, destructive mixin
For this reason, chisel plow use in Keyline requir
cultivation was only progressively deepencd. p
determined by taking a spade, and checking the de
resulting from the previous cultivation, Tipe spaci
mim).

¢ depth, for subsgil
& of soil layers resulis.
ed a program in which
epth of cultivation was
Pth of the root structures
Tgs were kept at 12" (300

Because of the resultant damage 1o €Xisting pastures, it was ofien ri ky,
and it was not advised to cultivate when pasture grasses were in shor
supply, or when approaching a period of possibly, hot dry conditions.

Using these new implements we can now recommend an initial
cultivation depth of 8" (200 mm) or more. Any less than 6" deep the
cultivating effect is similar to a chisel plow, with a typical V shaped rip
mark of loose carth being formed. If a hard pan exists, and conditions are
dry, large clods can still be turned up. By increasing the depth of
cultivation, a point will be reached where clods are not p_roduced at all.
Horizontal fracturing spreads sideways from the plough point and surface
disturbance is minimal.

Tyne spacings should be much wider than would be recommzr:dedﬂfg:
chisel plows. 24" (600 mm) spacings are perfectly Feasonablg, 1 n::3 r.. 4
(about half a metre) would be a good g_eugral guide, If OTSEpOW
limited, it is wiser to maintain the culuvaucp depr.h,_ and, if nmry.
decrease the number of tynes being used.' In this way little pasture s i:
occurs, good deep aeration has been achieved, and t:nm'rml.u".E qu:;ﬂ]\t‘l'i il
storm rains can be absorbed before any run off occurs. , m& b
following rain, very little soil moisture \\_1]] be lost. 1Erl malsTm
roots will gain access to otherwise unavailable subsoil mo ;

i by
The subsequent grass growth should be -rnown,dc;; I::;v;\l?;dg;arﬁpu}
overstocking to achieve the same effect. Stock should be :
to permit rapid unhindered regrowth of the more bl;cl:lunshm[ a sampasmree depm.m'fhesc
Subsequent cultivation should be repgatcd at o;l a
Keyline stocking techniques are detailed elsewhere.

; ition of cast off root
Within weeks of the first cultivation the d“:oﬁop?:lt;:ﬁ colour changes
Structures, following mowing or grazing, w‘[n"lups is quile impossible using a
from biological activity deep in the subsoil.
conventional chisel plow.

i - r de im’aﬂably

Cultivation, prior to cropping, using this plo‘:jr?.md;?: in cj':;s are not

and dramatically increases crop yields. ndmmmauc increases result from

always permanent. [ believe that ﬂ“: fallowing" for hundreds or even
exploiting soil layers, that have been “fallo




thousands of years. The minerals II:]\'I'II}: ;|ccu111ulf|lcg on L‘|.‘l_?' Particles,
they do on the humic acid moluc!zlcs_ The d_tillll;flllt" increase in crop yields
can only be maintained, by the inclusion of .*_'-“'thSHIIIId |L‘!—'.!l|llc5 o the
cropping programs. This is (0 [}r\)llmlt.“ biological activity, and thys
maintain the supply of minerals and elements.

Again; So many problems are solved simply by increasing soil fertility,
Allan J. Yeomans
Editor's PREFACE by Ken B. Yeomans

The production of this book has been a mu«:h_ h!'ggcr task than |
envisaged because it is more than just an edited compilation of the Wrilings
of the late P. A. Yeomans. [t started out as an attempt o provide g
contemporary edition of "Water For Every Farm", that at least had accurate
dimensions in imperial and metric. It is also time to restate and clarify
some of the original Keyline concepts, the Keyline Scale of Permanence,
the ideas behind the placement of Contour Strips Forests, the City Forest
and more. This valuable information was in danger of being lost from
current literature as all former Keyline books are out of: print. Often people
have expressed their desire for a more readable book on Keyline
development. Perhaps this edition will prove easier to read and understand.

P. A, Yeomans generally wrote as o kel
editing of this book ""
used anyway, Exceptio
can be used. This
into the material,

the first person singular, In the
has been changed to the plural "we", which he often
0S are in anecdotal sections and where only his name
pluralisation allows additional information to be woven

FmTé]f hgﬂ; % thc l‘?“.‘ of this bm?k came from the second edition of "Water
cha mm- & » Which was written in imperial measurement. Relevant
plers “fm alfo mclydcd from "The Keyline Plan". "The Challenge of
gemand_ The City Fcn{esl", Some of the line drawi ngs in "Water for
ve be:f:gg e Kcyl'"? Plan" originated in “The Keyline Plan",
have becnmmfd' All diagrams fr!am the original "Water For Every
wherever mil:C ufk:d after re-drawing. Extra diagrams have been
came from " seemed necessary, T_hc monochrome photos used this
o "Water for Every Farm using The Keyline Plan".

Every F
these ha
Farm"
added
book

lity) most of the productive
definitely in the interest of the individual land

l%‘h:l altack on water wastage and declining levels of
15 can best be done by using the techniques embodied

Water availabijity = s .
Potential of ryrg) ¥ and soil fertility determinc
holder 1o itiate

in Keyline designs.  In reality Keyline is superh
fashionable term.

"Landeare” 10 yse g

The biological fertility of soil has been neglected
pational problem. This is compounded by the totally mistaken belief thay the
soil can not be rl.';.;cucru?cd_ Ap.p]if:d chemical fertilisers haye been over
emphasised. This distortion of priorities has resulted in the loss of the soil's
biological fertility over vast areas, One result manifesting is an increasing
cost of production, especially that ofl chemical inputs, Another resul is the
expanding area affected by soil erosion and salinity as the “living soil" dies,
Now it is being acknowledged that wheat protein can not be maintained
simply by adding more fertiliser. So in paris of Australia, at least, farmers
have hit the wall at the end of the chemical farming road and they are
looking for more ecologically and financially sound methods,

and water Wastage is a

Landscape design often treats run-off water from heavy rain as a diqusal
problem. Unfortunately the disposal of rainfall run-off is an u.ndgrbpg
requirement of Soil Conservation l:_nascd prqpcrly plans; urban subdu‘qsmn
and road work design. On the driest continent on carth what quality gf
future is possible when the underlying design of its fan'ps and Iurban areas is
the disposal of the rain water that falls on them? Keyline design solves this
problem and much more. i Ve it

Biography - KEN B. YEOMANS HD.A.

Born in Sydney, as the youngest son of P. A. Yeo:;]z::’s. ,ﬁgﬁaiﬂgﬁ:
from Hawkesbury Agricultural College, Richmond NI-(e-n R L
Hawkesbury Diploma of Agriculture (HD.A). S o
foundation member of the Agricultural Technologists 0 snd the Biolbgical
member of the Irrigation Association of AHSt_l“all; ooty dea i
Farmers of Australia. Ken has a consulting pracul::;;ti Onlf' s o i
development. This work includes the site sﬁl-(e\rlinc araviy irrigation
preparation of earthworks for large farm dams 30C "% C-FEC S fising
systems as well as assessing and making recomﬂlt cultivation practices,
the living fertility of soil, grazing e e
cropping programs and subdivision dCSIgﬂ-h \dings ranging in size from
Australia and overseas, for clients with land o | boctarcs, Ken Yeomans
under four hectares to over four hzmdufd dmus?n[(cvline on family farms,
has applied his knowledge and cxpcrlcnf-‘ens K1 Gyilliea corporations.
multiple occupancy communitics and Slau-otcd clm‘sliaﬂ. He and his wife,
Ken is a born again, Spirit filled and commit

Robyn, live in Paradise Waters, Queensland.
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I. KEYLINE - WHAT IT 1S:
Keyline is a sel of principles, techniques and sysiems w
into a development plan for rural and :Hh[l;:“ﬁl::l::;:;:;; M’?Iﬁ& ‘;0'0:]&1!1}2}1&:
slrategic master plan to develop the natural or existing l“'.'-dsc'lm “‘;50 lj1s a
,Cgcucrul.iuu and enhancement, : ugh its
In a rural scllin:t; Keyline is far more than a unique combination of water
m."w.\.;umu and farming with nature. Keyline completely supersedes the
widely |[]|p05%cd‘ but |1115c’01|c.cn'cd American concept, Soil Conservation
At the soil face lhc_l\c_\'lmc Plan 15 10 prepare the land to quickly absorb,
and ho.ld by way _of |mpr(_n'cd physical and biological field capacity, an
increasing proportion of rainfall. Also the plan is to store surplus run off
water, where ever practical, in large "on-farm" storages, for later use by
gravity powered, rapid, flood irrigation. The design achieving this becomes
a whole Keyline landscape regeneration and development plan as roads;
contour strip forests; buildings and subdivision fit logically into the plan.
One of the primary objectives of Keyline planning is to enhance the swift
development of deep biologically fertile (living) soil in a systematically
designed landscape. Developing and deepening the biological fertility will
rebuild the soil structure and reduce run off. By using Keyline management
techniques the soil can be quickly developed to levels of biological fertility
and structural stability that is easily better than ever existed in the natural
undisturbed state. Biologically fertile soil is naturally highly productive and
does not respond to, therefore dogs not need, chemically processed fertiliser
inputs to maintain production.
Keyline is the natural way to defeat the menace of soil erosion and
salinity, simply as an incidental to total landscape betterment.
A principal aim of rural Keyline planning is to increase both the chJL_h
and the fertility of the soil, so that the soil of farming and grazing land is
safe and permanent. Thus productiveness of the soil is increased and l}?c
quality of its products is improved. Soil is capable of dramatic
improvement,
Keyline seeks to remould the landscape, firstly, by the proper assessment
and appraisal of all the natural and renewing resources of each md;udual
area on which it is applied and secondly, by special methods of planning. LhA
plan based on water control and land management, which uses the
resources to the utmost for the betterment of the soil and the landscape as a

whole,

A. Factors determining soil fertility
Soil, the raw material of all agricultural pursuits, oW

es its existence and
\any factors. The principal
ar natural soil are:

ework,

its state of fertility and productivencss 0 1

circumstances which have determined a particul
(1) the mineralogical and structural fram
(2) the prevailing climate, and

1
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(3) the soil's biotic associations _

These three factors in combination have also dulgnnun.ﬂ the type of the
natural landscape which contained or housed the original soil,

All present farming and grazing practises have inyolved 4 drastje
mterference with the previous landscape. It is the manner of (hjg
interference which is of concern.

Although the natural order for any tract of land is one of continyoyg
change, there was, in most natural landscapes which have later had any
agricultural significance, a certain stability which tended to preserve the
general shape and form of the land against rapid change and remoulding of
the surface. But with man's interference of the differing natyra] regions
converting them into farming and grazing land, this stability has too often
bec_n lost. The result has been 1 rapid decline in the soil fertility, much of
which was poor to begin with, followed by soil erosion and salinity in jts

vanous destructive and well publicised forms. :

However, by improved methods of planning and design based on the
Proper assessment of the -

: now change the

Al the same time i
Sulomatically he cap exclude any il it o m_ld quite
salinity, ' Soll erosion and

The so_i! can be improved 1o a stal
EVEr previously exist
and in bey

? (1) not th
Predetermineq o,

Which s ijeons :
FEmre CWise o ol
ndividya) la ]au‘d}

fAmework as this js
matic background

ndow = nd not ¢,
VI Bowever (3) g biotic asSOCizlle‘ugrisc osml by the
usceptible 1o

£ general
lo great
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is more favourable than that of the surrounding area. For instance, the
climate adjacent to Ix_tkcs can be decidedly befer than the climate of the
wider region, also a Iu.rm which has had its water resources developed for
storage in farm t_l:nms. ) 1on of dry areas with water brought from a
distant supply, is also a notable example of the modification of soil and
landscape by man,

2. Keyline planning based on permanence,

'Keyline' plans the development of the replacement landscape on the two
most permanent features of the natural landscape:

(1) the climate, which in large measure has
moulded and determined its present topography and,

(2) the existing shape and form of the land with
the underlying influence of the geological structure of the area.

Of the various elements of climate, heat and cold. w ind, water from local
rainfall as well as from lakes and streams, the factor of water is the one most
susceptible to control. Therefore in order to asscss the water resonrces of
any area, farm waters are divided into four categories so that, for Keyline
purposes, these water resources may be better understood and evalnated.

a)  Water control paramount,

In circumstances where water from rainfall is generally in short supply
while at other times there is run-off from rainfall, the plan for the control of
water involves earth works such as channels and drains, and walls for
storage dams. These new water lines become permanent features of the new
landscape and have precedence in design over other and less critical
components of the planned landscape,

Because of the physical properties and behaviour of water, these and all
other water lines are critical and invariably become the framework o r.he
Keyline plan for the land. This principle still applies even when water is in
cexcess.  All other constructional aspects of planning, such as roaq.s_, Irec
planting, locations for farm buildings and working paddoqkS. subdm:_nonf
for crops, pastures and livestock, are fitted into the basic "water lines
framework. .

But since the course of water is determined by the land form over which
it flows, all water lines over the land are unique to each estate because of the
variations in topography. The various component shapes of land have been
classified in order to fully understand and asscss and plan water control and
water movements. A section of this book deals with the geography of
Keyline, . :

Again, within each of these geographical classes there is a typical Pﬂm’-:;_
in the contours of these shapes of the land. T!le section on Lllle geometry X
Keyline permits the use of these patterns by disclosing techniques based o ¢
them for the better use of direct rainfall and for q:e even-spreading 2f
irrigation water through the soil. Each of these functions also form part

the soil improvement techniques of Keyline.
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While water is the principal aspect of climate where Improvemenig g the
soil's climate and the confined landscape's climate may be effecteq, there ye
other features of the general climatic pattern which may be modifieq in the
reformed or revised landscape. Notable also is the d:m_mging and MOistyre.
robbing power of drying winds which may be appreciably reduced by the
planting of tree belts in strategic locations.

b)  Enhancing the soils biotic associations,

The third factor determining soil fertility, the biotic associations withi,
the soil, is almost completely under the dominion of man in the unfolding
landscape.

While it is true that the first result from Keyline techniques for enriching
the soil will be seen in the more luxuriant growth of plant life, plants
themselves have the faculty of improving the soil and further modifying the
soil-climate for continued soil improvement. It is fortunate indeed that so
many uf_lhcsc plants are of a very high nutritive value in themselves, T hey
include in their benevolent and beneficent array Mmany species that are
suitable for pastures, especially the legumes and other deep rooting grasses

by themselves or in close

CIops and livestock jt produces,

gsctsnan assists napyra by wusing and

i agnﬂcunlrcjrn enrich his own Jife and

il € should pe the human
land i

» the BRZer hag the widest

5 IS own Mage on the

e 4y pasture) and stock

E Procesg, he grazier

area of Sufficient

bé;lr:zicrs can Actually make

T and Progressively g
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rapidly converting poor soil and land 1o high
production. They will do this as an incidental
by following the best methods of land ang wate
L_and subdivision by good fences also plays a vital role

On any qu'dsc:qx:. the particular climate, both past and present is one of
the greatest of .;:I!I |nﬂugm.'cs on the quality and productiveness of the soil.
For instance, if two differently ocdled soils were alike ip every other
possible respect save only that the rainfa] differed, then the <oil receiving
say 600 mm (24 inches) of annua) rainfall could be worth from five to
twenty-five times the value of the other, if it had a rainfall of only 250 mm
(10 inches),

The influence of no other aspect of the climate on soil can be altered and
so beneficially changed as can that of water, and likewise no other factor of
agricultural influence can be so beneficially altered by proper planning as
can walter.

Water and rainfall are thus the bases of land development planning
and no land subdivision has even a chance of being correct unless it has
been planned to fit in with and facilitate the planned control and
development of all the available water resources,

Furthermore the planning of the development of land should be based on
permanent factors, namely, the twin agricultural permanencies of land shape
and climate. As the one factor of climate that permits planning and control
Is water, so again land planning resolves itself first and foremost into an
understanding of the two factors of land shape and the related water
movements.

(1) Natural water lines

There are various types of natural water lines of land such as stream
courses and water divides. Water flowing over land has a pattern of ﬂ_ow
and predictable path lines of movement. The contour concept is a water lfne
principle and nature's water line of a lake surface is a true contour line
marked out on the land,

(2) Artificial water lines

There are other more artificial water lines and the fi}ﬂﬂﬁf» _whcn he
understands and accepts the principles of planning and design indicated by
these natural water lines, soon realises this fact. For example amﬁmal waler
lines can reveal from where a stream can be diverted and to g Ll
taken. Artificial water lines cross the natural water divides to du‘t:trl water (0
fill dams, ponds and lakes of his own making. A pattern of ':'“m""“m; “:]n
be produced that will intercept water flowing gver the land m sarm vab c:
Water.  An exaggerated contour pattern of cultivation will ke?f%is ?n ‘rum
longer on the ridge shapes where more may be abs"fbed‘ fom
reduces the losses of rainfall run off by simply keeping the waler
concentrating in the valleys. - o

In 'Kcylifc' all farm dams are equipped with a lock-pipe sys;c;t ;g: 1:
a large (300 to 600 mm diameter) pipeline beneath the wall of the storag;
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dam and relcases water, by gravity from .'.Iw. dam o a chanyg
irrigation. The lockpipe system and .m. ..lb.solt.m[bd lr.ugdm.m ch:un;:.;] fo
one of the most important artificial water I'.'"”""‘_”“:r """!-“‘5"']"-‘- Below the
irrigation channel the 501('5 climate .Calll ht‘ tllr-ll'{allli:<|‘1) Iitllllll't?'-'cd thruug
the supply of water by gravity, Above the “""“"?' 15 only 'rain Pasture, 1,
flat country the irrigation channel water line may be permancently eqchog on
the land surface as a wide irngation channel Thu. ‘!-’ll land iffiguum,
channel is built up so that water flows on the snr!;'u:‘u of the land gpg this
water line is near or actually on the true contour. The path lines of Willer
movement below this channel may be reinforced with carth banks thay
follow the course of these lines to maintain the forward and down-lgnq
movement of irrigation water over the flat irrigation land. The irrigatiop
channel water line in flat country differs from that of undulating country,
The irrigation channel in undulating land is excavated like 3 long trench,
The water flows just below the level of the lip on the lower side of the
channel. This type of channel has a more positive fall which may be as grea
as 0.33% (1 in 300),

There is another series of water lines which will operate in excessiye
rainfall climates, where the principal reasons for the interference with the
natural water lines is for the EXPIESS purpose of improving soil by enhancing
the natural drainage. Usually to tmprove the use of available water
Tesources, the artificial lines for water flow are positioned to transport the
Water i the same direction, but on lesser fall, as the natural drainage lines
of the stream courses, However in conditions of a general excess of water
these man-made anificial lines for drainage may carry the water flow
temporarily in the opposite direction

If the aim of Jand planning,
the best possible use of all the
then all these
important.

: 1tted into the water line scheme of things in

- even appma_ch _lhe goal of completely efficiant water resources
development, along with its effective use ang management.

wide publicity and 4

development and management is to make
natural and renewable resources available
natural and arificia) walter lines of land are specially

her or adh A propenty which has been
Properly planned on (he basis of its own climate ang l:nd shape; with its
of all kinds bcir_lg fully disclosed. whether it has
is that trees cap pe Planted in the

€, twenty and many MOre years hence, as

present fiy
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the farm or grazing property continues as such, Indeed it will be found in
some situations that the planting of adequate trees may eventually be the
; ason fi - 1ty's continuance.
sole reason for the property . : =
The basic idea underlying Keyline development is continuity, even
though this philosophy has not been the characteristic ﬁ:murclz of M_’ﬂcan.
{;vur{di-m American or Australian philosophy, much to their dcll.nmcm.
Attitudes have changed and now there is a need for a permanent ngnclultural
tradition, one that is sustainable, For this tradition to be succ_cssful it rnu!.ll
be based on an appreciation of the design that already exists in the natura
landscape.
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II. THE LANDSCAPE DESIGN IN NATURE,
A. The Geography of Landscape.

There is landscape design in nature. It is made up of three
and three land shapes. It includes also three land forms
pattern.

We explore the origins of landscape
better landscapes for ourselves,

In the beginning the world was formless and empty,
creation God said, (Gen 1:9 -10) " “Let the w
gathered to one place, and let dry ground appear."
called the dry ground “land." and (he gathered w;
God saw that it was good, " £
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A main ridge almost surrounds the catchment areas of the great river
systems of the world; a main ridge almost surrounds the catchments of every
water course and stream within these regions, The 'almost’ indicates there is
a low place where water escapes from the confining region and main ridge,
as it does where two streams join and where a river flows into the sea.
Naturally there is an exception to this which is when the drainage basin is
that of a lake or an inland sea, then the main ridges do join up to form a
continuous line,

Just as all the low places within the great regions are connected up by the
Joining of every water course, stream and tributary river to the main river, so
also are all the higher places - the ridges, with their water-divide lines —
connected up from the smallest ridge to the largest main ridge. This fact
was vividly demonstrated with a hollow and thin fibre-glass model of and
actual landscape. When turned upside down and sprayed with water, it
disclosed what could have been the working model of a different landscape.
The valleys and ridges were reversed; the stream courses became the main
ridges, the main ridges became stream courses. The hills became lakes - a
lake is an upside down hill. The branching and joining pattern of the ridges
was clearly disclosed.

Part of the landscape design in nature is the intertwining of the
branching and joining pattern of the two water lines - the drainage lines and
the water-divide lines. Together they form an almost never-ending
interlacing, yet the two different water lines do not touch each other. They
disclose the anatomy of the landscape.

The water drainage lines are obvious in the water courses, the creeks, the
streams and the rivers. The water-divide lines of the ridges are not s0
readily seen.

To illustrate the water-divide line and to examine the shapes of the land,
imagine we stand between two creeks where they jo'%u on the cleared and
undulating land of a farm. We turn our backs on the junction and walk up-
hill away from it following the highest land between the l:I‘E‘Ck.S:, the land
widens out as we go. We are walking along the crest ofa mam ridge -on a
water-divide line - but we cannot see it. If it were raining hea\'{l)" we 'ccu{d
see it. The rain water would be flowing away from the water-divide line in
both directions, some to flow to the creek on our left, the rest to the creck on
our right, Eventually the water would join up and flow together at the

junction we left behind us. .

The crest line of a ridge and the water-divide lme' are synonymous. Thc
crest of a road and the ridge line of a roof are water-divide lines; water flows
in opposite directions from both. 4 ,

FE il'::ml the main ridge the two creeks are in view. The sides of the n:_lmtg
ridge slope more or less uniformly to the creeks §c!ow. Vallc%‘s f_?;lm i de
the side of the main ridge. They are named primary valleys. fcl.:;e
slopes of the main ridge left standing, as it were, on each side o
valleys are also called 'primary’ - primary ridges.
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There will be few or many primary valleys and Primary riggeg be
to each main ridge. Since the primary valley has g Primary Mdge Q“BIng
sides of it, there is always one more primary ridge than there . I
valleys in any main ridge system, Pfllum},
The primary valley is the smallest of the three shapes of e

It i
first valley and the only true valley shape in the !;lndsc;lpc, The Su_‘:,&lu’"
valleys of streams and rivers are in reality, walershed aregs . N.“:lm

[ rc's

regions - and they contain both primary ridges and primary valleys

The primary valley has a special shape. The stee :
landscape occurs in the slopes above the Keypoint. This
the head of the valley is short then the slope changes 1o
longer slope which extends to the creek below

P. A. Yeomans identified this area as the Keypoint of
The convex. curving, contour line through the valley's
Keyline of the valley, l

ONLY A PRIMARY VALLEY HAS A KEYLINE,

The primary valley collects its water on]

Pest slopes iy the
first steep slope
4 more gradyg angd

i primary valley.
Keypoint s the

nidge out of which it was born and from th
it. Water flows down the primary valley whe
\miler course 1o cease flowing after the rain
n ide T
; mmﬂ:; r\;ﬂ; dgirllxaiu;zu\ areahs_:i L:c primary valley wag grassed over and of
Wi W ; i
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branch gocs on to almost surround the creek on our right. But the main
ridge of the water shed regions of the two crecks have now joined up with
other main ridges, which surround other creeks and streams and provide the
boundaries for their separate watershed regions, They have become a part of
the main ridge system of the design in Nature.

Each of the two creeks has its own region bounded by the crest line of its
own main ridge. These regions thus include all the land from which rainfall
run-off water flows o each creek. The land covers one side of the
surrounding main ridge that slopes towards the creek and consist of the
series of primary valleys and primary ridges, which likewise fall from the
side of the main ridge to the creek below. This is the basic, the single, THE
UNIT REGION OF THE LAND. 1t may occupy only one or many square
kilometres (half a square mile or many square miles),

The main ridge which started between the creeks at the junction, divides
and the two branches becomes widely separated before they come closer
together at the single stream below the junction of the two crecks. This
main ridge without the branch between the creeks is thus the bqundafy ofa
larger region - a twin region - which includes the two single unit-regions of
the two creeks. In like manner all the regions in Nature cxpan'd in numbefs
of unit-regions within them, where each larger region has its own main

ridge, up to the largest region in Nature, It may contain half a‘rmlhon
square kilometres (or miles) and embrace the entire watershed region of a

eat river.
grc;'1'lfhi5 is the landscape design in Nature, It is repeated t?ndles_sly;o cover
the land surface of the Earth. But what is the purpose of _Llns design? -

The purpose of this design can be seen in its _funcuo:). It p(;o:;ccsm
land from the attack of the waters. The waterline design an Rembeom.
shapes appear to be designed for no other purpose than to glet ll:(in 0 c_i\iviacjency
quickly as possible. The shapes of the land reach the absolu
for achieving this objective. ; r

The ha.l'liﬁﬂ_\’ of pure design in the !andscallz:cs in nat\;rc l:h ?:ea n:ﬂSllll of
land's long battle against waters constant call - S bacurlf:we g e

The many and varied geological structures below meajld s
have provided the natural landscapes with Cha"t‘:;“; i - el
varicty is substantially composed of the thgae; f sol:;ething PR
ridge, the primary valley and the primary 1 -g[‘or each of the three shapes of
the wonder of the landscape design in Nature; i s disckcentiin thete
land there is a unique and constant gc'?‘mec? “In ccombination with their
contoureend wi el “'Il” gl be fc;}‘;:; \ﬁrien'. But multiplied by the
depths, lengths and widths, tl}crc 15 GIESS; o scaaches infinity, Yot our
effects of the profusion of climates, variety Pf  and Koo
man-made landscapes so often reflect only monotony
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The Geometry of Shapes and Forms,

1.  Contour Lines
The contour lines in seas and lakes have been borrowed and are useq ;

device by the many professions concerned with land-use, so as (o Ulustrye .a

a practical and accurate manner on paper, the shapes and forms of ghe lang

A contour line surrounds the land. A conlour line surrounds the Waler .
of lakes and ponds. The water line around a swimming pool or a bagy, are
contour lines.

For the purpose of illustrating on paper the lines used on 'contayp Maps
where the individual contour lines show where the land is the same heigjy
as indicated by the contours. The lines are placed to show SCL verticy)
distances below each other, such as one, five, ten and twenty metreg (or
feet).

On a map the highest contour line is placed as if all the contour lines
“t_u:_h indicate lower land, were under the water of an imaginary lake and
IhJ; Hirst contour line was part of the shoreline of the lake Gf:m isiand in the
II::L: : £; S;\:O?Eim] sh;z;aff @c map. :«a\ 3 metres (10 feet) vertically
ety mﬂ.ﬂ ;fu ;1 p;in of IJ_!C shoreline when the water of the

s h_ncs.,cn. ! celh - and so on downwards,

T _m.'a_p_s ﬂou the shapes and the forms of the lang

ok bc;ﬂagonampa of water courses and ponds. They show
¥ : Ve anywhere on the land. because th -
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the shape of circle arcs than the hair-pin like curves of the main ridge. The
contours arc widest apart at the centre of divide line of the primary ridge and
narrowest at the head of the primary valley.

The primary valley has o slopes, the upper slope is steep and changes
to lllll(:].l flatter slope at the Keyline of the valley. Below the Keyline the
;ldt‘s of the primary valleys are steeper than the slope of the valley's centre
me.

A ling through the contours, joining the points of greatest conyergence
on each side pf !hc primary valley, marks the boundary between valley and
ridge shape, This can be seen marked in figures 11 and 12 on page 48

The combmcd contour pattern of the three shapes of the land may
change again near the creek below. by the contours coming closer together
near the centre of the primary ridge and being wider apart in the primary
valley. This new pattern indicates that the primary ridge had 'nosed over'
just above its lower boundary which is the start of the valley pattern of the
creek below.

Underlying geological formations modify this basic pattern in
innumerable ways.

S.  Saddles

The land forms of hill, saddle and pond also have their contour patterns.
If there is a saddle in the ridge at the level, say. of the second contour, the
two top contours will be elongated ovals to display the hill on the main
ridge. Near the saddle they may be closer together or sometimes further
apart. A saddle point is always on the crest line (water-divide line) of a
ridge. A saddle point can be, on occasions, the Keypoint of a primary valley
or more often be at the top of the first steep slope of a primary valley. A hill
on a primary ridge will have the same closed contours, each outside the
other, but with the oval form less pronounced or gone altogether.

From a saddle point, contours go four ways. If there is another saddle at
the same height or lower, the contours join up and form a figure 8 shape.

The contour diagram of a pond displays the same pattern as for a hill,
but the inside contour is the lower line and the outside contour, the highest.

Since the main ridge rises into the rising country towards the head of the
watershed, the height of the Keylines of the series of primary valleys tend to
have a rising relationship also. i

The creek is the lower boundary of its tributary primary valleys. The
primary ridges end where they reach the valley paitern below them.

Run off water from rainfall on the man ridge and the higher parts of the
primary ridges, flows to the primary valley by the stecpest path and the
fastest route. '

The stability and permanence of the natural landscapes depend largely
on the fertility and this the strength of the primary valleys to resist the force
of flowing water. Fire

If you look for a primary valley in a city you may not recogmse it S0
casily. It has been disguised by being overlooked and by our education

13
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which ignores it. Even if _\'ﬂullwk e [?Tillu!ry valley in the Cleg
countryside you will not see the [\.c}'ll.nc, unless a Iumwr !l:ls_nmrkcd
a n:uc} channel of has disclosed it with the water line of a farm dam, By
you may discern the Keypoint where the two slopes of a primary valley meq
" If you go out in the country and find the Keypoint of a pri ATy ya|e,
and stand there with vour back to the valley below, you will geq the
AMPHITHEATRE OF THE LANDSCAPE.  If this place were filleg with
people you would be the centre of the stage. In the same way if g sheet of
water flowed from all around the highest tier of the theatre, you woylg cop
the lot.

The function of the primary valley in the landscape have been overlooked
by those who were responsible for devising the special purpose landscapes of
man - with one cm_pnon By accident or by instincts developed from loy
and intimate association with the land, a few farming families have
lmp{m?\? and strengthened the primary valleys. In doing so they increased
the fertility and the durability of their farm scapes. y
- _Ethe (% lfms special shapes and forms disclosed in the landscape
; h:?:n Ta?dmh for consideration when we atiempt to superimpose on them
Sh:!p;s:kof IE:;DES: l'vinr;lscap_cs for ourselves. Consider the efficiency of the
which Occupy so ms;;lli;!? u?«d I(}f e el ridges,
are 50 lttle of the lang Su.rfac:‘, 33\?::;“;‘: o i the primary valleys that
effcent manner s o OWSs from farming land in the same
waler passes without being yseq cfrcql-afun_ﬂ. landscapes.  Therefore much
Water down gpg storing it the wate . ln_!h(: sy
landscape,  The cheapest place ma;f '$ retained for the benefit of the
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The design which achicves this optimum control and beneficial use of
water for the development of rich fertility, efficiency and balance for the
farm scape, _\ull be the logical design for lownscape and cityscape and for
all the special purposes landscapes of man. And the control and final
elimination of pollution.

The life in the landscape of nature was principally a process of slowly
moving water: even our own bodies are 70% water. Life slowed down the
water. Surely the next step which is up to us is to control and 10 use every
drop of water before it reaches the streams and the rivers, for the
aggrandisement of all the special purpose landscapes of man

The landscape design in nature has been examined on undulating land,
but the design and the shapes and the forms of the land are still there in the
'flat’ country. The shapes and forms may not always be identified by the
naked eye, yet the marking in of contours on the land with the aid of a
levelling instrument and many pegs, will clearly disclose them.

7. The primordial landscape

There is the primordial landscape with its vistas of mountains crags and
caps and panoramas of cliffs and chasms where the hard geological
structures below appear to have thrust through the landscape. There may be
only a thin soil, here and there, which supports a few patches of scrub or
scattered trees among the rocks. Even in this harsh angular land there will
be the water-divide lines of the main ridges and the drainage lines of the
water courses all twisted and bizarre. With the rocky foundations of the
primary valleys and primary ridges, there will be the rough land forms of
saddle, hill and pond. ,

The wind has intervened in the battle of water and the land. The signs of
its victories are the hill forms in valleys which have created many saddle
forms and pond forms which may not hold water. Where ‘Lhe structures
below are pervious and on the strips of dune lands, the dr:unagg lines of
nature have been obliterated. But where water has mm‘!e good its n_atreat
back to the seas to attack again in rain and has re-established ll§e drmqagc
lines, the wind and the water have fashioned landscapes of sparkling variety.
There are occasional flood plains where deeply ﬂo\\ing water has fashmnﬁ
landscapes like those of the dune lands of many hill, saddle and po
forms,

C. The Fragment Between )

There are fragments in the landscape. They have greal lmpoml::;
are not always of the three shapes of the land. These fragments are
which is covered with water some of the time.

1 Tidal areas

The tidal areas are land at low tid
places such as Holland tidal areas have been recl
production.

e and water at high tide. In_ various
aimed for agricultural
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o ';'r":['ft'j:,ﬂ":..d rivers are land for most of the
ThE ‘ﬂoo:.f‘rp ::r::;s each year over many parts of the world. In Augqry
bt\inf:t:‘x?b the weather patterns do not produce the regular annyg|
};:odj'“’-‘ On the other hand the flood plain of the Hawkesbury River, neg
Sydney in New South Wales, was covered by water six times in five weeks in
lI-’:‘Tlfu's land-water or water-land should be kept inviolate from Wrongfy|
intrusions, Towns and buildings or stock care centres should not intrude,
Towns were moved off this particular flood plain by Governor Macquarie iy
I810. They are known as the Macquarie towns - Richmond, Winsor,
Wilberforce, Pitt-town and Castlereagh.

These fragments are the thickening of the vital contact lines of water and
the land. They are, as it were, adored and courted by each or the antagonists
in the battle of water and land. It is always the front line, the fragment
between, the picce in the middle - but it must not be a no-man's land,
should be cherished and kept for the landscape,

Through all history man has battled man and tllogically fought with

Nature over these vital water lines. Now mankind af last should appreciate
Lhat_lhlc contact line of water and land has become his battle line for
survival.
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111. DESIGNING FOR ENVIRONMENT

If there had been no primary valleys there would be no primary ridges
and the main ridge would be the only shape in the landscape, It would
stretch from  creek 1o creek and the crecks would be its boundaries, The
formation of primary valleys in this one massive main ridge shape,
land three shapes an assisted in making three land forms, The primary
valleys provided higher gathering places for water and higher sites for
storing it, below the amphitheatre where the three shapes unite and where
water continucs its attack. This is the place where the landscape can be
made stronger, the focal point for improvements to be carried forward - the
Keypoint for landscape design,

The first objective of landscape design is the control and better use of the
water which flows over the surface of the land to the water courses. This is
achieved firstly by simply the addition of two new water lines to the
landscape. The first water line is for the better control of water, the second
is for the improved use of water,

The first water line is a diversion channel to control the run off water
from rainfall; the second new water line is an irrigation channel from which

r the land. '
i “'?;Zse two new water lines are different from the two natural water lines,
Where as the natural drainage lines and water-divide ]mes do not touch, the
new water lines cross over the drainage line of L_hc primary valley and the
water-divide line of the primary ridge and main ridge. They ma);m also
intercept the drainage line of crecks and streams. They may thus connect up
tWO Or many unit-regions. T -
. The Kevline Scale of Permanence
Thj?concepl hgl-pcd solve problems of _pn‘on'l}' in the dcs:g!? of the farm
i ce is an order for planning based on

scape. The Keyline Scale of Pcnwcn ; ol e o i
the relative permanence of the various items which wgem R
completed landscape. It can be successfully applied to the design
town and city scape. y

The Keyline Scale of Permanence is:

Climate.

Land shape.

Water.

Roads.

Trees.

Buildings.

Subdivision.

. 2 r less
Tsl::l first two factors climate and land shape :1‘:; 111:;' IEZsreaftd o
unalterable background of the landscape. Water,

gave the

.

e - e
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pattern of flow is the first factor of the landscape design which yy, can
Chi_’;i:- two new water lines :1ddf‘d I this: Iandscape .lmt a fall down the
Jand - in the same way the creek ,;!us ~but [.hcu gradient is made less thay
that of the creek below. T“hci\‘ldf'{ the further the two new lines are
extended, the greater the height difference between them ;mq the creek
below, and progressively more land lies between the new water lines ang the
drainage line of the creck.

Water is thus retained at higher levels on the land. Before it may join
the water courses to flow on to the sea, it must cross-over the surf
through the soil of the landscape.

The new water lines for city, as well as for farm, are permanent features
of the designed landscape. All factors below them on the scale are made o
fit in with these new but permanent water lines.

The fourth factor, roads, fit in with the new water lines. A road follows
alongside the diversion channel right through to the boundary. The
diversion channel with its associated road. has now
land by dividing the main ridge and the hig

alin;ni??ll:‘:{[:}_un;m area -,fron) the r;:‘sl of thc_ land.l Another road _follows
- 5, £ :ﬁrm Imc‘ of_th; main ridge to service this zone, The sites for
;Jr:;:i:; r':i; ;ul::n!cz.tlir: hc:nd “f”_ buildings (the sixth factor) with their
§ lirst zone of the land,
A scqu zZone is added by the

face or g0

added a 'zone' 1o the
her parts of the primary ridges -

thus lies in another Zone

il ovectony o a lower boundary; a channel;
capacity of the spj] - N O water when it is j
Y of the soil and the it in excess of the

The land lying between the lower boundary of the irri
3 g irri
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'I'chs are absolutely essential for the health, the balance, the efficiency
and for the _:lggr;ulmsa:mcm of all the special purpose landscapes of man, so
m.-c.&;‘.'md millions more trees are essential for the total environment.

T'hey must be planted or 'left! in the right places. A plant, or 4 tree in the
wrong place is a weed,

In l.hL: farm scape some trees will be associated with the layout of the new
water lines, ll_u_: roads and the fencing of the new zones, They are planted or
left in the initial clearing of the land - 1o shade the stock and to break the
winds which dry out the land. They provide in their leaf fall the elements
from deep-down for the balqncc of the soil. But in the landscape design,
trees have another and special province. The strip forest for the farm and
the 'City Forest' for town and city, protect the natural drainage lines and the
seas from the waste products which may remain in the water that flows from
the land.

The strip forests of the farm scape are located principally in the fourth
zone of the land. All water which may flow overland from the three higher
zones is directed automatically into them. The water is absorbed into the
deep soil of the strip forests and is cleaned and reconstituted before it flows
to the streams,

All primary valleys or perhaps most of them do not posses suitable sites
for storing water at their Keylines: the shape of the valley must have
economic and practical significance for the purpose. If three primary valleys
of a series in the one main ridge system have good water storage potential,
this consideration governs the position of the diversion channel. Because
main ridges have a general rise toward the top of the region, the prima_r},r
valleys tend to have a progressively rising relationship. In the opposite
direction - with the fall of the creek - it is a falling relationship. To develo?
the potential it is wise to compare the relative heights. The reduced level
of the Keylines of the selected primary valleys are determined so that I.he one
diversion channel may be designed to fall into the first storage site and
continue beyond it to connect up with the other two sites, In this way the
overflow (spillway or by-wash) water from the highest storage dam follows
the diversion channel to help fill the dams further on down the channel. In
like manner the second new water line - the irrigation channel - connecls up
from dam to dam, When there is more water 10 be_ sl_ureland more sites
needed for storing it, the diversion channel and the irngation channel are
repeated and connected up the new storages lower down in the primary
valleys. Zones two and three are then repeated above zone four.

! Reduced Level (R L) When surveying to compare the ﬂﬂ?ﬁlﬁafcﬁml:r‘m e l“":f
interest the various readings are reduced to a common base height. This the occurrence of nogative
but, more commonly, it is an arbitrary number large cnuug_h to avoid he “‘R. .00 Yel
values in the results. The starting point of a Keyline survey is common gIVeR 3 .

Editor.
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 has not been divided along the naturg] Water-divig, lin .-
The wuﬂlﬁlc unit-regions, the twin regions and the larger re ions |
e dary lines of farms generally cut 4Cross naturg| uui:.m&
s Bou:‘!_ have been determined with g straight-edge op py or.
smiso m:I‘l.sign in not simply a matter to be applied only Withjy
e o ions of the land, but within the constry; 1t
e natural regions of the land. nts of
boundaries of the na £
 fences,
bou;(tl?n;:mcc the higher boundary of a farm may starg m_l
and divide a unit-region by Crossing over a creek and the main
other side, and may include the head and one half of the ne
The property ma

4 main rig,,

ridge o the

Xt uﬂi[-l’cgignl

any subdjvjsjon

2h the farm, 4 llomcstcad‘

eas, Moreover it may have been Over-cleared of

timber with trees Joft only in the steep places or Standing in the
paddock”,

Of the development work
ears, only the boundary fenge
chance also thyy the homestea,

Posttioned since this js often degj

10 overlogk the entrance
TAre often than py - is |
Primary nidge.

To redesign such 5 farm the SAme two new Waterlines dominate the plan
pu: there are several considerations which may determine their location, For
PG on this par; Property the water 1o be controlled does not all
fall 3 rip o the farmy_

Tkl since, as One boundary fence Crosses a region, water
OWS in, vig 5 Creek. is source of water may be
ling gp the farm itself,
© Control of ¢he Waler of greatest landscape
: ¥ Water 9f Ereatest quantity anqd lowest cost.
s ;n;ld to determine the water resources

Pe and 1o envisage and

Starting_off Project is
Ndscape design and be

- ¢ the over)| Production and
fessively “ontrolling oy the water

Ce for 3
e that it g the 13
" enhg,

:asal in gxeir APplication, (here

i Sy Speciaj Purpose
Cr like j on the face o];'pglc
The Jag Of the i f

Natyr, I 3 o :

MManene, is soj].
Wasg fertile it wag a
S in Natyre In the
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ertile natural grasslands and nearby foregys, all the life jn the landscape

lcml"- “‘1 > natural recycling Processes and the Interaction of Jife with air,

tecin I-LL‘ carth, the heat ang light of the sun; all through time, 1

il m‘-' uh'rmd died for countless E€herations yet the i

livecs b-l(‘j':!u:jlcl This is the balance of the |ZlII.d.S{;z1pc_

Sl |I- 1a;r\' of mankind in hjs series of leaps and Tetreats type of
e "i‘“ the earth, is the story of his discm'(:r_\' and exploitation of the

wmlu‘c;l [?du nces of Nature held in the s0il and in the earth,

grc:;: Jt‘c?lilc natural soil may be depriy,

decades as the various races of man |

Or'\wm- zver impoverished soil can be made fertile again and soj) which was

r;,l,?:r\\;f low fertility, can be made deep and fertile - both in a shor

Orginaily

el u'm; zement of this design for the farm scape is concerned with the
s ll:)f the fertility of the soil. Therefore it is concerned to see that

impmwr-l-m?s of the faml.fmm plants and from the urine and dung of LhF

a”'um i cbsorbcd again into the soil where it rightfully belongs, Ill is

-t ::) see that water which leaves the farm d_ocs so by ﬁm being

conccmeq the soil to improve it, so that, as a coincidental, nothing fr“[t‘;hm

e mm- ollute the common waters of the land and the scas. The

i n;?}ofpthe design for the city scapes and for all the special purpose

f“a;ff:;ﬁ of man is likewise concerned with these same matters.

an
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IV. IMPROVING CITY DESIGN.

The basis of design for any landscape is the control and yse of the vy atey
which has greatest significance for the efficiency and a gerandisemeny of the
landscape. On the farm there are two general water resource avenues; ong j
the water which flows from rain on the farm, the other is water which flows
into the farm from outside it. On some occasions the most signific;
may be water from underground.

The provision of household and stock water at several points where ji is
needed and where it must always be available even in the longest droy aht. is
a subject for good design. But it is a flexible feature within the tandscupe
and not 4 particular significance to landscape design,

nt sou Ice

A. Kevline Design in Urban Areas.
Thc‘pnnup;ﬂ Water for city design, in like manner, in not the water
supply for houses and industry but the run-off from rainfall and the waste

water of the efluent from within the city i I i
o~ city. This water is to move by gravity

m"[p‘i;;;r;t :nh;f rz?ors of the scah_: of permanence have been named, ‘the
sl m;xc ?’3 landscape des:gq', they are c!jnmle. land shape and
M i u;jo{gsﬁcranons fpr the selection of
et ST, 1 oy e 7L of
e permanent

Land shape wij Zuide i

the size of the pyi i
primary rigg i

the size of the urut-r::g.mng ﬁda&flll‘h:fsjsm S o el
fle sin : . Ciati i i iti

i’ m_mtc 1n the order of pel‘rr?;n:tiglc S -

lyisa consideration by, it ¢ .

M 3 conside
Ppure and Perpetual. i

A gregp influence

Sl Omes from outside and may
. City water must be reliable,

for the Sil i

e : € selectig F W i

* Beographica] or Ecologica] feature o? ;? Al Leiiine pac,

Particular ady : i
The ba.:ls\z? ?i‘:;fo; Clt!}; Consideratipng _— Iandscape Which offers
: Or the new gjpy i
the Keyl; e same as for i
s i 1nes or the pri mary valey wh:]:; ':fm scape, it
- ave greatest

@ boundary, Which may pe
¢ boundary op the city

The 1ang for the city

gad € natural
Y display e
Undary of the
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The flow of water of greatest landscape significance and desi
significance is the run-off from rainfal] While this flow in aggregate mgan
be little more than that from city waste water, the peak flows wiﬁd 1,\'
exceed the flows of waste waler. The AVerage percentage of rmnfallg\!;cl'lailci
becomes run-off from the natural landscape may be under 30 or even less
than 12 per cent. But from the roofed and sealed areas of a city rainfall

run-aff is very high. It is necessary 10 design for 100 percent run<off from
the biggesl storm rains,

New water Iillcsl would be El_ddf:d 10 the map in similar fashion to the
diversion channels lines for the farm scape: but there Is a difference in slope
consideration: On the farm scape the gradient of the channels are governed
by two factors, firstly, being made flatter than the creek below and secondly
by being flat enough so that the flowing water does not wash out the
channels in the earth. In the city these slope matters are critical. They arise
from the movements of water which carries and transports such malerial as
raw sewerage. They become the governing gradients and determine the
lines of the design for the new city. These grades may vary in relation to
rates and distances of flow which in turn determines the size of the
underground conduits. The levels of population density for the designed city
would be determined beforehand so the conduits and their special gradients
and margins of safety, become a matter of routine for water and scwerage
authorities.

The gradients for the lines of run-off control and for sewerage
transport could be designed to flow at uniform depths below the surface
of the land. These would be plotted in on the contour map. These lines for
water control would not result in straights but would be made up of curves
related to the contours of the land. Conduits for the main lines of a
particular size would always lie at a set depth below the surface of the land.
Sub-mains would be smaller and be at a uniform but lesser depth below the
surface. -

The notable visual effects of the roads would be the emphasis of the great
beauty that resides in the natural shapes and fprms of the lam‘i The
homesites would finally be arranged lake seats in a great amphitheatre,
They would also have the notable ad\-‘anmgcbﬂml]fﬂﬂﬂ 0{ the roads are on or
near the contour which would be a boon for bicycle travel. =

The layout of the new water-lines and their roads would divide I.he_laﬂd
into its characteristic zones as was illustrated for the farm scape. The mcgu]ig:'
land of the first zone would have a lower boundary related to the garu =
features and shapes of the primary valleys at their Keylines. ﬁm‘“f e
would be other water lines within this zone. For instance the oh,eads
lines would be located along the main ridge just above the first steep
of the significant primary valleys. e

The undergrofnd conduits for the two classes of water viz., m :mm-:f
and sewerage, could be placed near each other and lic under a co
or be some distance apart and have their own separate roads.
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i road of the first zone would follow,
i st line of the main ridge.

L alcng ihe‘crl(’:kc all landscapes, is designed from the main rig
dm;llcmz?a;lj} ;ml as in the past, upwards from the shore
i h-n - nd zone would lie between the lines of control and the
Lth; z?r}lc rain run-off water. The nm-qif from .thc two high
would be directed to 'city forest' areas loc:uffj in [h.c third zone
the farm scape which contains the block_s of irrigation land,

The sewerage treatment works, which remove the clutter of the larger
solids and grease, and parily cleanse the effluent, would be located g
selected places along the lower boundary of the third zone, IThE.',\' would
discharge their final effluent to irrigate the 'city forests' located in the fourth
zone. The various water lines would then be connected by pipelines, with
valve control up and down the selected primary ridges. Their roads would
lie above them.

Reverting to the scale of

as in fary SCape

lines and the

lines fo;
Cr Zoneg
- the zone oy

permanence; the first two factors of the scale,
climate and land shape, have aided the selection of the site for the new city,
The thurd factor, water - and the control and the use of the water of greatest
landscape significance - has laid in the broad and basic water-line design of

- for city homes and industries - is brought in from

Or gravity flow to be delivered to water towers
located on the hijjs of th

: € Main ridges. The present manner and
considerations for is supply are fully adequate, :
The fourth f :

tor of the scale, roads have followed al i
: 7 . ong the uel
located 1IES 10 provide their servi : i

e ©¢ access. They have connected up
MW zones of the landscape. They have added the
pe.

s N the farmg they are the
- ® for contrg], administration and
€ sixth factor for the City desjon i
- . - cs' i
ac!mlmslrauan and maﬂagcmcnl. T%Z ;S ‘11? 103&11011 o el i
overall pattern of the Walterlingg s

these centres fiy
et ! th g it into the
serve their Particular pymoc € 10ads ang e City forests, sq that they

Sewer lingg fro
und mgaj
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to their proper pi;iucg Suc.jh (lcsign_ i_n detail \\jlhin the design of the
cityscape are the province of the municipal councils, the planners and the
unl;:;“lct?s., the cighth and last factor on the scale
importance will be detailed in later C.huph:rs_

B. Review the New City.

What has this design achieved? What if any, ar

cityscape and for the people who \\-'.I.“ live there?
‘Firb‘".\' it has ensured a logical and fpm-a:d _plarmcd sequence of
developments, natural region by natural Tegion, which can be studied on
aper and fully understood by the many divergent professional peoples from
E(‘)ciologims to engineers and from bmlog}sts to Iarc!uu_:cts.\ who must play
their parts in the countless, final an_d detailed dgs;gns “_'uhm the framework
of the city design. Each can appreciate the sl_Jocml province o‘ﬂhe other and
reach agreements and decisions more readily. A wide unity of purpose
; an expected result. :
“Ou(i‘il?;:uclioﬂ and engineering aspects of the design, ensure that lltlhe
major waterlines with their n_aads, precede other ?FVCIDPE?E a.:\ic I;ys
should rightfully do. The locating of undurlground mains ';1! - 2:;11 Pson
below the surface is efficient and economical, pamcul_ar‘ y by paris
i ity practices where the placement and servicing of these mains
L ini ions where excavations
/ cities into vast underground mining operations
it i i i rable. Moreover, other
rery deep and pumping stations innume . :
e ravity alone - city water supply,
service mains which are not dependent on g i sl
Rt telfiphone éa‘;ﬁlfviutifi ahzsx?;l?ts appropriate and regular
ith the water design lines. ¢ s
;?;?c i; relation to all others, to be tapped and serviced with simplicity
cxp%: Trl:a?;:o;::? Ft;,!{i‘visions of the land into zones by the gf:;ﬂ‘i ﬂ‘:;_‘:é
water lines and their overhead and -mlemmgm M
opportunities for rational subdivision Into st;r g et o bt
subdivision within the suburbs. The e-\ic"l]eniccn]‘_ o ]
within the present cities, but which exist Loy city. an overall harmony of
disordered mosaics, would produce in the new city,

‘ i eautys ith its prinei ds along the crest
Cmff[l;l;cgm zone of the main ridges “'“hf’ls P r?nf:lgglﬂziaand management,
lines is the place for many of the centres 0 auedmus is '
the sites for the cultural and commercial cchn relilne and the drainage lines of

Elie fourt 2ne ot ane bt B s‘l:»z(-:lanc:e and health of the wide
the streams, is a critical zone for the o
landscape. y unds, of the
Em{ills'hismi:s the zone for the principal sports a;‘:aﬂﬁf{: and city forests.
parks and gardens as well as se?vcmg?m spcns.gmunds as toilets are
Treatments works will be as n_:ompaublf’m“?; < 2 CLEAN city, where waste
with gymnasiums; everything is clean.

of permanence and its

¢ the benefits for the
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water treatment works have (rees in mass surrounds e
moves to the rivers and harbours from the soil of the city fores will py,
be better than the water stored today in the great supply dams oy, the rjy
Indeed, the natural regions which collect the water for thege ;
should be designed on the same new water lines, so thay all the Waler l.ms'
into special cleansing forests before it can reach the streams ang n‘\bcrt‘%
flow to the storages. 8

The major effort must be the design of "City Forests" on
immediately outside the city, and the delivery to them,
pipeling, of the effluent of the city,

The effect of this measure would significantly reduce w.
would also reverse the process of oxygen depletion of water WAYS causeq fyy,
effluent which, wherever they go, destroy the balance of water-life by over.
stmulating the slimes and the algae.  Over-stimulated to death - jy their
decay lhc_y us¢ up the oxygen of the water to cause the death of myriads of
small animals and great numbers of fish which likewise in their decy
further reduce the Waler's oxygen. These effluent have already caused [}fc,
death of great fresh waer lakes, .

Sewerage treatmen; works wil] discharge their
must become the fastest
Temain, even in efflyent

Areas of lang
via ]]I.llllp and

aler pollution, It

S effluent to irrigate what

Srowing forests, Stimulated by the products that

iy which appear crystal clear.

b b:dmpcs the sredtest bulk of luxuriangly

ity 55 2:1? “I:;L ;Tnlie;]';m'ga[fd city forests, ’l:herefore the city forests

. 10logica research ce '

s _ ) ntre, Because 7

frees in the r.mri_d Wwhich wonlg concentrate one or ::hlzrei I:)uf”ﬂlb:

growing living matter

ity foresp, ourth zone, 19 pe Processeg -, LIC Mains along the
Many of the fgrger ; d #55ed and reconsipyeq in the
r industr;

foum; 20ne becaysg of = :smal Complexes gy iNtrude ;
their obnoyjgys Wwastes in €25 and loy, ooy NVen; oo the land of the
the sea. They would ‘;Z[cr o dumping them g; o &ctting rid of
Phere they would, necessy excluded ang lmsiu'On;:;jcc-u"J Mo the streams
OrE it flows ity the mor, CArry Ot the firgy i !N the second zope,

5! s
Waterg. S?:::g OF their yyas(es
¢ Ie the sigze o .= SXlractipy o CONtents of
WaTants, fhejr indiyi f such ypg rakip tlon i

Vidual ges; A ‘-‘Onlinuous!y
180 shayjq Provide fop lhe(i:r Ueny dischargc

0
% YN treatmeng

b Ohilbfy

Water for Every Farm - Yeomans Keyline Plan
works and forest. These
pmﬁlalhlc. Ll :

Present large cities cannot be redesigned  or altered quickly 1o
substantially improve the efficiency and cconomy of city functions, It is too
late for that. They are more likely to become lesg efficient and more costly
until, if and when, they cease to grow. But growth could be stopped and a
new city designed ugu_lb)-, but divorced from the function of the present city,
except for the joining of the two by roads, public transport and
communications. Who could doubt that this would be the best for the larger
cities and for the great majority of their citizens? The provision of those
facilities which now lag behind population demands could catch up.
Progressively rain run-off water control could be applied in the more critical
arcas and the water added to effluent movements o the City Forests,
Although the efficiency of the city operations are not improved immediately,
great environmental :unclluralu_m would be achicx't_:d. The city would cease
to be a major contributor to environmental destruction.

What of the high cost of city land which would be used for growing
forests? The cost of the land for a new city would be low. Only when
people live there and other people want to live there does such land beco:_ne
valuable. It is more valuable when the facilities for homes and for indust_ncs
have been completed at low cost efficiency in roads and the service lines
beneath the roads. So why shouldn't a new city compete wil_h_aidcr cities by
offering clean air, good water and fertile soil and far better living, social and
working conditions, as well as cheaper and better land for homes and
industries? )
mdThe land of the several “city forests" will receive all l_hc rain run-pﬂ' and
waste water from the city to use and reconstitute and Il' must cgnupue to
function even when it rains for a fortnight. To ensure ils capacity in this
direction and for economic reasons, dams for holding rup-oﬁ‘ m;un \mi
temporarily, would be located at the Keylines of selected pn.ma_?h v = r(s:ﬁ‘am
in the farm scape. Concrete lined, they could be kept empty. The e
run-off after a dry period carries with it greatly increased amouni;s 0} v
other matter. The empty dams could be used to store this first on{;’ms o
it could be cleaned when necessary. Even so, hecausemﬂl; ‘ﬁ“i;*:f fn ik
the top and comes out at the bottom, the oil wastes W c‘l:a S ]
which sink could be trapped and retained in the hg;dmgwm:lﬂds e
sale or disposal after the rain has ceased. Thc ms i e
which either turn the water into the dam or divert it 3510 PREI e
The bugbear of local flooding, which now occur wi b
would be avoided. . . trees

A city forest is a multi-forest. _FiTSl].‘" the Vag“:ﬁ”g;ifﬂf:‘;h:nd the
would be selected for their ameliorating effects on ul; B B et o
soil. Secondly the selection of the tree species co rking perpetual forest
considerations, The city forest is designed (o be @ WO

businesses would soon learn ways (g make both

27
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for the profitable production of fertile sml_ and valuable timber
added benefit of the elimination of the need for ocean outfalls,
Chapter Fifteen (XV), which is about trees has more on the “cjpy iret
Let us now consider the basis of Keyline land planning ang’ e S:Ih_
stems from a basic understanding of the natural form and shape of thls
landscape. i

With i,

Water For Every Farm - Yeomans Keyline Plan

V. lf,\.sl.s'()_l- KEYLINE LAND PLANNING
In order to |_JLm any development or improvement of agricyl
{and for an agricultural purpose, it is necessa i

of it. Isit to:
(1) eventually shows the most profit?
(2) be the best pnss;blc under the circumstances?
(3) some other important objective?

Even \_nth some other important objective points (1) and (2
mto the [}IC“ITL’ 50!]1!..‘“']“:[’(:_

The planner must know what the particular area is capable of becoming,
In Ulh.cl' u;ords 1I1§rc must be a capacity for assessing the development
potential of the particular area.

Points to consider include:
a. What constitutes the potentials of land?
b. How can these potentials be discovered and assessed?

Not until satisfactory answers to these two questions are known 1S one in
a position to begin to formulate a plan,

The potentials of land comprises those things which largely determine
the land's value, the value being the price it will feich on the open market at
any particular time. One class of these potentials does not depend directly
on the specified arca itself but relate to outside influences, such as the
market prices for the products which will be grown on the land. Other
values of a similar nature relate to the locality of the farm; to the distance
from a town and whether or not the town is progressive and expanding; to
the conditions of public roads, and to the community facilities that are
available to the farm or grazing property.

The other class of potential, and the one which concerns these
assessments for improvements, is influenced by such factors as the type of
land, whether flat, undulating or hilly, the soil and the rainfall, and other
aspects of climate.

The maximum of these potentials of any piece of land depends fo a great
degree on the capacity of its soil for improvement, and ultimately the
principal means of improving the soil lies in man's Own capacity 10 control
the water and air within the soil. ;

Much new land in Australia is brought into agricultural production by
first clearing it of scrub and timber. If it is to be used for pasture proc[uFulon.
grasses and clovers will then be grown by any of several methods W ich
with the kinds of seed sown, will usually follow the pattcmluf .[.hc dlsmcls If
crops are to be grown, then the first crop may be a "cleaning Cf‘}p.s':c B?:
oats, which again will usually follow the general patiern af the msle se
these improvements, plus the usual subdivision fences, are not those

i . al land, or
1Y 10 know just what ig Tequired

) must come
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fihe land. Indeed in this ordinary means of "bringing
the full NSUUN“IEQIS may be little utilised since they seldom use, even 4,
and" these poter T RSET
ﬁ!.luwld‘r.uc advaniage, the water available.

, evline
A, The Gf*"{;:’.t:lh ‘:I' :Ihi l;::m:r resources of land, which plays ,

M | lhc_ am:iqutd development, the Keyline classification of the

EON Pt 0 SL;]EH m;cnlcd, These features of the land are S0mewhg;
s qf md ‘I‘-I‘l' 'n!{’ucnc‘: on water movement and on the means fo; its
e m-t 1‘;: \I-.-:I[ soon be seen that land cannot be classified withoyt
tﬁ:ﬁi:;dnlg:fcncc to water, the subjects of land shape and water being
A"
m;li\ Ibncs:ﬁfr:?llll the settled shape qi‘ agricultural land, with its roundfzd
and smoothed out ridges and vallevs is a water shape., No m;u_lcr what its
basic geology, the finishing touches to the land shape have been imparted by
the climatic elements, especially rainfall and flow g waler.
soil organisms provide g stabilising effect.

The two principal *lines” of any agncultural land are water lines, These
are, firstly, the stream Courses of every size ang. secondly, the ridges that
divide the rainfall water which falls and flows 1o the valleys and streams on
either side of them Water is thys divided by ridges to concentrate as
streams in valleys.

Vegetation and

L. Primary Jang forms

The stream coprses maturally follow the bottoms
Waler has formed

¥ and, just as stream courses have other streams flowing into
I, 50 alsy do valleys have gther valleys flowing
all EXCEpt one ¢ :

D€ of valley, Ty 10 and joining with them:
: ) Valley. This is the "primary* yaljey f the f d
2 o . \ €y of the farm an
STaang lands, the firg land shype of Keyline This valley slarts or heads in
A7idge and sheds iy, TUNOfF rain :

The two “shapes® op »

of valleys which flowing

fall water 1o th

sy © Stream course beloy.

ey Shapes”. pragicy 71O e Thee e ‘ridge shapes" and
W0 sha Bt %b:;"‘"mi 'and holdings are eigher one of
Of them

aj The main pig.
& i 1 gt‘
it :\h Eood ‘_SLlrung Point from, whi
ch are Significan; to agriculiyre
The warer courses may be e

19 Consider the Primary land forms
Wiermitten;

¢ Junction of tw

: © Water courses,
i TManeny ¢ .
1a1d betyyopp e OUSRS. Frop sug ;junsu-‘-a 1S, Perennig) streams or
i i the o™ ¥ill contaip the ling g, <" 40 looking upstream, the
I dzcofthc‘l( ling: oo - Yaler-diyig

! Vide or i

eylin, e e 4 water 5
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ivide line that lies along a _ridgc shape may join up with other main ridge
:]I: s, which also are water-divide line or wiler-shed Separating lines,

1nes,

—

- WATER COURSE

rigure ! Fhe b.f ﬂﬂfhl'ﬂg PI’T”EHT Ofﬂiﬂ main riage Is similar to that Gf'“e
£ = .
walter courses.

ficat forms and all
The main ridge of the 'Kc_\'{iqc' classlﬁcam‘l E{ceﬁ'{::c always classed
similar ridges, no matter what its size or shape, ar
‘Main Ridges" : and at the
a l;fmrga?::di?dsgé has its start between two adjaccnt_ﬂmmsddge g
junction of them. It always joins up with another mair nl'dges- a continuous
Jlin its and thus becomes a part of, with still other ys rising (increasing in
\"a:er-di\'idc. The line of a main ridge is not al;:;\éw it Ofien when two
clevation) away from the junction of the su‘t‘ail:sd dge may then descend 10 8
main ridges join, they form a hill and the m:l ng the line of the main ridge
saddle before rising again. Each low P°'[.ﬂh . ﬁn or rise before the saddle
is called a saddle. A hill is simply the high po will always separate the
on a main ‘ridgc : Along any main ridge, saddles
: : . .
hills, i ridges is continuous in @ MAnng
The connecting patterns of the main “ dg'am‘mg designs of the streams
similar to that of the persistent bmncru;i; and
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ivers. So much is this so that if a hollow mocIL_'l of un
and fivers. 30 I de down, the new land form thus depicted woyq shoy g,
were furned If!-”-l‘ilow thc main ridges, and the main ridges g5 the 5;%:
mw11‘€0"‘§";‘_‘il:h their appropriate joining or branchin 8 desigy. Hillg
;ﬁ: lerx-les and lakes hills. Saddles become the overflow Point of dny
m‘}he main ridge lying between two adjacent water Courses
dominating land shape in the Keyline classification of the
farm and grazing lands. v

Just as nearly all land may be said to lie between water courses, so all the
shapes of land lie between water courses, and are therefore closely relateq lo
the main ridge. This holds good for all types of land in all types ol"i:oumry_
o) The primary valley
Moving in the upstream direction along the main ridge,
valleys separated by smaller ridges, fall from the main rid
sides of it toward the appropriate stream course below.
“Primary valleys” and the ridges, the
A primary valley head general
of the side slope of a maip r
flatter sloping flogr
course below it
unlike the vale
Washed out or ¢

du-'aling lang

is the
topography o

4 succession of
g€ and on both
These valleys are the
"Primary ridges". (See figure 2.)
lly starts as a more or less sudden Sleepening
1dge. Further dow n, the valley changes o 3
Which continues more or less uniformly to the stream
The primary valley is the smallest of the valleys of land and
¥ belonging (o Creeks and rivers. does not u-sually have a
hannelled Waler course down the middle of it unless erosion
alling on the majp ridge and in the vicinity of
¢ valley shape anqg finally flows
M [0 the channe]jeq stream course
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(luun-* LLLTT VT

Figure 2. The land between two creeks showing the ‘main ridge' The
faied lines are the centre lines of the two series of 'primary valleys.
£ : ) e i 4
Between the primary valleys lie the ‘primary ridges'.

c The primary ridge ; ‘ .
On each side i:f each primary valley lies a pnmm'fgllfjcar l'[[‘shf 3}}‘:
primary ridges give the primary valley between them its 7 valleys on either
shape. "On the other hand it would appear }h.al lhc p{l;m?;}m b e
side of a primary ridge are the factors whlcl‘! g‘l\(i : ;Rcs g
ridge, since it can often be seen that the primary ri l:idgc < o
undisturbed portions of the side-slopes of the lm;:smil “.m,. 5 (helﬂl!audcsnugﬂf
after the primary valleys have I?ccn scocp'cfi {:Juc. b
the main ridge. Referring to Figure 2, X is th ine a0 i patientoP
discussed. The hatched lines illustrate the br:ma:f i i e T
the water-shed or divide lines and mercfolrle odoued ioes vehieasie 18
unbroken lines are the stream courses Flnd 1c watec-shed. The peimasy
centre line of the primary \'aJllt‘:}'s of this lesser
ri lie between these dotted lines. i b
dg’lflslcs?: E;?'c then the principal landscape Flﬂsil_ﬁ::;l';’;{ 2
"main ridges" from which form (2) the "primary valley
il "primary ridges".
by (3) the ]Jnlll"l.B) ndg A T ey
On occasions a series of prinluf.\"\'algi'ss"!:‘m it
Will join up with a larger valley which doe

Keyline: (1) the
ch are divided

side of a main ridge
a channelled water
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course in the bottom of it. Slu‘:h s 'Iiulllt\:,[:l-l;‘lztiuf:f'::? -
have at its commencement its own Keypoi hand. L e L

The land which may lic between two au..l[ .bll‘i..lllh 35 in Figyp. i
vary widely in area. Rainfall and the degree of slopes of "Hduf:mug coungy
have s W'?:' considerable effect, and generally the area will pe smaller j, thg
wetter, and larger in the drier zones : '

For these reasons one or more main ridges or parts of them with their
primary valleys and primary ridges may be present on the gpe Propeny
while another of equal size may only include a small Part of a myijp, rid;;é
and one or two primary valleys and primary ndges; or again g Property may
contain only a portion of one of these lesser land forms. However becauge
the size of these land units usually relates to the annual rainfall, i the
smaller units in the wetter areas and larger in the drier Areas, and since g,
general size of farm and grazing as the rainfa]] decreases, the
general order is that several St on each Property, There is
thus a need to devise plann between the various groupings
of these land forms

These classifications
1o their areqs

valley, and j Wij|

holding rises
of all the forms exi
ing relationships

of land forms are 3
Thus it will pe seen
land may be defined Land can be
from the wager. ivide on the main
length-of.lang mg
or "mediym* as
“Long" or long
miles) from the
With the length
83N relates (o

=

ccording to their shape and noy
that yet other pertinent descriptions of
said (o have "length", which would be

2 ation of "Keylines"
ce has pe g ot
metlfs:r:ir:;d‘ o the tWo slopes of 5 Primary valley:
Y b short . > the primapy Valley forms with a first
S £ngth o i

: It is worth
the Tidge at all, A

I8 contoyy f;
Opmeng, line,

1]e I[') tr?;;va[er divide of the main
S 0n either side

ikewige the

d by (he waler

has also heen
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divides on the main Irld;:_u.*-_un uilllclr sldr. 01‘. i, and by the portion of the
.r main ridge which is joined by these wo, These distinetive dramage
upfl“-_ rogress in size until they eventually embrace the complete water-shed
;||'_|.‘-|-".I;‘]r'1u‘i‘ river systems to which all the walters flow
of 1}[:1“‘\. i:-f.nc it Is customary to classify, plan and develop Breat tracts of
{ for Governmental purposes according 1o these drainage areas of the
it ver systems, this should not apply to smaller developments, The
I:'rgc-r,r.l-o” {jw planning and the development of land for the individyal
‘“'bdi-m:l -.:;d grazing holding should not be according to their lesser
m”.mm". j,n--.-,- i For instance in the development of farm waler resources ji
drainage £ n,n advantage to inter-connect the smaller drainage basins by
is. onc_n ?nf:x-olf rainfall from one such drainage area for storage in another
d“jcmg!'}nnlwrly in the working of land with cultivating and harvesting
s ] ; \\\':lt‘cr-di\'i(lcs are often crossed over. Therefore the more
Illa-“flgll If-l:}c;.un(.larics for both general working and for maximum development
?utt:ll 7 e of the water courses themselves.
Rt a) The rising relationship of Keylines
The above fact may be further ilIustrz_llcd by considering the Iwam:
ition in two separate areas. In the first instance, all or several primary
L s falling from the one main ridge to the creek below may be contained
i rty where, while the rainfall is in the order of 500 to 1000 mm (20
a5 ilupriii{t:leé) per H}LDUDL there exists at frequent times both intermittent
lc-l ter shortage, and later on, co_nsiderab]c rajm_‘ali mn-o_ﬂ“. o )
= Primary valleys on undulating land contain the suitable sites _o&ﬁ\;‘a ‘;:c
storage but these sites may not have saugfaclop m&fehm;jr\l-le;gsﬁ'::n s
catchment of the respective valley. Water may be cg e e
from several primary valleys 1o fill a dam construct 1\ iy o
The highest suitable site for a storage ‘darn ina Tﬂn@where'the i
for this purpose is just below the Keyline of the v _ f‘-d with the Keyline of
/ould cause the water line of the dam to coincide o
ldl?:lv‘a’l?cv Also a series of primary valleys falling from [hcuf:;.ain e
main ridigc, will have a rising relationship one to uu;:;m%a:l(cs-lmes of the
rises from its start at the juncpon of h\'ﬁa \\’alc[rh :0 samé g e ationsin
series of primary valley will a Iso. a}z of satisfactory shape for water
Therefore, where some of the valleys he whole. series: could, b intess
slorage construction, it can be seen that . cn valleys with no dam to the
connected by channels diverting run-_off “;Lms Corhe die ik one or
storages. - Also the overflow of the higher See aerial picture of "Yobarnie®
more lower down in the chain-like series. ( ol  valleys may not, on the
dams and channels). The Keylines of the primary " of inter-connected
. s dam sites, but the same type
other hand, be suitable as dam sites, hat lower level. As long as
series of dams may be suitably placed at a somew radient which follows the
the channel connecting the series of dams has a g
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or slope than that of the stream course, the syeen..

fall of the land at a |c§&r hl‘op:og:cssn'cl_\' more land below thep, wh?;;-.sz:o
of dams will gcncmll)lh:‘;:“ir Costiig gravity flow irrigation systepy | "™
be suitably placed rﬂr‘ : ]; 2 direction of the flow of diverted wager on fapy,

As a general mh:“-thould follow the general fall of the Ty ms
and grazing pmp.cgnsu: by the fall of the water course beloyy. »
dm‘cliOI[ 1s. d;l:;lt::i‘\; of water diversion from the one catchmen thmugh

s x;;:n nts on a farm occurs when considerable water from Tun-off
?-;:}:fr-dclazfucr]: the land via a small creek. There may be a £ood dam Site
:;c;ir llhc entry of this water to the property, and I.‘C' lh_t‘f C. '_"”)j be even more
water available than the storage near the creek’s centrance will hold. Ty
water may then be diverted through a whole series of primary \'alley_'s for
filling storages constructed only in those valleys u.'hcn: there are Suitable
sites for dams An example on these lines is also illustrated on the aerial
photograph of *Yobarnie" and in the plan of the property on Page 38 and 39,

The entrance of the small creek with its relatively small diversion dam jg
10 be seen on the western boundary. The diversion channel from this dam
fills in succession, four more dams. Note the increasing distance of each of
the succession of dams from the creek which feeds them; note also the
Increasing areas below each of the dams and the creek,

b Contour maps for land Planning

These shapes of fand and theiy ‘aler relationships are considered to be of

Paramount importance gs basic elements of land planning, A quote from

SCL hiap:cr 2 of "The Geographica] Basis of Keyline" by J. Macdonald Holmes,
ales; i

"Not oaly must Jang scien
" th
d pianning on pa

lists and farmers have an eye for
cir land op Paper, since working on
PCT must pe performed  together

10 show Jang shape on paper is by
d map, Cont

Ours on paper represent

. the ground, o better sti]y. outcrops of horizontal

ghts above some fixed

OUrs marked oy on the ground

T they woulq tWist an furn, depicting
d level Jang.

denote hej

Pe of lang from g Suitable contour
10rg feadily

Al 4n one could from

though thega ines appear 1o be
1CY folloyy very definite
€S¢ contgyyrg lie some of

Naturg] pu!lern;
- 0 the .
h the secreqs of Keyline" Tt Bl
5 Frofessor M, 4 I
i, ey icdonalg Holmeg 54ys, the best . i
A 4ns of 5 Contoureq and ey m ol |Ilu$1ratc o
4P (calleg

4 Wpographical
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The "contour interval® which ig (he distance g
map :;‘ Ily, should be suitably selected 1o disclose 1
"""'"-L,'I |‘.1r‘ land. The scale should be
P“”"’:; -‘cd with the aid of such :

: I.“i;;wt;:d Keyline planner could lay out a worki ion Covering
«:Pﬁl-“('n development of the property, provided that he had a good knowledge
lh‘r.' |'! slimate and that the landowner was available 10 Eive details of the soil
of (IJ|1'~0‘I'I“:r materials necessary for the planner 1o know in respect of
an

ticular locations on the land itself. Such 4 Plan could thep pe produced
ar s 5 . »e
ip" ample detail to include:

the location and size of water diversion and irrigation channels i
15 the position in respect to these works of possible irrigation arcas
The type and location of water storage, selecting the most suitable
c':p'lc_il\' and wall heights of these structures, Even the appropriate
o P ) :
irrigation procedures could be designated.
farm roads, B
1;13 areas to leave trees already on the property or positions to plant
them, e
he sites for farm buildings, x
u(hc placement of subdivision fences and stock w orking paddocks and
stock watering points,

1 1 tently without this designer of
of these could be decided quite competently wi
lan:] c:evclopmcnl actually seeing the laqd ltsc{lf. This P]a.n o:uuld iem;n t::s
transposed onto the land either project-zws_c z;:r gprlce,;fvajucpgf i
i i Such is the
i ances may permit or dictate.
g;rsﬂ::fl maps! The next two figures are maps of our former property
"Yobarnie", North Richmond, N.S.W.
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CONTOUR MAP

Mmain ridge.
valleys 2 rs at X : h :
¥$ and ridges fay ,  19p middle, qp, ) lefi follows a
imary and
= secondary
m the mai 5
1in

ridge. Cp, B
0 feet CONloyps = nlours
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e —

N

e

15‘
\\-._..‘

YOBARNIE
FUNCTIONAL PLAN

s [OUNDANY FENCE OF UUBGATION AREA.
s FEEDER CHMMELS

—_— = [FEOGATION CHANMELS

Ilway of the creek dam fills six other

Figure 4. The flow through the spi
! r ) Pumping is only from the lowest

dams below the creek diversion channe
dam on the bottom boundary.
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B. The Geometry of Kevline ‘

e ow proceed to further illustrate, by means of contour Mg

We may 't ages, the various land shapes and relationships alregy
the r_ollmuf"k_ hg:]fm} principles of the intimate relationshi p of the “"Itou;}
described, to § e 0;

M}ll:lz:uc 3 facing, shows a portion of a El};!il{ rIdHC f‘liiCl‘ has two )
oy B primary ridges on one side of it, falling from [Iu; mam ridge 1
the water course below. The general fall of the land is seen in the direction
of the fall of the creck. The slope of the land, the cross fall from the main
ridge down the primary ridges to the creck below, is indicated by the arrys
on'the primary ridges. This is also the "length" of the land. The Keylines of
the varions primary valleys are marked by a thickening of the appropriate
cantour line to illustrate the rising relationship of them.
Whereas Figure 6 shows the more intimate contour relationship between

4 primary valley and g pnmary ridge, This is a somewhat normalised
contour disgram and the relative size of the primary valley, is enlarged for
gfmg The contour lines show the changing grade of the primary valley,

emne ¢ D Al 3 ~ 4
o IIII; :L:\:i:;: pt:f‘lhcr at the top of the map indicate the upper slope of the
Below the Keyline, a wig
I'_I_:%ncr valley floor below In the primary ridee
clagram the distance between of the contours iljys;
nidge is ﬂ_nner than the sides of the ridge ::;
15 the typical shape of 3 Primary ridge,

Primary

ST interval berween the contours indicates the

: portion of this contour
illustrates that the centre of the
und towards the valley and this
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/ / /r’ WJ('J‘J!; “l'n/ 5_1{_ %

o Thm Eﬂ)n!

i [

ino two primary valleys falling from th

Figure 5. A contour map showing two p “H?T"‘ mj-.i:mr{ ridge between

mﬁm ridge to the water course below and '“’?r-i aﬂid that they are not on
them. Note the limit to the length of each Keyline j

the same contour line.
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=58 m ﬁi_ﬂtlh\ﬁ‘m\L/

L~ b5

Figure 6,
}‘I‘dg@’

A contour ‘lagram showing q primary valley and a primary

> converge (get closer together) as the

Suis 'y move

their widast in the centre t?fi:ITf:dndgc :Io“ard el s

{ Moving g E ~ H0ge and get clgse

__ dll‘Eﬂi{g]n f&;dli:‘sl;rds the valley, [ru'tia]l%; all therliarfesm:remunu? i

i . v ) curving in on
change direction ¢o she"c.\.?ﬁ Wrapping around the ridge. The ljngesnlhelf
the curye of ey - CUIVE of the yajey,. The contour lines enterin
sy : \\';IIe Continue tq converge if they are e:bol:r: LhE

. Contoyr lingg % T e

Y are beloy he Km'lircl:mnng the valley will diverge

% -

T ma 3
Y rinfal] gy bekes 1ts own Pattern,

g 0‘? Practically all the land

2 : (v} ﬁ T . .
i ler ﬂO\\'mg over |$dc 6 is repeated in
s Wate i
: _ e :lcf Dollows s smep,r El;“mg "1 Tespect to the contour
: distance gpq 4} Uangles 4 downyy,
] ; 1€ stee ] the CONtoyrg oy b‘z‘_ifd to the valley
: ater ip Ing the shortest
1‘|'| 3 mﬂ[inuo A
The naryrg) .  the factor op o1 Benery usly adjusts the
al 1 . of '“Cfcasin a bend shape,

OVeme fom

Un-OFF g, 1o it OF Water i FIOBC 10 valley.

1 .
15 oy ny, S that from the time

°red” evenly o
: b ! 1 the Y, since
75 and the grje, ridges ey parey, ; & Irz_and While moving

i
" Weather s the
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to valley.

The contour diagrams below portray the pattern of w

ater flow from ridge

58 m —B6lm “~gam !

RS
B2 m l "'

primary |
ridge

sPe

I

=

>

SN

B ’&"0‘«

|

Figure 7. The flow paths of run off waler from the ridges to the valleys are

flat S curves.
|g Blm — g4 | \
(17 |
62 m
!
I
49 m
I
|
46 m 1
I
pnmary
43 m ridge |
\ i

Figure 8. Depicting one flow path
Jlow from the ridge to the valley.

fo illustrate the increasing volume of
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VI. KEYLINE PATTERN (_)l-‘ CULTI\_»’:\TI(}N

The objective of the pattern in Keyline pattern cultivation js 10 direey
shallow overland flow, which results from rainfall run off, 1o remain gye
spread and not follow its natural flow path to concentrate in valley ghy
The same fechnique also provides the means for evenly Spreading the Watey
in the system of "hillside" irrigation named "Keyline Pattern irrigmioﬂnl |r
is the Keyline pattern cultivation that can convert what is commonly calleg
*wild flooding" into fully controlled irrigation.

The technique of pattern cultivation or "pattern ploughing" takes 4
selected section of a contour line as a guide and proceeds by Working back
and forth either up the slope or down the slope, accordi ng to circmns(ancgs‘
parallel with this contour.

The next few paragraphs reveal a little of the context in w
cu!uvau’an pattern discovery was made.
irmgation the water which was
time and money, were prohibitive. We
paiC_;x glr a few acres of grass, it had to
availy -

S i, e 0 T

At that time [f&‘-{{)s’] .go\'cmcilri} - E.\'pC!‘linC{_", i qnmn; work. p
farm dams for S Gl t;p:dnmems showed little interest in
They said our soil was 10 good for ing ang S 85 huge and uscless
i, o056 We i the (g 8 314 Why cover with water the
shale ridges? Qpjy roek i mle[:‘;’:.‘} ‘fﬂle.‘r's 10 order (o irrigate worthless

Such opiniops Were universa] lhd[s S ogating]
Sydney Australis today wil| spp evidir:;c(l:m o e [Wing south-west of

concentration of hege Of the reversal of this view in the
YEars after ye establiay S0 close g the metrg

i ; lis. All v

er their practioabitie - OPO were constructed

formerly belieyeq unsuitghje forpthe lﬁml;? F SEiEating land

fl nd © 7
SPIaY systems f irri

d from 30 ¢, 60 litreg I-OSQL?

/ more thy

W . <Y stll floweq the “.mnn d?UbI
' ldeas for irrigation ;

. W

soil were go; 5 constantly pe

fi

tily

hich this
In our first attempts to use for
urry 1o get off our farm, Costs, in
Wwere not looking to irrigate a potato
pay for growing beef; so all the water
0 be stored in dams. There were ng

Bation, The rate of water
nd (25,000 o 50,000 imp.
€ Spray rateg at the time.

i ing tried other
Oy and on paper a

the water o the n_land 10 slow down the run-off
€ ridge, In ype pri A fidges ang actually drift it

the cenreg Y Valleys j woul
Atern’ cyliive of the d make the
Pattern Cultivation, and now ywe “'ouldan}. 2 Valleys,
our,

w "

4
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Forty hectares (one hundred acres) of dry land were plowed 10 the
‘patt ern' with an implement half way §clwccn the later chisel plough and a
road ripper. Some months later, during a weekend stay on the farm, it
rained and an iuspc&:‘ucn was made _of tlu:_ 'pattern’ cultivation, Upon
entering the paddock it luchd good. The rain was heavy, the run-off was
held up nicely and spreading evenly au_d nol concentrating anywhere, A
dam some distance away was ovcrﬂowm_g down a small primary valley,
This water was also doing exactly what in lhc_:ory it had to do yet it was
absolutely astonishing. Instead of flowing as it wnuld_normnlly do, about
3.6 m (12 feet) wide, 300 mm (a foot) or more deep in the centre of the
-vallcv and fast, the 'pattern’ had tak;n compl;te control. The sheet of water
was ﬁowing 54 metres (180 feet) mc}e, covenng from boundary to boundary
the entire primary valley. The outside edge was 300_[0 450 mm (3 and 4
feet) higher than the centre of the valley and was ﬂowtpg the same depth as
in the valley bottom. There was a flow of water len times greater than we
had used, moving uniformly dq\m\»'ard over a strip of land which sloped in
three different directions. Keyline 'pattern' was a bmuugh!_ _ _

Keyline pattern irrigation is based on patiern cqlu\'anon which in turn is
based on the pattern of the contours of the various shapes of the land.

i niform vertical distance apart, are parallel
Contours, which by nature are a u : ol
to each other on the vertical plane only. The couluu{ ll1F1cs deplmmi
undulating land are not parallel to each other. Therefore if mles ;m:
parallel to a contour on one side of it either on paper or on Lh.el an surfa(::S
these lines do not remain on the contour but progressively dmlsl op a slor[::l 2
the distance from the initial contour increases. _II ozht_:r lhL:.s I:ewould
parallel to the same contour, but on the uzj}cr S}de o‘f :Ed beyo .
develop into sloping lines but ?1]“:“ slope direction Wol pposi
those of the first group of parallel lines. .

When the parallel lines are the hundreds of snallﬂﬁlm:; :;:-‘::15;1 dt};‘P;
ripping they will influence run off :imd sub-surfaoemeowlso Kb
according to which side of the particular confour amli]el iy e
done. It follows that any cultivation \\’hl(_:h 13 donF&ﬁ eyt
line marked in on the land surface, must inevitably
as the cultivation continues. L ¢ oter W bl e

This fact is used as a device in "Keyline D‘{t::: gg:“:::ﬂd the i
natural flow pattern of water toward the valley ofall in whichever direction
and indeed to "drift" the early flow of nm-ofg rainf; S et
the operator desires it to go. As the flow from ramﬁllthe ot e Wl
may eventually reach proportions that overcome s ia ol A
has been induced by the pattern of cultivation, an e
path as illustrated in the previous chapter in Figure’ plication on any of the

Keyline cultivation has practical and poSIl‘;\h’ee;“ " ne wants o spread
shapes, or parts of the basic shapes of land.
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water uniformly, or to cause shallow flowi
flatter or steeper slopes, the principles of Keyline
applied.
The only circumstances where the sele
contour for either parallel upward or paral
significant is where the contours form
surface. In these limited circumstances
parallel to the contour guide line, will have a neytr:
drift of run off water, Keyline cultivation, or palterr
In its application on various land forms in fj gures 9,
Figure 9, below, is 3 contour il
the down right with the

Dg walter o drify |
0
pattern culu\'uu’nurg i
I

ction of (he Corre,

CCl sige
lel downwarg culli\'uliou is .

perfectly parg on the | .
i

: lel lines
cultivation d

one, on g
1l effect op

i :’Qv!;'ne Cultivation Jor a primary
Paralle] 1o 1, Keyline both up

ect Procedyre for cultivating

l'neeyn:i ;a;ea above the Keyline,
- 0 i i
ity N the top side of it.

causc [hc llﬂes
nt
OUr aboye the Keyline first at

& :

5 Srllcf_:csswc Pass with the

Der thy p ;::;115 55, However

Fai ¢ hej

0 wil] pe faster in If ll;:;ahnd 5
ment
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grea:above the Keyline hanthe rate of height gain on the flatter slopes of
the adjacent ridges.  As the cultivation proceeds up (he slope a pattern
develops in the small ﬁlrffms Form_n:d behind the ripper, This pattern
develops progressively _uucl lt\s effect 15 1o lead all run off water downward
away from the centre line of the valley ang outwards towards the adjacent
ridges. :

This upper and steeper slope of a primary valle
than the longer flatter slope of the valley which
some circumstances this upper and steeper slope
‘workillg of cultivation implcn_mms. Wherever this slope can be worked, the
ploughing can be extended sideways out and across the primary ridges on
cither side of the valley. The pattern will be maintained so long as the
cultivation is done parallel upwards and the water will tend to drift through

this pattern toward the centre of the ridge. :
Below the Keypoint and Keyline of a valley the cultivation should be
done parallel to and on the lower si_dc uf the near contour guide line, The
Keyline is the highest contour guide line lhal can be used for parallel
downwards cultivation. Here, because the cultivation parallels downward
from the Keyline it looses height quickest ar_1r:l rcache§ the next lower
contour first at points out on the stecper valley sides. Again mg pattern that
develops is such that the slope of virtually gli the small furrows is donnm_ud
away from the centre of the valley, spreading any run off water into a }ude
shallow stream and away from the centre of the valley l_oward ndgl;
This cultivation of the primary valley below Lt}e Keyline n 110;
continued too far downwards. Another contour hnc_car_l be selected for a
cultivation guide lower down the \'a‘]lcy _and the m]uva_uon, then If:oceedsor -
downward from the new contour gmde-lmfz, The area in the cxl:cuﬁ e
valley above this line, which is not _culm‘aled \f'hen ;hz'j “f;]] omm
Keyline downward reaches the guidc‘ line on the snc!es oha d:’. wheiy;.hc S
ploughed out by simply lifting the ripper and rumlrng et
guide line is reached. Some times it is easier to reverse i
the centre of the valley, however as the area mvglved is usually q
can be cultivated without any great concern for' its I]Jageﬁl;l;- Kegiine cansot be

The Keyline cultivation of a primary \-7111?}’ bethm e otk oo
extended onto the ridge as can that done abme.auc o ﬁ;m ks
should turn around and work baclf around lh}? ? 'Z}’mg e i
the area of steepest slope on the side of the ‘;}lla ?Lhe e
cultivation equipment. The reason for this is e of skpreit e g
end of the valley shape which occurs at the p
during any pass with the equipment. et done parallel o dnkd o

Keyline pattern cultivation of a primary v e)'maiciy contour guide line
the lower side of the Keyline or any other approxi
in of the valley area below the Keyline.

Y 15 usually much shorter
is below the Keyline, In
may be 100 steep for the
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1. Tight valleys _
Some steep primary valleys cannot be cultivated gg dcscribcd.
the shape of the valley contours may make I.I-]ms M the vyjley ?
impossible. The contours in the \';!llt‘_\‘ bottom \\_lII be _Sh:.'  or 50“10\\-11,“
pointed. These valleys are most smlubl}' \_\'orkcd in a lu:'r‘nng-bonc Patter,
with tractor-attached rather than trailing implemens. I'he v; Y is they
cultivated in two parts, with the centre _of the valley as the di\"idi!lg ling
Cultivation proceeds from the centre of the valley ;llong the APPropriy,
contour working parallel downward as before. completing the Cultivagig,
first on one side of the valley, then the other.
Another contour line can be selected for a Cultivation guide lower dowy
the valley from which the cultivation will proceed downward from (j
contour guide-line. The area in (he centre of the valley above
which is not cultivated when the work from the Keyline downy
the guide linz on the sies of the valley, can then be ploug;
any concern about the pattern,

Between the primary valley and the primary ridge there is an area where
indi

the contours indicate 3 boundary. Thig boundary lies down the steeper sides
of the primary fidges and is shown ip fi

g

€ new
this [ine,
‘ard reacheg
hed out Withoyt

: gures 11 and 12 op page 50,
n

Paltem on the primapy ridge is best not continued in
the valley pagy this line_ fortodo S s

: S0 will reverse the water Spreading patiern,
 With small valleys ang o large cultivation €quipment it
cach individya) valley working parallel

mstances the comparatively small area of the

tof the Eeneral parallel upwarg working of the

Pon entering tha valley shape by turning the

o p?odu‘-cr; ack down again after passing the

4 more favourgple pattern in these

:—Pl‘éam;r}ha\alle_v below the Keyline cannot be

that aboye the Keyline, " The reason for

: Wf.\' nqgc Cultivation i parallel

) rﬁnril,\ocx!tendmg the cultivation

_ the primary the

first drify Out of the vajlg :)?agaisd the
3 {‘:‘ ofl 1S point the furrows will
the Primary ridge toward
adversely, from both

Sometimes howeve
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f the ridge. Cultivation which parallels upwards from any contour
porioft 9_ /es this objective, The thinner parallel lines of figure 11 illustrate
line “‘T\hlmtn attern that automatically develops as a result of cultivation
a Cu“m.m,(w:(s :,;lmll-:l upwards from a near contour guide-line, As with the
which ‘_‘Ul of the primary valley shape it is better not to continue the parallel
C““_'"f]“.ol mindlessly too far from any guide line, Tywo or sometimes three
Clmtl;;::';u::t selected distances apart may be used if necessary to guide the
con
cultivation.

that will
Figure 10. Showing the automatic deve!opm;ﬂf of ]ﬁ:'iﬁ:ﬁ?}s,ﬂ llel
I8 : he ridge. Ridge cultiv
; toward the centre of 1 ' the direction of slo
i ﬂ:f _:; Ziira:v guide line. The small arrows show the direction of slope
upwards fri 2

of the furrows.

. . ings of the primary
The contour shape of a main ridge i}bﬁ""uﬁes;ﬁd;:g[;c primary idge
valleys which lie on either side, is essenUad y narrower. The same parallel
shapé. except that it is m“ch! 109361‘_ e loyed for the main ridge_ as for
upwards-from-the-contour cultivation is el‘EIPF, 10. From this diagram
ui: primary ridge. A main ridge is shown in lsgulf;“-ards from the contour
it can be seen that as the cultivation PYQ‘-‘WII‘:C centre of the ridge becomes
guide lines the turn that needs to be made lﬂl be cut short or another guide
more acute until eventually the corner my? tion to proceed on the correct
line chosen at a higher level for the cultiva

pattern,
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change of
Pattern |ing

ridge on [eft
valley on righy

igure 11 The Is [i P X EVilne
: onloy, Ifﬂ:l’Q am i'll'l W a 4 idge f-f}z A Wi
F i C ‘i Ao rimary rid ' \ ]
f.‘m’.’n'mmn designed to dr J"ﬁ j : :

the first flow of run off tow
i ag L i ) vards the cer
the ridge. Note the end of the ridge pattern cultivation G

© ndge arag
Parallel upwan
the |0wel-s?pmd5 from
OuUr guids line
cliabla In
P arsq

Figure

Lrimary
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¢. Selective control of surface flows.
Figures 13 and 14 are contour diagrams :
Together they illustrate the type of mf{wc co?it;rtlnllmnfsiﬂrﬁ::;?ﬂz\fv i;md.
run-off rainfall, or for spreading irrigation water, which Keyline cultiy :.ti’m
places in the h_zmd of the cultivator of land. Both contour dj:;grams iilu;r:;
an area on which the slope near l!lt “‘E:%tcru fence is approximately twice:ag
steep as the slope on lh_c castern side. The direction of the curve of each line
indicates that the land is p‘dr_l of a ridge shape, In Figure 13, the selection of
the co;rucl contour guldcl-lmc and the parallel cultivation appropriate for
spreading flowwfg waler from the steeper western to the flatter castern side
is illustrated. The selected contour is located from the higher of the two
corners on lhclsoulhcru boundary fcnclc. T_hc whole area need not be cut out
from the one ling, a second contour guide-line being selected half way up the
land, for instance the 49 m contour of the diagram. The area below this
contour line remaining un-worked when the parallel cultivation reaches the
49 m contour on the western end, is cultivated out by continuing upwards
parallel to the work done or by any other convenient means. The effect on
surface water flow of the pattern of a small section, even if opposite to that
desired, will have little issue against the general pattern. Figure 14, on the
other hand, illustrates the selection of the guide-line contour and the parallel
downwards form of the cultivation, if it is desired to drift any flowing water
towards the steeper land on the western side of the paddock. The contour
guide line is then located from the lower of the two comers on the northem
fence, and cultivation parallels this line downward. This would concentrate
water on the steeper area which is not normal practice for water control on a
ridge.
D. Doing the seemingly obvious doesn't work. ;
In undulating country where Keyline pattern irrigation is being
implemented. Do not use the irrigation channel as the guide for parallel
cultivation on the lower side of the channel. This will not produce the
desired uniform distribution of the water. It can not work. Just because
the cultivation is parallel to a contour line and although it can be s_,aid_ 1o be
contour cultivation it is not Keyline pattern cultivation. _I.f cultivation 1S
done parallel to and on the lower side of a hillside irrigation channel, the
only areas where one will achieve the desired water distributing effect is in
the relatively small basin shaped arcas of valley shapes below 'hc channch
However the majority of the land below the irrigation channel is likely l;.rds
ridge shaped land and this must be cultivated working pafaltel upw s
towards the irrigation channel, Done correctly, the Ke_\'lmle tianer‘nddle
cultivation will keep the irrigation water flowing in a sheet domll € mi
of the ridge shape and keep the flow wide and shallow in the valleys.
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Figure
2 13, 7p,
Jor the Ke The Contoyy

EVlin
Natter eastery ?_ Pattern o 1 a Selny;
Side gf g~ ion why <lion of ., Figure 14. The contour diagram shows the selection of the contour
‘ 1

(2 STy = : i . ey
- Contour gyide line guide line - the 35m confour - for a pattern of cultivation which will drift

. Now, will
nally thiss dri Water i 4 ; /
desirap), toward the water toward the steeper western side of this area. As the contours in this

diagram indicate a ridge shape it is normally better not to drift the water o
the steeper side of the area as this will be foward the sides of the adjacent
valley.
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VII. WATER CATEGOR.],E,S, % Flhtl bt
o ides the major part of the value of al .]g.ru.u. 'lum and, angd

Watcy provices U 59 of it in very many cases. It follows therefore, thy
probably as high as 95 7o 0 orty needlessly, is extreme waste,
to allow water to run off a property needlessiy, 15 South Wales. Tand

For example in the drier western country of N,Wf au ' l , r I -1T1_:|_\-
only have 250 to 300 mm (10 to 12 inches) of_ average annual rain alll ‘f!’ its
sole water resource. This land may be worth little more than $Il‘l 10 $35 per
hectare ($4.00 to $14.00 an acre). The same type of land, or indeed land
that is less rich in soil minerals, but enjoying an annual rainfall of 660 (o
750 mm (26 to 30 inches), would be worth $250 to $750 per hectare ($100
to $300 per acre) or more, that is twenty times as much.

Water stored on a farm for later use can become, with the aid of good
design, its own great work force because of its elevation and flow volume. It
distributes this force in irrigating the soil and, as the water moves down
through the soil, it draws air in behind it,

Too little water in the soil restricts and stops plant growth. However too
much water in the soil over long periods has a similar destructive effect. In
the soil there must be movement of water so that air can return to it. This is

necefsa:)' $0 as to enable the soil aerobes o continue to process food for the
roots' cells to feed the plant.

A pasture over-ywet for 100 long may wilt j Jam;
lack of moisture, | & may wilt in the same way it does through

Is co! iti s
feed. It may mposition changes and soon it is no longer good stock

Water movement gyer
growth e the lang ‘ o \
of valuable plans. [ yayey mﬁ?s b "t0o slow", this restricts the

: 100 fast and in too concentrated a

it becomes an eargh,.
soil carth Toving force thag will Sventually wash away the

ates of movement of water
Ling a soil in need of water,
€ acrated topsoi] il
o _ : facs . Psoll. The topsoi
P e T . Tt o
5 Penetrat TP decling j
Subsoil below, iy u::;u o vater o this Surfa(;: (1: o i
Wil determing ype,, oy *TOUM Water gy D enter the g oy 2O OF
Penciration may o r: ReXt irtigation 4 requir:; the soil. This in turn
this occurs j is better that eXess vy times Smwe. ﬂmclhs:c;_) n;: r%ﬁ.l o
ater 2 e

"apidly, irrigy

€ rate of water
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the soil be allowed to become OVer saturated. Howeyer adequate physica]
acration of the topsoil and subsoil with appropriate equipmen; will resul in
an adequate supply _01 water being adsorbed quickly into the soil,

properly planning the full development of land should follow an
evaluation of the walter resources a\'lailablc for the development. T assist
this evaluation, Keyline planning divides farm wa

; : ; ters into four calegorics
and then considers the various relationships within the calegories.

B. Water Categories Of Keyline
1. Absorbed rainfall,

Water of the first category that belongs to the land is the rainfall
absorbed by the soil. 1t falls directly on the property. This water is of the
best quality and its price is the lowest. Moreover it is the farmer's OWNR; 1o
outsider can rob him of this water and no one can lu_m c‘ﬁ" the la;_:. Only the
farmer himself may rob his soil and his land of this high quality and @e
water, by using methods of soil and pasture management that prevent its
maximum absorption and beneficial use.

i the first. It is the run off
second category relates closely to :
) ‘:Valef Ot;;:l:c:ﬁnfali thfl rhias filled the soil for the time being and now
Egi:; g?g and off the land. In conditions of general rainfall run-off, this
y es from the ridge to the valley areas of the farm It then ﬂmﬁ asa
:ua;inmc?(:\in the floor of the valley 1o the crecks and is lost. This nmﬁ
i i r's to control. It is usually g
water, on his own farm is also the farme: ‘ P
quality and useful for all purposes. He may conlrol, Sore &3¢ 28 B 0
allow it to run to waste. Unfortunately, 2 des.:f;e ngm Ry
specialises in assisting flowing water to run l‘; ::re he hall marks of this
conservation contour banks and grass “‘amr-w?iascs the banks are designed
inappropriate property design system. In M{; at a higher position in the
to discharge the water into the vallcy shape and this can cause wash gnd
valley than the water would naturally W?“érmcm are realising that it is &
erosion. Fortunately a growing “""I.]be:dofcr {he "safe disposal” of their rul
great folly to have their property design
off water even when government funded.
3. Originates ou

tside the bounﬁz:’!gm or grazing

: dary

This category originates outside fbf'? fi’:“l’];e primary valleys and ::ffg
property. It flows onto the farm usually Vi i pipes and channels. e
courses or in some cases from ir{lgau"“:uP o the r?:mmay -
leave the farm without even being SECi R e right (o 2
entirely the farmer's own, since others be used or stored for use
interested in using it. Before this wai:roﬁnain ali
land holder, it is normally necessary he rights of other
Authority. Apart from preserving

F< -
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parties, these authorities are comumitted {0 assist in the improved use op
water and are generally helpful to the farmer. :

This water is usually of suitable purity for :1gnculmr;q purposes,
including irrigation, but it should always be c[}uckcd IID duhfru{m_c s salts
content since only a small quantity would make it unsuitable for irrigation iy
the long term.

4, Ground water.

Ground water is the fourth category. It is water that comes from beneath
the surface of the land itself It occurs in springs, wells, sub-artesian or
artesian bores. There is no other farm water.

All agricultural holdings possess water of significant value in some of
these categories. There is no other source of supply.

These waler categories require further description. Water of the first
category, that is direct rainfall that penetrates into the soil, can be the only
or the principal, source of water available in some areas. There may be nc:
run-off from rainfall, no flow-in from outside, and no ground water. On
occasions the pasture improvement of some land of previous run-off record,
may so increase the entry into the soil of a meagre rainfall as to prevent run-
off. This may make it necessary o leave small areas undeveloped or

intentionally co; =0 :

e mpacted so that they will provide run-off water for filling
Methods of soil iImprovement tha ; :

water into ‘lhe soil, would e t:)a;:: designed_Spmﬁcally to take more

However, since the general systems

diluted by £ of developmen, especially e oy, make use of a it
s Y thc". topsoil is being excessively
€Cp soil, which is also fertile, can take in
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and effectively use much more w
its first year of treatment,

From this discussion it is immediate]
cultivation may give improved use in : : A
rainfall run-ofT is likely and on occasiun:;eciz:: gxfasd:c:li Immfall, Reduced
procedure of soil improvement, The absorbed water :;';o because of this
springs of water in both new sites and olq dry ones T]f: r:;l{ffaws as
spring water will reflect the quality of the soj] managc-mcnt r[; s
management program is significantly increasing the humu? cf;f:; Iglhe
soil then the ground water is likely 1o be of good quality, If not aly is:\ g
risk.

Water of the second category, namely rainfall run-off from the particular
farm itself is, for the immediately foregoing reasons, seen as liable to be
affected by soil treatments which may induce more water from direct rainfall
to enter the soil. In some circumstances this may have an effect on the
planning of farm development.

ater than can 4 shallow soj| that ig only i
 in

Y apparent that |gy costing

C. Water for storage and later use.

The water from rainfall run-off on the farm cannot be used at the time it
first becomes available. In order to make use of it, the water would need to
be diverted into one or more storages built for the purpose, and be held there
for later use in irrigating the land when the soil has need of it. Al this
juncture it would seem that the critical planning details, locating the
diversion channels and the sites for storage dams for this water needs
immediate consideration. However this is not so since no amﬁcml water
lines (channels) for water control and use should be fixed until all the
sources of water are fully considered.

Water of the third category flows onto the spec
source. There are two general modes of its arrival. 4 0

Firstly, the source that is likely to provide the most water is a oon&s:: !
flowing or intermittently flowing mmﬂ?t receives its water
catchment situated further up and outside the farm. o 18

Secondly, primary valleys may be partly on and partly oumii t:;.mfarx
and rainfall run-off from the catchment ared oumd_e flows I; e
one or more of these divided primary valleys. In this o
these primary valleys will also be outside e B e g
Water of this third category is now seef to ved ith it on the farm
rainfall run-off water of the second category, which _]01:;5 :‘::nnall)’ joined by
itself. Water flowing to the farm via stream qoursmcs rimary valleys of the
farm run-off water flowing to these streamms via eagrs will flow together
farm and, if not prevented from doing SO both wa
from the farm and be lost. . may be made available ©© the

Water of the fourth category, ground Wateh B © fp iy metres
land from Jjust below the surface or be brought up
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d water may generally play a less import
(ma_musands ol Beet) do,m-l' S]r?ubnener rainfall districts. However j1pf¢, ;:1:
fgriculioml/zgle now: in-L1e Dclte 1S, below vast areas of lang .
incidence of artesian and sub-artesian waters, o o O Jand i
::ﬂv a few inches (around 100 mm) of unreliable .umu“il rainfall, Uu!t_has
pel-}nirlcd the carrying of great numbers of sheep and cattle in conditiong
that would otherwise be impossible, Usc;lb[c and very valuable Sround
water does exist also in many areas of better rainfall where the unpredictable
incidence of dry spells and of shocking losses from severe droughts, (ake a
serious toll on constant production. It appears that, except for the fairly
wide official knowledge of the artesian and sub-artesian basins, groungd
water generally may be an enormous untapped and undiscovered agricultural
resource. Its discovery and investigation must be considered as generally
outside the capacities of the lone farmer, even though ground water could
exist below his own land and of a quality and Quantity permitting its
profitable use,

Ground water has wide variations in both qQuantity and quality. It may be
available only as 3 mere trickle or up to rates of flow of 450 kilolitres or
cubic metres (m3) per hour (g hundred thousand gallons an hour) and more.
It may be so salt laden as (o pe useless for any
condition through (o 5 quality that is suitable for watering a vegetable
gﬁeg*ed*:‘;;‘p‘:;ge";d dfrliu_ﬂiﬁ)' ground water is associated with the gravel and
old ke sites. I s Y, a5 well as geologically ancient river systems and

Past geological formations show that these

pOSSIblE sources are dis 3

cisguised by the present surface's solid geology. Other
Lha:; for s{mk. walenng and householq Uses, ground water n someggases can
Substantia] Potential for irmigation_

Firstly, (he Wate ' i :
PUMping from, \\'ellsrofwb.:)rbe S m_ St Lol
inigation i i gy €S and be applied to the land by the type of
Nailable rate ooy b:um S land form, Secondly, the water at its
PUrDOse, whera cunlinuc:.\s da e 1 4 storage dam constructed for the
the Maxigym uantity o 'y and nighy Capacity Pumping would provide
f €0 spreag gyee o1 1. VAT Stored.froms 10 to 12 days
m%mm by the Langrc rorm’ :;‘;;‘}Tagalmn section of land at the rate of
rego fat ]
farm ang g:ZEf - iﬁsf "Plions of e Keyline Classification
Keyline bogye gn eyli:l‘éh;]:lle not ApPearing in (hic form in the earlier
ﬁmscnlt?d by PA vy 40" angd "Tpe Challenge of Landscape"), were
tstralian ang Zealang ov 3 Paper tg e Sydney conference of the
) Association foy the Advancemeng of Science in

of the waters of

: SSment of ghe .
may usually Provide o p sy E!va.“ab"e from Calegories 2 ang 3, which
{0 present Considergple gic PAL ITigation Potentia] and 3, whicl
information yh; ch € difficy]tjgs 1 this » ppears at firgy glance
8 be availgpy from Goyernr -~ 5% Since the clags of
' ﬁ 58 Nt Departmenga) SOUTCES
g
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has never envisaged the maximym development of this
water resource. In the eastern States of Austral
available from these departments as 1o the mi
information is considered (o be of valye 10 an
to construct dams of assured filling capacity fo
sometimes irrigation.

Stock and irrigation water inyolye completely differen and even
opposing considemln_ons 10 such an extent that information of valye in
planning stock watering requirements may l1ave_ no bearing whatever for the
planning of farm irrigation developments. For ihslance, a first gauge 1o the
value of stock water storages is that the water never runs short: each storage
must be relied on over the extended periods of drought. If these same
considerations were applied as the basis of dcs_ign against each water storage
of a projected farm irrigation development, either the full project would be
abandoned before it started, or the plann_ed c]cvclqpmcm must envisage the
waste of most of the water. A project which is designed to fu!lly control and
profitably use as much as possible of lI]IC water that becomes :nalllsljl::;l:t,i ::u;tl'
not hinge on the criteria of annual reliability but on maximum u
the rainfall opportunities.

D. The two costs of w.atFr
On our own property, complete "reliability" \\'ould‘have f?;:t u; lirgc:lgzs,
by wasting at least 70% and probably 85% of all the waters
e % '0 major costs: The cost
E E(i'ery kind of water resources devc!opn_lem has tw s:: ;i{;rl corns i
in money and the cost in water itself. This latier co vastag:

= : ee of reliability.
always reaches the greatest water waste with :hhz:ﬂ llglze:e‘:zeﬂir conditions or
5 s Wi v
Complete reliability means that no matter 4l be water remaining for al

how severe and long the drought, there will s

its desi 0ses. e ¢ used for the water

: Tclﬂfrixepzlf-'prcliabiliw is appropriate in mel ::?fiir LA
supply of a large industrial city. It does ;ilr:flc?;e \vasted when rains il azg
water is still available in the dam, and b moro vater in this 5660
overflow the storage, as it may waste muc f the storage. In a similar
manner of overflow, than the full capacity ©

3 storages
£ i ith their vast si0
: : t irrigation projects Wi 1 are d
fashion, the large Governmen ribution and control, are

i us
and equally costly channels for '“:itﬁ:ydl:n Sl mb:as::e ﬁfc??;?se
s f a1 ol s st 8 1 5%
gmm:fmiz ‘:i‘;f; : made possible b)'.ﬂlev av’i::lgt;r and the only u:{atlﬁ
ﬂbsﬁll;lcly on the l'C]labl-li[)' of the Imi?:::?'s 3vai.[ab]c 1o fulfil its
consideration is that sufficient waler is st WAIGE
Purposes. It is physically impossible no

ent cullccu’vely vast
14, informatiop i Sometimes
mum annual rup-gff This
owner of land whe may wish
I stock Walering purpoges and
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The planned wasie of water, “‘]1"'“_: "‘ Is “Lc{:“‘m o _[Jllfrilmsc
ereliability” of water supply for the large city, is an essential and justifigh),
rcl_la lf e irand perhaps it is so also, if to a lesser extent, for the large
giaos\lws:rflmec;ﬁ:r‘iénlion area projects. Nevertheless it cannot be a sounld basis
of design for the development of fal_'m waler resources where these nvolve
irrigation. This is particularly so in circumstances wllcl_'c.l even with aj|
available water being controlled, stored and us_cd, the limiting factor iy
production would still be lack of water. Is this not so on much of the
agricultural land in this country that does have undeveloped water
resources?

The attitude of mind of the farmers and graziers to the water resources of
their own land is of paramount importance to the nation-wide development
of these resources. It is time to abandon the traditional concepts on water
from the older countries with climates that are less harsh than our own,
There are also many academic and scientific dogmas and conceits relating to
waler generally that should now be abandoned in favour of more realistic
and practical thinking and action on these matters.

\ .Fof instance, an approach that demands complete reliability of the farm
frmgation water supply, will often limit the area to six hectares (fifteen
acres). 'H_u‘s produces high cost (per unit area) irri gation, in circumstances
where a like amount pf money could start a much larger area of irrigation
that could be progressively expanded. It may not only cost considerably less

per hectare (or acte) to produce, it will also cost so much less per hectare (or

&e) o run and thus be profitable for the i i
range of products. production of a greatly increased

E. Stored water, a second savi
In elopment of hi T ———cond savings account

able mlhﬂiiii\ ;lfolfjmcm of his land's own water resources, a farmer should be
take the water outs ;}ol;cd o 3 a second bank account, Provided he can
land with similar ; dam quickly at 3 Joy cost then spread it over his
water for the cro }fpee and low cost, he can then "trade" the necessary
e continue 1 P he wants or the Pasture he needs for his stock. Why can't

" o Just that an if need be, use up all the \;vaier of the

Storage? . s
8¢ True, he is then withony the water as such but he has more than the

' in crops and pasture.
the sign of failure but
uld be a sign of failure.
land cheaply to save his
full dam is not a sign of

Quite the reyerse.
If the owner ¢q
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to ils storage capacity, while another m e

droughts the combined walcr storage shrinks, probably by first gne i ;‘:11
then another, lf)gcli_lur_ wl_l]l their respective irrigation areas, progressivel
dropping out of the irrigation procedure. ely

When only enough water for stock purposes rem
from that dam must iI:easc.l With the dry spell persisting, the owner o
always be able to predict this discontinuance of irrigation from a dam well in
advance and be able to make his decisions accordingly,

There are yet other factors which may operate in dry times to assist the
farmer in the management of his waters for irrigation. For instance, and as
with many Keyline layouts now operating, dams for the storage of irrigation
water are often inter-connected both above the dams and below them. The
linking together of dams so that the overflow of one feeds around the
contour to another dam in the chain. The "lockpipe system"!, permits the
rapid release of the water for either irrigating or for the transfer of water
around the property. The irrigation channels of these dams can
interconnect. Thus the dwindling water of two or more dams may be
reserved to the one irrigation paddock while withdrawing from irrigation the
area that is normally serviced by one of them. ,

The same inter-connected or chain type layouts oi)cn involve dams, or
even chains of dams, at two and sometimes three different levels. Ttus
permits the transfer to a lower dam of lessening waler reserves 1o mma: e
full irrigation on particular paddocks. It has been found in Pl i

ked is the tendency for the
more severe the drought, the more mar o e
located in the higher parts of the property, (o ,runlhe e bl
Also the further down the property one IMOVES

available. One of the reasons for this is that gthmfhs: f;:i?iﬁzband i
dam construction are often associated 11101;r o generally improve

slopes. Further, the filling characteristics
tow; f g < N necessary 10
f‘ﬁiﬁl‘fﬁ? f&iﬁﬁo be absolutely prevented “J::tujifﬁ;ﬁon could be
know exactly when it would rain and it's quantity ;0 i at the one time, just
S0 al‘ranged'as would cause all dams (0 be_CO’::;a };‘,. places on the carth's
before the filling rains arrived. Thereate mg the amount {0 be expected are
surface where both the rainfall incidence ar dams for irrigation
SO consistent that water usage from farm

ains in a dam, irrigation

: strainer,
. 4 with, inflow cone SR
: ipe line, equipped ide of the pipS-
U e "lockpipe system" is basically a Iﬂf‘sc,‘i'“"'“iﬁ"ffm leaking alcnﬁ;': :;:lst of the walé?
Valve and most importantly bafile plates “-h,chrpr“fh dam and permits
Itis positioned through the bottom of the wall zmc:;ld the property-

or either irrigating or for the transfer of water
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i weather forecasting is an unattainghjs
precisely planned. osﬁ:ﬁs;ﬁh they can still do a lot better with the wmcl‘tr
Utopian dream rl‘;;‘ﬂ the logical methods of planning and design. Logical
o, b‘} \\'a%cr do not involve avoiding the use of irrigation waler
melhodf ;ﬁr w::igght be a drought and one might run short of water, Iy jg
:Jnelf:;:s"bcu::cgcn‘émll)' to "cash” his stored water at the first and Cvery

available opportunity thereafter.

F. Water use strategies

The use of available water is more cﬂ':cicnl!)' done if it is properly
designed. The design of water use from various 1:1rn_1 dams must recongile
several possible rainfall patterns, Firstly, the future rainfall for the next year
or two may be such that the landsman cannot use up his stored water as fast
as the sup}:l_\- 15 replenished. Secondly, the future rainfall may provide one
or two run-offs and then a long, dry spell. Thirdly, there may be no more
run-off for a year or more.

In the first case, if irrigation water is not used on every occasion where it
would be profitable, water has been wasted by not being used. In the second
case run-off rainfall could be wasted if water flows off the property while
some dams remain unfilled. Therefore the design of water use should

provide for a quicker and larger draw from the last dam of any chain of

dams. le:{ final run-off water would be trapped in this dam and not run to
waste from its spillway

e liw Lf it was over-full. If such a dam becomes short of
e g o 0w irigation arca, water remain ng in the higher dams can be

s \\atcr_ Tesources, so that
i elopments from Keyline water plannj 7
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VIIL. SMALL IS BEAUTIFULLy BETTER

A, Water resource deve
hinders private.

There must be few Au,_;slrallians nowadays who do not know that they live
in the world's driest continent, Over the last fey years this water fact of Jife
has had very wide public mention, Quite 2 few People, some of them well
known, have used this fact as a prelude 10 some rather startling statements
about our "grave shortage of water", The rainfall and water run-off records
of the United States, which is a country of similar size nearly 8 million
square kilometres (three million square miles) may be compared to our own
lesser figures. How many people realise the much more important fact that
these oft-quoted figures quite clearly disclose, namely that Australians are
much better off for water in Australia than Americans are in the United
States? On the basis of average annual rainfall of 400 mm (16 inches) in
Australia and 740 mm (29 inches) in America our population of near 20
millions would appear to be several times better off than Ameriu_s's 200
millions. It is very apparent that the Australians do not really live in "Dry
Australia”, because the vast majority of its people live in the parts of _Lhc
continent with an average annual rainfall comparable to Ihal of America.
Although a large part of the rain on Fhis continent falls in d?t(l attlddgw
sparsely populated areas, much water is lo§l by evaporal_mnfwi ?;lﬁ‘ walt]:zgr
much good or promoting any run-off. Aggm, on 1I!e bt:ms of a:?nmmn e
Australia's average is reputed to be about 25 mm (1 inc )P_;;blc e
America's 225 mm (9 inches), so Australians still have a :;f el
on the same per person basis. The run-off from the pafis acidenaile,
over 95% of our agricultural production is carried 01}_ e el o r
thus appears therefore that Australians are, relatively, ven
water. ) . ts of the

I'f!\ustralia and America share a common belief about two aspec
discussion on agricultural water: =

(1)g A blind faith i? the "Big Dam
Government irrigation water, ey :
(2) Common neglect of the mﬁﬁ: mﬁ]}m same Purposes
valuable water resources which co o all their farm lands,
of irrigation and which belongs © . 4
properties and forested areas. ted almost as if it didn't exist

This last great water resource 1s Lreav s . oo
Certainly as though it was of insignificant on the farm for 1mg;ﬁlﬂ°“n e
Control and storage of water r;SO'%fcesdm,c[ opment. Had this bee
have been the starting point of irrigation
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far more irrigation land would be available than there is now, or wij be iy
the r"”mab:‘;;':u::gaums been mustered for farm water, the farmer yoy1q
ha .H:J:‘:,:D:rl.m despite efforts much water was still _gcl:ing away, _:1‘ the

- saw a need for more water, he would have discussed this wip his
sf':nﬂxﬂtlrrl\ placed neighbours who were affected by the same climate payery,
They would have recognised the possibility of storing n!orc walter at a place
where water could be held and released as needed to fill up depleted farp
storage. To work satisfactorily, the \.\'{IOIC dt:\'clapnf.cn[ \‘_'ould have been
based on logical geographical planning. But despite this, water would
continue to move off the farms because, while water is used, it is not all used
up.

The main way in which water is used up is in the cooling of plans and
land surfaces by evaporation. An important duty of water is its capacity to
expel air from the soil as it fills it and to draw fresh air into the sojl as it
seeps downward to the river. This water is not used up.

A logical development of water resources is to start from storage on the
farm, move to group storage by farmers and on to larger storage for several
groups. The water of progressively larger development would be used in its
OWn geographical region with the highest water use efficiency.

This Was seen during the periods of Australian drought when water from

m{)‘ﬁeﬁ“g Cfi}ic?l need close (o its original source. These nearby
+¢ ellectively used one megalitre :
equal 1o that of three megalitre (acre f; > (acte fool) with an effect

kilometres (miles) away, eet) at point of delivery hundreds of

(acrl;o;iucﬁnn 10ss in these by-passed areas, where
arming is the ryja could hav 3
2 L Ve been cut by 3 thi i
Wi Watey 1o g ts Way o the ity i:];;:i N e
dler i 2 X =
benefit raig o L?];sets)e mup = ;:c;n csﬂma!ed as high as 40 1o 6o per cent, the
where it fel] 908 A0 Bvouc OF the wse of wator acar

higher value per hectare

=T m
SCIVES 10 get the syoy v thout a big gy
£0od condition by preye. - Ply and keeps .
the farm im’gat.iji:rr?r enunglu‘] build-up of paq “.Eﬁerlh‘;en(:loscd water 11}
spread influence of ke fCh have been py; as a rg:ﬁ from some :j:
from the deep waler eyen 1}‘1: S generally haye t of the wide
If there had beep e 'Ough today this is often ot 1o such big o_ullct
ineffective as Possible, it onuldciotohar:ak" this type of oy

cp

stoy z
roduced 2 worge fage as bad and

o 64 general result.
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Normally, before building a new asset, the varioys gl
it are examined with the utmost care 1o find the best &m? fl:;d bu:}mng
at the lowest cost. However when the ey asset 1o be Prodpuc,e;c'mg it
"jrrigation hectarc (acre)”, this ordinary business approach is oulsidli x
pounds of public l.hmkm,gj ’er"so i :vnuld seem.  Bu the irrigation hectare
like most o_lhcr things, has a "value _anq SINCe 1L s a production unit, sg the
value of it is closely related to what it will produce. The market price of the
irrigation huc:_arc (:fcrc) 15 determined accordipgly, CO“SC({ucm[y its real
value is the price a farmer can afford 1o pay for it and make a living out of it

At prcscnt: 1i}c f:'jrmur who irrigates from his farm storages pavs for the
lot. But the irrigation arca farmer does not pay for the big storages and
reticulation lay-outs. His payments are limited at most to charges for
management of the scheme,

Any agricultural water scheme whether carried out by the farmer or the
government must be based on geography so that the best use may be made of
the water. . : b

What is an hectare (acre) of irrigation land worth? Here in Australia its
value varies according to where it is and for what it is used. If i_ls use is for
the general production of wheat, sheep and wool or for beef raising then the
value of irrigation land would be about $1,250 pcr_hectm (8500 per m}.
However there are some newer intensive grazing systems ’for which
irrigation pasture could be used allowing the va]_ue of the irrigation hectare
could be higher. For the production of milk its value cmllc:i mglrcatha_n
double to $2,700 per hectare ($1,100 per acre), Its value_ ;iogidl viz:‘ ' r{:imgiag
were it to be used for horticultural purposes. In special but ven

i it wi ] ch as it cost the Government {0
circumstances, it will even be worth as much as i ¢
: ined, the irrigation hectare produced by
produce, for as far as can be determined, s R
large Government under takings cpsts much more 0 p
worth, when judged on ordinary blumness s@mjmuni\' i e prodsition ot
Government irrigation land is economi 2 Rk
crops with a high value per hectare (acre) mm};ﬁ; = mups may quickly
last and vegetable, orchard and‘ m{ue cro;:;. eore the growing of theat s
reach the stage of over-production’ and the

satement of the problem than "0%T
! s an aside "under-consumption” is a more accurde ctive busin:ﬁﬁ because their {here i
Production”, A'llhough it seams approproiate 10 c!o?e%-m by subsidised imports 67
can't be sold, it is the wrong solution if the market is being
4 contrived scarcity of cheap credit for consumers. e
i ally casier and more desirs couSUmEr
Rather than imposing import tarrifs it must surely be P."’WJ-JQ c;:)ducliun by means of c02
Poly to reduce the local selling price of our OWM BERE ) o 1ocal pro
wpsidies. When price is not a factor consumers WAl SWFEC L 0y These s
Would be incresed local consumption and *?"Pm’dg‘;
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! IR ce growing in the Victoria-New &
often controlled tn m|1|c.l!|t‘::‘l‘;t"‘|'c I:J\t;,.&l'}{c of :lus type of restriction ?:1?::.
Wales irrigation arcas, |>.J l-\uthoril\ Another control is the pr oduction 0;
it is applied by Go“lr;rt"r:'::b under contract with food processors and if
<7 wgwfle:bglw or ou!;;ldc that contract. he could be left with his Crop
!‘n.r!ncr P md::dhm.c to sacrifice it for far less than it cost to grow, There i
:gbfs!ﬂ;;; of these kinds of home-grown agricultural products in thig
mu;‘,ﬁhc past it has been it may be difficult to obtain clcnr-cut_ information
on the cost of producing irrigation land by Government Aulhqru_\: but whep
it comes to obtaining information with regard to dual or multi-purpose damg
where both irrigation and power generation are included, the information js
cven more confusing,

1. Burdekin Falls Dam - Official figures assessed,

The following section, compiled and written by the editor and merged
info the text, provides some cost figures on a current “big" dam irrigation
project and on farm irrigation. They provide a dramatic and relatively

current confirmation of the original assessment of large scale irrigation
projects by P. 4. Yeomans.

€sources Commission

l'ld.ll‘c‘s. TE}".‘IIC AD 4 on pagc 10 "E.\'pf.‘l'ldjlurc

Associated works: $120,816,615
Total: $134,117.489

$254 934, 104

"METCSt BN debr. wopiss banks Aone have
! SN never

Loaned redi
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The reports show that 16 farms were 50ld in 1988/89,
1037. The total area of these 37 Properties is 4 379 ha.
118.35 ha The '.nu:u::u of the 16 was 131 25
Report 1989/90 page 23) .

The report also states ", In addition 5,500 ha of existing development
has also been supplied with water by the projecy * (Source: W. R ¢ Annual
Report 1989/90 page 'Jj. .B,\' summing these two we et a total of 9879 ha,

Total investment of $254,934 104 / (4,379 + 5,500) ha = § 25,805 per

bringing the ota)
. AD average size of
ha. (Source: W g

sctare,
IlL"L;)lL‘I’ in the uppcndicgs _10 _1hc W.R.C. report the marginally higher figure
of 11,789 ha is stated. This is made up of 8345 ha sugar, 2,316 ha cereal
and 1,128 ha horticultural crops. (Source; WR.C Annual Report 1989/90
Appendices. Table IAPM 10 on page 30.)

The total funds employed in the construction of the Burdekin River
Irrigation Area to the year ending June 3.0' 1990 is $288,648.223. (Source:
W.R.C. Annual Report 1989/90 Appendices. Table IAPM 17 on page 37.)
These costs do not reflect the present day values as the money that has been
invested in the project has been spread out over many years.

In the same report in Table IAPM 9 on page 27 we leamn that a total of

farms are being served with the water.
2501f we divide the money invested in the project by lhlc_number of farms
served with irrigation water we discover: $288,648,223 divided amongst 250
farmers is $1,154,592 per farm. _
an?lust how big are these million plus dollar farms? .TO d:;lt:mu[;le art:.:
average size of each farm we divide the number of farms ml}? 1o e
irrigated 11,789 hectares divided by 250 farms = 47.16 hectares %
acres) per farm. ) .

Tigfzurrem replacement cost of the project may be cgdwﬁ“‘;:m
million dollars ($400.000,000). If this figure is S e
calculations to determine the average cost of each 1rr:%:;m s
cost per farm, it nearly doubles the per heman: asllg P:s of e porject it the

One might rightly consider that in the early [elgv high. This may be the
cost of the irrigation land may be dlSPmPUmDﬁ ow the project may unfold.
case and the following table is intended to show I

er 15 years which is an
The target is to bring in 500 new &m;;;is 1‘3“‘ e Al
average of 33 per year. (Source: wamajm':ncn:asc ofim; ]rwarnu per year
Report 1989/90 page 9). That is an annu iso {his s an increase of about
Average size of farms is around 120 hectares S0 18 0oy o 600 per
0 i e C cwcml%:l::and $5,000 per becat®.
Year. This calculates out at $600.000 per far s were completed 10 ¢
The 1991-92 Annual report stated that \\f (1,339 / 11 farms = 122 ha
1,339 ha in 11 farms to be supplied with water. (%
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farm.) The report also stated (on page 22), that 37 new farms v,
per lammil.

A lease at the close of the year . .
axn#bltdﬁgf:h;“; on this page uses these figures and project them for |5
1
.\earTsjlc 1990/91 Annual Report of the Water Rcsuuiccs Commissio,,
provides confirmation of the $20 million per year figure. (Finangig)
. e 46)
Sm;:;:::;ifff: 1989-90 1990/91 1991-92
Ir'rigallun Area$16,776,178 $18,111,935 $19,970,253
Main Dam $4.672,379 $3,215,352 $242,153

Total $21,448,557 $21,327,287 $20,212,406
Annual Progressive | Bxwaha | Arca | Cost per =
Year | Expenditure Total sddedyr. | Watered | Hectare Acre.
1989-50 | 821,400,000 | $255.000,000 11,789 | $21,630 | $8,757
1990-91 | $21,300,000 | $276,300,000 10,640 | $25,968 | $10,513
199192 | $20,200,000 296,500,000 15,650 | $18,946 | $7.670

1992-93 | 320,000,000 | $316.500,000 4,000 | 19,650 | $16,107 [ $6,521
1993-94 | 520,000,000 | $336,500,000 4000 | 23,650 | $14228 | $5,760

1994-95 | $20,000,000 3356,500,000 | 4,000 27,650 | $12,893 | $5220

____'__‘___'_'——l_—'————_.

226 | S20.000,000 | 376,500,000 | 4,000 31,650 | S11,89 | $4.816

1996 000,000 | $390 5 ——i| 2 ’

ﬁ%ﬁ%&ﬁ_m 4,000 | 35630 | 811,122 | $4.503
00000 | 416,500,000 | 4,000 | 39,630 | $1550: 5

199899 | &0 —— el ) S04 | 84,253

1998-99 | 520,000,000 436,500,000 | 4.000 43.650 | 310,000 | $4,049

_'_.‘_'——_'_',_'————-_ —
::‘;“jﬂ? Sfumw_}o $436,500,000 | 4,000 47,650 | $9,580 | $3.879
;Um:; 320,000,000 |"$476,500,600 4000 | 51,650 | 89226 | $3.735

55,650 | $8,922 | $3.612

- $20,000,000 $496,500,000 4,000
4 3 2 :
3 | 320,000,000 35 16,500,000 4,000

2003-04 $20,000,000

59,650 | § 0
= ) 65 6
___‘JUQI_{]' - 5336.500.0’00 4,000 63,650 58’ 2 i

;onmc). $20,000,000 $556,500,000 T , 8,429 | $3413
2005

Boepeai ]
4,000 | 67,650 38,226 | $3,330

-__'_'T——-—-_.__‘

320,000,000 —
—_— 4,000 | 71

|0 | 71,650 | $8.046 $3,258

$5 76,500,000
-—_-'—-'--.-_-_-

This table reveals thy
ey g :
Irmgation area farm b cost 10 jug Supply the y

S, May neyer et bélow $8 000, Valer to the Burdekin

-YU per hectare.
Here we divide th 9 Water Use
1989-90 89,566 ML) 1) mge hectarcy o 24 Area rrigated.
1990-91 122451 ML) 1 B ~ 76 ML per heetare
199192 211293 ML/ 13 ~ LS ML per hectare
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b) Water s
what does the farmer :2;[15:1].:_\- pay for this “L"lc:?f sale - below cogy,
sround water is supplied in some areas g $5.70 o=
510.(-11[:15111.952 in 1992) per ul'._:g:liim:l if they ““dcn;kcw};nzl}lf g;f;;s
from the river, The price is .‘n_l(; (.%lﬁ..!i() mlwuz) per megalitre if jy g pulleﬁ
from the (lrmnslzmd the muxunym price paid by farmers drawing water from
the channel is $32.75 ($34.35 in 1992) per megalitre,
In the W.R.C. Annual Report 1989/9() Appendices, Table
page 36, we learn that the total revenue for 1_!1&: Bu.rdc'kin River Irrigation
Project is $3‘524.§(18_ Abgul one third of this figure is for water sold for
urban and industrial use. $2,130,472 was water charges and $129213 was
for drainage. N
Farm paid revenuc, consisting of Water charges levied and drainage
jevies thus yielded, $2,259,685.00. Howe_vcr .in both cases the Operating
Costs incurred exceeded the revenue resulting in a $382,309 operating loss
for the farming section., . P
Thus the price paid by the farmers which may well be excessive will not
even cover the administration costs of their share of the scheme, let alone
' r capital.
mw’ﬁf: (::mjr?: Burdekin project was aimed at growing sugar. Following
prolonged dry years at the end of the '805,‘the system was ;onnec{cd Tmuxssgg
to the city of Townsville, however the rains came before it was really i
and the initially unplanned connection will not be needed till another seri
of continuously dry years, forces the city to demand the waﬁ, -
Although not stated on the W,PL(;. Annual Report, I ‘e25 i
auction for around $200,000 each, wh;ch \;&lsrl:feout at $1,525 pe
$617 per acre) and this is in an undeve ope ; ) P
: It :fppears zhe Department is atiempting another nzjk;linii S:m\l;?st s
the Burdekin River Irrigation Area. This \\’aST:-i; ~eport indicated five
Australian newspaper report dated October 1992. e b b
blocks of land were currently on offer, by balloL. Ez 20 hectares. Blocks
from $196,000 to $297,000 and in area from 100 to i e Wter
are serviced with water, electricity, road access anﬁ::nlz s tai vator drain
is sold to the farm and supplied by an mﬂ":‘;me pl'i"Jpel'fY is built. The
disposes of any run off for a price, A 8 rosefgrc the water can be used for
on farm irrigation system must be installed

irrigation,

IAPM 16 on

e

i 25 pp. 6.
. Table WM 3, Water Charg
2 WR.C. 1991/92 Annual Report Appendices i
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L ana of the catchment arcd el‘_ the lh_ndclxin_ dam is alsg 3
o mdw}xr qeility and active decay 1 the form of erosion. The gjy
i dam, may well prove the demise of the project R
ecb: iiltll.:ilcd below healthier catchment areas iy :
the Queensland Government will stop Pouring
¢ till the demand for the water comes frop,

state of d
Joad coming Intd the d
sponer than other proj
milder climate. Perhaps sy
; 5 ect an C
Sligrtﬁ:x‘:i‘[\‘:l:ﬁlzairfﬁ;rd to pay for 1L Ccrl;im!y a better use for the funds
would be to start the landscape rs:gcncmuo:_r of the vast catchment areg of
the Burdekin Falls Dam using Keyline techniques. :

The "big" dam will invariably be the best means for providing the water
for the large centres of population where the value of the water is high, Bu
irrigation water from Government sources costs the user from about $10,00
pcr-mcgalilﬁ {0 $35.00 or more, while city water may cost around $1,000.00
per megalitre. Therefore, if the expanding population of a big industrial city
wants the water of an irrigation dam, who is most likely to get the water?
The irrigating farmer? Not likely!

2. Farm Waters - Official figures.

In Queensland the Water Resources Commission has a Rural Water
Advisory Program which develops "on farm" water resources. It is
interesting to compare the comparative efficiency.

In the W.R.C. Annual Report 1989/90 Appendices Table RWA 3 page
#4 we leam that in the 1989/90 period, 18 gully dams were completed and
installed by the Rural Water Advisory section in Queensland. The average
cost of each project was $55,417 with an average storage cost of $222.80 per
ML. The average storage ratio (water volume : earthworks volume) was
tl;;: ::oiag:]:-z:f;?esmwmks volume was 379,235 m® (cubic metres); the
57 Gl est-imm‘:s\.\.(:n‘: 4,347'! l\:ﬁ. (multiply ML by 1000 to get m?) and

Table RWA 3 am“erc PE500. ST
cositg $109.080 with an, soemrss - G200 Projects covering 385 ha
average cost per ofszc;:ge cost of each project Ql‘ $18,180 and an
per ha, e - Although one spray irrigation cost $4,532

In the
S w‘l"ﬁ‘;dcmr;;nl ? P 199192 in the appendices Table W 3 on
$26,775 per project. s Y s were completed at an average cost of
Per ML was $334.19, Tﬁi?ﬂ Per hectare was not attempted but the cost
average canthworks was 1] nu"‘:l‘;lgc? size of these dams was 80 ML and
volume 1o earth volume) o .o 18 A Storage ration of 7 to 1 (water

average and stored wage ). Off stream storages were three times larger on

Direct comparison t::m around $252 per ML

complex. However, if wcmm fiver projects and farm projects is a little
o e ﬁomgemba;;s“"‘“ 7 ML of water is needed per hectare per
15 $1,764 19 SOre the 7 gy, On average dams will be $252 times 7, which

water, ;:;ﬂi to this an ayerage of $238.00 per
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hectare for surface irrigation and we get a figure of . :
hectare for State engincers (o build the dams and de '_::IOUnd £2.000 per
areas. Even doubling the water allocation 1o 14 My per h ﬂpllhc irrigation
at under $4,000 but many irrigation projects work very 52:1:;“' ! puts the cost
of this water usage. i Actorily on half

Thus, average "on-farm" developed irrigation can

roduce irrigati
for $2,000 per hectare yet the large scale river dampcosts r::]:]bi;::-[r;}l(and
over $20,000 per hectare just to supply the water 1o the farm g

l3. The storage cost of water,
The cost of water lost in water transport in large Gov !
channels, has been -.:!nphusiscd. ’I.‘hcre is another mfl!cr ::f\ ‘l:::?n[:g; s:ﬁfc]:]
accounts for a seeming pa{ado.\' In Cost comparison as between the "big"
dam and the farm dam. ancra]l_v. in industrial processes the greater the
production the less the unit cost, but not so with water and irrigation. The
"big" dam, which from appearances, should provide storage for water at
lesser cost per unit than the farm irrigation dam. But it rarely does so. One
reason appears to be, the far higher cost per cubic metre (or yard) of earth
for the wall of the "big" dam which is usually over 10 times higher than the
cost for the earth placed in the farm dam. And here the cost of transporting
the material is a large factor in this comparison. Whereas on the farm, a
dam site to be used has to have good earth for wall construction at, and
usually within, the dam site. A suitable site for a "big" dam has no such
favourable feature. The materials have to be much more carefully selected
and invariably carried far greater distances. Concrete walls for these
structures are much more costly again.
4. The transportation cost of water. "

There is another significant comparison of the two means of achieving
irrigation land. In the "big" project the irrigation land is carefully selected
because a free draining soil is a standard first requirement. But the problem
of water loss in the distributing channels made worse by this requirement.
On the farm, the land for irrigation development is PWCB?I?' selected, but
because of the confined area the selection is based on ﬂ:le position of the lzmc:
in relationship to the water, enabling the cheapest application. T.h;]aﬁm.
restrictions on suitability fade with the realisation that the biologt i
and thus structure of the soil can be improved, and of course !
improved much faster with the aid of irrigation.

The way to improve agricultural land and pr
rapidly, and very importantly, to improve the I 7
graziers, is by the further economical deyelopment © I:anrd is that which s
oL by the 100 rapid bringing-in of new land. The DSt B E byt very
1w producing profitably but which, by and large 15 capd
Significantly improved.

resent holdings and
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The development of farm water rIL‘Slﬂuf u;; W ?‘}:}‘I’ :-l:"‘lf'v a FOIlcCli\'cly Viist
<rea of irrigation land spread widely throug ou Bl ¢ larming and grazing
districts, It would not be dangerously concentrated in the one place, o
concentrated on the one class of productlt‘on. It would thus create he
palanced type of increase 10 all fields of agricultural production which woylg
best serve the nation's Progress.

5. A comparison of procedures,

Irrigation procedures for both Government irrigation Qislncl and farm
developed water can now be considered and related. It will be shown thy
the relative size of some aspects of these o ways of handling agriculturg]
water is not always in favour of the Government scheme.

One factor to be borne in mind is that once the water is on the farm and
the actual irrigation is under way, the significance of the "size" of the
Government water scheme disappears. The water may have been stored in
one of the largest structures that man can make; it may have travelled many
hundreds of miles in huge supply channels; been diverted by ingenious and
costly _cunupi gates to several smaller and still smaller channels. But only
\\'her? it arrives on the farm does the real irrigation project start. The size of
this irrigation project is governed by the volume of the flow of this final
su'eﬁ'n ?f water, \‘\'hzch the farmc_r L_hen diverts onto his land for irrigation.

5 {h::\' b.’g i ulus Govc;mnent irrigation project now? The general answer

i ilts grr;al Why? Because_mc water is sold, for this reason it is also

mﬂm 1€ common measuring device is the Dethridge wheel which
sures flowing water up to five cubic feet per second.

A "cusec”, as this old standard of w i
flow of one cubic foot - water measurement was known, 1s a
Siineiial et or 6.23 gallons of water per second, or 22,427

gallons per hour which is 101.953 1;

Aflowats Rl _I;tres per hour.

Sy = 309,766 litres per hour = 140 Vs
= 0.5 ML per hour
! =12.23 Megali
Therefore the maximum size of thi =galitres per 24 hours.
(112,500 gallons per B i S irrigation stream is about 140 Us
of water, of about 80,00 gallon“‘:“al:}';tmsaderably less. An average flow
F:f hour,is then controlleq by one?-f?a our 8.69 ML/day or 363,960 litres
ufzoose?lw}nch Were provided by the \?a?ipc rating the special features for the
it u'“ arge a flow is 100 /s (80,000 ous land preparation methods.
gation channel, g5 yeeq por porsr SN Per hour)?  In an excavated

irTigate faster ang atl could handle six times as much
nel used jp flatter Gower Cost. A 100 s stream flowing in
» 83y, L in 2,000, j ‘;"emmem irrigation areas and with 8
9 * " APPEArs 1o be a large and impressive
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volume of water until it is div
becomes unimpressive.

As an irrigation stream, it will water 0.57 ha (1.4
Jong as it is so controlled that only 50 mm (two inch
the soil. _

These irrigation rales are far too slow and too costly imian
maximum size of the irrigation area which should be seryiced bs?o lluw:r m;h;

cried to irrigate the land when it again

acres) in one hour, gs
¢s) of water soaks into

is 22 hectares (55 acres), though this opinion may
irrigators without Keyline irrigation cxpcn}::nce_ may mot be accepied by
In many cases farm irrigation water stored in a " :
for its safety or ilnfsu{anc_c value zlllanc. This type o??:;;r:;aghb'; ::rtm}?drf,
as 'supplemental irrigation and it usually constitutes a stand-by reserve 1o
ensure the produ_cugn qf a special crop _and the possibility of a dry spell.
Generally, spray irrigation now serves this lesser purpose and since the aim
is to equip the area as cheaply as possible, irrigation is planned which will
water the specific area in the same time as the planned irrigation cycle. An
irrigation cycle, meaning the time interval before the area will need to be
watered again, is usually in the range of from 1 to 2 weeks. This slow rate
of irrigation greatly reduces equipment costs in a smaller pump, smaller
main lines and spray lines, but irrigation is much more costly in man hours.
This type of irrigation, is not a part of the wide and proper development
of water resources since it only insures against losses, but does not assure the
production of extra profit. Certainly there is the exception, where such a
project is for the small area production of high value crops. These projects
have a place on some farms, and although the cost per irrigated area is low
when compared with that of the large public scheme, they are not of the
class which should in the future play other than a minor fole in any major
drive to develop farm water resources for widespread irrigation. Any dnvt’:
in this direction would need to ensure that the larger percentage of the'new
irrigation land is won at low cost and that the irrigation medm f:;
applying the water to the land be as economic as possible mm?f':: F
costs, so that general production can be increased and not rely SUMP)
selected variety of high priced crops.

6. False economics of large scale pmjeg:vemmem

It must surely be seen that any extensions of he PIESCT e, o

irrigation schemes, would have to be used for oz .;cmsdogpm from the

which Australia has increasing OVerseas demand l;nynm\' Jarge

possible gradual rise in sales of the high value per S cmf:iuc

irrigation districts would need to be used for lhc‘]‘:"\“::iml hectares W
(acre) returns of general production. S0 anY new 1rmiga

still cost very much more than they are worth.
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- the irrigation land is not worth what it costs to Pr_mlucs: then whg o,
or “uh;hl‘lmlg?lﬁu difference between cost and value? This is g good quuqﬁz'::
The ordinary tax-payer has the rather naive nonuq _lh.'n the farmer beneiy

so the farmer pays. But the answer is, that the o.rduulr}' lax-payers gy the
ones who pay now and w h‘? have the prospect of the continuing to pay for
these undertakings into the future.

However, the development of these waler resources on the basis
discussed throughout this book, is on a broader scope than merely (b,
production of irrigation land, since the objective is the planned developmey
of all the resources of agricultural land.

Some illustrations may serve o show the sheer vastness of thig greatly
neglected resource,

Suppose for instance that Australian soils covering one third of the
continent could have their fertility improved and their soil deepened a litile,
as is described further on. The soil would then be able to take in more rain-
fall and use it effectively. [If only an additional two inches (50 mm) of rain
per annum was imvolved, this would be equivalent to over 125,000,000
megalitres (100 million acre feet) of water, and be the cheapest "irrigation"
of all. Further it would constitute an im
before parallelled.

Does it not appear completely illogical in the first place to do anything
about storing water in "big" dams for irrigation at such high cost and at the
same time neglect the benefits of soil and landscape improvement with
ﬁﬁmﬁz\ﬁfﬁcﬁ@u?ﬁog which are available so economically by
mega'liues o acriormP eted Snowy S:fhemc less than 2.5 million
the Murray and Mmmmbgdoe:ﬁ per annum will be added to the waters of
land of say one third of the ;mu:?'? for irrigation. Australia's agricultural
well over 100 million acr ect {ii;'u"_ld_ have an a_verage annual mfl-oﬁ" of
Tun-off water than in 3 hypg million megalitres). So there is more

e fi
rded Snowy schemes. And the spear-grass and
an U

provement in agriculture never

: . MOvVemnment proi,
when the objective jg to impm\z a‘l s
are probably mzpy Teasons e

pletely dominate public policy
Agncultural production? There
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|andscapes ul'_ the older irrigation areas created out of water and near desery?
Added to their spectacle, are all the u_)m'cmcn(.tcs of city life and 5 busting
industrial complex SiSSus with ﬂ_“" factories for processing the producy of
the irrigation l:l:lq_ For cenbitita crfm'mlng achievement of civilisation
has been 1n 111511-'.1_|u_: the "desert §Iwr11 . scmm_n;,j interests which cg uld
greatly benefit from such projects, are connnuqugy demanding tht
weomething should be done about developing the limited water fesonrces
now". Doubtless money follows tllu: water, why not? Of course what is
meant by this demand, that something be done about the water now, is that
governments have to be _pcrsuadcd to do something about it How? By
arranging that all the ordlr_tary_tax-pa)'crs of .th. state or nation be made to
pay for something which will dl_rccl]y benefit just a Ifew farmers and the local
bu'sincss communitics, Rarely, is such an undc_rtakmg sound enough from a
pusiness point of view for the farmers and business men to get together and
finance it themselves, or they would do so.

If the object of an irrigation water policy is 1o beneﬁl as many farmers as
possible, or 1o increase production as rpugh as passgblc _wuh the money
available, then the Government dam and irrigation project is most assuredly
not the way to do it. In fact, the rapid extension Iaf Isuch schemes could have
the opposite ¢ffect of ensuring that the vast majority of farmers can;(: l%f:
any assistance with their own individual water df\'elopz_ncnts_, A;nd, s,
farmers get benefits why should not all of them? DCSPIFC IJrJ:S. ; thcﬂ A
almost all farmers tend to favour and support these neyw SC:;: e e
should be the chief objectors. Big dams are big business 1 DUSIDESS
always has much to say. . : e

On another view there is a special hazard tn?i\ﬁmxé&
highly priced agricultural products of imgation B0°EVE e Furs
feature of Government projects. A drop in mar which depend on them.
for the farmers and all local \\'n_arkcrs and Puinﬁ‘awr supply schemes are

Not all government irrigation _and :_zgncﬂ: hich are considered good
as disproportionately costly. But m\'an_able n?jse those are the ones which the
business propositions are the lesser PI'UJ“‘;J‘: lesser projects or starting-off
public does not hear about. Often such b: satisfactory for private capital
schemes are good business and they would d for extension OF enlargement
1o support. But all too often the demand between costs and values
succeeds, and the reasonable relationship Apparently it maters not
disay Bigness itself is too often the trap. & *pig" it will €0

ppears.  Dig asit is "big
how illogical a water scheme may be, as 1008 _
Wwide support. i e ded 8s wom,blc. huﬂ:;ﬁ

All those projects which could nol ments.  The first being i
Propositions are justified in various argW ent - and that seems 10 apply
outstanding importance in national f‘“"cw,ﬂ:g e last one being that in
every single project without cxccP“";‘"
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final analysis the profits of all W ho bcuc‘ljlt .'l.r:l-‘lgutiiu% m. Iiclllu.‘w,
itimately the moncy spent is rclur‘ncd. pr t_buf;h_ ‘l t. wua‘u idated re
: It is said that the necessary factor of f'- .L-llb-l _“-‘ I‘_" ‘:”'"Plf‘l‘c 8¢
water supply in the government schcnn:?. mu.l 5 4] I'[L!lllj.lrdu.lla Cost
water. whereas with farm water dev glgpllluilt that factor
reliability can never be a reasonable h:l:ils for planning,

The totally different philosophies of thc‘l\_\u developments I?ecmnc much
more significant when the water run off figures are .cmlsMcrcdl, The
government project can be concerned only \mh‘ run oft water which hag
already reached the major streams and, except for the one hllgh mountaiy
development, the Snowy Mountains Scheme, thc water which is to be storeq
has already travelled great distances. As with the great artificial supply
channels, so with the natural channels of the rivers in the earth - the waler
travel has already cost much in water losses. As the total run off is probably
somewhat less than 9 percent of the total rainfall, the loss must be
considered a serious one from a national water use efficiency view,
Apparently if every drop of run off were stored in big dams on the rivers, the
quantity of water would still not approach that which is available on the
farm and grazing land. Tt could be also asked: if total run off is nine percent
what has happened to the remaining ninety-one percent? Water is lost all
the way along the line - everywhere - and the farther it travels the more of it
islost. All the water which runs off the farm does not reach the river.

It is better 1o keep water on the farm, firstly in deeper living soil with
greater ‘field capacity' so more water i available to the plants following rain

and secondly by storing as much run off water. as is economically possible,
on the farm for Jager reuse.

The purpose of these

The purpos comments on the large "Government dam and
Imgation districy projects”, j #

15 10 show by i = f
farm waters. 1 5 gy scale g ¥ comparison with them the value o

evelopment of these w lace for no
other o S€ waters took place fo
e I’:\“‘_Omgwa:ha: .lhc Production of more irmigation-lands, then they would
developments ;I: afggcs over all the large scale projects of Government
more :rng:suo.mluu;l EI{;;?,]?E 'S vastly more waer to dea] with, to produce
cost of Producing 1om all other sources combined and secondly, the
(and cost free 10 the

15“"31uabic irrigation land would be very much lower
lax-payer by Comparison),

50 thy
Venug,
ety of
in log
of comple(e

irrigation,

s Throughgyg these discussinns il
efficacy 0: the twg Ways of developip
¥ BOVemmeny's

co_mparaiivc anal
B irrigation land;
18" dam an jrri

i

ysis emerges on the

Eation area project and
U Water resorees,
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The "big" dam, the great supply channels
jrrigation farms in the irrigation - districy
overawing, I'c;!turcs. But from EVEry poss
irrigated land _Irom farm :md. p,f:a.z.mg land water resources i the best way for

\tional benefit, and ﬂl.u Way Lo improve income for farmers and praziers

The relative size of the two, whu.' the water actually comes intp o
the farms, is very much in f:i\'uu( of the later, and after all placing water
into the control of the individual farmer is the object of both.

In government schemes, large flows cannot be kept available for (he
irrigator for when he happens to need Or want 10 use the water. In fact, he
opposite is the case; tlhc whole working and_. management of the farm i
usually ordered by the times when the farmer is allowed 10 take water The
rate of supply has to be limited, not by \\'hall the irrigator may be able to use,
but by the necessity for the water authority to ‘)sccp the supg]y. channels
down to a reasonable size, _anfj to be ab}c 10 service as many irrigators and
possible from channels of limited capacity. Thcr_cforc lhf’ rate at which the
irrigator can water his land is not g_o\'cmed by his capacity to do so, but tr\
the rate of the available supply which also governs his manpower costs in
Im%:’xagr. from a farm irrigation dam on the other hand, is not affected by
such limitations nor need it be restricted in the rate ‘af flow of the \\amrﬁ
other than the practical considerations of the capacity 10 use the ;;‘meif o
by the size of the dam and the related area _of _lhe irmgation padd
land can be watered at a rate of flow only similar to that of the government
scheme, then the greater flow can be planned for and used. SR

A government scheme, no matter how large wul‘dﬁnm g]]}l;ns e
irrigator farmers with a flow of 1,260 1_!3 (one mflu] {maﬂd i
Such an idea would be s:onsidgm;l q?ulc ridiculous, s
completely uncontrollable by any imgation pm?cam&m'elupmenls e
so on a farm. That large ﬂo‘\\‘ for some mf consiruction and fully
practicable, being simple to dcs:gn._cgonqrmc:ﬂ o Sl e e
controllable by one man as a normal irrigation s“m’g‘c\mml‘, economical
particular circumstances, and when these suit fast ::1[1 ng. o these favourable
irrigation it is better to design the working acco )
circumstances. . ernment irrig:_llmﬂ

Hillsides the irrigation if which is not M};ﬁ:i EE fﬁgwm s ot kel
poses capecially afttyutive lrri ol B Jation districts, waterlogging
10 be troubled by those serious problems of irmga

1= o field of ifs Use, iS SPIAY
and poor drainage. Hillside land, in the very limited fe y. Bul

2 to 5 acres) per day. Bul
irrigated at the very slow rates of from 1o 5 ha (-ﬂ:)onf’s}swm is extremely
“hillside irrigation” by the Keyline Patternt iTBS S Cocor b
Practical in a very wide set of conditions and 3’1 Also, one former diffi
acres) per hour and with only one man control
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of hillside trrigation, the danger of soil crosion is not, with thjg System 5
factor for more than pils:‘illg.!CUIlSIdL‘I;ll‘m[‘I. Sy

The water available for irmigation thﬂ“‘l“_““‘"’- “"_1\ 1 ls associated wyy,
Millids Isad consifites an CHTI.":;,.:,. untapped resource spread Widely

¢ farm and grazing lands.

Ihmé‘f::.ﬁ:g;; of applying water to land which is in wide use iuhi ITigation
districts can be used with at least equal advantage on farms and from their
own water resources. But further than tllmt. because the flows rates of Waler
on those ordinary farms are not so restricted, they .':II.ow every one of thege
methods to be greatly improved upon. This is particularly the case with
lower costs of labour when more area can be covered each day with one
man.

Not all farms have water resources which can be developed for irrigation,
some, with sufficient water, may not be able to use it because the topography
of the land precludes it, or because the available soils are not suitable for
dam building. Problems of materials will gradually be resolved, and
particularly so when it becomes the serious business of some government
departments to conduct tests and to make experiments on average farms,
with sufficient money to support the project aimed to solve the problems.

There appears (o be no basis to the often repeated statement, that
Auslr;l:’.a is seriously backward in the development of her water resources,
meanng of course the "big" dam type. In fact we seem to be as well
advanced in water development of that kind as any other progressive
country, particularly on a population basis. So much so that in future, that

t.\]xhul' ﬁrﬂ;ﬂ fhould be examined more critically than in the past.

m'e_.;: i acknowledged that in many cases, both with the "big" dam
Eo L cIIl-hl:f.nd with on-the-farm waters as well that it can be good business 10
"waste or;g“:-l:;u: o “Em but just let it go. There is always, what we call

I" 50 Why not "wacqea" : 5
expensive 1o hold? ¥ ot "waste" the kind which would be the most
It is now ¢ _
the d;,;;z:n::::lc f?f Eov Cmments 1o Cﬂcourage‘ by some spcc]al measures
business for e ::unlhc on the farm wager resources. It would be good
large tota areg of pggne . <3, “0d promote the development of a very
that it had been previogu:l)?nahind at, say, one tenth of the price per hectare
beyond what any amnable ::s];;’ forit. But even that low cost would be far

;hcc grcal?r Proportion of cases, 5 i o sn o S woul
sufficient induccmcnl lo :

5 Dfﬂ;lical lead and some loan finance would

MAtters. But if iy js vade farmers 1o think again about these
' necEg ; gain a !

or X concessions o g ¥ OF advisable 1o offer bounties of various kinds,

Irrigation lands as ig done 1o th

ind ® Production increase which results from new
Industry, then thay ; € export
cost much lgy, would sti]] pe

of the products of secondary
er than that by

4 meang Ofcreaﬁn Pt s
E new irrigation land at 8
.y °‘3’E’f Possible means Ea

8 :
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IX. DEVELOPMENT on
RESOURCES WATER

A. Sources
xT—L ] )
Some sources of very valuable w

Ater supply on farm and grazing |
may be very obvious while others ma § fands

; Y 1ol be 50, and can even be completely
concealed and unsuspected. The sources of supply for Flood-flg il‘l‘igalioi-n

are similar, generally, to those which may be available for other systems of
irrigation except that because of the necessary flat land associations, storage
dams are generally much larger and tend also 1o be shallower,

1. Run-Off Rainfall

There are dam storages which may be filled by run-off rainfall A
storage dam, or dams of suilable capacity may be constructed and filled with
rainfall run-off water from the dam's own natural catchment. or run-off from
a sufficient outside caichment area may be diverted to fill the storage. A
lock-pipe system of suitable size is envisaged which will eventually release
the water from beneath the earth wall of the dam as is required for
irrigation. The size of the dam is in accord with the local circumstances of
rainfall run-off, land shape, and the related capacity of the storage and lo_lhc
area of land which may be available below or near the sqpply _for irrigation.
The widely varying circumstances on individual properties will produce an
almost infinite variation in the shape, type and capacity of these storages and
thus affect their rational uses.

Farm storages will probably provide more water for the gﬁt{ﬁ
irrigation potential and could lead eventually to the dﬂflﬂpmbﬂ_imi
irrigated land than all other public and private waler sources Cﬂmi I L

Another type of outlet for irrigation water, additional to a pipe il
the wall, may be utilised if such a dam is constructed to 1:1]:] ;1 pem e
stream or which for some other reason can be kept constantly ?0 canlal
circumstances, a water-gate may be installed in a pOSlLlatllm':thJ i
release water to flow from the uppermost half metre (twenty
the dam,

A storage that can be kept constantly filled
outlet; I, which could

(1) A lock-pipe system through the bottom oufﬂs ﬂllz‘::lm i
Supply water to an irrigation channel positioned at the top of the dam toan

(2) one or more water-gates to su;;pl_\-' water from
irtigation channel on this higher level.

Again, when the stream flow is less than usual. lly
lower irrigation channel can be nwin}mflw_’“ ﬂm-:: (el
Whilst the land serviced by the higher irrigation ¢ )
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could have two types of

iced by the
the land serviced BY.
irrigated condition.
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hen the dam is filled to a sufficient capacity to supply w
onl}h\\ her placed waler-gates. It is a simple matter (o release
: g g 5 ey S 3
the l;‘ top level of a dam via water-gates at a low cost and iy

near e

ter [llluugh

Waler fmm

a Pfuctic“[

nutr;]:tl:t-lm conditions a high .::llxlcit._\', i-:)\\ head pump can be used
2. A Perennial Stream

A perennial stream o:‘suﬂ‘:ci;:ul ﬂo‘u-capau.tu_l\- l:l.‘il}' _s-uppl,v, by d
or pumping, 4 minimum ﬂ_m\ u{ say 2.5 megalitres QMJ_UU(IJ {53”.
hour, Such a direct source is sufficient to su[{pl_\' :I. nmxml_um lqlga;|un ey
of up to 360 hectares (900 acres) on a basis of continuous irrigation for cight
hours each day on a minimum irrigation cycle of ten days and assuming thy
35 mm (2.2 inches) is applied at each irrigation.

However, if this source of supply can be delivered to a constructed water
storage and it is noted that very large farm and grazing land water storages
are most practical on some of the flatter areas. It can then Teceive
continuously the full flow of this stream, day and night up to the amount
that can be pumped or diverted over a full irrigation cycle. If the dry season
irmigation cycle is ten days then water can be accumulated for this time, The
hourly flow multiplied by 10 days of 24 hours, would provide 600 megalitres
(132 million gallons) (0 a large water storage. This is sufficient stored water
(o fully irrigate (once) approximately 1,100 hectares (2,640 acres). This
asumes that 55 mm (2.2 inches) is applied at each irrigation, which is

Iversion
ons) per

well within the financia] resources of the owner.

carth u::fk: \i(tjnilod]b:tg([}age ratio between water stored and carth moved. the
: ! ,000 cubic metres. whi : 5

cubi S (S1.00 per cubic yarg) L MAY Cost around $1.35 per

Lent 15 size o

mpomzl:lﬁ;l‘ 0; g:js c;m. ean be discovered and determined quite quickly.

o e & 1OW mate of 10 megalitres (2.2 million

Mgate at the rare of I8 ha (44 acres) per hour,

of i Would complete 1,100 hectares (2,640

: urs ITigatio,
ACTes),  Thg is by Eation
. * 10 Tcans the Maximum rate of flow that could be
The size of ghe 1

22 o :
y 0ck- :
E?Im\ the way of the damplpe Sgslcm 10 release the irrigation water from
€ 10pmogt fooy o * OF the capacity of e 1
; ; va release
designeq flow rage 50 of waer, 15 then decided by lhc‘: rat:cilﬁ-?: ifc;?s of the
It can pe 3 q

available js gy that

rations glgq apply if the flow
Per hour or 28 1. 22,000

on the o sec., (22,
is abg . e Dasis, the Maximum jrrigation arca
ock-pipes o o (120 acres). In such
80 ler-gates of a storage 10
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.ontrol this flow can be designed (o L :
;ﬂcumul:llhﬁ from ?4:i .ho.l,mT of "mf' and complete he irng‘:'ll;:m‘rrl:ﬁg ::s
Such a storage has the very modest capacity of 27 megalitres (six mi"inr.n
L:ull‘nl):{llf)}l- in such circumstances should an iigation systen be i

yery much higher cost and be designed 1o yse the water at jis avar;ﬁtﬁl:d raatrlz
of 400 Vsec., (_25,(1(}(3‘ gal_lon; an lmlur ) _and thereby complete only 2() ha (50
acres) in 100 hourg of irrigating \_\'Iuch is I_U hlours per day for 10 days?

The present \\'u.ll.:_sprcad practice of dcsn_gmng small farm spray irmigation
Jayouts is on the ba_sns that 1]1c- tme taken in spray irmigating, should exeng
over the full irrigation cycle. This is done to redyce the capital costs of the
installation. On the other hand, on a small or one-man farm, the irrigator
should not be on call every day for ten days (o irrigate a small area when the
minimum and critical irrigation cycle is ten days long,

To get the best management and most rewarding results from small area
irrigation, whether it be spray or one of the many systems of flood and flow
irrigation, the complete irrigation process should be finished in no more
than half the time of the minimum irrigation cycle. If at all practicable the
layout and design should provide that the irrigation be finished in'om_: day.
The most beneficial result of irrigation can be obtained by the application of
water in critically dry times before it becomes stressful for the plants on the
irrigated land. . 1 :

A small area irrigator should be in a position 1o @s:ly mmpletc_ his
irrigation on the day he decides to irrigate. When this is !J}e case he is at
liberty to manage other aspects of the land, narflely, II‘I:: soil, .gmss. s;dOCk.
fences and crops. He should not be a man who is continuously ;’mg;ﬁ;;
applying water to land. If the critical irrigation cycle is 2 :ﬂ-“{l “r‘m —
it takes to irrigate it is also ten days, what _hal’pens ¥ ﬂ;rla day or so?
completes the proper wetting of the whole area ina few hm_ns el
Does irrigation commence again the day following the rain, or the next

W » immediately following
some days later? If irrigation does not start the day e ha s i
rain then the paddock or portion of the area to be comple lly critical time for
last day will be without water for some days at a potentially
the plants.

release the

3. Underground Water o of

The third source of water supply is underground ‘}ah’ihs?chma
bores, is brought to the surface and accumulated ;:1‘3 s;:lgf valley storage; 8
Will generally be of the flat land type. For example: 8 50 to 1 in 100; or a
contour dam which is very suitable on SlUP‘f‘ of 1 ":_ lands. Again these
large ring dam which is suitable on the still ﬂaneujaled capacity which
Sources of gupp[y can use a ]Dck-p]pe system of calc e occasions walter-
May release the water into an irrigation channel. Sx
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. 2 alf metre or so (one
suitable for eleasing the top ha
table for r £
gales arc

0 two fegr) ofy
filled storage's waler.

B Limitless Scope For Farm [rrj 2ation,
iously the u‘nc place where the highest efficiency in waer USe can b
o Py - ~ i ™ R . ok
hlOb\::l is on the land where it falls as rain Therefore, watey for
aciuieyed,

agricultural Purposcslslmu!d first be used on the land where
e ’I:‘“ fu:::wu::]:f;cicna is discussed, it should be clearly realised (ly
the :u:tgr of efficiency in water use is Puf‘-‘l.} relative. _'-ll‘c‘f'i-‘i'-‘ 50 i_S_'-'-'ﬂslu
of water. [t has nothing in common with ic cﬂtacl:l\.y quul;uusl of
industrial processes or of "cutting the coat to suit the cloth".  Water i a
moving process and it continuously moves on. T.Ius fact can account for the
sceming paradox which emerges on many occasions. It often happens thy
the more water is used the more water is available to be used and the sure
way to really waste water is not to use it. Country people may sometimes be
concerned about the extravagant water habits of city dwellers. But what
does it amount to? No matter how frugal their usage of water, may be none

of it would be available to the country and for agriculture. So long as city

water does not run short to the stage of water restrictions, then it is better
that the water be kept moving,

ILis quite impossible to know when water is
dctually being wasted. without at the same time, knowing when it is next
80ing to rain and how much will fal] There will always be, what is called,

"waste of water”, so Why not waste 1o the ocean the kind that would be the
most expensive to hold.

falls o o

Thc cost of farm developed irrigation areas, produced as part of the

i‘fclf line development of Jang is met now by the owner of the land, and this

o 126t should ensure that it is not £0ing 10 cost more than it is worth.
use of the natyre of the

5S¢ water devel i iti s part
of 2 general Hlitied clopments and their position, as pa

Irmgation land wij) im?l’m‘emem Programme, the production of more
In step with other improvement

dpmgmmme Moreover, becayse of th parts of the imp

Ve

© Progressive nature of the farm water
1s able to continye 3 program, change
Sy fg 10 results. The cost of economically
completely developeq May ™ farm water Tesources which have to be
upwards, ” Tange from $750 Per hectare ($100 per acre)

lopments themselyes
S . the f3
it, abandon pary of s

= all of it, accorg;
producmg the irrig i{:d'"

Irrigati
Y Bation - Ap i
The land of our former p ies, "Nevy, eW.
Richmond, New Soyh Waizs.o?:?fc:‘ Nelvallan" and "Yobarnic" at North
the slopes range from | jp o

310 1 in 26 U undulating character, where
R g . ‘
background, plus that of the oy t‘cm‘li:y Cl;;aio ?i:m m:g‘sm“’mgmlﬂzt‘ S‘;
¢ com

\
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nreliable incidence of the 660 mmy (26 inch)
i i of Kevline were deve
the principles of Keyline were developed frop, work begun in 1941

While there was no flat land on “Nevajane nd "Yobamjer e
aware, and it was s00n proved, that the peperg] i 2 WEIE

average anpyg) rainfall, (hy

techniques of Keyline w
be applicable to the '“”“_}' latter areas, However Where, on these ﬂ::ﬂi
lands, Keyline planning involves water contro] for 2

W i i
considerable alterations in the planning detai] and coy Wsl_imgauun' shen
necessary. These new methods of waler control we
tried at "Yobarnic" and it was soon discovered tha |
was practicable on our most gcn;lc' slopes.

In the irrigation of undulating land by the
systern, an irrigation rate _fromlcach channe]
acres) per hour per man, is a simple matter and has been for many years,
But there are certain factors of farm channel construction and water contro]
which impose limits.  Faster rates _lllan 4 ha (len acres) per hour with
Keyline Pattern irrigation on undulating country are not as yet, considered
m'écly practical unless mul_tiplc channels are used, in which case the rate of
irrigation increases proporugnatcl_\-: (o

On land flatter than 1 in 30 the same limiting racmr; do not apply,
consequently the rate of irrigation is only limited by the available water and
the shape and slopes of the land. In Keyline Flooc%—ﬂo irrigation, apart from
the matters of the water supply, the land preparation construction costs per
irrigated hectare (or acre), do not increase with the greater ratc of ngamz}
and indeed may be reduced. For in.';tanccT 11' a prajected irrigation sr.rel:;(:!nbe
two and a quarter megalitres (half a million gallons) per hour ‘-:;r e
increased two, three, or four fold, land preparation costs per hﬁeirﬁgaﬂng
are proportionately reduced. In the first place one man Wlll i
at a rate of about 4 hectares (10 acre;) per hour. With the rmmdnour e
could irrigate two, three, or four times as much Ia}nd gesoil et
easily. In addition, the methods ot'_ water CORU'OI ancxercise Cocdoiabe
Wwithin the Keyline plan, enable the irrigator to ascm“v i
soil's water intake, which is at least equal to, and gene ly irrigating at one
obtainable in a more orthodox sy'stcmd:‘!uCh may be only
or two | two to four acres) per day. o land.

0 hectares (2. 0 Keyline Irrigation for ﬂalb ::r;];:;!;liﬂ:uﬁg =53

The Keyline approach may be better mq;m?:;dm-mnceﬂ"m- Because
undulating country a large stream of WEERD cause the water to spread:
of this, the irrigation system must be ?%’g“ed-,'ﬁn the water geatly over 8
Keyline Pattern irrigation achieves this, by 59‘_ rﬁducﬁ\s a pattern of l'llf
Wide section of the irrigation channel and by P ter away from the valley
Marks on the land that spread and guide the wa :
shapes toward the ridges.

Keyline Pattern irmgation
of L5 - 3.5 hectares 4-8
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{n flat land the problem 1S reversed. It 1s m!purl.'ful 0 appreci
understand that on land of gentle slope, C:cn a \-:T_\.' l.:r_t'.c Su_cum_
will spread widely and dissipate 11s pf)mr‘fl'fnou'“]m'? ‘.\'h":h 1t deriyeg
from the large volume of flow. In Keyline 1‘100(1"1 O Irngation it i p,
steering banks that hold the stream \\uluu_ a confined course,  hyg
preserving ils positive forward movement I_hr:_ patiern generated by
cultivating the land, is employed for the more intimate spreading of ¢},
irmgation water within irrigation bays, which are formed by water *steerip,
banls" The direction of the cultivation may even bc_ pumilci with e
steering banks though in general the pattern qf cultivation should be
standard Keyline pattern cultivation.  The cultivation can be used 1o spregq
the water but the steering banks prevent the sheet of water from spreading
oo wide.

There is a great work force residing in, or resulting from, the sheer
volume of a large flow of water. The Keyline Flood-flo irrigation system is
designed to utilise this work force with the maximum efficiency, both in
spreading the water effectively over the land and in the crucial intake of that
water into the soil itself This new development, like the earlier Keyline
Pattern irrigation and every other Keyline technique, is designed primarily
10 be a part of a complete Keyline plan for the property on which it is to be
applied. A Keyline plan is always unique to each particular farm or grazing
property; the shapes of the land in relationship to the water resources

available for development is the deciding factor in the plan layout and the
methods of applying irrigation water to the land.

Privately owned on
provide water for vari

u‘l:: ang
of watg

~the-farm waters is often taken

The one system ceases 1o be applic
some occasions, the unique techniques of e i
ne

System replaces it. On
other. This could be 50 where the chojce M2y ha
- 84

may overlap those of the
PPEN 10 be between Keyline
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patiern irrigation and the relatively neywer Flood-flg System. H

a prim.'illiﬂ aum in irrigation shoyld always be the application (;ut:\-cr, sin
: tand at the lowest possible cost 1 of the wage,

lan

K and, since low

: 1]
~ Manpower
achieved by increasing the area of land which ope €051 can best by

an is able 1o Control
Keyline Pattern angd .
gf Flood-flp wherever it can
cference, Firstly, becayse il
Secondly, another advantage
015 in the pradien of the
assocml_cd with the sloping
clude critical aress from the
sible 10 use a bankeg channel
of the water, then release the
somewhat steeper excavated

effectively irmgate in a day, the choice between
flo irrigation systems will generally be in Lavour
pe used. There are several reasons for this pr
permits the control of a greater flow of water,

of Flood-flo lrrigation over Pattern Irrigatio
jrrigation channel, hcca_usclllm loss of height
channel of a Pattern Irrigation channel can ey
potential irrigation arca. Nevertheless, it is pos
at a very shallow grade to maintain the height

water through only a few water gates into the
channels of Keyline Pattern Irrigation.

The farmer or grazier should make it his business 1o know something of
the intimate techniques of all systems of irrigation so that he may sclect the
one which he will use in the development of the water resources of his own
land. Whether irrigation will produce much profit or result in substantial
losses will often depend, in the first instance, on this choice of one or other
of these irrigation procedures.

Although the emphasis in this book is on farm injgaliom we are totally
opposed to the general view of farm irrigation as a Ihmg apart, having liule
to do with the general development of farm and grazing land. It should
become abundantly clear before the conclusion of this book, that .]'he
planning for the development of all land must be based on the various
"water lines" of the land itself. This is so even when the farm water
resources are unsuitable for any irrigation developments, _

The planning for the development of all land must hm;ﬂ as rr:;se\ ﬁjl];
objective, the maximum profitable usage of every natur:{l 1 i
resource of the land itself so that where water resources exist, their possi
use in irrigation is automatically a part of whole-farm piallt:;m;@ castonll

The principal plea of this book is, not that fa:mer::_a S
use the Keyline Flood-flo irrigation system for appl fl-:;‘]‘{gm i
water to their land, but that they should study and mjs-‘_m ppropriats and
land and its water resources, developing them \\'chr; s
show promise of good profits. They should apply l;‘iﬁ for their particular
by the method of irrigation which is most suitable
circumstances, sen only where

Keyline Flood-flo irrigation should then be Uw;?:‘g:g:o in cost and the
it can satisfy the requirements of being the best,
highest profit producing system.

and
00d-
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Consider the enormous mass 9_" water used ip irng;uiu.t 1
application of 50 mm (2 m.‘:hes) of water to two hectares (5 H!-‘rc;;
thousand tonnes of water is required. This may need to be repeateq ; one
days. Precisely ordered lines are necessary for its effective contro| ﬂm.;n 1
These water lines must logically form the basic framework for the Whole
difice of land planning o

It is important that the water lines used in landscape
be those generated from the limited and wasteful proced
safe disposal of farm waters,

a) Keyline Pattern Irrigation.

Keyline Pattern irrigation is for undulating lands with slopes of from | iy
4 down to I in 30 and sometimes flatter.

For many years the recommendation was for a 300 mi
ﬁmer Lockpipe System under the w

Planning Must g
Ures aimed y the

1 (12 inch)
all of d.'_ims used for Keyline pattern

e_vli_nc "Pattern (of) Cultivation'
15 spilled from the channel, and
T Iess copee on of flow, which would roduce
towards th ey b"‘;‘i:tlfﬁiid sleam down the steepest pamoof tll:c ]alild
Kc.\'lm: p:tlcm tivation itl:fgul}tdﬁ ;nder;tlz:nding R
water floy, Ore like "wil " irrigati
T el‘::hjfcr}? is ‘\.,;mll‘f“”?‘ Pipe in the dﬁ? di;rcr:tglsuﬁ?th an
dors 22 Of the Lis aboyy |, NN the groung like a shall ch
P ¥th 2 desireg gy, 0Lt 1:200 e e

is usually | i 300 Um base widmm:.}f; )Y wide, 600 Sl
! 00 mm (2 feet). The gradient

) IS us
;i Squippeq
Eation flags or o, cham"'“j: 1,208 handled shovel and uses

WaIEr resistany el -
th, which 48 is made of 5 large picce of

includes 5 Similar may be

: L len i P to

tnches) in diameger. mgﬂ.1 O;a 18hL wejgp, pirscctrcs (10 feet) square, It
SPAn the o

01 01 i of g g Thee, Mannel, Ty P05, usually 100 mm 4

iti « This pjna:. b
Positioned 3 g} . a hem g [PIDC Is 3]_lpped through a hem
L}‘HC]I end of it. The ¢y w:j Iih OF 6 mpp oy PPOSIte Side of the flag is
the flow o= .
ﬁ;:'ci?;“ .of Waler and (he o jﬁcs g:z cloth down im‘;llh ;ent peg spikes at
dry to hold the ﬂag mn POSinon I[?lhe or dri\f"e:n iufohﬂl]l':nc[ [ouflﬂ_ci[;

C c 0
. 86 hanpg), Bige b lfg o e
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'’ hil

annel and holds the down stream edge of the fl

?‘|'|:{; weight of water on the flag effects ap ad
v eeds in this manner - the: aire:
[rnigaton procecc C area of COUrss b .

; l.[rn cultivated within the previous 3 or 4 years, One fla -S:vs h;m?g_mn
patte ar the dam and a second. | 9 : 2 Placed in 1he
channel near the dam and a second, 18 10 24 metres (60 10 09 feet) funh,
along the channcl. ‘The water is turned on full bore 1o ghe full capacity ?:t‘
;hi‘ channel, to be bl”"‘k‘-‘d_by ”_“-’ flag and spill down gyer the land. The
operator 1‘01]9\\-5 a set prm.‘c(‘luru_. releasing the water .b}. moving the fags
leapfrog fashion along the dmnm_;l 1o water the land uniformly and quickly,

One simple mutl:uq of removing a flag lS after firsy pulling out the see]
spikes, 10 take hold of the upstream, top side corner chain and step across
the channel to the lower :fidc \\\.'ith the Ch..’lilll and corner in tow. Pul] op this
comner toward the opposite diagonal, (ie. the down stream comner at the
pipe). The water will start to move under the 1op side of the flag and s it
does so it displaces the water in ‘ht. flag which flows over the lower lip of
the channel. Eventually the water will push past the flag and quite often the
up hill end of the pipe will slide down stream as the pipe pivots on the down
hill end of the pipe. On other occasions a flag can often be allowed to turn
itself inside out as the water pushes the sheet under the pipe. _

Stopping a flowing channel with an irrigation flag is simple and is d_une
on occasions if it is necessary to back track a little with the watering.
Stopping a flowing channel is done by placing the pipe across the channel,
taking care to keep the cloth above the stream of water. Straddle l_hc stream
of water whilst opening out the flag on the up stream side of the pipe. o'ga[ic
care to keep the centre of the chained leading edge of the flag clear xh:
flowing water. Lower the chained corners of the flag into position o:m 7
upper and lower bank of the channel and step onto the flag to prevent

o be straddling the water, facing
moving, At this stage the operator should be s : S

i iddle of the chained side of the flag clear
down stream, holding the mi co _ Sl

water and be standing on the chained sections of rc:Lll fhaiuecl i o
and lower side of the channel. Next the centre 01 ;: e i
flag is then plunged down to the bcd of the CI}TEf.Ia s batiom oF i
a shovel or stick to push the chained edge o : eui cki' oress the flag o the
channel. The water will flow onto the flag an the c;pcralor can then step
base of the channel and prevent it from monngih e G red
clear of the flag. If it is considered necessary ispsmm
into position to further stabilise the flag in this new po B e iiging

i i it all circumstances make pa %

Various layout designs to suit all ci o people (0 vary the @

one 1o three channel system, operated by one’orw A B
Sfvater application from 2 to 12 hectares (ive 0 Y 896V BCL e
. In practice the initial cultivation pattern qm[ing B livation paiern
'Migator noting any difficult arcas and adjus
accordjngly_

4E Up 1o block .
Cquate seq| s flow.
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Wheds tisad: i orctiards ‘o¢ city forests ll_n: tree planting should dong

after the best cultivation pattern for the p;lrl.h.‘ul;lr area has IIJCL‘II stablisp,

This way the planting locks the correct cultivation pattern ing
i e cultivation.

simplifies future cu b) Kevline "Flood-flo" Irrigation

The Keyline Flood-flo system is the logical application 10 the flatter
lands, of the same principles and some of the techniques of the Keyline
Partern irrigation system which is now in wide use for irrigating undulating
lands.

Keyline "Flood-flo" irrigation of flat or nearly flat country embrggeg
firstly, the accumulation and mobilisation of relatively large quantities of
farm water from rminfall run-off, stream flow or from undergroung and
secondly, the design and control of these waters in large flow volumes for
the purpose of umgating flatter lands. The Keyline planning provides the
design, on properties where suitable water exists or where a water resource
can be developed, for the mobilisation or accumulation of large quantities of
Water. and for the control and release of the water onto land at a flow rate of
“flood" proportions,

The result of this planned water contro] is that one

¥ Position g

Crops, pasture for sheep and cattle, or for dairy production,

2 gI:u;];cisKraiinc Fl;odﬂn Irrigation System for flat lands, water for
released, diverted or pumped from the source of supply into the
start of an lmgau'og channel which lies s

across the fall of the land. This

Ve a fall from the source of supply, or to be

© contour in accordance Wwith the circumstances on each

Thi :
next released from the l:ngmdcd and controlled large stream of water is

The irrigati i
_— mhffb‘;;sf’:mﬁ:;lf} &?rcli;?:f]ly' accomplished with all the water
0 e i gy " S ndigat . O e fom e
n ; : : e

of one bay z;glinc l;cn ad‘-:j'{?fteeds the discharge capacity of th{: \[vatcr gates
gates 1o the last bay are Icru onal gates would be opened.  Finally the water
then drain th " ppen after the SUPply is clog 4

‘ rain e water from the gy length of (e closed off so as to use
following day, all Water-gates gro again open, dt UTigation channel, The
The open water gates will ensure 5 e djsu-jg 10 ensure gooq drainage.
run-off, even if heavy rain oceyyg tween ire . UON Of Water from rain fall

: sl Wee igati
From this description the Keyline Flll()::_%au?".cyc!cs‘
likened to the more orthodox border check met(l]l lmgalfon System could be

8% o0 Which s useq vyidely in

y 2
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sqyermment controlled .|rngmio:l districts, However, the essential
Gove -nces between Keyline and Government controlled systems gre &
differc Fir.si ly, the available flow of water for Flood-flo i5 noj limited by u‘;yc
lrc-z(:.for ralu;sltrillg or by other restrictions on the Now rate, as ig the water
o jgating in the public scheme. In 1991, the largest measuring wheel
for "E (_S on the government projects in Queensland had 2 capacity of 20
msb!d (megalitres per day) which is 230 I/s (180,000 imp. gallons per hour),
M‘L‘[ pormal irrigation will require a little over half 3 megalitre per hectare,
A:.‘ a Jaximum irrigation rate per wheel is 1.5 hectares (37 acres) per hour.
the Irlht preferred Keyline Flood-flo water stream is more than 10 fimes

eater than in the public scheme and as g consequence of thisg nearly
e ited flow rate, the irrigation bays or water-runs may be 10 to 20 times
s With such large bays, land preparation is totally different. Instead of
larg,FL on extensive and expensive levelling and grading work to ensure the
m,l}mg rcad. of a small stream of water, as is the case with border check
"m'mafi‘;n the large Flood-flo streams plus Keyline pattern cultivation
;f:l;gmp]i5:11cs this at approximately one-tenth of the cost.

In Flood-flo irrigation, apart from th: matters of the water supply, the
land preparation construction cosL_s per lmga@ hectare (or acre), do an
increase with the greater rate of irrigation and indeed may he reduced. For
instance, if a projected irrigation stream of 625 Us (being 2.25 1%
500,000 gallons per hour) could be increased two, three, ’or four fo! d,ln i
preparation costs per hectare (or acrc}' are proportionately reiurlalei a5
first place one man would be irrigating at a rate of_at_:oul ml:cta:me; -
acres) per hour. With the t:n::re::lsccl flow hei it;ould irmgate mwo, »
four times as much land per hour almost as easily.

In addition, while this is being done, the methods of \\a{tir ?;ll_lut:;al:g
soil management within the Keyline plan, z_ilso_enab:c the !ual gfo g
exercise control of the soils water intake, which is at easrls:qm irrig‘ating
generally better than, that obtainable in a more orthodox sy
only one or two hectarf:s ‘(Iwc‘z to _four acres) ]:ve'trr diell;d e ot

Keyline Flood-flo irrigation is a fully controlled s) N
using water resources on farm and grazing land§ or fml'-ﬁ time Flood-0
country. In order to make this descriptive exposition o :(c:,}approach b
irrigation fully intelligible, an explanation of the melctllﬂs s
techniques of the system is provided in later chapters o

3. Other Irrigation Methods
a) Border check irrigauun,“ L

_Bordcr check irrigation, also rcfengd tp as. g ezl

Strip" is used widely in Government irrigation districis.

from ap irrigation channel constructed generally acﬁflsu::tt‘nce?lltﬂd from the
::nto bays formed by small carth banks, or borders, and. The object is 10

at right angles and down the fall of the |
89
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advance a sheet-like stream of water dO\\'fl the strip of land betwee
banks and cause the required amount of Waler to soak into ghe
borders are gencrally about 10 metres ;.‘3 teet) apart and he bays formeg by
them may be up to 140 m (seven cl:;uns)_!mjg. Bordcrl check "-m'.-ullicu it
used for gently sloping land and up to 1 in 30 or 3%, it could for
pasture on slopes somewhat steeper on sl:ltﬂc soils and On Up 10 five g o
percent slopes by reducing the bay width 0 16 feet (4.8 Metres)
Considerable land preparation is necessary involving Instrument levellip
and pegging-out to mark the area for cuts and fills, several cultivationg o
loosen up the soil and supervision of the carthmoving (o smooth and level
off the whole area. The small banks are formed in two operations: Firstly 5
small grader with straight blade, traverses the whole field working

paralle]
to the irrigation channel. At the CIOSSIng point in turn of each bank ling,

Wwhich has been clearly pegged, the blade is raised to release its load of carth,
At the completion of this operation the earth for all the banks is in place
forming uneven lines of banks. Then a "crowder" traverses each of the
banks lines, crowding them into neat even banks about 10 inches (250 mm)
high. The imigation channel, usually called a ditch, may be equipped with
small permanent water gaies throngh which the water is released into the
bays, or the bank of the ditch may be opened with a shovel and closed up
again with earth, when irrigayj Y is completed. Several bays may
1 aler at the one time, The irrigation ditch receives

1S waler from the "head ditch" which is the main channel on the farm and
where the water IS measured.

nd preparation COsts may avera
be either considerably higher or 1oy
the growing of 3 wige Variety g
especially suited for small grajn ¢r,
greater flow of wager Was available
the !

m::;] D::;:zc)frzjol;ge:ocg;éand slope and {he Water resources available the
e aile Odcs(_mld be abandoneg in favour of one of two much

L A
33, and \\a[c:fisIjl ac‘ i sloping lang 0 be irrigated is 3%, or 1 in
then Keyline Fioog-pe . 0r "PWards of 32 ha (g acres) of irrigation
would be suitable for e ¢ border check method ‘and

g eplace th
4 Erowing the same F
provide for a water flgy, fate of 9 ML (r; 1(11%4.(:] %‘;)‘(:)m]:ji GThe des;]gol:l:é:g
complete 320 acres (130 ha) of irrigation & an.ci 'htgh ns) per

2 If the flattes slope &4t hour day.

PE 15 3%, 5
3% 10 8% or steeper, the border chccku ke

of Keyline Paiern Irrigation, gy, P chh‘.lafoppm in favour
designed rate of flow is from 1135 15 2270 2iicane 0(:3 acres) Igg
gallons) per hour and the Imigation of the areq s 1o 500,0

= can be completed in one

# A

0 the Jg,
soil.

8¢ 8200 per acre but can on occasions
er. Border check irrigation is used for
f crops, including orchards, but it is
OPS and pasture production. If a much
as from a farm dam, for bigger acreages,

water for Every Farm - Yeomans Keyline Plan

» days, Unlike border check urigation on this
o “‘Tis '|'l}r pasture irrigation only, Keyline Pattern hillside urigation is
wh“’% itable for a wide range of crops. For both these replacement
8ls0 "th' walter is supplied from new farm dams by means either of
"w!h?d% beneath the wall of the dam or by large-volume low-head
Imkptr:' according to the circumstances,
pumpitis. b) Contour bay irrigation.
bay irrigation is also widely used in Government irrigation
Cu“muli d:::scnbc; the system that creales rice paddies, each paddy is a
projects. - ms.l satisfactorily employed where slopes are some-what flatter
pay. It 1S "1 fall of 1 in 1,000. Unlike Border Check the irrigation water
with, 535, ‘:m-_:] preferably falls directly down the gentle fall of the land. The
supply Clmt:m,s are again formed by earth banks and they extend outward and
img““oul‘ ‘riglll angles from the irrigation supply channels _and are
at mug‘h :1 on a true contour. The bays are closed in at the ends l:.mg afm_\'
o i atlion channel with a similar sized earth bank. For unga_ungi
from the ir : gned through water gates into the first or highest bay until al
s lsd(i)l; clhc bay is covered or flooded with standing water. mnb‘f
m:eiag'om the irriL;aLion channel are opened into l}lheclswu:ld lmiafuliz . r)sl
&4 ; losed and gates in ower bank
he first bays are close e
i gaics;tﬂ ;ed Thus the full stream from the irmgation chz_mnel ;nti ::cs
xarz:i:med through {0 the lowest or last bay. e lmgdat;:g\::m it from by-
: 5 hold up the water an ey J
d across at intervals to : channel are
mﬁg the open bay gates. These banks across the irrigation
i with water gates. o e the border
almﬁﬁiﬁamﬁon costs are usually considerably ‘Lo“ e;nm‘;:wer The
e o : er -
check method. The irrigation channel L bece\:pm of the contour banks
banks for the bays are much larger. The fsmnmu: bank and the slope of the
is a factor of the vertical step bcm'cgn cach con 75 mm (3 inches) and the
country. For example: if the vertical step :-:a is 1 in 1000, the back up
general down land slope of the irrigation a The contour banks
; : tres (250 feet). by
distance of the water will be 75 me! h more cheaply constructed by
themselves, although larger, _are muc The shallow ditch left by the
machinery using the side-casting “‘@c_'d‘ ly left untouched and not
femoval of earth for the contour bank is muscualnligﬂ ed down the slope of the
'stopped” as is the ditch beside banks that .
lang = follows in
: ; TCSOUICES
Contour bay irrigation from farm dc‘elopefo::;;c:ms come mainly from
Principal the above layout and procedures. IIITP \d increasing the size of the
iecreasing the rate of flow of the water supply ar
SIep between the successive contours. B
S ur
(1)  Design limitations of contour bay
91

range of slope,
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JUIE Plan

'.ml::h::: ci\sc\fs ';}h[thf: o pr_ob‘[cm “‘“h. contour bay irrigatiop j

BT it e i e o 0L each bay muyg 1 ¥y
e id\ulur up to the bank of ”lc.co:.u“ be supy I
case of the lowest bay. Su qu 11.1 e next bay below. The -t-aur bay oy

by some other method, sipn:].s “:."w from the lowest bay Cﬂ:;‘\?'cptm" s

wasted. This problem is com © @ holding dam possibly b\"."hmbc
Assuming that a suffici )l:‘l‘:ul;dcd - [h‘," depth of the water i?Pmping x
flooding and draining of liu: ' I‘?“ fillc_ 15 available thg wilhlmcmmd'
between the bays il Foaches ;f !::IS} _?41}' in thirty minuges the v 1;:“0“ i
pecause much beyond this, the grést:;m pper limit at 500 mm &ngl i
unr ;ismpk operation. In country with af )(‘md on the water gate is tm'}ﬂchcs)
1guo:m~;§im the water 500 mm deep “iLIT g:rf)slom OF 1 in 1000 the by
: average depth of water in the ba\‘ {\(:]?wm;s (0.55 metres e
2 WHEN the water reaches the

upper bank, is nayrally
By the time th : ¥ half of the maxim :
) € the bay is um depth ie. 250 1y :
- =2U mm (10 inches)

water will be < er, :
be saturated 1o its capagi the porous topsoil under the sheef of

VST WaY with the :
uire abou the surplus wager bay that can be irrigated
of wate om the last bay. This ga,
°r 10 be fully watered Theaziaer‘;;u
: e

depth i reacheq iS can be T di:sigptbd {0 match this
esgl:ﬁse the areas of 4, 10 depth til] the p;'actjcal maxi
, intery € bo Ximum
Will give an t'f‘a} for the o ttom bay an W
area be a\el‘;]ge dcp om bay can € areg beIO e
low Th th of 5 ,,, - be about 100 mm\\ it are the same.
- (4 inches) as this

I
Y abagy 5 Incheg R
:u::hls e } Wh‘wh 1S enough to water the
: 0 irrigate a‘;ﬁsln.e ay up fhlzed to hold enough water
DB OF Water gy o & GeSign g, " i @ could be designed
¢ bays are made

limiy 5 ow it
: ¢ is -
the gy, Mention, er pa I
" W depth “abowe 1y Eﬁtes "Cdches (ha One limit is when the
“EICI'ing th & ?PracﬁCaI d Siras
waler ayaj) € last sectipy 1o Ve ; epth limit of
Wi able. g 1 will interval will be twice
YArety of erops, in I bay i"igau::ry Slow g5 4y wic
i N may Cre

dlternaty, Cludin is .
flows can b:lau".c Procedyre iorcha,ﬂ and) be Sitabe very little head of
casily Controlled ﬁf}'linq Fl Pastype o growing a very
Y the

One ool irrj .
I"'lq.'-ll'l. Whl‘:r galjonl A
€l Vhere larger

L) = x
0 Preparation costs
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are still lower and, most importantly, where drainage p
e 1y irrigation, is nol a p:oblu;n\. (P ofga problem of
¢) Furrow lrrigation.
Furrow irrigation is the most widely used system for the production of
ps and occasionally for orchard irrigation. On uniform and slightly
wnd. the irrigation channel lies across the slope of the land and 1}1:;
furrows fall directly down the slope at right angles to the irrigation channel.
The crops are grown on the small banks of soil between the furrows. Water
is delivered via small pipes through the bank of the channel (head ditch) or
eniently by placing numerous siphon tubes, ( usually black poly'
bank and so deliver water to many furrows at a time. The
small individual streams follow the furrows downwards and thus water the
crop growing between them. [n circumstances where slopes are too steep for
that layout, the irrigation channel may be on a true contour and the furrow
positions pegged in with the aid of a level instrument 10 fall at a selected,
slight grade. One furrow of each five or six may be thus placed, and those
intermediately spaced, will be parallel to the adjacently marked furrows.
d) Spray irrigation
Certain advantages are claimed for spray irrigation, namely:
1. Uniform and closely regulated quantities of water can be
applied on any type of soil, particularly porous and sandy soils

which do not hold water well. )
2. There is no land preparation COStS involved, and with the

absence of channels there is n0 "wasted" land.
3. Tt lessens the need for cultivation to control weed growth as

apainst furrow irrigation. !
83-?“ Small area irrigation from small flows in streams, from little
ponds, is possible for certain high value crops.
5. Soil erosion can be controlled on Stecper hillsides.
The principle disadvantages to spray irrigation are:
1. Initial cost is extremely high.
2. Tt is unsuitable in windy conditions since the pattern of the
sturbed and watering is uneve.
ust be free of rubbish and sand whi

because of the need to

contour b

row Cro|
sloping 12

more conv
pipe), over the

spray is di _
¥ 3 Water m ch will choke up
the spray nozzles.
4, Power costs are extremely high

provide continuous pressure.

The spray method is frequently claimed as stefh Ve
and often this reference grave S
water”, But, the crowning inefficiency of all was not n'lml'w:he\mns
inefficiency of capital outlay entailed when a m_emod is applied mal s
circumstances. Such inefficient use of capital is well demenstrated ¥

jarge farm dam is associated with the spray irrigation of only & ha (15 acres)
B o

aed
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or so of land, where 10 days of cumiuugq.s spraying and lln_: moving
lines is necessary. In the same conditions ‘(}f water dvailability 5,4 R
shape & more appropriately chosen system of Lrng:mul_l would haye cost
more in capital outlay and have produced 20 hectares (50 acres) of irTigatig,
land to be watered with a genuine high w ater-use efficiency in one day by
one man. This better spending of capital is an efficiency ratio of 2 againg
6 and a labour and time efficiency very much greater.

There have been continuing big improvements in spray
equipment and, as there will always be circumstances where
available and other lIess costly methods impractical, spray irritation will
continue to play its role both in government and "on farm" water resources,
However, since there is a plentiful supply of literature dealing with {he
vanious types of equipment and the differing procedures for
they will not be dealt with here.

4 Attitude to soil

Perhaps the greatest difference between Keyline and most other systems
ies in the philosophical attitudes to the irrigated soil. Whereas the older,
though still common, practices treat soil as if it was a static substance but
also one which could deteriorate, Keyline regards any existing soil as

essentially the home of an organic community of living things which can be
improved to a much hi

25 Bate ‘£or mmghcr ﬂt}icgrec Of fertility; biological fertility. The old
the bordes heck 5'}‘5(21;1(?:; chmcuSc of even reducing the _smau ﬁm_vs of
longer periods. so that 5 Pﬂé’u to hold water in conlaci_\mh the Isozl for
soil. Thus soil may pe cg\;r;f‘“_““ed amount of water is forced into the
during each 'lmgati'on it o with slowl}: moving water for many hours
saluration, waterlogging andarootesirf? : dt_cmfm‘:m of soil fertility because of
On the othy =~ Sttlocation,
that of aemq:'r S, ana Keyline migation project the basic aim remains
' lb“’l_"g‘?a' fertility in the soil. And a really
So when soils for SP ol literally gulp water as fast as it can
Y almost always gre. auod-no iMgation are initially infertile, as
Of 501l is rippeq or cro-c2UeNCE o not absorb water rapidly,
1l wi \vated before irrigation in such 2
each imigation o S 4U0ta of about 55 mm (2.2
Pe of cultivation is done at

O spry,

ITigation
waler i

Spray irrigation,

it is designeq ¢ _cqulrcme“l of the indiv: :
conditions for the soil life u? "MProveq oy aerati ol 5011‘. .By
continued care + HIE 501 § ; on and better living

Mmediatal,
» S00N reache o= ately g1 7
new sponge-Jike o S a Conditig op high ¢ s 1o change and with

rapidly. ure of fertile soif isgmp::::ityf Then, with the
Ol absorbing water
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. 1ine Flood-flo irrigation controls the water
hc}-l:jllltz at a considerably lower cost, than
1—m"u:'rtlllt'nll procedure . : e
m]t{;,'vucf intake rate for irrigated soils, particularly
i ;lun projects, 1S the subject of ‘many tests and experiments with
irmgd reference in journals on irrigation, We may read that a certain soil
frequent ; :l,,kc,;.m“ 12 mm (one half inch) of water in half an hour. but very
‘T"ff‘:ﬁ,c ;n two hours; perhaps in ten hours it still won't absorb 75 mm
1:[.:;(' inches) of water. .. _ |
Keyline we are not concerned with such times, but in how much waler
g i will accept in the first 15 seconds, half minute, or ten minutes, and
b » with whatever techniques of soil treatment are necessary to make a
mmmn'l absorb water quickly. Any dense soil can first be mechanically
dunstc:dscilo Imusc it to take in two inches of water quickly. When one
lm“'d TS tl1lal compacted earth, when loosened for loading into a truck,
crfjinf: ecxpands in volume by about one third, one can appreciate that in the
e way the loosening of the top 150 mm (6 inches) of soll can crate
airspace and increased absorption, so the sm! will qmckl¥ take: in su_mm 2
inches) of water, This treatment, when c9nllnucd for @ little time, will soon
promote a new fertility in the dense smll and alter it to the s_pcn_ge-hkz
structure of highly fertile soil. Later \\'il.h little further treatment. 1t will lak_e
in water almost as fast as it can be apphf:d, A sponge plunged into \\alerllg
hardly any wetter after 10 hours immersion m:m it is from 30 mnd'sfl;jl
minutes immersion, so it is that the sponge-like stmcturcf of a hzghh erule
soil permits the very rapid water application rates of the Keyline 1rpgt:1::nﬁ1 g
This type of cultivation is best done at tmes. that are appropria el
requirement of the individual soil. Then \\1_th_1mpr0}'ed s:ml av.erimchanlge
better living conditions for the soil life, the soil 1mmed:_aiel,\ ssans 0 e
and with continued care, soon reaches a condition of high fertility, Wi
sponge like structure of fertile soil.

and irmigates tang much
any other fully controlled

in Governmen
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X. DROUGHTS, FLOODS AP{D CONS ERVAT

While it has been stated that Australia IS not short of
comparable per capita basis, the incidence of rainfall s very unreligpe
Because of our geographical position on the globe, a succession of droughs
and floods, characterises our climatic conditions. Whether it be £00d or byg
this particular climatic feature 1s the background to all our ;agrlcullumi
pursuits and it is therefore a principal factor in any planned developmen; of
land. Also the now ingrained obsession with "conservation® remains gg 4
disturbing problem to overcome, before all our land can reach its peak of
development.

Droughts and floods are invariably coupled together and they are the
major parts of the one climate. Droughts are uncontrollable and will always
cost a lot of money, floods on the other hand represent  neglected
opportunities,

Floods following droughts are worsened by the inability of the soil on
which the rain falls to take in the water. A simple drought strategy is to

prepare the property for rain. Loosen the soil, check all the channels. the
ram will come.

loy
aler gp any

A, The flood rains of Vv
South Wales

The rain which causes the floads in New South Wales and Victoria are of

the order of a total of 250 mm (10 in 'hi i '
25 ches) which . :
of falls, one following rapidly Pt o

: upon the other. At least 70% of this 250 mm

(10 inches) of rain Tepresents, "g i 1 i I ood
I A rtunity" /

use if the control structures, fo ol ey

[ waler re r -
majonity of farms, esources development, existed on the

It is :
appropriate. on the farms where such structures would be

ictoria and New

Severe droughts tend 1o be by
A oken by floodi i i5 1
% ol S 'y > [?dmg rams and this is all to the
lowest reserves of water, 5

What would happen if 3
of rain on "Nevallap" and

" Fossibly 3 fittle Jegs w

500 ; g ¢ss would have
Iy ::ir;rmc:;:? :lhf land whicp, we irrigate. By
dlz:ms Iocm;d = u::r:'“lcf the area would have
v : i ches) of rain, UN-Off from the i

itself, would commence and be lrapped by the 4 and of the farm

a .
diversion channels and flow

been absorbed by the 200 hectaresg
this time the two, small, normg
started flowing and fillin g the

After the first 75 mm (3 in
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o series of interconnected dams which these channels service The
Luml"" f“}n_ two diversion channels on "Yobarnie", which also diveris the
Jower ol I.-“:)I'Ilw small creek, would start 1o receive water from the overflow
flood I]m\_b.r creek storage and start the more rapid filling of the first of the
c he lesse
of the IL:dﬂlns on this channel. . |
pext fou . ime 180 mm (7 inches) of rain had fallen, the lower series with its
Ry ; would be filled to the last dam of the chain, which would then be
Jarger dﬂ:lllb soint of overflow. In the meantime, of the higher series of dams,
B w: l-L li\ would have filled with their overflow filling the two remaining
t"’“mrf-l;'?{;omjnulng flow from the rain so far received, would fill all bu
pa ] l(;-uns which are above the chain and which are finally filled and
ix0 B8 ‘lcni;shed from, a permanent pump and pipe line from the larger of
s Dn.kmsfongcs,‘, One creck dam would have been long since filled and the
lrhfl LH::‘- of the water of the creek would be returning to the creek below the
1
L iderable flow of water leaving the property in
would also be a considerable f )
ﬂ;:;i which is uneconomical for us to control. The channels and dams
b irolled on such an occasion as this and with several dams filled, the
e r?]a:m- points and the lockpipe valves would be opened to reduce the flows
- _ . '
?; the diversion channel. Creek dam lockpipes may remain open for_some
: duce and then to stop the overflow in the spillways. Of
two days or more to redu i
the 250 mm (10 inches) of rain the run-off from the land of the arm 1
would have contributed little to creek flows lower down, but a ::onmderaﬁ:e
1 i y : -
volume of water from outside the farm would have flowed on through
property. _ ‘ ol -
A day of sunshine following this 250 mm (10 inches) of rm;l “‘flu(l]?cg;i
2 . . . - - m’ \
an appearance to the farm as if it had received a nice sh_o“cr 0.- el
before, except for all the filled dams and the w.nc_ralsup f.lc):\\lllg gently
some of the control channels. (See Plate 5 for an acrial view.) .
These are what have been called the "damaging-flood-rains” of Victonia
and New South Wales.

B. The summer flood rains of (:'meemr.la%l:lt\':r
The summer flood rains of leal‘ld are an entirely dxffegc;rél mn;al ("ﬁ
Here the flood-causing rains are likely to be nearer 500 mm Ihanﬂ; — rm;xs
than 10 inches) and so the control and storage of the major part e
on farm ang grazing properties is somewhat more than an incidental, i
Wler resources development, Flood rains of such great pmponﬁsd i
all brought under control at a profit, either privately from the i
POUIL of view or nationally from the viewpoint of the tax-payer. Lo
logical Way to handle this situation is that as much of lh_e rain be w:nnﬂml
sored on the farm and grazing land as is both practical and eco i
0 that the rest of the water flows to the sea. But such is the appeal
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compassion of our people when the disaster of floog L,
destroyed and personal belongings to be washed away and fives Iun 10
that funds to assist the victims of the flood are mvariably "‘Jflhmuu.. ; A
for massive "flood mitigation" then break out as if by Infectipn fo’;- Callg
weeks. But if public works for flood mitigation are o be underty ken it @ foyy
be better that the money be spent in assisting control of these

farm instead of trying to control the water after it hs
then whatever is done must still be too little as well

Clluses hl?tis

Walers
15 reached the rirn:r'o::u:]}c»
as far oo late. iy
(i Comparative losse
droughts.

Floods cause heavy financial losses which
few. But these losses are quite national aspec gng
pmucul_arly $0 when they are considered against losses caused by droughy

While comparatively few farms suffer losses by floods. a Iargf uumb& are
greatly benefited by the same rains.  But during drought this position i:
{c\'er?ed. The vast majority of farms and gruzil;g properties suffer severe
a(ils;.-hé s;:?emo:;;c:;u;:i?.m ﬂfc point of the loosing their property, while
¥ . ely placed to benefit from the disaste

cemed necessary 1p make
flooded land_ j; could be

s from floody angd
—————10d8 ang

are borne by

. ! 4 unfortupy,
minor from the

CDOr:ufvj1; cannot be controfleq ch money but what ; u:;.ljiﬁ'erence in price!
“!ﬂ){';‘-;ene:t‘al:};ultﬁl =1 IC “‘E}tcr res{}lurocsog;‘n;rgomd{::
dlsa‘s-\teniﬁtco iasji‘ YTy 890d yeary ang 0:\;: II':;; _it:ars and then one of near
:‘;’lndmrro there har?jenm":eh: i ff;pc‘” 0bea 'Piirs‘ible answer to droughts
Dromi::hglu ?1:1  However, if 1. o1 Which to operape and these are rare

SC experi ; .
lng th ments were -
dlmosphere apgye [}gm d:_mzlt!ud When directed, and showed

cre Was Sui!.ab[ A § e
frequent OCcurrence, then th out lang, : € moisture in th

: 1S moigt ;
e1e may ur
© ™12y Be Some o ¢ was of much more

D. Kevlin PECES of success,
Soil cg C“““"Va:ian_ £com ared 1, Soil
Mservation is 4 mi
. = SCon, -
;1:&':16' S Who un?p £ the Ielationgh; i
1ty of the philosophy of .- derstang 1 1ship of jand and its
of its : Phy of soj) co : Key e nag 3
1S Segregation frop, being a b "SerVatio, it Urally recognise the
Sl.lrcl)' the pripe: o fanch of apr: ul

hniques anq the manner
Ive of 1 A

L
i Cultyre
ral la-i'ld ’
Mproved soj], d'to Prodye,. Elifc"““s should be the

161 landscape with

Permanently i
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il conservation was born of panic and pt_:ssimlsm in the
s '“." -F-.muud 1930 in America and had two basic f_oun_ldnuons
depression ks {;id decimation of soil in the history of civilisation; caused
(h 'l_‘].": m.uh'- I-:(};il;l the farming traditions of the older lands to the very
by the fallig o8 ;15 of soils and climate of the New Wor_ld. apd ..
different conc%lil? and most strange financial depression in all h:su_)ry, a
(kb \T.lujr:ll] ‘ln the midst of an over :ibund.:mcclof foods of all lum;l_ e:sd
depression ?‘ Ilh;,-': soods and services, organised society was unable to
well as IIIO‘_“_':J - IZ So they starved in the richest cgunu'y on earth ll?rough
and "'l.ulhc 5 pLh[:;v of financial credit restriction intended 10 acm(;\;c ‘:;
B Qe ibErAs p(;_ yower, both political and financial, hitherto L“mm{ﬂ?u;ted
cummh_sxfuclfl:: i(ii?lcﬂs of the United States. The ﬁnapczal policies clzzn .
lhzofil:f:ﬁcd 1I;c depression had a pivotal role in the destru
and susti
e d foundation of the soil conservation drive [;:; m!i]ﬁ crrneﬁ
e o The Government borrowed! newly created e
e O'Hf‘te banks and this credit (with debt and interest amung —
fro;nu;!;z z;l:f:c means of getting the economy of the country ope
wa

] }\l]!lel:}]ll(: ])I}{Iks WEIc ]l]]llsllﬂ(l to arou peop L the menace Uf
P p i l
1 SC ¢ 1o e

f
i i seloped to the status o
ion. Soil erosion control, or soil conscwahuolr;,n ;incl;wp;dww o
e s.cicncc Text books were produced. T em i S rmmhse;d,“%3
el o do iddi Government. usands _
blddmgbmof . -ould control and direct

though only to do the A |

‘ - e i ne United States
trained on a crash course 10 | orkers, For instance, one U s

: illion soil conservation wo L e

t(liﬂli E:‘nnn:lel:':f 2gency was formed to manage and superv

ove

to afford 2

hase land too poor d

: X r was st up o purcha s, forest an
public grazing land. Anothz turned into wild-life sancluan;s b

living for the farmers an ions were transferred to better

i ulal illion
reation areas while the dlsgosscssed pcpmis e caglbyed palf a milli
;;cnd The Civilian Conservation Corps at involved. ions
men. Such were the huge money fes"““lfes ivertising and public mlst:iou,
: ited States, a thorough & hing on soil consernva 8
In the Unllmc people a veritable brain-was er to the menace of S0i
camphz;ssg_qngga\t';m their method was the only answ
emphasisi

Maderr

e R

would hav

of hich has present {“t,nmlc“?:]mmdil- free of both debt
1 A preferable ccnrsﬂm to be instructed to issuc
Federal Governmen
Then progressively
equally to all citizens.

expons do,
usually use
this re-issuing P!
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In 1943, P. A. Yeomans?

the Worlg fiy
HIF

as an enthys; doing what all soil conservationists do to this day. We were

taking over the oriv 4 asUC $0i] cone Jo Were

Cﬂﬂuscnc ed ::Lﬁglfl?lﬁl?s |tl f‘ltchulmld In Ney b“:;:l;?':ﬁ’:“lloulst_ ang “::;..TIL word conservation mean something totally different,

land. He hag bui‘!l Ay f:u. €rosion which wyg evident “_i es, lllll]ltdiui.|ji n Vc}" carly Yeomans rcuh;{:d this mistake and log_;lcallly opposed  the
SOme years and had F> Lirst c;l.rth dam in 1939, tudied ‘L_\c YWhere o, lI‘} hole concept of soil conservation | hereafier. In Ausuallal, wn:h its generally
Scmp;: et ‘Construction equipment il!u‘ludj;. t!)vml Conseryyiq, [:s \:our soil and unpredictable r:pnlall the word conservation is an 1llog|ca_l
himself wel] o u: miﬂ[{lg and construction jobs 'I'hb ‘tflldozcrs angd gmf Ircl'uf'v‘ nee, which should"m_)\\' give wa:v _lc.' the Torc ?mc_ucal appma'ch 1o Sm.l.
he had o dlrcllt j)fed for the work of mj!{"’““n'iuqL[T;h}m he COnSigegy and land ndevelopment" including, as its main planning basis, “on farm

xperience of farmi g Lhe s 3
in-law James Bamef‘:‘ 1ence of farming and grazing, Ho'.-.ﬂizpm'\ ""h"“b'h water control. f Mines was named the Department of Conservation,
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it from being the best way to improve the land -

A great deal of money was spent less effectively 1
PI.!:I'I.nlllg based on defence always fails, It is !bn:-;j
defence against soil erosion, since the objective s
Moreover the earthworks that remain when soil ero
_smppcd if the money is spenl, remains as
improvement of the whole property landscape

l; Is time for Governments in this country
administrative directives of the departments dt' agric
the I(‘onsen'ulmn Departments, of water Ibrcstn‘l';lr:i{-:ll)l':w e

tis T e : Yi il
ot dﬂﬂg:ﬂ:: ;{nﬁiaimguq_\ new and more logical

eyline principles?.

40y methoq i

Ony

Wn it coylg haye
oomed whey j, n o
?9[ b-’l.‘ilc.‘llh' uunh\::s .
: ‘ 51.011 Slops, ang it ¢y e
a positive h:mdic;ip o th nr \
C fill

1o reconsider (he policy
Y dng

0S¢ Withj,

policies of planning

\

def

3
Renaming i
. B Soil Conge

Chnsive dﬁi@ L Tn-;;hon prac =

Boals of 5oy U %

o "

Wil
cniumla': L] Missjyy ;
€ N oy, 8 the Poing JUT
Sted, g 04 futile if the
' Hiitor,

Protection ang v,

Water For Every Farm - Yeomans Keyline Plan

X1. DESIGN of FARM WATERS - AN EXAMPLE

A. Examination of water potentialy.

This discussion may proceed on the assumption that we are dealing with
a property on which there is one or more complete water run off systems, A
system in I.Ius L‘umcx! mlc;mmg an area of land on which there is a main
ridge with its series of primary ridges and valleys falling from one side of it
to, and including, the water course below. It is further assumed that it is a
property of 500 hectares (1,250 acres) of land which is of a medium
undulating and smooth character that, while generally being short of
suitably spaced rainfall, does have an appreciable run off at completely
unpredictable times but usually once and sometimes three times a year. At
the same time, the variations of any plan which may be necessary if the run
off were very much less, will be mentioned. Also it can be assumed that the
only information, other than that from the farmer's own observations and
experience, is that the minimum annual run off is only 50 mm (2 inches).
To begin with this minimum annual run off represents 250 megalitres (200
acre feet of water [or approximately 55 million gallons], an acre foot of
water is 272,250 imperial gallons). A minimum annual run off of anything
at all is a favourable position to be in, since the average annual run off must
be considerably higher and the maximum run off which may be expected
once in say each three years, could then be very oonsidc_rablc. The owners of
agricultural land are more likely to go out in hcfi".\' ra.mfall than m‘”“: who
follow other occupations. They would be more in a position 1o obs?w:eclll::
high run offs from the valleys of the farm and lpe_gale of yhe Ilpw of ¢
and other streams which follow the rains. This information, if hk'-?:“l: rfann;;
has been thoroughly observant, is the most valuable l'hat is likely to
available to him for the planning of the control of these Walets.

i i for water control
B. Diversion chanqcls or : »
The run off from the property Siself is, in the circumstances so ar
' for development. The next point 10

rojected, quite significant on its O3 e
Ic)onjsic:ler isqthc flow-in waler of number 3 cgtegory. The ﬁg; lhrec'mjn v
1: Adsorbed rainfall; 2: Run wi

categories of Keyline arc: through the boundary. (Sce Chapter VII for

.. 3. Water entering trot : ! g )
pro;{c fiys al?d, e small creck flows intermittently and carries oonmderal;l;
e bring to the property much more water than

flows after ainfall, MY DIE el run off from the farm itself. IUIS
the water of m’.mczc 1;,52 l?:;iogossl?;:?lriiy of either storing the water flow in
therefore c.}qmml he nearest suitable site to the point of entry, which is the
lqrgc quantities 1:0 L ling the water t0 divert the flood flow through the
highest site, Orr el sites in some of the primary valleys selected for

property and f0 103

e




:\‘

Water For Every Farm - Yeomans Keyip, P
JAne Plan

the purpose. If the course of the creek through the
roc?&_v or of an uneven bottom with the stream f "T' neoparty fy
mpids and small fall-overs, then the fall of ajy g
probably be sufficient to permit diversion of zl;- f!w :
whc\Lcnenicrs. to fill properly sited dams i
E c;::km a:;?i} :-;?;:l:ii'u'l?"? c,u-sl. the site for the control of (he
water lines (the chan:::;:ﬂa?ltl:im:ﬂfl :'[def‘ il ﬁrs:“;‘. i];:d'nmt
e °l) of the plan for development g oo A
and be pm;:;sii?:ﬂq t}, surveyed with an automatic, du::lr IF]L d
i pcf,gcd to show where (he diversion pl“ s
wouldbcdi.\‘cncd ould first be chosen for the level s
- i "
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and spillway at the mos
controlling leve] for |
through the lang. In

= 1P leyy
el would )
at which the u'ar:r

of this creek wg
: ater would be ag ‘
t Suitable , accomplished by
he peuoi:lspmf l?: level of this spillway \:g t;}él ;;qu
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undulati sion channe]
sel ng ¢ . cou
trate of fall, and | i 300 Sﬁolmu-_v. such a channe] shoylq 15¢, down
Gvery circumstance as been found as steep as is uld be given g
'_rhe fall given 1q 5 necessary in almog
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be chanp,
may appear 1o o the chanp, Wel. The result is an ;
. 10 sp d be - § an incr
m ~ €, 1 ween €asing
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through {, are oqy; O Whe -+ Command areas lar
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 time a decision should be made as to the m i :
:;;;ls:a if one were 1o be constructed in this site 131::_1 suitable wall height for a

A wall which .WIH hc{uld a depth of 7 metres (23 feet)! of water above the
evel of the vl ley floor at the wall site is generally very suitable for medi
undulating country. Where the land is much more gentle as (o slo um
fesser depth of water may be decided on. Gl

Some of the critical matters to be considered in the selection of sites for
storage dams and the heights of the earth walls are discussed below and in
the following chaplers.

Suppose a 7 metres (23 feet) dam is envisaged. The top water line or top
storage level, (TSL) of the dam will usually be designed somewhere between
two limits. (1) With the top storage level coinciding with the height at
which the diversion channel reaches the site, or (2) with the top storage level
at the height at which the diversion channel leaves the site. An advantage of
this latter option is that the diversion channel may be constructed to operate
completely independently of the site. Water can be allowed to by-pass the
dam or be diverted into it. If, as is often the case height is of the essence,
then the point where the diversion channel enters the site can be chosen as
the top storage level of the site. This choice saves the height loss that will
occur in the channel as it traverses ils way around the valley, the main
problem is that it is not possible 0 get the water past the dam until it is full
When the dam is overflowing water also backs up the diversion channel.

If designing in accord with the second optior, select the peg along the
diversion channel (after the line has descended through the valley) that is
6m (23 feet) above the bottom of this primary valley directly below the peg.
The ground level at this peg will represent the top watcr level of the
su i itioned letely under the height of the

ggested dam. The dam is position completely i

channel and the two water lines coincide only at the overflow level
dam, :

In cither case the water line of the dam should be pegged. Firsty ::
special distinguishing marker, such as a longer peg Of steel fenoempo
D e otk h initial place. This s also MEDEW S of the SETRAY

: ntour line may be

(overflow or by-wash) of the dam. Al this stage a m'ﬂlc': top water line of
pegged around the primary valley to mark out the complete 0P

the dam. ter line

Between the two places on either side of the valley wut;;rleiclh'f‘? o:.?tre line
pegs reach 7 metres (23 feet) above the valley floor, WO

of the dam wall.

wmw”\rﬁmwrﬂh

ipe 1
! Originally 20 feet. The extra size matches Dellss to pipe
(water for earth) by better than 6%, Editor.
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This pegging out immediately permits a fil] appreciation OF this pe.
asa dam site, since the land owner can now make
area enclosed by the contour line round the valley
This area in hectares, is multiplied by l‘h.-.' ;
mullipllt.‘d b‘ a factor of about 3.7 (from : V1o 4),
approximate capacity of the dam in megalitres.
measurement: the acreage multiplied by the depth of the dam f
multiplied by a factor of around 0.37 (or say 173 to 2/5) is the |
capacity of the dam in acre feer) With a little further g
estimating. the farmer cap also know the volume of (he
fpproximate costs of the earthworks to construct the dam
Continuing from the wall peg placed on the far
resuming again the same rate of fall, the line
through and beyond the [ast primary valley o
valley can be appraised as a site for storage. The land bel
esumate the areq which ould be sy tably positioned for
critical distances, such as the increasing length of each successive primary
valley lying below the Pegged line 1o the creek below, are ng
deal about his land is learned by the f i
“n_c“" water line Every shape ang form of the Jang jce
this one line ang gften 10 the extent that ghe owne
time Something of the p;

and the Jine of

side of the
IS continued 1n this
f the system.

valley anq
manuner (g
On the way each
OW is abseryed 1
Sravity irrigation,
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. 15 determy; is i
Channep p - Med.  This is the
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falling at 1 in 300 is pegged with lh‘cd aid l{ircals]:ctotzvﬂfiu;:ﬁ
ine fa 8 is pri

peg @ hl':’.,nd continued right around :hzlpr;mal\g]; bifoz:\r this line to the

instrumen ) i primary valley, Since b hannel line §

beyond the .“‘:-l\li Ibu commanded by the e c' 1ion(::r:;m ks

creck below can now be made of this land as an "_'}'l'gd t onl W‘ Ty the flows

an estimatc ‘IOC'"-Cd main diversion channel wil nol ni[f from the land

'[‘l“'.LI l;r(::n the creek, it will also 00]]{":: g;fdrﬁ]]m;i]ghr:u[ its length. This

diverted Ir - ies above the channe : i 10
: 2 vhich lies a : ‘s of such proportion as

of the farm v = farm is, in this instance, if it is assumed that

F water from the fz o e n if it is

run off " !::;wl and storage for use in ll‘ngdﬁ():;;c Bi\;;prm’ ed soil itself, will

Wi'”‘“.‘: F?lprm-'cment ProgrntAREEES

the soil 1r ionshi 8 the

: n quota. : ired i ugip etee)
ity ttqil:lformtion which is mqmmdu:f gmh;eulla[llhc Sygm I
e nex : g '

o thI Keylines of the primary Va]]c_ysh ha\-cgshal”‘-" e

dlﬁcn.:[. tion those primary valleys whic ipal ones considered here.

L\ali?lil]::dmce for water storage are the princi

sig £

ater and the Keylines r it may be
: 2 tart \f‘r{om cither end of the s}mmwnhg\'e the best
Inspection may sta: cular primary valley which alpp?hféd in and pegged
undertaken from a_ll:’:m.rhc Keyline would ‘hcnrtgce;crage: as is already
shape for 4 dAWES Ll o channel Estimates could be
around the valley 1o mgn the creek diversion Chlir;n\evo.!ume of carth for the
descibed KT P dafmﬂfe water holding @P"*mt-}rr}]en a second line for a new
e Lhiiamsmaﬁd the cost of carthworks. and rising at the St
wall of the

from this dam’ extent of the
iversion channel would be pegge:um_ Eventually the mmwmehighﬂf
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gradient towar could be determin the line for a water e the
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j > e its suitability
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: oun : ines in adjoining .
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also be examiiel T e relationship ; cross through 2 is Keyline
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ep up so has the
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low Was such as to fill :s‘:uigl‘acmrilg.r at least, one dam instead of the whole

series of them. Even if he was sure only of the water for one dam, the
ng and pegeing would still proceed exactly as before, except that

while every likely site is appraised as has been described, only one site
would be selected for dam construction. This site would be far enough down
the property for suitable land to lic below it for irrigation if possible; the site
would be chosen for economy and one that is capable of quick development
and good financial return. Similarly with the appraisal of the sites higher in
the primary valleys, the owner may be confident that the water available
could be managed by only one dam. The appraisal of these various sites in
{his case would be similar to those mentioned before.

The particular factor to be noted, is that the principal water lines which
will influence the whole planning layout are the same for both sets of
circumstances. Later when this lesser scheme is developed and working
well. it may be found that there is more water available than was expected,
which this limited layout can use. Then it is a simple matter to add more

storages on either water line channel, by fitting them into their appropriate
relationship with the particular channel, The critical factor in this
rearrangement is that the top water level of any new dam should coincide
with that of the diversion channel on the down side of the valley, sin_ce this
is the level at which the spillway of a new dam must join up mf'uh the
diversion channel, The diversion channel as it approaches the new site from
the creek, is thus above this top water level and only needs to be opened [0

allow the water to flow in.
channel falls

F. Relationship of creek and | -
le

i rmits the useoflheﬂowsﬁ'omac!-eek._lsas\n
Redieio f the creck and that of a diversion channel.

i i y fall 0 :
relationship between the " Jand, the contours, afier crossing over the

Contour-wis¢ on a map of mk course and then swing outward and further

creek, would first hug the crec

from the creek as they pro; ot Gl of the creek may be too flat and th:

contours of the land remain 00 clse o along;rhihcem; :rllmtrailccl::cf;ethc
. . s l n

operate. A large SIOrage site is again souel! hannel from which one

farm and from which the Waler o ; : nilar manner, as with
or more higher storages may ump of suitable capacity may be sel up
feet) higher

Sy set-up. Then 8 P
!g’:?ﬁﬁ::tﬁl {0 lift the water from 3 through 15 MELres (10to 50

according to the slope © the land. n ridge to creck, was 1

: ; verage slope of the Jand, mai A :
RariGE: L“hfi; of g12 metres (40 feet) would permit the gravity

in 20 then a pump land more than 120 metres (400 feet) wide- This is

o ating of a strip of .
i L ding a 6 metres (20 fee) bt loss for the pump-filled dant 0
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release the water through its Eo-ck-plpc S_\'S[\.‘I‘II. 1It‘. tm |hc_ other hiang
StOrAge requirements were S:ltlsh.t‘d ina dam 3 metres (10 feet) dee 7
of irﬁenliou land 180 metres (600 feet) wide would be Provided. |
other Eimunsmnccs the size of the creek storage may be mucl
maximum capacity compared (o crc;:k flows:; [hc.:n the
potential of the situation may be satisfied b:\' pumping into
direct irrigation.  Very large volume pumping is now
economical in such circumstances.

the

1 yey
1‘ larger dnd o
full irrig;llion
# channg| for
Juite Practica) ang

G. Diversion channels lines for prope
planning

Whenever it becomes necessary to decide how best to COntro

farm water channels for water diversion

rty

1 and yge
and for irrigation are involved. The
lines of these channels are the lines which most influence the planned
development of all the land in their water systems,

Thus far, only the water catchment relationships in one half of a lang
Water section has been considered: that is the one side of a main ridge, with
its primary valleys and pamary ridges, down to angd including the water
course below it. When the examinar: the complete land-

tween two creeks,
unction, new water
riunities for profitable

mbraces all the lang lying be

“Ves down to their ]

nships intrude with wid
water deployments, i R

It may be that two creeks, which both
land._ T?n: height rclaticnships of them gy

: iatod ior - 24 the land mog suitable for
be -

fore efffn"féf,ifd par e creek or the catchment with

will probably be necessary. On than vy,

: as entailed in the firsy example
Surely on this ang other i

: : OCtasions of ity . -
map is of Oulstanding vaj,e. With thcoa'dsml N o Podlont
knowledge 5 farmer hae of hi e

_ a2 contour map, and the
cgnsn@crcd as if every Contour lipe Was msf b s Soloxirs ouddibe
direction of fa]) that mighj pe Tequi =

quired fo v aline whiep, had the rate and
0 the USfer. Thep by following
Would praq... I .Olhc' one and ip reverse, all
this oecypgy; Y unfolq themselyeg and what
) ¢ elationgh; ‘;n% Crally Creates|
and often one jem only may, wj land o0y appears
Ay, add more 10 the
8¢ price, o course the
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a map arc not the falling lines of channels for water
lines ml:ui because the rates of fall for all types _of channels,
ummll- s of Ilhc natural creeks and stream courses, logically mzdh“;
_t m?:uj less as the country being considered is fatier fim Lh:asc
become 10155 ;:u:cs dwindles. The examination of the contour map for
~ o £ : aAc
yertical (01CTANILES T very practical approach.
o ses 15 a ven Fovor ; be 1
discovery purl:: the general fall of channels in uudulau:x:aic::llntr} mﬁu:e in
o=l an o P ”
o mSlt l:r this rate of fall were to write-off '“.1 undic i ]%:ssemn iz 6ot
in 3““‘. b.ll_ .al height were lost, it would bc an oby IP:.'LS s gu[ e
uuwh\cn':;‘or to 1 in 600 to gain the cnu:_al height. 5o the:fall of fhe
e .-“f be no such rate of full fall as .l n (’ﬂu‘-o an appropriate rate of
there "“_‘-\_ If may be only 1 in 1,000 or 1 in 3,000, 5 . and all these various
it "b;; m]n;f has to be less than that of the t:a:mnlr];\];l :l
a1l for a che = : 3 contour : :
[c:gal\sridcmijons are soon ob\'c';?usl ﬁﬁl:e_ Ei)]fgifl)filtable water storage siles on :,lri
: to the disclos . tour map may reve
When it comes Iy undulating land, a con nap =
ies of more gently und not noticed in deca
i pf[:: \e'aluable locations which an m\'lnefriiaaid is water, surely the
outstanding If the chief asset o : 5
/ management. : ; for his property.
z propcrltv;:: Ir]nafst endeavour to control its flow for his p
property o

New look at farm water resgfuc:‘::solume all of the
e not possible to describe in the CORS 00 e, there
Wit lsmmonjv met water resource dc‘d:mgnm] practical guides and
foos emerao from this brief recital a few fun ly for widely differing
does emerge {ro inciples which will app’y Jand should be locked at
conmn P . mple start, the farmers OV ©. © - ilusions about
Cifc““‘srza“cqz thtsu;c to discard the older, r;.f:;;(]dagm- and
ow 1 : Tva . farms
zxoliclx\;l d water that are roowg 1lln'?;;0ﬂis:m water ﬂo“mgtogml‘h'i;g S
: i} 2 not stay

Througllt;m é:cs;:ol:]ﬂde;e looked at firstly as assets s afresh, shou}d

the grazing lan

;amining his wate ;
Jandsman, examt 7
rightly belongs. Then the e 1

iy ines for
tential 1 . details and lines :
: is most valuable po rst basic : its
rmh?z ttl;:;ljglz“: development and use, the i {he recreation of
provide,

d for
perty an
the planned development 0 B

’ the
ater flowing 10 : first
landscape. y obvious enough thal; “::Ild be considered in rllht:: %
It is certain itself, s ince it may
than the farm icularly so SHb v whole
catchment larger ater resources. Particl bui it may dominate (he
appraisal °,f mrmr:mncm development 1ines. ust surely be
the first pel X : : - 2 3
supply tand working Prografit o o fow-in wate ot practical 10
improvemen seek for the contro And if it 15 stream
The first placi} 1o { its cntry to the propﬁl'llf‘-vhm by following the
at or near the pmn[t:oi:its are then sought €1s¢
dn so there, control

contour
{ranspor
including !

f his whole pro
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¥ an

m.u.rse downwards. The higher up on the landscape that wyge
available, the more valuable is the water and gre; Aler can be
hich lics . e and greater is the Made
which lies below it and on which it may be used > W€ area of lang
'+ ol 'y , G X y I
X Fa_r farm run off itself, (Category 2 in the Keyline scale), ¢
d;l primary valleys, mark the water line of the highest poss jt;lt ¢ Keylings o
0" :;gcs in the valleys and these should receive due consigd s Sloragy
pcasions one dam site may be s cral i
dominate tht O-I;\L :‘lm site may be so outstanding in its ‘ld\--mon' While
iy ad“m; whole course of development, it would be only antages gs 1,
be broken IL:g:rllll efficiency of the inter-connected svstcnl.oll:dmy {hat the
Moreover, there :; .lé\vdﬂiagt of a more favourable site for oddmh'smuld
cxcrciscd‘m fa\'uuru:fut:o:t Cllllh:-lsurc of adjustment possible “'r;l‘T Im S,
h n ol - 1 £ Ic €
i the dam site and for keeping it in the :'lf-‘"_h be
! *hain
_Theu are occasions where a landholdi g
suttable for building dams, the other 1: g has only one primary vai
such significance : cf valleys, if any, havi o,
ce. Two or more : Y, having no sha -
valley in ste : ore dams may then be Ace dfany
) pped fashion o Yy £1en be constru in thi
ne above the Cted in this
¢! is 1 :
“EISEE[SQJJ‘;N;S:N used (0 bring 'u; thr :thl‘- bt djversj:;
o i oniie ¢ water to eac
overflow from the PPl it, or even from both directi B danuion e asa
3 m the topmost dam m: : 1 direc
n throughout the series, This vl be directed to
then suppl - Hhus valley, with j
Pplies the planning 2> Wit 1ts own
predominatine - 0g lines for the v
in thi _m.‘: water influgnce B ¢ whole
IS particular valley ang 0:1. 1 ut putting in da
& 1 ry o .
PIOYINg an inter—c

another set of ci
S Circumstance.
is s : ces, d

se '“PPI'\ that water U\T:rﬂm\-'msm)l make the two sch
re:c; of stepped dams loses ;lng from a higher to mc €mes competitive. It
1) at cach overflow, T ]Seughr of from 3 mmug‘; "!csxl e
metres (10 to 50

unavoidable and especially s :]5 acceptable ip Eit
¥ 50. whe SIgn only where it i
. tis

ith the ot

© 15 4 place someyp, of about melgss of height in the

0% Jor every usefig] s-:c:hor 58 (10 1090

va eme and idea
€T resources of the farm ax:ccl}

pr_oper?y because of its
orns in this stepped fashion
nnccted series of dams in

Brazing lands,
This chapter has Stresse

Tesources of ! d the nee
. each indivig ced for he
g:‘;;:lcai and “'°"h“'h1'1; r“l;'ﬂ farm apg gfﬂ'; "OPer assessmeng of the w
em of water resoy cthod for ghe g, n':]“g landscape Tthe water
¢ : e most

outlined in h; +SOUICES asses er
1 this and in gther i SSIment, Jieg Brazier to

PIers of this b%;: the meyy, od solve the

S of planning

water for Every Farm - Yeomans Keyline Plan

FARM DAMS - DESIGN BASICS

The purpose of providing a discussion on the design of dams for
relatively small area water storage, is that there is a serious need of it for the
and grazier for others who work with them on the land. It is
hat a man who is anxious (o do the best with what he has in the
and its water association, can be able to think practically on the
ns and not have a seemingly insurmountable blind spot
him thinking constructively about improving his land.

X1l

farmer

jmportant {

way of land

matter of farm dar

\ich may prevent
A. Farm Dams For Stock Water.

The usual onc-in-every-paddock stock dam is small and too shallow.
Without an outlet to draw off the bottom water it has no means of keeping
(he water good. Stock not only drink this water, they stir up mud, urinate
and dung in or around it and are then forced to drink water which
increasingly becomes a polluted pool.

Deposits from stock is not the onl
grass get trapped in the water and the p
oxygen and make the water sour.

Then when the pool overflows with rainfall, little of the pollution which
settled towards the bottom, is disturbed sufficiently 1o flow out with the
overflow. Even when the dam is filled, the polluted accumulations are still

the stock drink is the

below the better quality top water. Usually the waler :
d here they stir up the mud. As the water 15

wh

y source of pollution. Leaves and dry
rocess of vegetative decay extract

shallow water near the edges an
used the polluted water becomes exposed and the stock are compelled (0
a dry spell or drought develaps.
inking bad water.

drink water of declining quality often as _
During droughts, great numbers of stock die through drinking

While good water and poor d

time, dead and dying stock have been found 10

containing dry feed, but very bad

still in use with the decomposing
Droughts haye proved that the

even a catastrophe, which costs farmers 805 B2 s,
of water pollution, whic!

It is not only at the point .
quality feed or feed shortages, that stock die and farmers lose moned
{lution which prevents s

the unknown level of water po : f
best from the food they cat. Yeomans dis the matier 9
fessor of Soils, Colombia Univers

/i . W. A. echt, Pro
with Dr. W. A. Albrecht, aod cool 5P

water. Some of these

usnal Australia :
d graziers millio

shaded location was worth about 3 quarter ¢ i
extra beef per day per beast in comparison with ordinary stock walter.

No storage, no matier )
continually drawn off from the deeper levels. This holds

113

N
- 2

- dry grass will keep stock alive for a long
gl in many paddocks still
dams were found

carcases of stock in the water. _
is a mistake,

h is allied with poor

ity, Missourt,
: : ving that g ring water in @
U.S. A. He had experiments shov & of a kilogram (half a pound) ©

S ter fresh unless water is
how big, will KeeB K800 ood for the largest
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natural fresh water lakes of the world, the man-made g
farm dams of all sizes down to the smallest 1ron tank y
caichment, Fresh water will not stay fresh, ¢ must be con
from the storage bottom. In the farm stock dam a pipe
the bottom is the answer.

The smaller the storage the shorter its life in supplying good Water unjegg
it has an outlet from the bottom In areas where sal accumul
is worse. Nevertheless, we haye constructed farm irrigation dams gy
streams 100 salty for stock to drink The outlet by-passes the normaj
flow and run-off from heavy rain fills the dam with fresh water
imigation.

A large irrigation dam ¢an be successfully
as there is no danger of damage provided
continuous use is kept o Proper limits. The |
surface water and the less fouling,

1. _Stock tanks in relatively flat country.
The stock tank i relatively fiag country poses a special problem. Subject
10 extremes o_f pollution, the water is usually contained within the excavation
which forms it ang therefore 5 lockpipe system v ould be ineffective. A total
redesign of flay country stock wager <

lang slur;lgcs, the
ith jts houge Toaf
tnually drawy off
and valye fitted 1o

ates, the Story

salt
for

used for direct stock walering,
the length of time it is iy
arger the dam, the better the

=3 valley ang ridge shapes although
Oliceable, The requirement of sjte anq dam is simply

T Iust be storaq when ¢h : :
R, € dam is fy]) . the wall
eXCavated hole, The Contour dam, ull against the

13t ridge mav 1 = of Keyline, located on the
i O mz: E:Lh fh" answer Then g lockpipe at ground

, the Pim would bend do“_:i“m e 15 filled or OVCTHQ‘L\-'ingA On
the foul water would pe sucked up s ﬂm:o lllmn of the deep water so that

A better so]ulipn Would be the yge o u fohc lock pipe, :

[lhrcc Of more adjacen; paddocks. Whep o Cr dam (o gepy, ¢ troughs in
urned off, Evaporation would be greqio Use the troughs could be
smaller stock dams in paddocks. Y Teduceq :

: " Comparison with
A of the Ioclrpxpe valve when run

s fF flowe ;
i:i] :}atu 10 hold the Bood, but whay can be dgni";ol(: Lh(.} dam releascs the
9 NSting gmay stock
2 Better uality 4,
In the case of an exisyj

of the stored waper an be achieyed ent i

_ : y ition - M the qualip
diameter pyc Pipeline so thyy one end is jy slighy) m {4qinclg
the Spillway and the other end is the b; f the d:.
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g ¢ strainer or at the very least an upturned
» fitted with a cone strair ien
dam should hL'[’:n; pipe will draw water frt;-m the bottom cli;utlulz ;})az:c e
EERI hcndr-m to overflow, Water will conunrtfl]c o ;Il::l ;;Les A
the dam stars 16 = is flowing and as the overflow di ast
! . @ ay 15 this pipe.
while l]“'l b.p:;ﬂ::a l{»'ili come from the bottom of the d.:'m!. :];‘:?;i;g]:] : ba‘;cpf:f X
10 1'.’"',“-0-[ ‘_'-n le arrangement, 1o remove the mickulale Sl
o S{[ |p can be developed into a pseudo loc p’?ﬁ " The pipeline needs
lemgdd‘“:w; from the dam by gravity Prcsl‘lsurc d:t “:r, .nw e ks ol
caf be I8V - illway behind the dam the
e d from the spi : to be fitted to
9 b“_c,hlgliii outside tow of the wall. Here a w;ﬁeﬁw ot this ctills
e ‘d:;lc ipe. Aul upturacliElon shoul(}] sing the siphon.
cn::l‘ :I]Il an 'fi)r bubble entering lthlpe 'ia;]\:i'ac\?aalﬁ"mc down stre fml:l}ﬁﬁ
prev 5 : itioned in the spillway ; ide branch of the
IS position i the side brai hRt
IA l't.i-]l[i’;::; m{’ A valve should be msugggsdmlnﬂ oo ard e e
siphon's i no syphoning a > The bottom
the valve 1s open ¢ the spillway. :
tee. wlmle:wer the water level of the dameb;_l?dom overflow water will
e ntrols where the water is dlschar!f; {o the tee and then discharge in
valve co - eline from the bonpm val}e od at the end of the pipeline
Drst DI pcl i water will be discharg fer to keep the botiom
the sl dam. It is usually bette be used as a
toe of the the system can :

t the down stream : ter. Then 2, the
vbie closah andlie pipe full of N alve must be closed before OFpedE in the
valve ¢ . top valve 158
: . However the . ed the wa oF
lockpipe SYStcmWhen the bottom valve is t;p?ilphoﬂ to start. The POC!‘::HY
bottom valve. f a prime to enable the r though the pipe. Ini
pipe is often enough o by the rush of wate elbow at the tee.
ir in the pipe is sucked out by th through the upmmcd_ il cause this
air in bucketed into the pipe £ the top of the pipe e e
water can be e portant that the slope c[em A vacuum pump 1

i it IS 1m rstem.

In this Ca[slc :V to the outlet end of the sy " -
water to 1lo SSHan: nably good in small :jodamsn of
ay ime a large SIp ing water reaso the question’

way to primi kecping d here

’ ferable means of keep through the wall anc um for effective

st s by use of a lockepipe (A is about the B0 1) diameter
forstogis e “53 mm (four inch) line is a 150 mm (six inch) diBEv
size arises. A 10 o be considered B9 20 ockpipe

trol. The next o B¢ since it is lhc_ m for a small arca.

water con his is a critical size ion on Keyline patte bt waerandiis
lockepipe s bly effective WO he rapid removal e the overflowing
provide reasona h) more efficient for time

is size is muc
Ill:; iarge cnough to app

reciably reduce the ﬂl'l"':z;haf;
2 s
£ a dam flows and s protect the P
spillway of @

pams Eor Irei nftw: which these Pﬂ%ﬁi
B e farm dans vl e e K
The first PUIBOEC aly the same as fo:rb]: used, against the BRE S
envisage FeUEH en it available bt once the great majority of farm
holding water “; but could be used. Onc

it is not available, 115
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were for stock watering purposes, although many more have e
the dual purpose of irrigation and stock water since Irrigatin i
*Yobarnie" began in the 1940's. But since the relative requireme
for growing all the feed a beast may eat 1o the quantity j \:I'Th o wate
uppm;mmcl_v 300 to 1 the size ratio for the added pumdsc of ; I. drink jg
Ilkcu:xsc very greal. It will range from 40 or 50 1o | up 1o ; f”‘$i||10|| Is
practically and economically feasible, a5 high g j

Further comparisons

(1) It is rarely envisaged in the provisi FS

e R0 ston of stock water fucilitiec
the water available will be required or needed since stock !‘?Cllmg’ that g
limiting factor in production, whereas irrigation water i ‘I‘_dlcr IS not the
o e - aler 1s for B

furpou of increasing production and therefore the volume avs 108 ADIESS
imiting factor in production ¢ available is the

(2) Stock water dams only -

only rarely require all

. J 3 all the av

rainfall mﬂ'_ﬁﬁ'. stream flow, and )

< buill fi
8 from g (::

ailable water fi
/ ay om
underground, so the siting of them is by no

the land shape ang othe i
pe other dams. This relationship is for controlling and

using the water in 3
e order to increase Eiakils
things may dominate al] ey I “as¢ profitability. The manner of these

Sy clopment planning, and this has been seen
(3) Comparatively,
, ¥, the cost o £ +
usually ranges from bejgy SIDUJ the stock dam is not that significant, I

ii:ﬂ(:fu‘%cczmmcted inthe dry :zdltfmslﬁc,oooj although there are quite a
ey nirols alone for }rlflcasing th : I:‘C_I;:;?_nfs r;::;.;ﬁ i—; mu_ch Hdlz;j
cost additionally ¢ highe gation
Thre s e 00106 IS e cathnors
:fhwulc_r Storage swaﬂé‘-‘ﬂﬂ@ and used clasgj ﬁcarjgmri-s even Iugl_wr.
SIEIC 1t belongs pring ]\l\_hwh will employeq rn or mc various type
P e S“bjtxtpgr }lhem :Sai’ in rclaﬁonsh?];- :]: ldullgg ra:]n watedr
e 1r value an

Professional eqgi
Engineers, vy : en al
22 turally overlookeq Ihcmth [hf?ir Sights ey foTaSl C Omple[el)f neglected.
meern themselyes yyigh e 0 CTIMent engir . O3 DIBEET projects have

(ANIMUM pracica] yee o p s 20d & SHeers whose job it could be to

the money by A e PEOMENLS Which
to de; ney by the Go\fﬁmmcm 1“31(:“'. had never b:hlq? Wwould promote the
Part from the orthodgy 0 0o cithe; “Il given the directive or

Provide some pex OF eyen .., LDEyap 4
There i ©new and valuable . €N risk ope {}' € usually not permitted
€IE 15 still ip hi nowled,, dilure which
i this counpry o B could at least
agricultural matters which untry e
hand only 1o build 2 Permijg i !
legitimate sgj 2 Onsery, authority in
supply cngsi‘:ll;;cnsen-mg Mcasure a:cllm 8.0 n::l:?uon officer, on the one
inferconnect s Al B e uilg o W€ othe o0 A farm if jt js a
el througy " hand restricrs 5 water
a ; or b
Tl dle
ljgr ' oF Propen; ' Storage but not

H Or discharge the

ilogionr
oAl division of
Or cop. 2
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m into another valley. How could even the best planned farm

?:::mpslwnl stand such nonsense?

A farm dam is a water holding structure consisting of an carth wall
which is usually erected across a valley and which backs up the water onto
the valley above the wall. A smaller portion of its water holding capacity
may be held in a hole from which the earth of the wall, or part of it, was
obt.uincd, The bulk of its water storage is held up by the wall over the valley
floor and extending up-stream according to the wall height and 1o the slope
of the valley. The water of the dam can be released on to the land below
with the aid of a pipe through the wall. This pipe is usually horizontal and
at the same height as the bottom of the valley below the wall

More favourable sites are characterised by:

(1) a flatter valley floor slope, which determines the distance

the water will be backed up in the valley, p-
the site for the wall being shorter than other sites in the

(2)
same valley, . .
3) the valley floor shapes being wider and flatter in cross

section on the water side of the wall as against a narrow *pinched-in"
valley shape, and .
“) a suitable location for a spillway or by-wash at the site.
Many stock water storages arc simply excavated holes where the water is

held below the level of all the immediately surrounding land. These, us!faélny
termed "tanks", are rarely made large enough 10 carry 4 sufficient supply for
irrigation purposes. Such a tank, if dug for the storage of n_-ngf:ﬁeuﬁ
would be very costly since the ratio of water slorage capacity il
moved is about 1 to 1, whereas this ratio for a dam will usually ran{ghee e
or 6 to 1 and on many occasions better than }0 to 1. Ofco;i;rse o;;r KReg
lands the water-earth ratio may be outstandingly fa\rnursaézoc :sl i
where a relatively inexpensive wall may back up :I'.:ter or 1,
(or feet) for each meh]‘]e (or f?:nst?)f';w;]glhih a:’ t:: al:&h SE

F which are ! ; ! e
howci:? mt of certain classification relating to their uses and

they are constructed.

shape of the land on which !
1.__Site SeleClioR,  ite for cach farm dam will be
i i us
has been said before 1 the previo
i i should
hapters, But it nceds @ be mentioned agalm. The site for any dam sho
chapters.

of a total farm waler
i< that the dam can become a part :
Elc ct;tl‘s;:;l;‘:: sl:l?ebu:slsm site should not be thought of as something apart,
evelo :

> ter im 1t than the construction of @
mel.hmg ofmuch gre:_u ou[sl;:]ﬂj_ﬂg site for a dam Should

but as a part of s0 RIS
2 the availability 0

e O E‘;;r\:iaus form which the control of the water resources s:}orlll:
not change the to restrict the profitable possibilities

take, It must not be allowed
whole plan- )

The great impo
apparent (o the reader from what
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Therefore, the first basis of site selection must Test on the exyy
and understanding of the complete qud»n;ucrlsccnon i which it Jjpg

The highest place for any dam, in any pamary valley, is wher,
storage level of the dam is on the Keyline contour Any Oulstanding site ip
the \ﬂllc)- must be below this point; otherwise it w ould be used dutomaticy)),
on its own or as a part of the highest inter-connected chain of dams, |y it
lies below the Keyline of a primary valley but too high to be ing]

|i||;tliu;.

€ the lop

uded ip a
contemplated lower series of dams. it can be located by construct ing the dam
independently. In this case for filling the dam, 4 waler gate, set i the

higher diversion channel could remain open at appropri
no such channel an independent channel for the s
constructed and rise from the 10p water line of the
rising country,

There is invariably more

ale times, If there ig
pecial dam coylg be
dam in the valley into the

land above to shed water to a channel which
rises info the rise of the country, than there would be if a channel were
constructed to rise ingo the fall of the country,

All farm dams which are constructed in
_lm\‘c design and Constructiona| features simi]
i an earlier chaper, These dams i diffe
with similar waj] sizes and heights. The big
the imporiang one; the slope of the fl

primary and secondary valleys
4r to those of the dam described
T widely in their capacities even
factor in the difference is being

of 90 mefres (300 feet): with a valley

. it ]um Would be 180 metres (600 feet),
l_z.uoo feet). S:oragc Capacities Could b?; th[c Icnglh il i
(47 acre feer) and 126 M (156 acre feet) ‘e;l:ech:‘j‘ 1 (23 acre feet); 38 ML
. ’e .'
a a;‘\lrilmmurn Shape for 4 faf-m dam
= = t::;gns'idmd '© have a minimum shape
€, iS cqual 1o ]en thﬂ ;Stbac\ : UP from the walf 1o the
: Al In the abo : I
t = VE€ exam c,
};e"t;' ::“"Y of Lin 15 slope, makcs]:l'he
o I t'liam is not of minimum
satisfactory ST j
More favourable, ¥ shape buy HOLIf other 9;1]5“]::2?‘3“0“‘::
- » r c
The highest Possible sites for valley ;
water line coincidjng with
places are found the i

¢ thoge whi
ic :
rimg h lla.w; their top

Y v
I\;c_\'lincs are completely unsyj da:r:5 o citons e
Site may be Very good. Loy,
switability of Ppossi

p S, while rlotig Positions gy phe
ble sites forc:[.';r::zom t:1c same .. ;‘r';'c}' sichylinc

not vary = Valleys th
118 Iy Ncarly % myg Y e
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a chai series of dams in these middle or
site chosen, where a chain or series of da the
u:icul'.-tl_ :.1:;.: I:r‘,tto be used, will be most often suilably indicated by the
s '.];:T::h-mncl and by the depth s'._c:cclcddfo;lljlc dam.

s I b) _ Depths of farm dams o
ths of farm dams and the height .0[ 11'.(_: walls, alrc lﬁcetzll'l:plrof
.'”.'c db1p ﬁ-;: each site. The principal _cons:dcmuyns ar: (v)idmd Sopent
mdn-ni:hll '\noor and (2) the water capacity of the sue.hj‘:hrc:an it

i i he natural catchment, or w :

. water available from the . i
ample s l_‘r'-uru:;: it from outside, the dam should be las Ial:fr,clzs rﬁgts:cs el
s dncn-n'imum economical wall height. Walls ov;.mmdox e
“C:I: {lllfc]ulh' be individually designed on the more o
high sho

P

- I i dulating country is
illlb;- good safe maximum for a farm dam in medium un

ies
: ith a 8 metres (26' 3") “.-all__ Qf course some s
i mcms’ (23]12‘3013::1-;“"1(1\‘?53“ walls but even so, 'I?l l.‘; ;:sw(sza;)lgx llr; g
B b; g gging for this size dam. Ifa 1.1:1:113 rr:wes s
i qlc SI’T;: lo} b‘fa good working maximum, then D
i cons:;:fll;- a good working minimum and the large maj
is sim

for irrigation would fa‘ll in this 1':1113(:,50:“I3 s o s 3. o wz;l;
ideration of pipe lengths has som il need 44 s
S d 1 in 2.5 batters inside and e
e anh the wall. Altering the mglde]batgm il
Pipingz to get l,hroujg]1 requirement, alters the Pi]}ez ?I.C s st
SOTSCHNC(Slg ]11::;}5 ingdiamclcr usually comes in 1
300 mm

i 5 on
r batter of 1 in 2.5 0
ome in 6 metre lengths. The ﬂ;e ?;e cach 12 metres long
Qe C4 metres of pipe, if 4 le“gd?s.? pused to get the irrigation
s mmdle k:i\.es'rhis spare pipe can be eﬁ“fﬁ:ﬂg parallel to the irrigation
are purchased. i S rmally posi 1L
wvhich 1s no of the wa :
VENE unc_ler the mc:ii Ts :o cross the valley at the bis;]e\' floor slope of I.t_le site
chathel rh(;a been said in reference to the valic)
From what has

land co :
reciated that as the > th
fi roposed dam, it will be appreciat fend to be satisfied Wi
or a p

irements : d so the

/ater storage requl me wider an
becomeeR iy theA‘;:;cme flatter valleys lencfl L?;l;e;ometre (26 foot) wall
lesser wall heights. be longer. Therefo bt the first

dams in them will 3 e G it
e an increasingly larger ““dsr;ik:ja.lﬁgde, by pegeing it 350*"’ o T
b sed flatter site could be MR b 17 geen,
e pl'OP;! deep or a wall height o uirements.
3 metres (10 o) B e el O _am
increasing the ﬂ_ﬂﬂwﬁw flat and dry, the 1}’11.l1l1g;‘:l
hich is generally considered (0 { be obvious o the cf:;d for
Onpe Keyline still persist but may 10 dings can often be
eiimr i 011; 1e);1‘mary valleys in flat sw;-mm walls for such mﬁ
somlosdyiia ;r:gc of heavy rainfall run-0 t;) only 2 metres (6 feet)
the temporary S than long low barrages up
need be little more 119
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The water would be used as soon as profitable on A paddock which g been
fenced and specially prepared for it then released from the storage qQuickly by
a large lockpipe or, in some circumstances, by u;m_:r‘g;nus; Such g Waler
storage may provide water for irrigating only three tmes before the wayar is
all g(;nc‘ but it could still be a most profitable undcn;lkmg. [n the bottop, of
the dam a deeper and smaller excavation could femamn as a srock Walering
point.
2 Farm Dams in a Creek

The various valley dams are generally simple construction Jobs, but the
damming of creeks involves a wider range of site conditions, The d:ll]lming
of some creeks would be beyond either the capacities or €conomics of most
farmers,

While on many occasions some of these streams which have
catchment areas can be controlled and have water diverted from them for
farm use, the smaller creeks are likely fo be more suitable for these Purposes,

Since a water license is Recessary for creek dams, jy is as well in the first
instance, 1o discuss the site possibilities of 5 Proposed creek dam with the

‘Crment water authority,

very large

1 The selection of g spillway areq thay will permit the
overflow water leaving the dam angd refurni

2, Provision for the control of water wh: ing i
] er which / !
the ;‘reck during the Construction of (he wall: gl

Determining (pe Preparation

) that js ficcessary for the wall
15elf'is dope

site. The Pegging of the site § i

St : : 3 with a valley dam

dam, cgrtmcffmdgisiicsf;;uﬂc g?&gﬁ's 215 more crifi| ‘CJ::HH for a valley

e = ) ¥ EXcavatino -pi
o e o e U U ki e
3 e ¢ @ .

“I:c :Ibl;;“g “:a[?r bl e isLr;m:h sh:nuclid b:: kept ’lsolaled from

i hco: Of the creek i trned ingg gy is “1113{ operl:‘, covered up,

trench ang i H.l i S22 also, Firstly, the sectign 4 tirC. the mlh‘oﬁ
_ secondly, lhr;_ s}::cnuun of cut-off trench undcflzhtn;er]?ellockmg:

ek flow arouy, o eek. It may
the preparay all s ae :
alloy dony Preparation for the way SHE s dope u?: ]saggczsu;grﬂ:)l;:

Pl
han for mr"nld;:au,c carth for the wall of
: € Water i o LS Materia] can
frequently j; Must b pre - 0 OF Ull]e finished dam,
: : i > 18 aSsociagey o o VHETE, Gepera]
Primary ridge op one or both sides of it The Sgtlﬁa the engq ofa longch(
Y ma
CUL out of he

b\
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f these ridges. The same ridge could supply all the earth for the
¢end of one O :
el | ‘ should be taken to protect
e ction of the wall itself, extra care
In “.w f;‘:;itr;‘ the wall from possib_lc ?oodlhd?n'.ﬁlgi lcszi::grug[?:u:r;h;
the main «all is made to slope along its leng 0 ‘
v :ht‘ ‘:LLIIIH:: bank down toward the ﬂal:;:r anc 2;3; z;eum ?;::;
e further away from the main ‘
! W then occur fu _ '
mi[“u\\?:!i‘l\l? :llllg lock-pipe open and free during construction, the maximum
willl.
sction is then assured. ket
Proi‘_"'E‘L::::rlil)- water will have to be pu_mpclt_i frc]:u Du:;dl;;?p o
I}:)?c a site for the pump and its suction m[;;i ipi mg:p:fmdmc o
o ~onstruction work. This should ensure st
?\2:2: ::n be pumped from the damuma;ddlc']:::“olr:)c o]z;:nmm.rllmt S
jithout having to move a p fallin
pump, wit
i -valley Dams »
s y ; aste, there may
ircumstances where valuable water ﬂm\s‘m W o
Iﬂlfﬂmc C;:rri;ek site for a dam. There are two designs
Ll ical cost.
:::d whjc):h will provide dams of economical

‘hich contain
" rantage on slopes W X 2
Firstly; a contour dam may be used ft; 5:5;3 earth wall of medium height,

g i jall : : main
valley form. This dam.ts csserlll Ly ed from immediately above the =
o from earth which is excavals ur section of wall. The Iw
constructed alls close off the ends of the conto contour section of wall to
wall. W]l;l g{: rflp the slope from each cﬁg}:g‘;‘
wopna [; atp:ncl above the water level of f dams are flatter: The da;n.:
points bo flat lands all design features o irrigation channels flatier, :f
In the hallower, water diversion and ter flows above the level
themselves are s 3 up so that the wal and all the flat

oy are built up so that =it flatter and @ :
the irrigation Chlﬂngciz be used for irrigation is f;‘:osupp!y that is held In
the land. The land ation. can be used from S
land methods of irrigation. dam, other than the

i of ntour
mn;?;:er critical design feature of this GPe fF. is that of slope. Co

its associated run-off, 01 in

; ne of climate and its s from 1 in 25 ( ﬂ-’? sElpe')de", and
Imlmmml(}]e constructed on slopes ma ssedgmgr named "straight’, mmnmur dam
dggli 1% siopo), They may be c ontour shape. A m%tsuaish‘- 4n
'l' tside”, according to their general line which is mmtidse shape, the
s hose wall follows a contour ing around a flat ur dam is one
i follows a contour CUVS 0 ide conto utside of
inside contour dam ide of the curved shape- the water lies on the @

dam being on the insi e"c}. formation where <@

associated with a flat va : the property

the curve of the wall. hould be located as ?::ﬂlc:trclhmcnt area 3110“&0&‘:

4 oo ncat ﬁst be run-off and mﬁ:; o size, it may range
SORVERICHN T Ao to fill the dam.
water diversion channel 121
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around 22 ML (five million gallons) to 114 ML {l\\-.'m.\'fli\c milligy Lallong)
or more. To bring the matter to a practical ;..'ntlsu_ict.'ltlun_ m:l Mmay A5Sumg ;
contour dam 1s to be designed with a cap:]cuy fi 100 ML (80 acre feey) of
water; that the slope of the land is 1 in ;\rl (2% :{Iupt.:].‘llls'il the depth of |
water at the inlet to the lock-pipe is to be 3.6 metres (12 feet); :Iml_ the lang

shape contains large low forms only; and that the cgumur Sll;l{‘w of the dam, |
is "straight”. This capacity would require a wall of :|b‘ou| 275 metres (900

feet) long. Water 3.6 metres (12 fiet) deepon a 1 in 50 slope would place
the water line up this slope 3.6 multiplied by 50, or 180 metres (12 feep 50 |
= 600 feet), the dam thus having an area of 5 hectares (a lit)e over 12

acres). The average depth of 3 contour dam is somewhat over 50% of jis full
depth, or about 2 metres (seven feet) in this case, g that the required
capacity is satisfied by this general size ‘

In the medium-size farm dam, a suitable freeboard height is 0,

CONTOUR

WALL

9 metres

 oUTSIDE TOE
(three feet) but the circumstances of design in a contoyr dam supgest that 275.00 ‘ Watar lavel M
this figure be reduced 10 0.6 metres (two feef) or a litte less, There is no = =
part of the wall of 3 contour dam that represengs the main bulk of the earth,

| f ' NSIDE TOE
L INSIDE
515 the case in the valley dam and 3 failure of part of the wall ig not nearly ‘ '

48 SETIOUS as in the valley dam Moreover, the inflow of water o the dam is
readily controllable

a) _Contour Barrage Damg, ‘ ; [
The facts mentioned in qhe prec

; eding Paragraph sugpest hat the Es
MINMUM or cheapest construction methogs may be used in building the i WALL CREST
wall, also lha_t. With the lower yay height the batters may be steeper. The i 2 SR
vall height will then pe 3, Mmetres (12 feer), Comprising the depth of water o o /‘/
constresi 0 fe) plus 0.6 mesres WO fect) of freeboarg, Ac minimum i
construction methoqs can be employeq 10 allow f
R yed, ance for settlement and Al %
shrinkage g made. ‘ N WING WALL
\\,;vATER DIVERSION CHANNEL 7i, water diversion channel 2
Chile ing wass
i LI LOCKPIPE oUTLET 16 Plan of contour dam showing 15 and the plan of the
Fleeboar g, ! . \ i . ; . S 2
Woterlevet = S e A \ F,ﬁz:irion area and wing “T:i] is as shown 11 Flgl;r% metres (12 faet),i:b;
: ) i The cross section of the ¥ constructed height fect), with batters 1 fres
. - in Figure 16. With the 17.4 metres (57 fe<t: will be 18 me of
EXCAVATION A =, T dm;u; r:,r wall shape at the 53;330 feet). The Iﬁ:’;‘:‘,p:m with the top
— 24m =% wl . tig i
Land siope 1 in gg with a crest mdmi: i!isa:n“clel‘- tis pmce:el::‘:he °“‘5ide::enhqfabﬁ‘¢ the top
i, = lang 800 60 s with the natim L2 o) of o ances of 25 and 30
Figure I5. Cross Section of excayation area and yay - the pipe bel{lg approximately 0.35 mmé wall. At will be 1.7 and
Wall is 3.¢ metres high. Crogy Seclion of exgynn wﬂ' With 1 i 2 batters, There wxl! bcleﬁgi i e iusid_e C_'f oc of the wall. there el of the top of
Cross section, excavation beloy (e Pipe s Hh'nem“u_,;m Matches 1y, wall of the [F;(l)(-al.ﬂgelﬂﬂ feet) from the inside ! ively above the "
: metres

1.8 metres (5.6 and 6 feet) of carth

123
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the pipe and more than suficient for the wall without digging eargp beloy
the inlet level of the lock-pipe.

The water diversion channel for a contour dam, like those for all damg
does not fall directly into the dam, but is constructed right along and ﬂbﬂ\‘;:
it, reaching water level height at or near the spillway end of the wall. The
channel may be much flatter than the fall generally employed for the valley
dams. A flatter channel has less capacity, so that it needs to be of l;argc}
section. The channel should fall in the down-land direction,

The position of the lock-pipe may be in any portion of the length of the
wall according to where the water is to be used. If the area of the slope
immediately below the dam is to be irri gated, the lock-pipe is placed in the
main wall at the end where the diversion channel first reaches the dam, In
other circumstances it will be placed in the opposite end.

The price per cubic unit of carth moved in a contour dam of this lesser
wall height, will pe considerably less than in the higher-wall dams. The
average haul will be less, the push up the batter of the wall is shorter and
more of the Operation, which is only shallgy digging, can be performed in
Second gear. A reduction of 409, in earth-moving costs is to be expected as
againsta wall 7 metres (23 feety high, - i

mu?ilﬂ}::xilli-;ut an&;ug Preparation should proceed as for o valley dam,
5 me..dammar €-in of the wall shape on the ground with a furrow
diversion cmmlﬁp‘:;ilir line should also be marked. That part of the water
first (o prevent ax 1 1s along the top of the dam could be constructed

A cﬂl-o{(;m an': ol into the areq during constryction
trench for the fiy)) length of the majn wall and the two wing

walls, should be used, but may

may only ng i

ok S i cc}ns]:gzg c:;bc about 0.1 m ( 3 few inches)
required, It is still advisable g use it

4.1 to 1 and the same
iImprove on this rati : land sjgp; : )
i o n e Clo84101, Vg regard 4154 Ping 1 in 100 would
vall of this modest pe: 10 the low cost of earth
one for farm wager storage. e is g Very economical
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b) A ring dam

OUTSIDE TOE OF WALL

LOCKPIPE

OUTLET
EXCAVATIONAREA

-

FLAT UNDISTURBED
COUNTRY

dia.
! ________2?5 m di

__— INSIDE TOE OF WALL

WALL CREST

Figure 17. Plan ofring dam.

WATER LEVEL
=& FLAT UNDISTURBED GOUNTRY

; ing dam.
Figure 18. Section of ring da M
2 - OUTLET

Freeboard 0.6 m \B\ VAL\JEV/

[
-
EXCAVATION AREA : T
Figure 19, Cross section of excavation areat
Figur . S

Water level
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Where the slopes are so flat that the contour dam becomes
there is no way to store water above ground level other thy e \ Unsuiable,
wall dam and by pump filling. The most usual source of II ! With a closed
stream, which may flow only after heavy rainfall and the .\.\ lifcr SUPPly is 4
llmtcd when locating and designing the dam with T:’L facts shoylq be
:lruc;urcs. In some circumstances, though a dam must :;.:crt(.-lilltcd ‘m“"B
b ofemcic; .‘.:.L ; [‘Ift‘ water-course, In other circumst:mcc‘, "f'rd.
ki poibade hm'i\. *lfl cconomy, it may be worthwhile to deps e,
i ng part of the wall following i §
walercourse. g 4 portion of the bank of 4
There is a general idea that wate
Rty Hn\\c:'}cl;"t t\l‘., a:_ulr h.zlf 10 be pumped over the top of the
through the lock-pipe when this is s:;g hlml may be filled also by pumping
be used for many different irrigati 1.'.1 ¢. The water from a ring dam ca
of spray irrigation. saion systems varying from flood to any:t :
The construction of the ring or o =
ther closed.

general procedures already given. -wall dam, follows the

The size of the lock-pipe may be

Keyline Flood-flo irripat:
-lo migation in whi
preferred. 1 which case a 600
mm (24 inch) pipe is

The importance ing proy f rin
of maki g prope armangements for the fj ng o g
S, or any closed-wal dam — § - .
1 , cannot be 0\'er—eresse:i 'I'héhfull !
: ayout

should be decided and ;
3 : d incl L
diverti X and included in th :

88 flow to a channe] and bay cff:;:gn hojf }:hc dam itself. A creek weir
o wihic,

should all be bui
uilt and compleed 5 vt i thhc water is to be pumped,

elevation to whi

ch w,
power rcquirfmem.“s:s; has to bc raised in the € dam construction. The
ofthe dam. Gene be logically determin dam, the pump capacity and

G rally, - : :

limited that large capa;ge'“ waler has 1o p::;jnm relation to the capacity

ﬂm for these reasons sho'mlg‘;he"‘d Pumps are f:‘? u.!t‘b’ a dam, time is so

umping will take p| cl ariably required. Th
length of time amj?a;;c ;;lam only slightly pejoy o that
delive acity of the ‘:L:o"_f; 2 Sy Pgirﬂounﬂ ) e Iikcty
ery Tequi ; :

e required has been estimy hat is, whep the & should be calculated
nst the height lated, a py fale per b

ght of the total fify, ghoury 7. 2Pable of gp; our of water

: S performance

ould be geqy:
: Cqui
iy locateq purxid' The most suitable

coupled o :
the pump.  With (pe ppow‘-“f of a farm tractor 'S 10 arrange 3

suction line in pl ump in o1
Place, the sct-up is always rcad:; Permancy, POS?SO quickly
126 "mmediate opernrs 1

on,

i b

water for Every Farm - Yeomans Keyline Plan

4. Parts of a Farm Dam

The WO principal parts of a farm dam are an "earth wall" which holds
k over the "pond area". The features of the earth wall are its
dway on the top of it, which is wide enough for easy
nt vehicles to pass over it; its inside (water
cide) and outside "batters" or sloping sides where the degree of the slopes is
as for instance 1 in 2, which means a fall of 1 unit (foot, cm.,
cally for 2 units (foot, cm., metre) horizontally; its "spillway”
_wash which carries away the excess waler flowing to it after
which is the minimum height of the wall above
be regarded as the safety margin of

{he water bac
nerest! or rod !
mainienance and for equipme

described
metre) verti
overflow or by
it is filled; its "freeboard",
the bottom level of the spillway and may
the dam when filled. The wfoundation area” of the wall is the contact of the

wall with the solid earth of the land below it. A pipeline, laid during the
construction of the wall, releases the water from the dam through the base of

the wall in the valley.
The "pond area" of the dam is encl

which coincides with a true contour hav
the spillway.

osed by the line of the top water level
ing its starting' point al the level of

a)  Constructional Featurcs For A Farm Dam
It has been stated that a point had been reached where, during the course

of pegging the line for a diversion channel, a longer peg had tgeeu placed on
each side of a primary valley. The line of the twWo pegs was said to represent
both the centre of the earth wall of a dam and the helg_hl of the top water
level of it. Before a dam can be constructed, both 1he design fqr LhB dam ;1]11&1
the proposed site for the dam. must have constructional practicability. The
design is suitable if it can be built

with the equipment and material available
on hand for the construction of the wall.

- - -1 ‘s
The lowest costing dam is only Pﬁf‘f‘lb!e ’f‘ the f%ni:z are 1;
satisfactory and, if all the material which is 10 £0 mtog: v ¥ ]mdmabow
either within the pond area of thc’ planned dam, or irom
cither one or both ends of the wallsite. e calin
Assuming that the water liné contour is already g;ﬁf;d&:dpe s
line of the wall is fixed by the m'oﬁm 28Ing
marking out of the sit€ proceeds bY plact
. On
area of the wall's contact with the land of the site- all his line of pegs
ese

this is the "cut and fill" li
reveals the outside toe of the
the foundation area of the wall. 1
suitability by digging test holes into it at several poit . The firs e
with an earth auger, post-hole digger, ba hge or & . m icBictonrti
can be 1.2 to 1.5 metres (4-5 feet) deep put if the mﬂt: | o sldes o it
the central area of the valley and from one or wo ho esu o disclose the
other holes need only penetrate through the soil far enous

same material.
127
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; an

It is always worth find 5
alway ing out something of th
: ‘ g u 1 ¢ local ex
:uﬂdmb if this is the first dam for the property Sk
old water satisfactorily against th AR R0F
! v ags eir walls and abo “storg;
15 quile reasons . ace . F : : ve ||1C I Ve i e
mqmml :\.“” 3%{!0 assume that the much larger ones Ior : u.r the land, j;
ot so function satisfactorily. This local :;llb Nl Of simila
DS .l I[} \.\f I'..h», earth -'i\';lli.lbfc for \.f.'lIII bulldill 3 f."h"m" L l'l!spcc'
Wlthn:,hvmuh district water authority officers & Gan be added to by
gl L LdCIL‘l‘I‘I‘llI'I:;I[I\)I\ of the suitability of the ;
= plete pegging of the site may prn)c;-cd
eferenc a P % >
erence will be made 1o the plans in Figure 20

Perier

3k ICES in
If even the sma) s

. e ¢ 1
: wall's foundation darea (h
n t‘l.u:sc tollowing p'l--L
and Figure 2] i

—
SPILLWAY

INSIDE TO
s E OF W,
LEVEL CONTOUR Suupe /"’

OuUTsIDE
TOE

OF WALL

\

Fig
gure 20. Plan of farm dam =2

WATER LEVEL
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MARKED wiTH Fugngwn
: Topsow /T = |5 Tor
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an for a dam which is to be constructed will show the detailed
pcasurements of the wall which may be assumed as follows: Total height of
finished wall from the centre of the valley below the centre-line of the crest
of the wall s g metres (26 feet), which allows for a 0.9 cm (three-fool)
frecboard between the spillway level and the hei ght of the wall. A freeboard
of 900 mim (three feet) is suitable as a general rule except In cases where the
width of the spillway 1s made less than it should be owing fo site
characteristics, in which case the freeboard would need to be increased.
with the conversion 10 the metric system of measurement in Australia, the
frechoard allowance has generally been increased to one metre for design

convenience.

The pl

b)  Spillway

The spillway of a dam, like all other features of good farm irrigation dam
construction, has to be correct for the dam to be a good one. Usually the
construction of the spillway will produce a surplus of earth which is then
used in the building of that end of the wall.

The batter between the end of the wall of the dam and the bottom level of
the spillway should be about 1 in 3 or flatter 50 that in the grassing of the
dam site, wall and excavation area, convenient travel with cultivating
equipment is possible. A section of the spillway therefore, will show a batter
slope of 1 in 3 falling from the end of the wall of the dam, 103 dead level
spillway bottom of a given width, with a similar batter rising from the
spillyvay bottom to the rising land on the high side of the spillway and away
from the wall of the dam.

Shrinkage allowarnce, freeboard height and spillway size therefore

provide that, on the completion of the dam and its subsequent settlement,
there will be 0.9 metres (three feet) of wall everywhere above top water level

at the point where water commences to flow out of the dam and !.h.rtn_lgh the
spillway. The design of the spillway is such that the RS of flood likely to0
occur any time in 50 years would be by-passed, with the sptl_lwa,\' carmying
little more than 0.3 metres (one foot) of water across its full width and when
this happens, there would still be a further frecboard of 0.6 metres
to compensate as a safety measure for bigger floods. &

Larger spillways arc necessary for farm dams puilt in the lower parts
large primary valleys and for creek dams, since they usually have
considerably more catchment arca than a dam that is highern 8 valley.

To secure the necessary width of spillway with @ dea
considerable material may have to be excavated into the
wall of the dam. In these circumstances an appreciable amount of earth may
have to be moved, that is, carth greatly in excess of the needs of the spillway
bank. The construction of the wall of such a dam then, is so that
the earth of the spillway is used in the construction of that part of the wall
adjacent to the spillway. ILis advisable 1o construct the spillway before the
carth in the centre of the wall approaches its finished height and when there
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is still plenty of wall area unfilled and available for the use of the
excavated from the spillway

On occasions where the spillway of a dam involves Very considerghle
earth moving the construction of the spillway may be completed by
the excavated material into the wall site immediately the site prepa
completed.

In spillway construction, earth has to be excavated down 10 a specific
level and supervision should ensure that the earth is not excavated (oo
deeply because it would need (o be refilled with loose earth that v ould not be
in as stable as undisturbed material,

The width of a spillway will depend on the catchment area of the dam
and on the likely intensity of storm rainfall. If this information is not be
available, the following may serve asa guide:

(1) Simple Spillway formula, - Imperial

Take the square root of a figure which represents four limes the
maximum catchment area of the dam in acres and call the answer the width
of the spillway in feet. Therefore if the catchment area of a dam is 25 acres,
E;l;lgn;:slzuaf:?guﬁii};ui oé \\Imh the &clmm root is 10. The spillway width
o i and 1c} LS mef-‘m:?:l- ~\sa sg‘.opd cxamp_lc. if the catchn_:em area

acres, ula will indicate g spillway 40 feet wide. The

FquarET00l of 1600 is 40. (Forty feet is 12.2 metres,)
\\']\g: ‘ciﬁ:‘mﬁ‘tﬁiﬂig‘ c:i::l_riccmmé sPi,““'fi"' formula is not as tidy
S (not acres) and by reduci m ron is achieved by uslng
which case the same result is uctllljlicdt ﬂ};u;‘tig‘l.w: l{aclor Bom4:t0 ,0'9 1.7 2
round up the 0.917 10 1. The result is a5 follm\s?r sttt

) Simple Spillyay fo
: Y lormulg, - 3
T.hc width of the spillway in met s i Metric

Materig)

placing
ration i

16270,5= 12 7 metres, which i a (400 acres) et
= 12. chis ust 5) We g
o the original formyla, Justa litle wider pyy Ceriainly close enough

ocfficient of 55%_: 4 rainfa]| intensity of 25

his sim 1 g
e formula is
1orm evenys, whic p ula

) in 6 hours, je 243 ML 4 I in thi :
: | : otal : 15 case 1s
confirm spillway width Provisions with cxpc:?cm e If at all possible
The leckpipe acts ag an additiona] ik

. _“EPartmenyg)
overflows. safety facior if ope tal officers,

The crest width of the wall, ap;
farm Purposes, also needs to
gz:lssifuljl::ucn cq?:ipmcm. A minimum wig of 3 meqy ACCommodate the

C CICst is 1o be used frequently as » roadwa 205 (10 feer) suffices,
130 * A more syjpgp)e width
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: feet). Increased width will add to the

s metres (13 10 16 X
from 410 3/ C78ES [l and the height of the wall and width

ine. ‘The batter slopes

- arth moving. The : il 2

e L(‘]mi‘-munc the width of the base of the wall.
cle

HIER ') Batter Slopes ! : .
i slopes Ll'or the inside and outs}dlcl: batters la_:: 221;;[;:12{
Dlmwmﬂb 'IT:c {his is the case with the "big" dam, t}uh:l i
"“'w"'.mmd-b l?llu design and construction of 1]1;5(: dams, \\L‘ ;.ro i
prm".lg.-ml:::nll: for :|z;(l much against this practice. “};lil:hoz;msr. a;l);: sl
ﬁlrt::l:, is much more pracr.lr:aldf{)\rv i:}:cﬁcda::)l;c bt 0 rsn
farm dam were to be built

sructures A4s compare

est structures as Mo i uil

I(ngcrmncul s ccmmulil!]} 'SLT: T’En l(ff the "big" earth dam which is
. r ¢l imitati

strictly as the scaled down mod i i ot Senkai

would b€

1,000 and more limcs_larg.cr in t vl R
standard recommendation, 11s cosl wo SSari
160 m2
98 m2 128 m2 /—\
A A =
1in1 1in1.5 in

1in3

Dotted fine is Top Storage Level

Bank Height B metres
Crest width 4 metres

Freeboard 1 metre

1in3 &1in25

- s ing
igure 22, I C.rlﬂﬂ'ﬂ!' reas f
b4 . C 0585 S€ areas o, dﬂ'ﬂl waﬂ Sh{)ll’ i various batter

slopes.

tional Areas.
Batters Affect Cross Sec e
Many f:frlr)n dams have been consr.ru?ldad, :;:ﬂ:«:::: 3113 im;Me1:»u1'p¢k‘ie-=md -
2 n
i steep as a bulldozer co G
wuh_ i bl?;:f:ra:s stcfp as the angle of _rcst of the eanh,h e :of s =
nu‘tsllg over from the wall as it was built. Allho::ge : dams
sp:lld up, this type of structure is not favoured_be:ﬁ ;
o 1 the rate of failure may be‘thh e I
2' the crest cannot be satisfactorily ormed
unsuited to the passage of farm equipment;
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3 follow-up service or reconstruction would be difficul gpq DRY A
e s ; / here in the PLATE |
more costly; and , : derial picture shows wafer everyw .
4 the wall would be unsightly since the ouiside batter is g :J';v country near Bourke In Western NSW.

steep to grow grass successfully. _ )
We have designed many good dams with 1 in 2 bat lc.rs,_ but batters of |
in 2.5 are a little easier to maintain and grass over. In this instance | in2s;s
batters are assumed, so the toe of the batters would protrude from cach side
of the crest two and a half times the height of the wall, which measures 2(
metres (66 feet). Therefore with a crest width assumed of 4 metres (13 feet),
the maximum width of the base of the wall in the centre of the valley would
be 44 metres (144 feet), made up of twice 20 metres (66 feet) plus 4 metres
(13 feet) width of crest. The pegging of the wall site can then be resumed,
The first pegs to be placed are for control. A peg is placed in line, on
each side of the valley, with the two longer pegs which mark the centre of
the wall and crest. These pegs are placed out of the way of the later
workings 1o preserve the centre line and they should not be disturbed
throughout the construction of the wall, During the earth-moving, a wall
will tend 1o "wander” a little both up and down the valley, resulting in the
moving of some of the earth twice therefore increasing the cost if control

or if they are not kept in constant reference,
On either side of the centre-li

line of each side of the ¢

throughout the course of the work.
The pipe system mentioned is betier not t

the valley, although it take.

Excavated trench z |

the downland side.

: 0 be placed g1
S 11s level from . Inst Ssithe st

: ead, jt j .
ittle off the line angd Parallel to the \,m;lc;sbg:;iﬁda “{‘] an
nd on
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PLATE 3

Preparing to remove an irrigation flag controlling a flow of 1350 m3 (300,000 gallons) an
hour. The flag is 2 m (6 feet) square. An aluminium tube holds the flag in the foreground,
and a chain with a spike on each end is attached on the other side. In the picture one spike
has béen removed from the ground and the chain is being pulled to allow a little water to
flow under the flag to fill a second flag. This procedure ensures that the rush of water
following the removal of this flag will not wash the second flag out of irs position. Irrigation
rate 2.4 ha an hour.

PLATE 4

- s = Some of the 80 members
PLATE 2 : i, cinbe
LATE 2 Soil chan of a three-day Keyline
changed o AN early piog school near high wall” dam
ged by the goil “e on New - s ]
the roors of Ol improvepe, Yevallan, 7y, | on Yobarnie. Depth of
the color ¢ @ fallen tree. 56 ;” Program . ¢ only earth not warer is. 10,1 m and it is
COr of the spade fuil 14" Change, a5 that adhering (0 the highest primary valley
of Kevline gre n Sull. The soi%¢d from o I3 2 r )
4 " are obviouy. SOl fergip) ellow or white to dam on the property.

LS
pravement aspects




PLATE §

Yobarnie photogrephed
from the air, after 17 years
of Keyline imrigation
development. The property
covers abour 307 he and
15 full farm irrigatic
dams are visible in this
picture. (Photographed by
Douglass Baglin.)

=

I 5_9(.\g o o =

37000 mi/‘?\

KEY DIAGRAM
STORAGE CAPACITY (CUBIC METRES)
TOTAL STORAGE 715000 m3 |y 16 DAMS



PLATE B

o
open lock-pipe  vaive

- .rhr”“_ second dam of this
”.LJI“ of five ls opened lo
-

or (o the creek
’ r}“::,:.;‘:.:;:\ a second creek
- f Jla,;m with water H“u'a_n_.:-
. 0 w15 spillway This
'{””- creek dam s too low
:;'J('::‘-.rr for the use of u;.
water by gravity and (t has
“ a Jrh-nm.rm-?rf pump ”"J“:
g Il'dm h s used to #ar*plr ;I.
dams of the wo series

filled in dry times.

PLATE &

The flood overflow entering the diversion channel ar the creek dam on the wesrern boundary
of Yobarnie. This & water of number 3 category (see chapter seven) fowing ro the land from
ourside. At that time the five dams of the chain w ere filled and the !rk'i.--p:;m' through the wall
of the dam is open and h reduced the flow in the division channel The flow from
the lock-pipe and the warer in the creek below the dam are our of sight below the wall.

PLATE 9
WATER CONTROL IN FLOOD RAINS ON YOBARNIE

ity is spilled by an irrigation
; in in excess of the capacity of a d‘am‘x: p 5
wﬂm}gzrfngﬁ;vpﬁigre)ifown o{cr pasture land to flow from the property

PLATE 7

These are the second and
third of the chain of dams
and the diversion channel
The fourth dam is in the
primary valley beyond the
distant two loops of the
channel and the [ifth dam
iS 1o the right and beyond
the distant glimpse of the
diversion channel seen at
the right top of the
Picture. See gerigf picture
of Yobarnie on previous
Ppage.

o
AWy




HILLSIDE IRRIGATION

PLATE 12
'k : system ¢ d ¢ of 1400 m? (300,000
A m the lock-pipe system of a )‘qnn dam at the rate of Ht,_’f)m (300,000
: '”"‘.‘,” j::,:r into am irr . annel. This channel is designed to link up with the
o from the second, th d and this fourth dam of the creek chain from which it
int near the fence on the eastern boundary. The irrigation

her (.9 km to a poir : :
the Il of 1 in 300 and Keyline pattern irrigation is ar the rate of 2.4 ha an hour.

callor
g ,‘r!;”_u- rel
ends ar

nnel has a Ja

the release of the top 457 mm
aintained filled for a large part
t constantly flowing stream. The wall of
below a Ird'!_i]' 37
m the gates e

PLATE 11

The Srme Bipe of
Watergates in an irrigation
channel relpgse water into
an irrigation bay, The earth
;ﬁ::,"'l‘.f” left foreground
aF o ight céntre are parts
the adjacent  stee
Which form th
"ETOURd, being irrigate




PLATE 13

A member of a K, vline school places an Urigation flag in position ghead
The fence iz positioned g mininum distance of 6.4 m
Irr_,:g.:rmn. rare i 24 ha an hour. Warer use efficiency s high since, even if the water s
misjudged and gn imgation flag is left in position too long, the water in excess of the
absorption capacity of the soil

+ 13 rapped by the pes :
Thus only pred o] and transported to a dam,

1 of the one in ysp.
{21 ft] above the irrigation channel

“ : - alas xt lower channel
height-of-water' is lost.

PLATE 14

3 hour on

igating at the rate of 2.8 ha an ;

.-‘rr’.;_fg n‘;rf the steepest Ignd on the ‘oﬂoﬁfﬂr}

;{o te of flow is 1600 m (35&0003: owm
J'rgur. Keyline pattern controls the

spreading.

PLATE 15

| during irrigation
il rowards the channe e
Lw‘mf';?:fde Jand with a fall of only 1 :I;,W,.‘
= "rr'cm rate 2.8 ha (seven acres) pe
Irriga ;




PLATE 18

lv constructed diversion channel in m
A newy ¢

: edium tndularing country. The channel has g falt
! in 300 and collects rainfall runoff from the hills above it 1o fill @ farm dam for irrigation.
of A

S min
= ap 2

—

FLATE 16,  Early scene of the flatter of the undulating land of "Yobarnie" showing an
irmigation chamel in the foreground. It carries 1.4 megalitres (300,000 gallons) of
water per hour on a fall of | in 300: irmigation rate s
controlled by irrigation Nags. Channel widih ar
This area was later subdivide

channel. It is positioned ar least 6.4 m ¢

24 ha (six acres) per hour
ground level is 1,120 mm (44 inches),
 into small paddocks: A fence parallels the irrigation

(21 feer) above it. The up and down fences are

on the lines of maximum fall. The lower line is part of the creel: diversion channel, ’
IRRIGATION AND

DIVERSION CHANNELS FOR
HILLSIDE IRRIGATION

PLATE 17
The vearly rrimm
irrigarion chann
fpecial  delyer,
speader bars wi
the earth awey from the
edge of the channel, 4 farm
ractor equippegd with dual
wheels  hag Proved 1o pe
| Most suitable for all work on

irrigation lang.

18 of an
with g
including

tich moves

o]
e




PLATE 20

Close-up of an frrigation channel for
Kevline Pattern (hillside) irrigation,
The channel is 1,200 mm (48 inches)
wide, has a fall of 1 in 300, and a
capacity of 800 m* (400,000 gallons)
per hour. This flow enables irrigation
at a rate of 2 ha (eight acres) per hour
with one man to control.  The marker
peg on the left and lower side of the
chanmel indicates the correct position
Jor the construction of the channel in
relation to the pegged line.

PLATE 21

The first test flow of water in a flat-land irrigation channel geswned 1o carry up 1o 9,000 m3
(2,000,000 gallons) an hour; this present flow is 1800 m2 (400,000 gallons). Flood flow
irrigation channels may have a slight fall but generally should be dead flat.




KEYLINE FLOOD-FLOW
FOR FLAT LAND IRRIGATION

PLATE 23

) | New Caledonia showing the diversion channel,
(eyline flood-flow profect in New ( : . ! Ehan
Aerial view of a Ml,ir:rmlr {Jnd the start of the flood-flow irrigation Lhﬁ‘!lﬂll_lfulld h:;:ls, rﬁﬁ*ﬁj
left, the large ‘f‘?‘:;”:',-mu full for most of the year by a :;r;ah’ :-ra::;anr{y flowing stream
he dam is maintaine wards of 8 ha an hour,
The dam i shannel. Irrigation rate is up
» diversion channel.
into the dive

PLATE 22 Keyline cultivay
dppearance of the thivd gnd Sinal
chisel plough,
r Jound to be

on for soil ang

Pasiyre d{,’vt‘f
cultiv

ation for sofl improy
This rough-finish cultivation accompanied the
so advantageous Jor rapid soil and Pasture
freaiment  was before the deve

lopment of naryow tyned
which leaves a less disturbed Surface finish,

opment. The rough
e

MEnt whey nsing a
draggje soil aeration
mpravemen, This soil
deep

tillage equipment,
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The inside toe of the w.'_lll when the excavation reaches full depth should
pe marked with scv_cm! s_lghlr.:r pegs.  This will indicate the inlet of the
Jockpipe and the limit of digging near the wall at full depth.

Once pegging is COI[?})IC[Cd and pipe systems are ready on site, site
prcp:lr:umu and construction can start. y
| 5. Wall Shrinkage and Settlement Allowances.

Shrinking and sculcpmnt of the wall needs to be provided for by adding
> i 2% to its maximum height which equals 0.16 m say 0.15 m (6.25 inches
ﬂ say six inches), making the total maximum height 8.15 metres (26 feet é

f

inches). Shrinkage allowances do not have any effect on pegeing of the
foundation arca of the wall. But, the outside batter should be built at 1 in
2.45 instead of 1 in 2.5 in the above example. The following diagram shows
the upper part of the cross section of a wall 8 metres high with a 4 metre
wide crest. The extra material required for a 2% settlement allowance is
shown. Note that the width of the crest at the designed (after settlement)
crest height the wall needs to be 4,74 metres wide,

SETTLEMENT F—‘-I Siaflee—ry
ALLOWANCE LAl ———

q.[37
Dy

i CREST \

Figure 23. Upper section of an 8 metre wall showing the settlement
allowance dimensions.

In connection with the allowance to be made for shrinkage and
settlement of the wall of a farm dam, the following may be of interest.

During the years from 1944 when we commenced building farm dams on
"Yobarnie", the customary recommendations for scttlement allowance was
10%, In about 1954 some controversy arose over (1) the muf:h lower
allowances which we have recommended, and (2) the eﬂigcngy of
bulldozers for building farm dams. In 1960 we invited the University of

A closeup o A
gva?c.-f xér?mwea;;f:;f;ﬁ"""‘ed in the bang o New South Wales and the Water Research Foundation to observe the
released 10 fill a lower gy o e Water ,o:,’:;:ﬁfm,m sl construction of a dam on "Yobarnic" and to make any tests they wished.
€Teck hen the i NI Mo L dunng Mr. Trevor R. Fictz, BE., AM.LE. (Aust) of the university, undertook the
it servey s fill, channel car il
ed. Work.,
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The result of the study is reported in the Ejni\fcrsil)' of New South Waleg
Water Research Laboratory Report Numbcat 57 titled "Research in Sj) and
Water Conservation Engineering", Progressive Report Number 2, 1960196,
pages 17-19 and dated January 1962. The report states that the objectiveg of
the study were:
" a  Toobserve Keyline methods of dam construction.
b. To assess the general efficiency of bulldozcr—on[y
construction in County of Cumberland (Sydney surrounds) soils.
¢. To observe the behaviour of the embankmeng after
completions and filling.

It should be mentioned here that the methods of construction were those
we have always advocated and were merely our interpretations of good
standard practises therefore in no sense, original Keyline methods,

The wall height of the dam was 6.1 metres (20 feet) and it was
constructed as recommended throughout this chapter, with two bulldozers,
The settlement of the e;nbankmem due to post-construction consolidation
Was measured by establishing concrete plugs on the crest of the wall and
checking their levels at regular intervals. Thirty-three insitu density checks

were made and, to date of report ning of the sam
. ples from these chec
been subjected to laboratory compaction tests. s

Mr. Fietz' tentative conclusio

area and onto the
illar) tractor was

This figure indicy - I€. a settlement o 9
Cumberlang soils ;m‘uﬁ;‘;“ﬁh 0Zer compaction in COlfl-rllt;l. f:f
1(:,«{.1,_]1 au?;;nce for settlement 1 unn " 10 provide the customary
c in Question has remai
: ; Mained 5
féins of one major flood ang W0 severe dl:ouﬁgrl?lsdass condition through the

\

1
In a 1985 Publication,

: "Desi
elson, the settlemeny En and C ti 3
: allowance on of Small
e ][1) melres. The extra 39 over e e o015 5% for i wE;?t dams" by K. D,
Volume of the earthworks required, Bt dati eights between 3

O can add over 594 (o
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XI1II. FARM DAMS - CONSTRUCTION
BASICS

The conslr‘t.:clilcn' olf' fqrm dam_s according to sound engineering
standards ‘Pf‘—':‘ﬂ-""% a significant d:ﬂ':cull_v_ for engineering superyision.
Large prmccla Ibcmg built with small Cquipment or small projects with
appropriate equipment d_o‘nol pay to have an engineer on hand 10 supervise
the work. Yet supervision is a normal requirement with earthmoving
equipment.

In the orlhf)dox construction of large earth dams the material is dumped
into the wall site and spread in horizontal layers of uniform thickness along
the long section of the wall. Water is generally added to maintain a precise
moisture content in the material and each layer is compacted continuously
with rollers of various types. The earth for the wall is selected with care and
the work is closely supervised.

However, for smaller structures, including farm dams, the restricted size
of the job with less equipment moving the earth at a slow rate, the cost of
engineering supervision is disproportionately high and is usually dispensed
with, Therefor without supervision, material selection, moisture content,
layer thickness and adequate compaction often go by the board. The general
result is that when orthodox methods are attempted in these circumstances
the failure rate is equal to earth dams constructed haphazardly with a
bulldozer pushing the earth up the front of the wall to spill over the back
until the height, size and shape is reached.

The surprising thing about earth dams constructed on farms in such a
haphazard fashion is not why they sometimes breach but why m;y are so
often quite successful. The answer appears to be two-fold. Firstly the
vibration from the constant travel of the bulldozer back and forth senh?s the
earth on the water side of the wall much better than is generally appreciated.
One has only to stand near a bulldozer working on an earth wall to feel the
vibrations transmitted through it. .

The movement of the machine up the inclined slope on the cross- section
of the rising wall tends to form laminations that offer an 1dqul resistance to
possible water movements. For example, the hun‘zoqlal laminations fommf:l
on the long section of the wall by orthodox engineering construction Ill:“ 5
not properly supervised could allow water to move between an:ed }’61':
formed and promote breaching of the wall, whereas Waler is OppOS&« by :
sandwich of laminations diagonally across its paths Ieft by the operations o
the bulldozer. To move through the wall, water must thus break through
and across the many layers.
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This line of reasoning suggests a method of earth dam Construction thay

could be supervised by the farmer or a contractor without dependence
qualified engincers.

on

A, Double Vibration Construction
Method.

The Keyline "double vibration" earth dam construction method Was
devised for the somewhat “larger than usual” farm water storages thay are
advocated as part of the Keyline development of rural land. However it has
applications beyond this field, particularly for town water supply where
suitable material for the dam is available nearby, such as from the pond arey
immediately upstream of the wall site.

Keyline Double Vibration consists of two elements. The first part is g
pfmjcular pattern of movements of the bulldozer that makes use of its
vibrations for_ consolidating the earth as it is placed to form the wall. The
second part is a series of explosive charges that are fired under water

ithmmc;lli]atcl_v the dam is filled. These promotes the final rapid settlement of
e wall.

s The Lockpipe System i§ a single or dual water outle through the base of
& acl[lam mall.l Through this 3 large valve releases water for irrigation and a
tap may contro] seifmed water for domestic ang stock purposes. The

ok

S!CI‘I‘I IS desi ed to l mnto l]lc UundaUOII.S OI !hE a.” an

through the wall. outside of the pipeline and washing
In combination, the Key; :
and the Lockp; eyine Double Vibration dam construction method

available fr . o thirdly, water of i
L the dam when reqyjreg for s O the best quality

The first pary of the "s‘s"e reparation

| S 4
out of ‘Ihe way of futyre work, o S s
foundation site of the : :

€ 1op soil coyer Over the foundar: ACavation 4y,

and placed ahoy; ¢ BT of the o
outside toe of (he “;n];n.res (20 feet) beyong the Jj e ipped

di Ine of :
L ce m marking the
s m:e::jr}mg of the bulldgyer between the gn o . 1OF future unrestgcled
2 - The soil over (he eXcayation € outsid
€ valley from the line that marjg the eaispl e

_ € same g;
€Xcava o

tion arey The objecljvec:.; 1:2
mm (fnurinchcs) & incheS) :
136

Water for Every Farm - Yeomans Keyline Plan

It is nearly impossible to !:h'g such a thin layer evenly with an unaided
bulldozer because the blade will tend both to glide over the grass and "dive"
in too deeply. So the wl?olc‘arczf Is first cultivated to the appropriate depth.
Any available farm cultivating implement may be used. If a chisel
implement is used, two complete cultivations at right angles to each other is
a most satisfactory method,

The top soil should be stacked where it will not impede the free flow of
water through the site. Leave an opening in the top soil banks so that water
drainage down the valley remains open. On occasions it may be worth stock
piling the top soil above the level that flood water can reach if, during
construction, there is a reasonable possibility of sufficient storm rain to fill
the dam even with the lockpipe kept fully open.

a) The cut-off and the lockpipe trenches.

Next, the preparation of the wall site involves the construction of two
trenches. One is the "cut-off" trench, the purpose of which, is to assist the
bonding of the wall and the earth below it and to prevent water movement
through the base of the wall. It is usually located so as to be exactly below
the crest of the completed wall. It is made by the construction equipment
and at a width to suit the equipment: 3 metres (10 feet) or a little wider is
quite suitable. The trench is made deep enough to penetrate 30 cm (a foot)
or a little more into the good material below the site. The second m?nch of
the same width, and constructed by the same means is for "laying-in" the
lockpipe. It is located clear of the centre-line of the bottom qf the valley and
to the downland side of it, which is the direction toward which the relmsqd
water will flow. This trench crosses the cut-off trench at right-angles and is
dug at the same time. As already mentioned, it takes its l_wel, the top of the
pipe-line, from the valley bottom and therefore is Igcatgd Jjust far enough q:j:
from the bottom of the valley so that the excavation m:o_smtable materi
will bring the trench floor to the correct level. The trench itself, leﬂﬁm
is "dead level" (horizontal). The sides of this trench should be batte s
ata 1 in 2 angle so that a vertical wall is not left through the wall paralle

the pipe.

GO0 mm Lockpipe System.
Baffle plate 1200 x 900 mm (4 feet by 3 feet)

Batterto1in2 —

——

Lockpipe trench
A base width of 3.6 m (10 feet) suits most equipment.
Figure 24, Showing side battering of lockpipe trench.
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The depth of the two trenches, \-.'lu:rg they cross, is not necessarily (he
same. More frequently the cut-off LTI:[]C]].]S the deeper. _

Before commencing the placement of earth for construction of the wall,
the material of the foundation area, the bottom :u‘zd sides of the two trencheg,
is given a rough-up (o further assist bonding. Rippers or chisel ploughs gre
suitable implements for this work and the depth of penetration need be only
around 120 mm (4 - 5 inches).

The lockpipe can then be laid and at the same time the first materig] for
the wall can be placed in position, but must be kept clear of the lockpipe
trench:

Once the cut-off trench is filled. material should be taken from the
excavation area and spread across the wall, travelling towards the back line
which would already be marked with earth placed during the completion of
the excavation of the two trenches,

2. The Lockpipe System
t'I'h;s a{i]d for idmgmved farm water control and rapid release of stored
water for tlow and flood systems of irrigati ¢ y
e 1S ol irmigation, was developed and first used

It consists essentially of anti-corrosion treated, heavy steell flanged pi

and gaskets, steel baffle plates, screened inflow cone specially shapegd fol:» fhe:

inlet end of the pipe line, and a valve for the w;
: 8 Vater outlet, Add to this,
necessary bolts, nuts and heavy duty spring washers. =

should haye concrete
ed in government
¢ collars, replaceq by

assists in /ent
Preventing warer from seeping

1
PVC and reinforee . 4
reed large diameger Polythene pipe i also ayailp)
€ now,
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along the pipeline, eventually washir?g around it and loosing all the water of
the dam and more often, a large portion of the wall as well!
a) Baffle Plates

In the lockpipe system the ccmcm_ collar baffle is replaced by the more
practical steel baffle plate. If, during construction of the wall, heavy
equipment docs happen to knock the pipe, damage that could spoil the
effectiveness of this system is unlikely, Also if settlement of the foundation
arca or the wall takes place. as often happens, the steel pipe with its
adequate thickness is not broken as would be the case with a more brittle
pipe. Anti-seep material is used between the pipe and the baffle plates.2
The lockpipe system is placed in position preferably in a wide shallow
trench cut by the bulldozer and immediately prior to the building of the wall
of the dam over it.

The baffle plates are in two halves and a number of these are positioned
along the pipe. They are set up by positioning the lower half of each baffle
plate into the earth bottom of the lockpipe trench. They are closely spaced
from near the toe of the wall's inside batter to the centre-line of the wall
below the crest, while from the centre-line of the wall to the toe of the
outside batter only sufficient baffle plate halves are placed to hold the pipe
up and in line. The close spacing of the baffles is at a distance equivalent to
no more than one-third of the wall height. The first baffle near the inlet of
the pipe should be positioned far enough in from the end of the pipe to be
completely buried with about 100 mm (4 inches) of earth above the top of
the baffle plate to the sloping batter of the wall.

In the Ease ofa4d mcfre %igh wall with a 4 metre crest widtp, the baffles
would be positioned with the first being about one metre (40 inches) from
the start of the pipe. The rest of the baffles w_n.bc space ?bnul 2 metres
apart till past the crest (cut-off) area, one for the join of the pipe and the last
plate positioned one metre (40 inches) in from the valve. Generally ten sets
of baffle plates or more are required. : :

The glates act in the first place as a cradle (o hold the PIPCSJ:&W%
up. Care should be taken in placing the individual pipes in m;m ﬂ:ﬂ P i
halves that the completed line is in its correct posiuon brisgragas
orientation of the holes of the pipe flanges are such, that the valve y
its proper upright position when bolted on later.

The cradle of baffle plates hold the pipes a
the trench to facilitate the proper tightening o

little clear of the bottom of
f the lower bolts and nuts.

2 The use of U section rubber between the e ) aufgdaﬁ g+
replaced by the use of silicon gel and other sealing products - ;

120




" « Ple
Water for Every Farm - Yeomans Keyline Plan
ale ) .
- bber insertion, gaskets are placed between the pipe
ol e i accomplished when it can be seen clearly

flanges and the bolting 1s safely

that these gaskets have b_ccu squee
these pipe junctions is cn

tical and warrants thorough checking.

4 m Crest Optional exira pipe

fo pass under road.

Cone Strainef

& m length pipe joints

+yed out a little. The proper tightening of

Figure 23.
showing baffle plate spacings, exira |
the orientation of the cone strainer.

ipe to allow a road below the wall and

During the laying of the individual pipes in the cradle formed of the
baffle plate halves, when the top halves of the bafile plates are bolted in
position, the joins are treated with at sealing compound so they they form a
water tight joint. (See plate 35 and colour Plate 56). With the pipe system
laid in this manner and all baffle plates complete and bolted, the trench
filling proceeds.

The more critical phase of placing the earth around and over the
lockpipe is in the ramming of earth by hand into a tight contact between the
bottom of the pipeline and the earth below it. It can be appreciated that no
amount of consolidating from above after the line is covered, will have any
compacting effect on the earth below the pipe.

In filling the trench, earth is pushed into it with the bulldozer, from end
10 end and on both sides of the
or place d

MEr covering
stroke sloping under it, will be
then be placed to cover

The cross section of a 4 m high dam wall with a 4 m cresi,

Plate 45 Nevallan in January 1993. Note the stepped positioning of
the tree belts. The tops of the trees beyond the dam rise to the base of
the trees in the centre left. The tops of these trees reaches to the base
of the highest strip (upper left corner).

Plate 46 Ken Yeomans on Nevallan. This same tree "'rf : &::‘;::
in photos in all previous Keyline books. See. rhe,p O{L:ie fav
preceeding page 1. One shows the same frees with Ken as )

in the photo.




Plate 47 Rectangular iryi gation dam filled in 10 days by pumping from an
adjacent creek and bore. One irrigation, if done when this dam is full
leaves sufficient waler for the introduced marron (shell fish) to survive and
breed. Photo taken Jrom home. 4 Spect North-to-Water Southern hemisphere,

Plate 48 First floy
with a slightly unde
is 12.6 MLy and ]

20 ha (50 acres) per houy.

v from irrigation dam,

600 mm 5
rsized valye. .

! Jeet) diameter pipe
ey Maximyy, Sow is ahouy 3.5 m3fsee which
€ feet per hour., Irrigation application rate is yp to

: . e D lood-flo contour
Plate 49  Panorama continuing from previous Pﬂﬁ"; ‘!;xf![;t r);:: channel
channel can be glimpsed wrapping around dam. B :n - nd. the channel.
inundates back to the wall. Steer ing banks can be seen beyo

o=
) ey = S Plafe ows along
Plate 50 Water, fed from valve shown on }‘hm. \ ﬂll)mawe‘;;,
in the main Flood-flo channel toward the irrigation area.
Hughenden, Queensland.
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Plate 51 A front end loader is used to remove

a section of a Flood-flo
irrigation channel's bank for

Plate 53 First flow into irrigation bay. With out ripping most of the water
the installation of a water Sule. would run off but here the water quickly pours into the loosened soil

Plate 52

A newly Positioned | >

~ - , - - » .- -, b i o« - 7 'nsfm‘l
: <M (4 feer) Wide v -— 3 S Zood-flo project in the Brisbane Valley, Quee _.
The opening panel slides 4, L ater gafe Supported by Huhf.e :.“ A small Hm—.?d‘:f ’ {J:}fe il o i o T
e — kel rigding seiectadslpys L ible on this area for about half an hour.
v ang Slowing to the right and remains visible ¢

“star” steel Posts,
welded to the




Plate 55 The "cone strainer” for inlet of the Lockpipe System prevents
blackages and increases flow rate. Note the 75 mm (3 inch) socket Jor
Flota-filta pipe.

Plate 56 Baffe plates preye

: - nt water from o
Pipe. They are bolted in place, Ty, use aj{:hf’m"". along the
Pipe and between the bagfle Plate halye, prﬂ'_e;jﬂlmg compou

& Seepagg_

outside of the
nd around the

Plate 57 A "Double vibration" depth charge explodes. In this case using a
single stick of gelignite. Photo taken at maximum splash at the moment of
explosion. Gas bubbles soon erupt. Usually no splash unless the water is
very shallow.

- = A s of explosive
Plate 58 Empicd dam of Plate 77. Wave action from fup (61 BT CE, 2
treatment caused the two lines across the 1‘:”’}-1‘1 ?;o're! dam leaks down
pockmarks show where the various charges exploded.

; : ough the wall.
through the mudstone excavation area and not throug




Plate 59 Allan Yeomans shows three of his new patents. Rigid, simple
shear pin system uses inexpensive round steel bar. "Leap Frog" digging
poinis fit behind used ones, as shown, which means no throw away metal.

Self locking rear track gives quick tool change. Photo shows weed knives.

Ovarieties ,, of culti

range up to 10 metreg (33 Teet) wid
e.

T
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inder the pipe is likely to allow excessiy 3
lruusun in mind and it will l_)u a simple mﬂllufr f:fi‘:’aﬁcpz p:T;se Keep this

: I.‘.c ]l.}-owr, Cm,h w‘jc“ng the bottom of the trench should be "worked
down” with 0 Tane shovel and rammed, possibly with a motorised
w\Whacker-packer™. one by hand, on :

mm (six inches) is all that is required, st g Sresy 0

The trench can now be further filled by the bull i
level of the top of the pipeline, with care b);ing uikcii?rmwgtﬂce?gfﬁ
the baffle plates are clearly visible. This earth is consolidated on boli sides
of the pipe-line by travelling over it with the bulldozer while keeping the
track on the pipeline side of the bulldozer just clear of the baffle plates.
A.]so‘ with each _uf the smaller sizes of lockpipe systems, up to 10 inches in
diameter, or 12 inches for the largest bulldozer, it is possible at this stage to
slmdd_lc the sysllcm. one track on each side. Care is needed to ensure that
there is a sufficient height of carth along both sides to hold up the bottom of
the bulldozer from contacting the baffle plates.

When the baffle plates are later covered up with earth, sighting pegs
should be placed centrally at each end of the line. The bulldozer operator
being signalled to keep his course of travel on the correct path to miss the
now shallowly covered baffle plates. The bulldozer next pushes earth to the
lockpipe system from the sides and at right-angles to the line, in such a way
that it straddles in turn, each individual baffle plate. It spills its load across
the trench and pipe and continues to travel over the pipe until a point where
the front of the tracks are almost over the pipe. The operator should be
signalled in this work also. The whole length of the lockpipe and trench
should be covered with about 750 mm (2 feet 6 inches) of earth, then the
construction of the wall can proceed normally.

To ensure that each end of the lockpipe system is not covered up and
lost, these ends are marked with a peg or steel post. A large old drum can
be stood up at each end of the open pipe as a further marker.

The total length of the pipes of the lockpipe system should be a little
longer than the base width of the wall. Since standard pipe lengths vary for
different diameters, the length chosen should suit the individual lengths and
be not less than is specified. There is good value in having ‘Suﬂimcnt pipe
extending out past the outside tow of the wall enable vehicles travelling
along the road above the irrigation channel to get past the dam by travelling
over the extra length of lockpipe between the toe and the valve rather than
via the crest of the wall.

3. Construction of the dam wall

The earth for the wall foundation area is first placed to cover Fhe‘ wiala
outline of the base of the wall and then levelled off. Good mlcnal = ped
for filling the cut-off trench and the bulldozer should travel it lengthwise, 10
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mooth out the carth and ensure that cach 30 cm (foot) depth of carth
5

placed, is settled and comp;_lctcd.

n many types of earth work, moisture conditions are maintained within
lm:?llhs":: I;IIlesrc rate of particular types of construction for earth dams seems
to be more closely associated with the moisture content u_f the earth when
was placed in the wall than with any other ccn_sndcmuo_n factor.

Where the carth is obviously dry the wall is more likely to breach, by if
the earth used is moist when placed, the failure rate is low even where the
construction methods may appear to be inadequate.

Generally the only occasions that may be troublesome in the construction
of a farm dam are when the earth is very dry and does not bond properly or
when it is in an over-wet condition that causes clays (o ball-up and leave air
pockets in the wall.

The earth dug for the wall will usually be moist but if it is obviously very
dry from drought conditions it should be watered.

Earth moisture tests were made during dam building on our property
where the material was a clay with shale below from which it had formed,
Good working conditions for evenly spreading the material and compacting
it in the course of building, were achieved with a moisture content of 18 and
19 per cent.

The method of Double vibration with its thin tapered layers of earth
deposjleg at fair speed makes improved use of the finer material by placing
2:;2 (;;: e1:1 ud:: :I'.a;z; :;de of mcﬁ\yalﬂl; moreover, the same action appears to
SRS ﬂ}:;lsﬂ;ru bgce mixing the materials better. However
Double B0 peemts ;:kn n dclmc of necessity and succc_ssfull}z

) es the wall more resistant to drying out

when a dam is cmpty. For instan, i
) ce, follo : i i ‘
oo e Wing a hot dry spell in the County
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b) Supervision

SIII_}U"‘iI’il”I_iS fiecessary 10 see that the bulldozer Operator does not dig
carth from the foundation area of the wall on (he inside of the dam. This is
of p:n'liuul:lr importance in overcoming one of the general faults in farm
dam construction E(cmu.m.bcr that an irrigation dam will sometimes be
filled with \t"illl.'r and sometimes empty. The period of greatest stability for
the inside of the wall is duru_u; _lhc time when the dam is completely filled,
The water helps to hold the |||.\;1dp of the wall stable. Iis period of greatest
instability occurs when the dam is empty. Inside slumping and slipping of
the earth of the “.-;l].l lowz.ir.ds the bottom of the dam is sometimes the
manifestation of lh_ls instability. If earth is removed from below the inside
toe of the wall during the early stage of wall construction, then fill material
will later have to replace it. The result is, that a greater length of material
that will settle and shrink, occurs at the most vulnerable inside point of the
wall. If, however, the shape of the land below the wall is preserved in its
original form, less only the stripping of top soil, then there will be a very
much shorter length and smaller total area of shrinkage surface and the wall
is improved at what is sometimes a point of weakness.

This feature of design is of relatively greater importance in all valley
dams as the valley floor slope is steeper. As well as reducing the volume of
earth moved, it simplifies both design and construction. The effect is
lessened as the valley floor slope is flatter, but it is still of significant
importance in design. To be fully effective, good design features should be
preserved in the construction of the dam by equally good supervision.

Supervision in the construction of a dam is not provided by a man merely
watching the bulldozer work. A supervisor, whether a farmer or anyone
else, must know first what he wants, and as many people may not have seen
a good farm irrigation dam, then he should have a plan. The plan should be
first studied so that the farmer may be convinced of the 103_10 and necessity
of every detail of the design. the methods of work, construction details, final
finish and the use of the dam. He then should see that the operator follows
his instructions. A farmer may be somewhat reluctant (o instruct an
experience bulldozer operator and feel reluctant to stop unplanned or wrong
operations. However, an operator in almost all circumstances uulslgzs th;
farm works to a plan and under a supervisor, because seh n!ezh r::
operation have been found to produce lower cosis and m{_)re eﬁimegl wc;n d
Moreover, it is quite unfair to an operator to expect him to dwi‘wr s
construct a good dam from the seat of his tractor. The bulldozer ope 5
only on the farm for a short while, but the farmer has to live with this “;othﬂ
Wwhether it is good or bad, for many years, He should therefore, 10 g:d =4
dam that he wants, have supervision of the designed construction carrk
effectively.
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Essentially the wall is built so that the back (outside) batter is maintaineg
at its correct ;_)osition and slope throughout the construction, while the ingjg,
rises from a long flat gradient to gradually steepen as the _\\ork. proceeds,
The slope of the outside batter at every stage of construction is maintained g
a constant 1 in 2.3 or 1in2, as the case may be, \\'l}llc the inside slope from
the front "cut and fill" lin¢ of the wall will steepen from very flat to the fing
batter as the construction proceeds. : )

We have found that throughout the whole wall construction of the dam,
thie downstream or outside batter of the wall should be maintained at s
finished batter line by trimming it to shape twice each day.

The cost of moving a particular quantity of carth is related to the
distance it has to be moved so length of movement of earth should be
considered as the work proceeds.

d) Checking the batters

The outside batter slope of the wall can be checked in several ways,

A large right angle triangle can be made up out of wood. The length of
the two sides that join at the right angle are made with the same ratio as the
outside batter, such as 1 10 2.5, This triangle can then be used with a spirit
level to check the batter. The long side of the triangle (hypotenuse) is
placed on the slope of the batter. The short side becomes vertical and on the

lower side. The spirit level then is used to see if the top side of the triangle
is horizontal.

OQutside Batter.
Spirit level

—

WaLL N
ame
Figure 26, Cross sectio {
¢ nal view sk i
angle triangle frame and Spirit le e alo hig ven

vl to check the outside batter of the wall.

The outside wall batter

s should be strictly mainta:
at the correct slg is wi ¥ maintained on a straight line
it pe, this will produce 4 plane surf; -

Ace on the outside batter of

i Current height of the

Water for Every Farm - Yeomans Keyline Plan
wuslrucgud wall I()n‘lhc!ic pegs is tied some ribbon at the correct height for
(hat particular distance from the centre line of the wall,

Any area of stecper batter slope should be avoided as it will always be
more unstable than the rest of the wall. - Settlement of the wall will take
place. This may prudu_cc. on cither side of the unstable area, a steep crack,
which tends to undumu_nc the flatier battered carths on each side of the steep
area. Undermining assists the movement of the steep material.

Such movements l.""“d lo reach a point where they stabilise themselves,
although not necessarily so and a progressively worsening slump can breech
the dam.

Centre line pegs, lined up with the pegs on cither side of the valley,
should be placed at intervals during the final stages of construction and
measurements should be taken and marked with temporary pegs to show the
finished width, as well as the final height of the wall.

4. Methods of bulldozer operation

Many operators can drive a bulldozer well by performing accurately all
the required tasks of cutting and filling, and although working hard all the
time, still move earth at double what it should cost. We have frequently
made tests and conducted trials on such matiers and always good
supervision and the techniques which follow, reduce earth-moving costs by
an appreciable amount. In the construction of farm dams the concern isin
placing the right material in position as quickly and cheaply as possible and
every technique that aids this end is worthy of consideration. .

First of all, the speed of a bulldozer engine is governed 1o & maximum
speed. It cannot oyerwork or strain itself, so the bulldozer should be worked
with the throttle fully open always. :

On any job the conditions will influence to what proportion of 5he
machines potential is available. When tabulatt_:cl these are callsd job
condition correction factors. For example: Moving earth from a "Loose
stockpile" has a correction factor of 1.20 so pre-loosening the carth
increases the efficiency of the work and saves money. The factor in the
presence of a "tilt cylinder" is 0.80 whereas without, ‘!t is 0.70, using a cu;;e
controlled blade the factor is 0.60. Very sticky material has a factor zf uled
When estimating carth works rates these and mj}er factors are modugtilon
together to determine what proportion of the machines maximum produ
is likely.

Thg windrows in bulldozer operation are the parallel banks of l?a.}sde %
left on each side of the bulldozer blade as it moves the earth _for\-\us - ke
action of pushing a bulldozer load forward results in the u:onupuoﬁu s‘por .
material from each side of the blade. With a large load m : 0 i
bulldozer, the movement of the load forward over a {?Jstance of, sa .“;“
metres (80 feet), without further digging as the bulldozer gm’havc
result in a much smaller load at the end of the distance.

145




T

e

i

Water for Every Farm - Yeomans Keyline Plan

1t in spill which forms windrows. But these windrows can pe Used s
:l:;g:iiﬁ ‘lLtrll 2!::1! Im shifting earth faster and cheaper, "Slot dozing" h“:?“i}:l:
condition carrection factor of 1.20. : _

The bulldozer should start its run by "grabbing" a big load as quickly 46

possible, and in low gear if necessary, pushing the load in a straighy ling g
right angles towards the wall.  As soon as the load starts to redyee by
spilling in the formation of \undro\\:s_ the buil@ozcr stops, backs up and
grabs another full load. This load is pushed forward towards the wall
forming a larger and longer windrow until such time as the load is ft'-’duu:(i
below the full load capacity of the blade. The bulldozer reverses back and
grabs another full load. Some bulldozers can be equipped with 'back
rippers”, which are rearward facing hinged rippers that can be used 1o tear
up the earth as the bulldozer moves backward. The bulldozer proceeds in
this manner until sufficiently high windrows are formed, which will enable 3
full load to be transported forward to its final position. The operation of the
bulldozer is now confined between these windrows pushing up from six (g
twelve full-capacity blade loads into the wall site.

Grabbing the load simply means loading the bulldozer blade to
maximum capacity as quickly as possible and using low gear if ne cessary, so
that the rest of the trip (o transport the full load into the new wall can be
travelled in a faster gear. If the full load is not obtained in the first pass

5?131 fnd_ new Lfmdrows‘_ with one windrow of the new path partially formed
béfor; “::Iidr.n&;‘:; o.r one _s1de of the first pass, This windrow site is worked as

Wj-n e ]‘:o su]u;ai‘)c b‘r: up o 90 cm (three feet) high.
B = ormed at the centre of the excavating site moying
e mmgn the u_lher. S0 that when all windrows have been
ling at. e rI:'.c 4 series of parallel equidistant lines of windrows
dam wall_

The next operation
> AL Operation involy :
Windrows. The bulldogg, ¢ the destruction of the first series of

one of the qlg windrows in 310:1:1];;?:1'?; mﬂd i
s ade, pushing a maximum load

OL;E; TEW Windroyws have beep r:rgmunti[ iy indrows arc bulldozed
1 between them. Tp; ¢d and the requisite number of full loads

: 15 aficn
fistruction progegs. e of operation s followed throughout the
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tematically working and following these rocedures, wi i
: rlll"l'\?llh-ullll"-"'“mwd for less than ]‘llil]f lht.-.ul)st ufp another ls;m“n::roof;?mﬂ::
L‘-jl i though 1L may appear r].unc sausfactory and economical 1o bogt,
L : r and bulldozer operator, 1s in fact more costly,
tqr'];;w pulldozer, except for trimming the earth and in the final finishin
off, should always have a full load \\-'!I{:I.l travelling 1o the wall sige. i
[,ufldO?-Cf travelling onto the wall area with half a blade Joad of carth is
shifting earth expensively. : :

a) Bulldozer Compaction

A bulldozer is not a completely efficient compacting machine.
Nevertheless, the travelling 0_[ 1hc_: bulldozer over the layers of placed earth
does give a measure of consnl:dauonl and stability to them and can produce a
very desirable uniformity of texture in Ll_:c_matcrial. Uniformity of texture is
jmportant, as it assures that shrinkage, if it does take place, s also uniform.
Cross cracking and longitudinal cracking of the wall will be lessened,

During the construction of a dam, continuous piles or deep ribbons of
loose of earth in the wall site are to be avoided by having the bulldozer
travel forward over the earth as it drops its load in the wall as the operator
slowly raises the blade. This material must be regularly smoothed off and
shaped up.

The construction of a farm irrigation dam may take as little as two days,
or several weeks depending on its size, the implements used, digging
conditions and weather.

In dam sites with valley floor slopes that permit all the excavation
material to be taken from above the level of the lockpipe. care should be
taken to see that the bulldozers do not dig below this level. Avoid creating
depressions above the level of the lockpipe which would frap rain waier.
The full depth should be maintained only in the lockpipe area, so that rain
water will drain to and through the lockpipe.

(1) End of each day. : ‘

Preparation made at the end of each day's work should pro_wdc against
the possibility of damage by heavy rain falling during the night. Some
inches of rain could fall on the construction and not prevent work on the
following day. However, loose earth on the walls and on the excavation site
would, under the same conditions, absorb much water, create ponds, mud
and possibly hold up the work for days. . .

Before finishing work for the day, the windrows left in the exwvana::
area from the day's operation should be pushed into the wall area .
timmed. The whole area, including the wall, then will carry the minim
of loose earth and provide good drainage from the work o the Iockmf; v

Permanent sighter pegs located well clear of the work when CU‘I;ID i
an accurate knowledge of the true height of the pipe, will enable the

be quickly located.
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The lockpipe shouk} be maintamed in an open, free apg S Water for Every Farm - Yeomans Keyline Plan
condition at all Fages FCONS oK, "'l.l “.'3"5“'“ on occasiong the inri:l I 8 ot constructed until the wall is completed, sp that run-off is restricted to the
the pipe can be buried to allow the more efficient movemeny of carth ¢ CLgp ll'| all natural catchment. It can however, be even further restricted if need
wall. The inlet of the lockpipe shuu}d be unearthed, checked and C;,_.'.”l_) he ;:j 'by constructing a smaller diversion channel around the area of the dam
carth each day before u'qu ceases. br;md_ a drum in frong of the inje I‘-d of 5 well-planned and supervised job will look correct throughout the job.
pipe. This will stop debris accumulating in the pipe inlet. If (he dam :,thc Throughout the building of the dam, the marker pegs should be
to fill the drum will float, thereby clearing the inlet of the pipe, tan maintained in position by lifting them out of the bulldozer path when it is
The outside batter and all the placed earth should be trimmed befy,, necessary. By the farmer stepping three or four paces out and lining up the
daily work ceases. Also both ends of the lockpipe should pe left op: the position ‘of the peg between himself and another peg, so that after the o
allow possible rainfall run-off to flow out of the incomplete dam, i the old peg can be put back in its correct position,
. (2)  Rain during construction, With the carth for the wall being constantly moved in properly designed
If rain has ﬁ!l!cl_] on the work area the whole of the wall section shoy; windrows at right angles to the wall, the site is then in a condition to be
be lr.u-ell_ed over with the dpzcr and ripped up if necessary before startj i examined continuously in order (o ensure that the cheapest digging earths £0
again. This will gl!a\f u_conunyous bonding of the earth as ILis placed in [:: : into the wall. As the work proceeds, areas of material somewhat harder than
:!';:;1:1 2: occur S:ILISJ_;B':IOIII?'. Wmdrm_\'s are then formed again as usual, whc: that of the general digging conditions may be encountered. These areas are
amoump;; ‘-‘:?‘f["f“ :Jlndlﬂcf ;ﬁnh mI.I be;amc well mixed with the smg ller then studied to determine whether cheaper earth can be obtainable by going
i 'ut r_n:u_ al, IS way uniformity of moisture confepy and back another 5 or 6 metres (I‘S feet or 20 feet) for earth, or whether cheaper
: St maintained, carth is obtained by persevering with the cutting and digging of the harder
During mﬂa}%",ﬁgﬁm materials. Outcropping hard rock may be encountered and it should not
R snbtin of the dam all bulldozer Paths should be right exceed 25% of the earth in any blade load. Bulldozers operating with back
After the! bk ofalz : PHIUCL_xJarI} S0 1n the early stages of the work rippers are capable of making fairly light work of reasonably tough
i fowﬁ?ng.f lamping and filling the lockpipe trench is' materials. _ 'y _
highest level gy % n of the wall shoyid continue with the bank at the Each time the bulldozer arrives at the “_cut anq fill" line of the wall_ with
F the central lowest area of the valley bottom. a full load, the blade is raised a little to spill a thin layer of earth of slightly

Th
¢ central area of the wal g, increasing thickness toward the line of the back batter of the wall. When the

load is gone the tractor continues a little further so that all the placed earth
is travelled over by the tracks.

_ during ¢ ‘ .

bﬁ;‘zgp:s;xmf o e d m-ia i:{]}ifr:c#;nﬁ? low portion of If the load contains lumps of earth, only the finer material escapes under
S o e et Ximum earth hag the blade during the carly stages of each pass, thus ensuring that the best
e e o s thcc wf?erc lh_e one material goes where it is needed most, on the water side of lh_c centre lmc of
i el e e, ¢ lowest point of the wall. The bulldozer 'run' is usually in second gear. This fast spill run
e “E:Hmhe grc.atcstdl e mama on the flatter side of also promotes uniformity of texture from the improved mixing that in turn
e i g o e wer:?]nh fill. Water would favours even settlement, while the vibrations from the fast return of the
In a suddep pes, [PUS Protecting the mgjp, fill ooded. The [ow spot empty bulldozer down across the rising wall after every pass further ensures

full of warer EL €avy downpoyy of rain the loc e e e =
water leve 1 belo as heavy raj p, = iI:’P@ Would also be flowing The inside batter of the wall during construction is not treated in this
e mlw‘ = o m:: Would quickjy reduce the manner. It starts off on a very flat slope, gradually increasing in steepness,
e " e ot it pe n,; mply the dam, Damage until it finally reaches the correct batier on the completion of the wall as
e e sty . D shown in the following figure. Notice the thin layers and appm%fel" ﬁe
sE i = o = obvious high compaction on the critical inside toe of the wa']jl'c : -deoloi
i i e e L ardly pe affected by time the bulldozer must negotialela slope at the ﬁ'}l grade on the insi ined
by the fagy that the g; CW feet) for 4 short tip, 5 Hood wager would rise o e
€ diversign channe| which willll i e - i

i ater help 1o fill the dam, js
149
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A continuous check with a level and taking measurements, ensures thyy
the right amount of material is in the right place and taken from the correcy
position in the excavation area. The central area of the wall is first finisheq
off to its final height. crest width and batters. The construction of the
finished batters, the heights and top width of the remainder of the wall, is
maintained towards the sides.

Batters should be even and continuous throughout with straight lines up
the wall,

(1) Things to avoid,
_ Sogle bu]ld?zer operators like to concentrate on one spot to bring it up to
ns‘ﬁmsl_zed height, but this is bad practice, since it tends to work against
;mfonmtzmuf mnur; and proper bo_nfﬁng of the earths in the wall
ad"‘jamem;l“‘w a.uea;smro-@mpamd' stabilised earth are likely to be placed
of very loose earth, Shrinkage later would form large

:;an:eksbrﬁt;\een the different textured materials. There is also a tenancy for
0ZET Operators to push a]l the earth of the blade-load into the wall

Xtra weight on
d result in a later partig) fajlureeazfl‘lmwhl;[} . the worst
€ wall,

outside bayyey
& Piors .
When the material Hlulihing Stages

hen the material has ] pee
10p width, heighy and batters, Il}]?:laced e all trimmed (g i proper

final ﬁnishjng—oﬂ‘ Commences
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windrows left in the bottom of the cut may be flattened out, but it is not
pecessary or advisable to move all loose material from the excavation area.
It is important that the excavation area be smoothed into a natural shape to
conform to the valley arca of the whole dam.
a) Top soil replacement
When the excavation area has been smoothed into a natural shape the
raw earth is cultivated with a chisel p1nugh3 and then covered with some of
the stock-pilled top soil which was previously moved from the surface of the
excavation area. The remainder of this top soil is used to cover the inside
patter of the wall,
The top soil which was stripped from the wall foundation area is brought
up over the wall to cover the outside or downstream side and the top of the
all.
L It is worth noting with regard to the depth of the replaced top soil that
about 50 mm (2 inches) of soil cover is the maximum that is required and
the minimum depth is gauged simply by the fact that the subsoil should not
be visible through the top soil covering.
Top soil should never be used to fill low spots in the wall left through
inadequate supervision.
¢ Tl?e crest g:mc wall should be finished off with slightly rounded edges.
If it is finished off haphazardly with a bulldozer there is ljkel;_( tobea s:pz]l
windrow effect left by the blade. When rain falls, this )nll cause little
ponds, which eventually break in one particular spot causing the water 10
flow down the wall in a concentrated stream. Further rain fnllm_g on the
wall takes the same path and sufficient damage could take place with 25 to
50 mm (an inch or two) of rain to spoil the appearance of the new wall and
itate some repair work. : _
neo?rslf::w;:ea of uef:agm is ripped with a chisel plough in a single-run
cultivation about 75 mm (three inches) deep. 'l_'he cultivation parallels]at.he
water level contour downwards (Keyline cultivation), so that flow water later
i i :t. the wall and the whole of the
spreads as it flows into the empty dam. Next, : et aiitin
site is sown with the regular pasture seed mixture and co
sing of starter fertiliser. :
Clresﬂangd finishing of the top of the wall to lcave a goo_d shap; and_ aid th:_
inati is well worthwhile. Slight ridges of
germination and growth of the grasses is W€
loose earth can be raked out.

3 Preferably: The new Yeomans Plow or similar earth loosening equipment. =
Editor,

151




Water for Every Farm - Yeomans Keyline Plan

Do not leave the batters of the wall f'buck bladed"* and smooth, 16g
neat but only until rain falls on it, then it washes :Imd gutlers (Iuickl_‘- formks

It is better for the batters to be track walked with bulldozer travelling, ,
and down the wall with the blade off’ the surface. The tracks wjj 1 lca\rcLl;J
wall with a pattern of hundreds of horizontal tracks that trap Moisture, l'(:si_::
wash and promote pasture growth on the wall,

The cone strainer is coupled up to the cleaned surface of the flange of the
pipe on the inside of the wall with a rubber gasket (optional) between i
with the straight edge of the volume strainer downwards.

The inclined section of the cone strainer is made to point upwards in g
upstream direction so that the upward tilt acts as an additional safpqy 0
preserve a free and full flow of water in case there is a slight slip of wq
matenial through any cause,

The cone strainer's opening is up to nine times the lockpipe size, and
screened by heavy mesh. The speed of the water flowing into the volume
strainer when the lockpipe valve is open, is therefore very much slower thap
wo:specd of the flow through the lockpipe 50 that any rubbish whigh co.
eniet the strainer will flow out through the pipe. The cone strainer also

flow through the pipe,

The outlet valy : !
B e valve should be coupled in the Same manner as the strainer,

4 "Back blade® is 4 .
- y ; lerm deseribg .
surface \\'hli:ildn\-’i.llg 10 reverse _mg dlil::rusc of the bulldozer blade 1o Biiooth i
i ! 1 the
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¢) The Flota-Filta,
Inside the main lockpipe, and on 1o the end of the two inch socket, an

clbow or sweep bend fitting should be attached. Onto this should be
connected a rigid 50 mm (Iwo inch) pipeline that extends through the full
length of the lockpipe system and out l!}rough the cone strainer, into the
pond arca of the dm“'. Qrdmury poly pipe can be sucked out through the
main valve and unless it is ?_ll‘llll)’ anchored at the cone strainer it should not
pe used in place of the rigid section of pipe through the lockpipe system.
The rigid pipe needs to extend beyond the cone strainer by about two metres
to keep this end of the pipe well clear of the cone strainer. At this point the
50 mm (two inch) pipeline can be changed to a flexible material which is
long enough to easily reach the surface of the dam when it is full. To the
end of this flexible section, is attached a filter, then a length of stout chord
and a float. This "Flota-filta" is intended to provide high quality water,
drawn from the better water near the surface of the dam. The cross sectional
view following shows the layout. The Flota-filta is a concept that works.

200 mm Bouy
m Water level
— Rope
— Half bouy
Filter
50 mm Poly pipe (flexible)

Cone Strainer

\ I\Bafﬂe Plates
50 mm PVC or other rigid pipe.

== all showing the
Figure 28 A cross section of the inside foe of the wall B

Flota-filta components.
of the wall.

6. Explosive vibration ticularly for the first year
{ unusual that seepage does

Nearly all earth dams seep some water, P[m
Double vibration dams may also secp, but it 1s
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not occur or is greatly reduced or stopped within ten days afier the is
“bgzﬁii‘n?ﬂ?':‘; is done with a series of small explosiye charge
These .m. fired under-water near the inside tow of Fl‘u.‘ wall :mq Provides
series of vibrations to quickly settle the w fi[[. : T'he consolidatigy angd
settlement of the wall will be accelerated. This will help seal the wall apg
ent leakage from occurnng.

can _IP;:“‘-;;;;O“ -i‘orce transmitted through lhc. W :!Il by explosives depens
on the depth of water. Half a small plug of gelignite may EIVE an adequgye
effect when fired under 6 metres (20 feet) of water, but use a full plug whep
the depth of water is less than 3 metres (10 feet). If the water is only ope
metre deep, one plug will not produce effective vibrations in the wall,

Select a spot near the deepest part of the dam for the first shot, After
lighting the fuse, which should be about 300 mm (a foot) long, the charge js
thrown so as to lob into the water directly above the cut and fill line of the
up from the inside toe of the wall. For example, if a dam has a | ip 2.5
inside batter and where there is 3 metres (10 feet) of water to the start of
natural surface, the charge is thrown to hit the water about 7.5 metres out
from the water's edge at the wall,

and Vet fop lh'f“?‘cd- facing the pond on the water side
be felt as a shudder ip the fegy, bixfg];iﬁn‘ The explosion vibrations will
ground. This firg shot is agi fMissed if the heels are off the
e i Satisf; it : y

Positively in the feet. If not, the e 1]!:2‘: ]E::higrs iy fellf quite
m £ I thrown too far out

€ 10 rest on th:: solid bottom beyond the inside toe of

eplace the ineffective charge,

another . CXinguished, Ppareatly by g g0 2 lEhEd charge in the

* Viz. charges are fired at

SEVeN metres of wager - oPUL of wagar ; ;
hiag e Al rabovc the lackplpe, there wij US in a dam with
¢ for others and e, Metres g Ven metes betyeen
the dam ghaly
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(owards the edge. There is not _much poi_nt in firing charges in less than 1.5
stres of water, unless there is a considerable length of shallow wall, in
".I|Lic|'l case the charges need 10 combine two plugs or more,
W "rlu: complete explosive operation is carried out afier a satisfactory trial
shot. Prime all the charges and lay them out along the batter side edge of
the crest in their proper spacings ready to be picked up, lighted and thrown
nto the water. A charge is used each side of the cone strainer where only a
?dirccl hit' could cause slight damage. With each shot, the operator can
interpret the explosive vi_bra_uun cm:c_l. If the uniformity of the compactness
of the earth varies at all it will be noticed through the soles of the reei: With
the experience of only a few sho_ls, an operator can compare the dlﬁ_"ercnl
effects quite confidently.  For a given height, better compacted walls vibrate

less.
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( ROADS _ \
kl:[;:qd:;;l‘f:‘g; the landscape are constlr;lincd in fl.w-" lm:‘:‘mon by the more
permanent features. Roads are fourth in the l\L}_ltllt: b_utlc of (n:lmi\-c)
Permanence. The main farm roads are influenced in their Iuca;:on by the
climate the land shape and water movement control Imcsq_ Wat.cr 1S usually 5
problem to road engineers and increasing volumes of _ﬂowmg water gre
hazards to roads. TarfTicability 1n wet \'b‘C.'_It!lL'r and maintenance cogg are
vitally aifected by water. Roads can be positioned so they are protected by
the channel system or generate additional run off water into the channg|
systeni.

" Contour roads require less energy to travel along. This is an extra bonus
(0 all those travelling under their own power, be they stock or people on fool
or bicycle.

A. Along the boundary fences.
Boundary fence lines are commonly located on compass bearings and
rarely do they suit the landscape. Roads along these lines are likely to be self
destructive because of the water flows that they intercept. However for fence

maintenance and fire control an access road along the boundary fence is
generally desirable,

- B. Located on watershed lines
¢ centres of main ridges that form g part of the bound
- - : of the
so\.ondan \all_c)'s. are ncplml lines of no flow, and being high anagdry are
Very suitable sites for main roads, Use the centre line of primary ridges too

:;r;hszi ?Lr:.r'aial;(;‘ W;;_tcr divide lines. Roads in these locations do not cut
v lines an, i
i d water can be channelled away from both sides

C. Located by chann
el
Those roads that run :

] across the | 1
contour guide lines and can follow the channels and other

e“"“ of irrigation channels and
are arranged as follows. neral patierng for work roads and

o l o ' 2
Gcncm}l_v 1L is best to position roBacdlsu Ee{:t

1s an almost completel i

y dry |
level 10 travel along aq Mo
roads lead directly to

der channelg
i iw Braded feeder channels as this
PIDEs wil] pe Tequired, the road is

and gully Crossings hy
the crests of dams thyy g f'made. These

156

Water for Every Farm - Yeomang Keyline Plan

2. Above irrigation channels,

Roads can be positioned parallel to and on the upper side of any irrigation

channel as this is the drier ;ldc.
a) Crossing lrrigation channels,
(1) Pattern irrigation channels,

Crossing hill side irngation channels may be casily done by using some
railway sleepers as a bridge. The sleepers can be removed for channel
maintenance. Alternatively a concrete box culvert may be used. If a piped
channel crossing is being contemplated, make sure that it has a Cross
sectional arca at lease equal to the channel cross section. Do not simply
match the size of the pipe under the wall of the dam. The Lockpipe water is
under pressure so the velocity of flow through the lockpipe is much faster
than along the channel. The slower speed of flow requires a bigger cross
section area to carry the same rate of flow.

(2) Flood-flo channels.

Crossing Flood-flow irrigation channels is usually avoided, howeyer
when it is required, simply broaden the bank. The steering banks bei_ow the
channel will determine the path of the road and the point of crossing lhe
channel. At this point the bank of the channel requires broadening. 1t'lS
important that any material placed on the road in the channel does not raise

the bed of the channel.

D. Elsewhere o
Other roads may follow the lower boundary of an irrigation area.
Another location for roads is on either side of the natural breaks in the

land, namely the watercourses. \ -

Some of these considerations have always mﬂucpced the siting of farm
roads, but the relationships of the factors of the Ke'\_'hne scale offpfngansi:cc
and the appreciation of the new signiﬂcgncg a@wl::f::ga om :;nmmmgz

i i itiv 1l road sites are :
provide a guide so positive !.hat a e
because all factors in their siting are understood. Farm roads while serving

: : ti
their purpose, change the natural drainage panf;] ilmsg?gsmﬁﬁ“;:w:ﬂ
or preservation of land profiles. From the gcndz begome natural, obvious and

be seen that the position or sites of farm roa
constructive.
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XV. TREES

A. Trees in the Keyline SculF of Pcl'l“l!“_t‘lll:c.

Trees are placed on the Keyline scale uhc_:ld of permanent farm builg;
because their lasing qualities exceed those of the buildings. How often does
one see a group of trees 1n an arca where a farm homestead once stood?

While the general design of clearing and tree planting is based o
climate, land shape, water supply and farm roads, trees should be planted as
part of the site planning for the whole farm.

On uncleared land, where the initial trees had value as timber, al] these
trees were part of the environment which produced the soil. Ip no
circumstances is the complete destruction of all timber trees and the
assnci_atcd smaller growth necessary or desirable for farming or grazing
pursuits.

There is probably no other land development work that has been sp
completely unplanned and haphazard as that of timber killing and clearing
and no factor of fertility so completely ignored.

In order to grow crops and pasture on forested country clearing of some

;‘lnczb;ir is necessary. Gradually more and more timber is cleared because of
sadxamageau; effect _of trees on crop land. However, like some

has been overdone, with the results that soil

difference between 2 foad may make, in some circumstances, all the

usually 1
sizcabiemo‘;::::;?:mer’ A large tree will all too often affect quite a
On some farming lauxlsp&smre land and the tendency is to get rid of the tree.
living in forest conditions Tin‘é’fo'? >eatiered about. These trees, no longer
andpouler branches are deéd_ €out. It is often observed that the upper
Toperties containg

all the flatter counu;'utggbcmme e country have ofien been cleared to allow
for grazin < opped. The steep Jang g fefy 1

8 PUrposes but this can be improyeg ey ¢t timbered and used

n,

Patiern tree clearip looks [
seen. It is onj g >

but the best vi
Looki
beautiful

full timbe

¥ when one enters the land:caThC
€W of the pattern js from abovepe =
ng down on Jang cleared 1o lhe’

windin : li
& Paltem of the strips of Uﬁﬁrnc pacuilm one sees the
s caring and tree

E can not be readily

tthe cleared Jang js seen;
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planting program leaves wldf: bands of strip forests sandwiched between even
wider, much “-.idur strips of pasture 1‘md crop land. Widc bands of timber
may also highlight the main ridges of the property. This is a truly beautiful
atgll;mnm“) Keyline strip forests follow the pattern set by the properties
major water conservation ;qu.| gravity redistribution system and the road
jayout. With Keyline planning the major water control structures and rqaﬁ
5\:5tCIlIS are sited prior to the consideration of the tree clearing and planting
jayout. Water first, then roads, then trees and buildings followed by
subdivision fencing design and finally developing biologically fertile soil.

The timber strips may vary from several rows of planted trees up to .5{)
metres or maybe more of undisturbed native linxl?cr, On our own properties
the strips probably averaged arounq. 39 metres wuic,‘ Hm_,\'evcr cach property
is unique and should be planned with its uniqueness n r_mnd_ :

Contour tree strips! can be seen on many properties in Australia.

1.  Effect on pasture growth.

On our own properties tree belts which were left on country that had been
padly eroded abandoned and covered with only the poorest regrowth of trees,
had the effect of restricting moisture and pasture growth ncar the tree belts.
This was an effect only for the first two years of our Kmlme develupmzl;:
program. From that time onwards the trees hﬂlii a bem:ﬁc_*xa! effect u{:n
pasture, and the notable best pasture in a dry winier growing near the tree

- it is only the old trees that are left, hence the
On much pasture land often it is only the old trees D
concentration of stock around the trees causes bare patches sou.mn el
the trees are left in properly-designed tree belts there is more
ade for all the stock. : )

2 The healthy condition of stock is assisted by adequateﬂst;die mu:d1 l.l;;
summer. The tree lines have a beneficial gﬂecl on aﬁ;ﬂ 1hed:o'S
the drying effect of hot winds and amr:!‘ijg;anon cold windy days.

2.  Climate modiliers e

Tree belts, since they are cooler in hot Summers ?hfl:ﬁf:l::lp‘wm
help to maintain the constitution of farm ammals.nd 8 i et
benefit from trees for two years but from the secof rl:l S e i
belts develop into moisture reserves and into gf_ﬁ‘ ¢ ot o Aol
droppings of the animals. As moisture and fert tfy £ e land belowit.
belt of trees soon has a beneficial effect on much o

of any property if it has a water
! What a pity it will be for the long 1crmlbm ::fmm: I
disposal (soil conservation) design locked into place with iress janted slong the contour banks.
Editor,
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fn wet weather the better conditions in the tree belt encourgge
stay on pasture only 3 sufficient time (o feed, thus keeping thep, o

0
: for 1oy

periods in the tree belts and off the pasture, and Preventing
damage caused by stock roaming on wet soil,
If a farm is (o mainiain an increasing fertility in its soil (3
fertility in a progressively improving landscape) then trees will be neces
for their continuous turnover of the decper elements of fertility, They )
draw these from great depths in the earth and shower them back oni et
surface as leaf fall. The deep minerals they supply soon become inco O/the
in and form part of the soil. TPorateq
The selection of the tree species must logically be based on the cljm
the type of trees that will grow in that climate and the pmgmssl;‘-d‘lc,
;up:;:l;mg crnl\h‘irl:lrun(;:m.F The pattern of any tree planting is always buse; ;?:
e ¢ of the land. Farm roads and water s Al
s o?;ncn_ ds and water supply features also influgnce
Siethoe femach; ¢ location, design and construction of
: gation dams in Keyline are such that they remain
agricultural features. The tree belts bordering the roads on OI-:;mrlanem
properties are not cnl;' beneficial but add to the beauty of the landscape‘ommr
The general practice SECHOMRLIY.
fro practice of leaving all steep country in timber to protect it

m erosion has not been successful. This i i
e e L This is certainly true of Australia, and

often the greatest bushfire timber. Steep country left fully timbered is
rain following 2 fire in o ummilazard and the worst area for pests. One hea
often to th,  mbered area quickly remo S
e € stage of guttering, ves the poor soil and
0 denve the greatest benefy i
workin, o denefit from timber for soil fertilj
- rng a;d living conditions trees must pe Jefy il fertility and better farm
Y. Properly located tree €l to serve the whole of the

famplip,

Compley,

: 4. The .
The Keyline design for mf':‘rafc':-p of timber.

5 : reso; ;
?ErnnmE £ ing, ll]{;e development ang the road
yards) wide is lef ; ¢ first timber gy t
Mmmediately above (or I;c;vcnly 2
ow) the

160

Water for Every Farm - Yeomans Keyline Plan

s (i s § 0 i =
.Ah tf:ll.:ll:ll: :)1' '.':Il:pch:—ll‘\lllltll%rsli Elrcfe:abli; and this must be positioned on
the upk S chia continuous belt of timber will wra
around the water Ilmc of any dams positioned aldng (e 'charched Bt p
sheltered water will !m\‘c reduced evaporation.  If the slric i m‘lhc
positimwd below lh‘c diversion channel a break in the line will oe‘::u.roal ‘;
dam in the z“‘l"“ ‘:_l d"““’; ‘:_"SiUOIlcddbclow the diversion channel ey

The road location relative 1o a diversion channel i 2
pelow the channel. There are several benefits ;:]::t‘i::u;:guﬁﬂnﬁ :‘:‘:
relatively dry location, and no water is likely 10 flow over the road unless
there is to0 much run-off for the channel 1o carry and it is being overte i
Also anyone travelling along the road will have a more commanding view of
the land below the channel if the tree sirip is above the channel. The road
will lead directly onto the wall of any dams along the channel.

In a minimum clearing operation, where only the dam, irrigation
channel, irrigation area, diversion channel and the roads are cleared, the
strip of land between the two channels can be left as full timber. In very
steep country the bank of the diversion channel may serve as the road.

The diversion channel tree sirip then can form the guide for the
establishment of other tree strips made parallel in the vertical plane with
this line. The irrigation channel can alternatively be used as the guide for
other tree strips. In this case the first tree strip is above the irrigation
channel, When multiple channel systems are used the tree strips parallel the
respective channels.

Where there is no diversion or irrigation channel that can form the basis
for the timber strips then the Keyline of the most significant valley is used as
the foundation of the design. When this is not available then the top side of
the lowest contour line spanning across the most significant ridge would be
used as this is a primary cultivation guide line and would be a suitable
starting point.

5. Locating other timber strips.

From the selected line both up the slope and down the slope of the land
timber strips are left (or planted) on the contour or on a slight grade to smt
the overall planning and at selected vertical intervals apart. \

The important guide for determining this vertical interval between timber
strips is related to the height of the trees. If trees are 12 m (40 feet) high and
the vertical height occupied by the land in the width of the tree Strip IS 3
metres (10 feet), the timber strips would be vertically 15 m (50 feet) apart.

This provides very effective overall wind protection for all the land and
locates the timber strips closer together in the steep country and farther aﬁ
as the country flattens, Even in very flat country of low serub or mallee “di
3 10 5 metres (10 to 15 feet) high, a similar formula for clearing will Pra

greatly improved farm conditions.
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Timber Strips

N

J——:a—J

Figure 30. Cross section of timber strip spacing used in the text,
slope is 1 in 7.3.

e

As the ground changes in slope the spacing of the trees is
accordingly, as figure 31 shows.

Figure 31. The Spacing of timber strips changes as the slope varies.

Timber strips left as g
from the supply of deep

weather cattle will only stag
the 7 Stay on soft pasture ground |
l;_,r::mn:; to the firmer ground in the yndigy fJInB. enough to feed and
€ W0 most efficient Jang urbed soil of the timber belt

roller and the multipje compacting implements are = .
i ic-w e sh
with his own eﬁicisu Pocumatic-whee] rofjer. eepsfoot

The farm
: t compact : er has to contend
implements, The co £1s which are pj ; :

mfo . S stock and
extent, keep his stock O;ai’ée conditions of the wheeled farm

2 timber strips wi

Bt ft wet ps will, to a large

leave Ius wheel machinery in the ground. The farmer, of course o ? d

compaction of the soil, which i machine shed whep 4, Bt u

minimised. » Which is one of 1he great desuoy;s ?;;-d '.sl \fch g
soil fertility, is

escribed are a valuable aid to soi ili
_ i soil fertility apart
minerals which they bring to the surface. In wet

ﬂ‘a\’llllen Cleared apg Keyline
°T10p country aboye,
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Keyline ;ll)surptum—l'cruliu- ~methods above the timber strips, by the
greatly increased moisture-holding capacity of this land, provide the timber
with better moisture. Fimber growth is considerably accelerated.

Timber strips are the only completely satisfactory means of preventing
Jand slips on country _lh?ll \_\"Guld_ tend normally to slip when fully cleared and
saturated in heavy rains. The timber strip is 4 definite and effective anchor
holding the land shape.

Land that has been Keyline cleared and subdivided into paddocks will
have some shelter timber in all or most paddocks. Every paddock, whether
in the steeper slopes or the flat country, can be rotated in turn to grasses and
crops.

6.  Ensuring perpetual timber,

The only way to ensure perpetual timber is by providing conditions that
allow trees of all ages to grow together. If each paddock in turn is closed 1o
stock and cropped for three or more years, young trees develop in the timber
strips and permanency of timber is assured.

If tree strips of even width are desirable, then a contour line, or grade
line. forms the lower line of the strips on ridges and above the Keyline of any
valleys. A line, parallel to this, forms the upper line. In a valley below the
Keyline it is preferable to have the upper line of the strip is on me contour or
grade line and the lower line parallel to it. The exception is adjacent 1o the
irrigation channel where the timber strip is above the channgl,

A strip of trees is also left around the boundary of any suitable land area.

There are other considerations in maintaining tree belts. _No land could
be more spectacularly beautiful than the timbered undulating ‘counuy'ot‘
Australia when it has been cleared and developed by Keyline degg;n
planning. However, large areas of land'which will come up for Key}ll_ﬁz
development have had too much of their timber removed \\1lh0\ge pla;.evlinc
growing of timber strips now will be a necessary part of the best Key
development. . < "

Keglinc planning and development may permit the dw’?‘ijgf aﬁggﬁ
from stock for three or more years while crops are growt. i
time will allow a planted or "induced" timber belt to develop to a siag
the trees will survive without attention.

a)  Induced timber strips.

Two interesting incidents from the car
will serve to illustrate possible low cost me
HEps! ati els all except

During the construction of several watet co:_lsieer\‘:::lg\?:ﬂmt i i
one were harrowed and fertilised. A _dlfc'?“‘ & what would ZrOW
channel was not to be treated in any Wiy mn de‘?fc;'l:' 'Si?ms exposed s il
onit. A variety of vegetation rubbish grew quiciy

y years of Keyline develol:_vmem
ans of growing valuable timber
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Three years later a row of trees six metres (twenty feer) high g4 all of g
wree ) . L
vered the drain, s A
spcf::c:h?d;ought of the same year (194%) several runs with a roq Plow v,
de to form a fire break. Later the dry grass of l_lus fire-bregk Strip “"'
:ﬂ ed off. The paddock was not stocked heavily dunpg the Ibllowing Iw:;zs
|um. }.cml At the end of this time the fire-break strip alone WaS they y

: T - Well
overgrown with trees, all of the one species. _ Ih_c trees here were a diﬂ“c;.;,,t
species entirely from those which were growing in the channe] less thyy, two

kilometres (a mile) away

From these events it can be seen that \\'hcncvcrl:l treeless paddock is 1o
closed up for cropping for two years or more a suitable marked ang Planteg
strip of land could be left untouched, or pcrh:lgs' BIVen some  paciy)
attention,, 50 as to allow a timber strip to develop of its own dccord.  Opg,
the trees are three of four years old the majority will survive stock damage,

b) _ Strip forests sown by water.

Sometimes strip forests occur unintentionally, as was the case Wwith g
contour strip forest that developed around the flood storage level of the
Burrendong dam in Central NS.W. When this large government dam wag
first filled the flood 8Ales were kept closed and the water level raised ang
held perhaps 5 or 10 metres above the normal "fy]]" storage level. The effect
of this was to drown any timber still with in the pond area of the dam Some

and these seeds, carried by
¢ sown around the waters edge.
res, Unfortunatcly much of this
the maki echy fan_“m_ totrealising what a beautiful asset was in

18 However there s ] S0me sections of this beautiful contour

’ Seen around the lake, Sy scale waterline forests
have occurred aroung the waterline of other farm storages, The prerequisite
SOmE trees are left 1o drown

accidents howeyer are of mino iy in a new dam, Such} beautifil
Ide\'clopment of contoyr forest pc:.;nl;'?jcocrsmmpared 10 the potential for e

s ough out the Australian

There is every . ;
tree belts, \vherir}lo:na{:z??: e e mplementaigy, of Keyline design that
tremendous benefyy 1, |md“;5£je Ise[and Z?lapc Water and road lines, are of
aﬂdma; . no isa vanta &

In n:ﬁm of a highly ferije soil in g g ang pse r:;;:: f?w;ospmcm
Justified, Unfnrtum:cf (e completg Slearing of & property penec. -
Testrict the "ff‘ Cly trees, evey trees Perty necessary ?r

Ol grass owth 5 n seen to greatly
Eenerally 1o aim at the ¢q ) ca Sttt ¢ el
farming lang. gy, MPlete. destryctio of all graziers,

On grazing and

ns,
when treeg are lefy in properl_v
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ated and designed belts, the land whi - = ¥
mi(.ll:t‘ill?:nlmss.; ::'ltlu.-r they will add lo ]nI.Ch i SFORY Will not reduce farm
pr ¢)__ Planted trees,
(1) Tree Purchases,
Generally a small Australian nagjye
purchase but may cost m'c_m_v times this .
while the cost of planting is not gq S‘I:r'lDI.IS and can be .
he young trees on the farm. Mechanica) planting of thousands of tiny trees
is a practical reality.
(2) Land Preparation.
In large or small paddocks without {ree
strip of timber five to ten tree-rows wide

Afier completing the Keyline adsorptionferijyy program for the
paddock, or at least one co_mpletc Keyline pattery cultivation of the paddock.
Mark out with a single rip the first tree row position. A single shank is
allowed to penctrate deeply mrolugh the plowed soil. Op the return run with
the tractor place the downland side rear whcel_ in_mc upper wheel track of the
first run and travel the tractor back withou npping. Turn around and again
with the downhill side rear wheel in the upper track of the last run mark ou
by ripping deeply the second tree Tow. Repeat to the number of tree TOWs 1o
be planted. This row spacing will allow the gam?r later 1o cultw;te
satisfactorily between the rows and one or two Cultivations are done during
the first year after planting the young trees. :

(3) Build the soil fertility first. n .

A delay in planting for a year whil; Lh{_: biologl_cal fertility (?f the soil
improves from a cultivation after each rain will be gusc_ldy offset by the fa]sle:
growth of the trees. So clearly the preparatory cultivations should take p ag
over some months prior to planting the young trees. The trees mm:ﬂ
purchased from Departmental forestry nurseries. Plant the wul;%el;ee[;e e
into the moisture zone without breaking the soil on the pots. o
firmly around the young trees. Trees can be planted ‘:d?tl.iqmzf ;ni:.] s
deep ‘moist soil with very few losses and without the a ﬂm:nl S
The distance apart of the trees in the row may be closer G
the developed trees, Spacings of 2.4 m (cight feet) are sui
of tree species, Planting time varies in different districts.

Primary Industries. in Queenslind
2 A purchase jnqujr’\' o the DCpim"-ﬂl of e Sl. ‘]'nsz for less than 50 trees
on (07) 234 0111 in 1992 resulted in a price ms:mcs Editor.

dropping to from 50¢ to $1.00 for more than 1,000 trees.
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If watering and hand cultivation can be avoided, the chief
the trees is also avoided.

A free strip may sometimes be satisfactorily grown by
seeds directly into the paddock.

Trees can be induced to grow by a variety of means Without (he
planting of young trees or tree seeds by merely leaving Strip of yy. ilq“'“l
country when the paddock is closed for cropping. Tree growth wi|l]] Oweg
flourish on this strip and form a valuable tree belt. Offten

SO8tof gm“‘ill&

Planting the fry,

C. Fire Prevention - the natural answer,

There is still another aspect of treed land and cleared land, and thy i
bush fire and grass fire hazard. In Keyline this hazard is negligible fos the
following reasons: With farm roads in the right places for quick e

: acee
tree belts widely _SNI'-“‘-‘d- the grass paddock rotationally grazed, angd wzs:é:he
intervals to be distributed crosswise for long distances through he t‘arm_EII

a

fire originating outside the property could not make headway.
e L Stock save themselves :
X and Jenny's grazing property was on fire, They w
_ Braz ; 3 €y were away fightin
other fires in the district. Their stock however Were saving tﬁcngelvef

b(m;;t H";']] ﬂ:ep[:]eytine pattern tree clearing that had been done many years
e Snowy Mountains near

5 perty where this happened is in th

Grass scrub, and fores
b t .
landscape. Theeucal, fires are g common characteristic of our

fire. The leaves o, tg;l;i?,ﬁgm of this land are a natural environment for
lower limbs of (he Irees are shed inflammable oils and ip many varieties the

mass of imbe lier gy wj“ readiolf-f t‘)-huﬁn trunk and fall to accumulate into a

fire gets start

: ]‘3391:; allllia?irr?&n;a front, a long adyancing of

wall of flame, Ve been cleareg he f; When this inferno enters a
Even when some 0 ¢ still remains as a raging

& T

€learing pattern of tw?:y O the trecs ar, left in th

Pleasant looking, the fire € Some indiyig .1 & ¢ all too common tree

random clumps of il still adyapc hes \V:TIS that are particularly
es, Keyline planning ho for some 02 ﬂar;ms_ Although

' P of the advancing

1at can allow stock to

. a
Lrip forcsLs thay bmrc. e e clcal"f“g
= ompletepy broke up the
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advancing wall of flame. The winding strips of timber
the stock to frecly move from open coun
.ock avoided the flames themselves and it is ¢ .

:.]l:;‘ owners could not help them, The pm;fcrjtl;slq?: n:resllwu:?: I:l.cy o;;uld for
fires, along with the rest of their neighbours, in an adjoining Tls:‘nc?maﬁ
their return they did m;'umgc to save one of the homes,

Not all the animals escaped the flames, onj i :
cleared paddocks,  Sheep in open country or m]); m:mn n;m: hmhz
was the case for virtually all the .Slock on the neighbouring propertics, Their
animals were wasted, engulfed in the relentlessly advancing wall of flame,
there was no escape.

The property's natural bush (timbered) areas were totally d ted by
the fire and particularly so on eastern slopes where the fire front moved
slower and thus burned more intensively. On inspection of the bush areas
after the fire the impact on the native (and other) animals burned bodies of
wombats, kangaroos, foxes, hares were seen in abundance. The soil was also
seriously effected in these areas. As is so often the case afier a severe bush
fire the next rain was very heavy. Soil losses in the natural bush were severe.
In the areas of the Keyline contoured tree strips this loss was significantly
less.

2.  Stock put onto wet land.

On another occasion fire was threatening to over run sections of the
Megalong valley near Katoomba in the Blue Mountains west of Sydney. A
Keyline project on one of the properties in the area had only reached an early
stage of implementation. The first large farm dam was in place, equipped
with the usual 300 mm (one foot) diameter Lockpipe System under lhc wall.
The dam had operational feeder and irrigation channels and was being used
to supply water, all by gravity, to the main irrigation area which had been
cleared and was growing healthy pasture.

The fire was coming, what did the neighbours do? Many mustered all
their stock and freighted then out of the danger area. What did the Keyliner
do? He irrigated quickly, at a rate of perhaps three hectares per hour,
saturating his whole irrigation area. He then moved his stock onto the “:;
country, thus placing his stock in the only fire proof zone in the d’m?t the
it turned out the winds changed and the immediate danger passed, bu

surrounding properties then faced the added expense of freighting m;‘:; mt!::
back again, Mustering and freighting stock away from a }hmtesﬂusbe 2
front is always costly, in time, energy and other Ways. but it can i
fruitless unproductive exercise, Such waste can be made

Keyline development.
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3. Proven prioritics.
isan - ¢ ultimate potential of any fiyr s
right way to develop the ultimate po ! Y farming
T:mlalxjdlaf}c all the rest will fall short. By UsSing proven prioh'lic;
];g,r:\zlini planning makes it simple. The Ywm:l‘ns Keyline approach
perty planning can reveal the truth about the hidden potent
;:wﬂe gna test assets, your land. Fire control and erosion contro| gy,
incidental benefits. \ .
The relation of tree belis to cleared strips and to sojl
development is well illustrated in many of the photographic p
book.

lo

and pastyr,
lates in this

D. Soil and Trees from the City Forest
The natural rain forests were one of the abundances of the created worlg
But they are now alarmingly depleted and these forests are being destroyed g
an increasing rate. Their restoration and expansion is critical for the safety
and preservation of the total environment,

The deepest soils on the
The forest soils were not

proteins. But they were tre

: mendously absorbent.
Rain forests occurred

wherever the congi

T the countryside are trees and

b .. P SOl and the treeg developed symbiotically
2 dlmaui conditions were righy anq there was no time pressure,

For urban effiyeny g; X uent disposa

soil but there js 5 time pr. e;; B ’a’e;-" any such deep absorbent fertile
il to 800d living congiio . RAElY the responge of the inhabitants

conditions cap § conditions anq abup

3 are very rapid. These
so:thas often been dcve[upedf Soil ang h!f : Years deep fertile
OWever for the dey, Subsoil,
forest” there is 5 different gog). Not just 20 m‘;‘: oi:rl e:é‘glﬁ]rg dispc()sa.lg;::ili
mm ( eight o
eve
5 o oy, of fertile ang g ope ot OF 1,200 mm, 1,500 mm
€ Preparation of the | nt soj]

soil and the trees are goj]

Ak nd for -]Jlanli
d for these things 1o 1 Mmaking Procedy,

res,
Ppen. The Naturg| mspoTh

o SR
aroun & and irrigating

ere Will be no waiting
S¢S will again pe rapid.
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2. Practical experience in tree planting,
gome experiments of our fzmluly in growing trees and experiences 1o do
sth rain forests arc rccuu.nwd in ordc'r 10 confirm the validity of the City
\\111_‘ and the strip forest for their role in landscape design.
Fote a) Failed tree planting.
A hundred or more trees were planted a year after the purchase in 1943 of
» original Keyline properties at North Richmond N.S.W. The ground was
tlm.c'fdb up with a post hole auger and the young trees were watered for 4
o_pt.l‘lt- The planting was a failure.
pa b) Successful tree planting,
[mmersed in the problems of water, no [mhcr ait_cmpt.s were made to
, trees for a few years. Later because of interest in the idea of treated
L;m“d sts for fence posts it was decided to grow a perpetual forest of fence
St p"I)his planting was so successful that in three years there were more
= dy for posts than could be used. When some of the trees were cut. a
ucleslz;edarégrowth sucker was left to grow from each stump. They were large
?;:ﬁgh for posts in only two more years. The trees were spotted gum, (
Eucglgp ézzrr::cajl}z}.planﬁng had been done djﬂercnﬂ)'. because in the
cantime something had been learned from our soil experiments. Bt
mcafl;n our property the poor shale derived soil, the expogedl Sltlbsoand pili
yellow shale was ripped up with an early vcrs:of'a ofa cmz t% ro;\‘w. s
as for pasture and a soil development program was m;nn:rﬁ m
significant departure from our standard pasturc n_‘wmm i
was chiselled when dry enough after every signifi
ycarin each successive cultivations the pencqationﬁ(‘} li;;flasgiisn::\::s)ﬂ :;;teﬂpf
deeper. The lines for the trees were ﬁ@}£9§§g o et
which was the limit of the equipment. By the i pm'ar el
grasses had become healthy looking anfl ‘“ISOTg is;chcs) . there Wers some
looked like soil to a depth of about‘l'b mm ( s : :
earthworms to be seen. In this moist soﬂﬂmee:mg e if mcsmtabesd] gm
were planted afier having been watered the

ission. The

. stry Comumission. 5
Which they were grown by the New S(-)um:i&ﬁ anliogin thereafter. The sob;l
plants received no water at planting time ‘the year after planting, by

between the tree-rows was chiselled twice during
which time the roots of the young e hﬂfh.fig?l was found to be loaded
inches). Two years after the tree piAnng character of the earthworms g:
With various grain and thread-like fungi, mf isted among the rees. We 1
changed to big and fat and clovcr_ Pl:!"“s Pusuc rain forests of Quecnsland
not seen such forest soil since digging in t

War.
Atherton Tableland before the Second World

down over 500 mm (20




an

T

Water for Every Farm - Yeomans Keyline Plag

This notable instance of soil making, which was repeated wigp 1
planting, could be considerably ;1.:.:c!cmilcd. For instance, it \\-;lso:jmr
poor soil-material, (subsoil and shale), without irrigation and wit} 1.??“ %
an abundant rainfall. The ripping for the rows of trees was 400 .
inches) deep; it is quite practical nowadays (o rip 0 1,250 mm {Stln'un
and more. The depth of chiselling between the rows did not exceed 2:)“dlcs}
(8 inches); it could likewise be ripped o 1,250 mm (50 inches) deep SU o
plants would keep the earth acrated; many plants will go down to wh il
ic moisture is. No fungi spores were added; perhaps the best ¢ L‘ITCVcr
introduced. The earthworms arrived of their own accord; maybe the u,d %
largest earthworms from the Gippsland rain forests of Vi tori i
: 1ctoria could pe
introduced and would grow longer than their recorded 3,300 mm (11 fi
Very fortunately earthworms are mot over-sensitiy ¢ i
Yoy & : : ¢ to the chemicals of
ustry and e_;gncultun:. To multiply these factors there is the eff; :
x\a:img the city forest trees with the wonder-water from the city =
great surplus of fertility could rapidly develop i oi i
effluent irmigated forest. It would also ?1 i 'n_zop Rl L e
i physically increase by the additi
usts fro the atmosphere filtered by the leaw o
iy ; y caves and washed to the surface by
matter would be extracted from the effluent by i
processes and by the trees themselves, R
Although indeterminate at the mome.l omretum e teler
would be available for sale to home . ,d U ho sl el i
rhstids e garaeners, and for parks, gardens and

E. A City F
The waste water from 3 g
=i m a city of 2
utilised on 8,000 h ,OUO,DOO peo le could
(40,000 acres). A large am'gzgmo 3cTes) or even p'-lp to 16 ggﬂprhqicctl;?g
Or in grazing properties. ethaps, but certainly no giant in rain forests -

Even Sydney, a cj
Y. 4 City of high pri
and so-called 5 Priced land, hag
e Parklands which are Jitgle spop an:;n :lacrtllyarugsedcr ar?ras in WW&:‘
. True, much o

dstone
shelf country. The ‘water shape' of this

place fo fequirem i
r the trees to stangd up and e“‘i ﬁal‘h rain forest are principally @
er,

ted, if .
sandstone daily which {Pr the Temaoval of Zcumvmio“' in 1951, 50>
€xcavator - afier 'culu'vaue .lm?d and dupy t e thousand tons of
explosives was fired_ 5 p, on With explosiyes \,3 the side with 2 dragline
see the section of Lard 111 2> PSCTVEr Would fea . c2oh 'Shot' of f
and lift en magg and SGlIIcub Car only 4 dull c;l - :m Od

ack again ot whoosh an
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little disturbed that motor vehicles could continue to travel on it. But no
matter how heavy a deluge, no water ran off and none formed pools on the
cxplosi\ft":“]“mwd land. Incidentally this contract was planned in 1950

and designed to operate on these same principles of 'complete water Wnl.tul"
even if rainfall was extremely high. 1951 turned out to be the year of the
nwidespread big wet". The nearly incessant rein eventually closed every coal
mine, both underground and open-cut, in New South Wales, while our job
did not lose a day.

The sandstone shelf country is frequently of ‘poor water shape' which
means that the three shapes of land - main ridge, primary valley an primary
ridge - are not smoothed over and made suitable for rapid irrigation with the
minimum of rock-moving. A simpler method of constructing natural water
shapes would be to use the garbage disposal which is in plentiful supply.
Indeed the garbage disposal problem could be solved for centuries to come by
using it to turn the rocky gorges of the sandstone shelf country into
luxuriantly forested valleys with decp living soils.

2.  Perfumed forests

The vanishing rain forests of Australia do not have the unpleasant smell
of many tropical forests. For the City Forest even the perfume could be
chosen by planting a few special trees.

The natural rain-forests, wherever they
water absorption capacity (o stop any amount of rain-fall in its tracks; to take
in water very quickly and 1o release it slowly in springs of clear water. A
region which is covered with good grassland soil does not produce heavy
floods, but covered with deep forest soil, floods are not po_sﬂ:ie. Floqd
control is merely one coincidental of correct landscape design. There is
another that would belong to the City Forests and it is even more significant;

they would be fire proof.

remain, have in common the great
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XVI. CHANNELS SOME OBSI.-:RVATIONS

Water has been transported from place to place by means of chanyg, -
the earth since time immemorial and it is still the cheapest methog el iy
previously stated, there are two prices (o be paid for water,
the cost in water itself.

This second cost, water being lost in 1U's transportation vig chanpg
becomes continuously higher as the distance it travels becomes greater ,:;'hS.
enormous loss of water from Government irrigation supply chmmcl; gs.c
matter of continuous concern. i

The solution to the problem of water lost by seepage and to
by evaporation, is enormously costly. It could involve th
hundreds of miles of main supply channels or, altern
channels with huge pipelines.

There are no such problems with the use of channels for
farm waters around the farm, Here the channels

a lesser exteny
Hthe concrete lining of
atively, the replacing of

transporting
are cheap to construct and

they Flol]‘l waste water. There is practically no cost in wasted water because

the distance the water travels is, by comparison, insignificant,

steed of travel is considerably faster than the slow movemen

loi::e;r;:nhzml supplg chapneis so that the ratio of seepage an
: ut regard to distance, could be a great deal less.

Moreover it
t of water in
d evaporation

There are as well ‘ouri i
e , further fann-_fa\ofmng comparisons. For instance,

(1,100 yards),

This same sma] sj,
ed channe
the Government irrigas: cl, when yseq f i :
mi or
Pt gEIl!.lOn scheme from G s feliculating the water of
irrigation arca ieir - QIUOM, Seepage is 5 i, S VETY long and the
area itself and hag & universal problem of the large

salting and waterlogging eyep f;“uﬁd many prop]

reached one kilometre

: g his ¢
E;?b‘IEmS Cxist. If there s 4 little sc:{ i
uable than (he controlled irriga:jonpialf;
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Ndin every other phase
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of waler use for :lgricullulml purposes, no other set of general practises can
approach the sheer efficiency for all available water, than the properly
planned development and management of the farm's own water resources,

A farmer can very clearly sce that a channel for water control which is
suitable for a ccr_min piece of country, is a practical and simple sort of thing
which docs not in any manner overawe him with its likely cost or with its
construction. Though it is a different matter when it comes 1o interpreting
and visualising the same thing on his own land, or deciding on its size.

He can see for the first time an irrigation channel working in undulating
country and irrigating quickly and economically and then may i fiately
determine that it would not work for him because his land looked very
different. In truth his particular conditions may be even more favourable for
exactly the same procedure.

Occasionally there is the reverse effect; a farmer whose land is very flat
may see a large flow of water irrigating on undulating country and decide he
must have it. He remembers that the channel fall is 1 in 300 and may select
a spot for the start of an irrigation channel on his own land near a dam, or a
natural water-hole from which he could pump the water. Of course, he finds
when he starts taking sights with a level that there is not any 1 in 300 fall on
his land at all, it is much too flat. If he persisied further in the aticmpts to
transpose a technique completely out of its land shape setting, by excavating
the channel as he had seen it, but now with the necessary very flat fall, he
would soon find that the water would behave very differently. It wuuldlnul
be possible to get the water out of the channel, but would merely cause it to
spill from the channel and from both sides of it, all over the place, which
would likely create a swamp, but certainly not a valuable paddock of
irrigation land.

It is not the purpose here to present all aspects of channel uses on farm
and grazing land or to provide a working manual from which cc;u!d be
determined all the aspects of volumes of flow and related_channe_ sme:,f
shapes and rates of fall. For the plr:rs[cnl, _ﬁcfpl where details are given
specific cases, these matters can be left until later. ]

pc’?I‘here are many circumstances where those details can best be delem_med

] . sielf and if necessary, with the aid of

i pmpcg} _nsch;_ n to illustrate here, the forms and
engineering advice. It is the intentio s L
practical uses of channels so that their gcneral' types a;;g pal‘lluccl;lﬁa; mﬁ
be appreciated by the landsman s:\lgicrc I::leizoljmapﬁn hcargilzl ot 317
own land. It is hoped there is suilicie L : :
owners in the imcllli::gnt consideration of any advice which he may receive
on these matters.

In water resource development of farm
principal uses for channels:

and grazing land, there are (wo
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ate

Firstly; for the diversion of direct rainfy) fun-ofp Stregy,
f d pumped water, into a dam for storage. ' :
e Secondly, for carrying water to a specific areg o, irrig::tins
L »
the land.

o, in both types of channel are di‘cmlcd by the sha
g‘d ‘m‘:}z’hﬁﬁﬁhﬂ pass and by the volume of water f]

the :

oy “T‘”’"m channel used for collecting minf;ul‘run-oﬂl‘ fro
A dnt;_fl | higher dams placed at the Keylines of thc_ primg

coux_!:i)’ﬁgem undertaking fo that of a diversion channel in flat

very

m the sle
Y valleys, js o
ler areas.

A Diversion Channels.

se this ing land would consist of an earth

¢ first case this channel on undulating

bantnallj:; the channel against it from which the earth was laken, [y would e
constructed generally by a bulldozer equipped with an angle-and-tily blade gr

the cross section js shown below

in Figure 32,

Figure 32

Cross section of a diversign channel in undulatin Y
Fall 1 in 399, " undulating 1ry.

S4me way, but a much greater
: Tuns would pe for i g its
S12¢ and 4ppearance would pe very dissimilgy. T11s construction, Also i

115 rate of : :
0 1in 5000, [ would o of fall may be anything from 1 in 500

' Capacity in (he excavation

| Ot would be held by the
- ‘ ¥ side~casting 5 before, fyy May require 37 orbzmre
side casting runs ufor 1110 be complege, More mnvenlionalty it would be
. € straight blade of a bulldoze i

Tight angles (o (he channel anq from abgye it, raking b ok and forth at

Width would be from
174 be

OW whic}, they
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8 metres (40 - 60 feet). The wppegranee and cross section are
12~ lr.u,-d in a photograph, Plate 28, and figure 33 below.
illustrd

voure 33. Cross section (Jach
Figu z

ion channel in flatter country. Fall Tin
500 1o 1 in 5,000,

B. Irrigation thann_el_s.'
1. Keyline Pattern (hillside) Irrigation Clmnncl_
Zeyline Pattern hillside irrigation uses excavated cham_mls with no raised
Y / the ditch. A cross section is shown below in figure 34, Thc
bu.“k pcl()l\\wo mm (48 inches), depth 600 mm (24 inches) and base width
e ‘24 inches). It falls at the rate of 1 in 300 and has a water flow
DR (f 2.2 megalitres (475,000 gallons) per hour. The water is delivered
s the channel from cither a 300 mm (12 inch) or a 400 mm (16
directly m:(oi System from the storage dam. The larger size pipe lhcls
e Locfo[:‘ i:.s;ehailo“.'er dams with only 3 metres (10 feet) depth over
El:cf]f;;{; Figure 35 shows aliernative cross sections.

Survey peg\;

. jiIside (Keyline Pattern)
tion for hillside (Ke S
; erred channel cross sec : in 250 and 1 in 500.
F.'i‘»'_"?'e 33;-“?1';8{; 1 in 300; with a rang: betw e:’:}:gl:phw ol
irrigation. i} = surveyed peg o
Note the channel is dug beside the Survey peg

Survey peg

T One made

— » capacity. ;

ons with similar flow ich forms a fla

i jve cross sections Wit d blade, whi ¢

Ff‘gure B mmam;ed; er, the other with Mg;:ep)- The chaﬂne!’widm r:!
Vit ratay c?ame,;-rcﬁawd 600 mm (.’ﬁ-"-"; feet) whereas the V chann

:;, dmﬂ,ﬂel}g Bm}ﬁ:::ic;ircular section is 1.2m ( ctical to straddle.
e water line o

; | is impra
IS 2 m (6 feet 8 inches). The wider channe
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ersion of the channel cross section shown ip figure 3
cm»:;r:éﬂ:::lr!; a three point linkage delver. ch‘“r“".(p""‘: 17, i"m"zge
show these original though smaller ch:m'ncls. A small farm grader ig “‘-"Jdeg:
to dispose of the earth away from the sides of the excavated Chanpe|
grader is used after each run wup the delver to hsprcad the EXCavateq &111"
away from the channel edge. This prevents a build up of earth Which alterg
the i:cighl of the lower lip of the channel and also may Prevent the Machiy,
from getting to its correct depth. y
The full size channel can be efficiently constructed using an eXcavator
The excavation cost of such a channel will be about $1.00 per linear meuc_-
A specially constructed bucket can be used or a standard parallel sided buckeg
can have triangular wings attached to the side of it. The wings form (he
sloping sides of the channel. The earth from the channel can be placed o
the upper side of the channel. The placement of the excavated earth cap
cffect run off water entering the channel so it should be fattened and spregq
so that it does not itself create a water holding bank above the irtigation
channel. This excavated earth can be graded to form the roag above the
irrigation channel, Alternatively this excavated carth can also be used as a
Ic«:mtr‘ol bank to direct run off water into the irrigation channel at selected
ocations.

) Trrigation channel grade and flow rate.
Altering 1

: the grade and base wi
capacity, The_ following table ASSumes a constant top width of 1.2 metres,
Flow rate in megalitres per houyr. hr.

aCCuralely pegged falling 3
above this line. 8 line, therefore th

Base width

A megalitre wil] irr:
It is critical i‘::ﬂljn%:n&eothah;fmam) i.fSU Lol inCheS) e
cannel that jy's oy edge coincides with the
€ eXCavation shoylq be made just

ini Mm (4 inch) diameter
Mum, p am

i VC, bam » CIC).  Through a
(12 feet) length of
Nto the

€ upstream cdgc of the f]aa ,w;n
water. On
176
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-h end of the chain is attached a steel spike (tent
cactl bout 5 mm in diameter.  The spikes ang
:.““.i.‘:ing itself and releasing the water,

I[M\L]mn the img;uion‘flag iS in operation, the water builds up, on and
against the flag till it spills over the lower lip of th

AMIE ¢ channel, upstream from
ne flag. The length of the S[Jllll being perhaps 12 10 24 metres (40 to 80
:.c o). When the area below this flag is satisfactorily watered the flag is

removed to release the water to flow onto the second flag. The first flag is
eplaced in the channel beyond qf the second flag. A third irrigation flag is
:Jfftn used for convcnicm_:c.b [rpgmion proceeds in this manner away from
he dam to the end of the irrigation area,
L A water stream such as this, when spilled onto a hill side, will naturally
tend to come together and follow the steepest path quickly down 1o the valley
below. Keyline pattern cultivation counters this and causes the flow to

IC']Ci out into a wide sheet of water. The Keyline pattern of cultivation also
Splst;rcs the penctration of the water into the soil by ph)'siFaJJy ]Posemg the
c'ii without inverting it. Uniform spreading of the irrigation water is
soh'evcd by the combination of flag positioning and the cultivation pattern,
i f 2. Keyline Flood-Flo irrigation of flat country _

irrigati Keyline Flood-Flo irrigation of flat country is
The irrigation channel for :
shown in the picture in Plate 21 and t_he cross section of figure 36. .;hii
channel is 18 metres (55 feet) wide and is constructed on .f 'mee(;lr;jl::-fs‘ =
i is flowing at 4.5 mi
fall. The channel in the photo is : : L

lr:fijli?; gallons) of water per hour. It has a capacity of over 8 megalitres (one
and three quarter million gallons) per hour.

P<g) about 250 mm long
chain stop the flag from

ivrication channel in flat
Figure 36. Cross section of a contour (no fall) irrigation chan
iry for Flood-flo irrigation. ‘ and the second
muill‘tg;(::ggcd lin{:llr for this channel is along t.he;(,}‘;fge?cagﬁng in fWo runs.
bank is parallel above it. Each bank was laid in l)hc top of the land. Below
The water is held by the banks and so it flows °_nh form irrigation bays each
this channel is a series of small earth banks “m: (10 acres). The flow of
bay with an average area of about 4 h%m;f[ans} per hour, is released on
irrigation water, 4.5 megalitres (1,000,000 &
in turn, iR
to the land of cac;: bay in Conparitit fAlml!t at'm;" ool chanflel
In the first of these two types of ““iganm-l:»hfhn:ref;re its rate of irrigating
for undulating country is limited in its capacity,
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- he first place it is designed for one-myy

land, by '_“? la::-ﬂ[l]'fh ll‘I];Cl;:SS\‘lf)' for the operator to step over the cllu:jmu
and as |l._|sn l':jlcu 1o straddle it, the width thus has definite limigs, lllimtl
on o:;“d-slkf:ce it is designed for low costing construction by farm ”‘lui],,"'l__l'e
m onﬁ- the general addition of the delver, therefore the drain size ig agn::
: : this consideration.

ljmiiﬁl‘fhg?;;rsncfm not yet been done there is uc' fippurcm reason why {he
system could not be made with larger channels. The flags would pe Tyl
Ii;l'ger and would be placed in position and released b}' 4 man on eiher side
of the channel. This departure would be ‘“-;I;rr:mtcd in the very fa\’oumbh
circumstances where there existed an association of large-area primary Tidgeg
and a bigger capacity storage site in a nearby primary ‘T'ul]e,\- or where, from a
large storage, a pump could lift the water economically to an irrigatiun
channel set, for instance, not too much higher than the top water level of the
storage.

Multiple channels fed by a larger lockpipe system have already achieveq
an increase in the rate of irrigation. The objective of both these Set-ups could
be the irrigation of 30 to 40 hectares (80 to 100 acres) per day,

This channel and flag method of controlling irrigation water, while
designed specifically for Keyline Pattern irrigation for pasture and grain, also
lends itself ideally to cash crop and orchard furrow irrigation with only the
obvious slight variations.

The h.mus 10 the rate of irrigation of flatter land with Flood-flo irrigation
afe_no: those mposed by operator considerations, Because the water-gates by
::uflll:;lc:h;:il;r S x::glled and released in irrigating are only increased in

1ze, the operator would not be taxed in controlling a

9,000 m? (9 ML) per hour (two million gallon per hour) flow instead of only
dh:ll'r . ﬂ;;nratc_ The limitations are the gpy;

ivery channel and the availahiti, : )
and genty faling lang, ) O @ Sufficiently large area of uniform

Because earth channels are the lowest costing means of transporting
ing land and in the g W8S development of the of farm and
agmzmppropria!e S Tct rmigation from (hege water resources, the
that the sites and st P2 3 TAJOr role, Tt jg of great importance also
_ D Sous for m:ﬁ:ariou_s YPes of channel should be located

msr o tli:;fn. since channels may play the

‘mum development of agricultural
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XVIL. THE FLOOD-FLO IRRIGATION

CHANNEL

The term flatter lands, signifies all land having fairly uniform slopes with

en flater. 1t is 10 be noted that the

cut-off point in the classification of undulating land and flat land can not

always be precisely determined and direct experience on a particular property
.“‘uh. borderline slopes may be necessary to determine the choice between
methods of irrigating the land

While Flood-flo irrigation itself is suitable for such wide slope ranges, it
pecomes necessary 10 employ two distinct types of irrigation channel for the
yransport of the irrigation water to cover this full range of slopes,

: On the steeper of these flat land slopes of from 1 in 40 1o say 1 in 100, the
irrigation channel is formed by a single earth bank not less than
approximately 60 cm. (two feet) high, which is constructed across the
; gncral fall of the land. The irrigation water then flows on the land on the
E per side of the bank. The width of the irrigation stream will thus vary
agcording to the volume of flow and local slope \"a:ialigns of the land
immediately above the irrigation channel bank throughout its iengt_h Thus
an irrigation stream of constant flow volume could vary in some
i 65 feet) wide.

rcumstances from 6 to 50 metres (20 to 1 feet) w _
s On lands where the slopes are flatter, the irrigation channel is formed by

two such earth banks being constructed in parallel form across the fal.l of 1;2
land, The irrigation water then flows on the sur[acg of the land _bewgenﬁon

arailcl banks. The distance that the banks which form this imiga o
Eharmel should be apart will depend on the flow volume of l:!: gﬁun
stream. The banks themselves may remain the ?nh;;. ﬁ:;u.ro(one e
stream flows that vary from 2.25 ML / hour ‘tl?h ovz;mm e
two or more million gallons per hour). e
distance the two banks are apart. - . s Rt

It is especially noted with both these types of u:s:;:ﬂo;hﬂmwd 4

Flood-flo system, that (1) the water flows almost leis ey wide:abothan\e e

land level, (2) the width of the elevated Chanﬂed (3 the iigaion watr o the

irrigation channels for other flow systems, a0y ) e the land, s available

Flood-flo channel, being on and above the land i;nﬁm]]y.

for rapid release into the irrigation bays most &0 e

i 0
A. Marking out the 'lra:ith?: :lelivet)' soint of the
The starting point of the irrigation chf;iel is
irrigation water. This delivery point may b o0 inrough the base
(N at a lock-pipe valve wl1|c|l1 a}fe,mor
of the wall of a storage dam, pond or
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@)  at the water-gates which release the top thig
oE tres (one to two feet) of water from a storage dam, or
.;-;nujme at the delivery or discharge outlet of a pump, or
((4}) at the point where a diverted stream arrves on the
Thgcé::ffnﬁé\'cl point or d:ltmn‘ror pegging the levels for l_lu: Fl
Flow irrigation channel line uses the invert (bottom) of the 'Wk'RIP‘-’ Outlet
ipe, pump discharge pipe, or (o lhc horizontal channel frame (sill) of the
{:-a:c‘r-ga&?& Water gates are occasionally used (o release the lop water off
stcr;s%: starting level of an irrigation channel which is to receive the e,
from a lock-pipe below the wall of a dam or from the outlet pipe of » pump,
can be taken directly from the invert of the pipe outlet, or below this level by
about 0.3 metres (a foot). In both these cases, the water which flows intg the
channel is forced out by positive head or pressure. The flow into the
irrigation channel from a lock-pipe beneath the wall of a dam has a pressure
head produced by the depth of water in the dam which is above the outler,
Thus a depth of water of 6 metres (20 feet) above the outlet, produces a Water
pressure of 6.0 kPa (8 pounds per square inch as a head of one foot equals
approximately 0.4 pounds per square inch) and a depth of 2.4 metres (eight
feet) above the outlet produces a pressure of 2.4 kPa (3.2 pounds Per square

inch). The flow from a pump will also have a positive pressure,

In both these circumstances. and for the same reason, it is permissible to

have the irrigation channel at such an elevation, relative to the pipe, that
water can build up and partly or even fully submerge the pipe outlet. The
loss of flow will pe small. But this does not apply to the release of water
through water-gates from the 10p of a filled dam. If the position of the
tmgation channel is sych that

water soon buil i h
the Wwater-gate, then the flow is i 11105 up against the flow thect

. impeded and greatly reduced.
One Keyline development oy, R

_ On i e15¢as includes a sizeable Flood-Flo
irmgation prg irrigati i
incis} bet}:)“:]g:’ T"he lmgapon channel was sited on a level 0.4 m (16
R i exeé]ol‘ the sills of the waler-gates. These water-gates were
e daisflse l; t::pmost 0.4 metres (sixteen inches) of the dam
from a constantly flowins > Kept in a fully fijjeq condition by the water
: ¥ Hlowing stream (hq4 been diverted for this purpose.
ur, for the first stage of the
18 ; metres (six feet) wide water-
™, Which was jtself fully controljeq by a water-gate
: continued to flow into the dam
Vith ~trace area, the dam | few
5) during o -2 owered only a
The top water leve] at the cnmﬁ'l ilmgaunn 9f 80 ha (200 acres) of pasture.

(sixteen inches) above the sills of ﬁ‘:cle :'L?et;?h irrigation, being 0.4 metres
~gates,

was th 32
185 us 0.8 metres (

Y o Sixl)-

drey lo

‘ - With its 14,
centimetres (few inche i
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e the ground level of the irrigation channel g which the water
ab(:‘f'lcvcl point at the start of the irrigation channel can be lower
dT l;cd and this could only improve the water flow position.

G N

inches)
flowed-
than 10

it is usually desirable to have the irrigation stream as high up on
l.tu\\l'c]\:;f-rls is practical for flow purposes.
the 1ant <

> he pressure water from lock-pipe or pump flow may

On the 0“::; :]:i:g('jla f;:)ot. This would involve higher banks on the
on oc;aﬁlol; annel for a portion of the length at the end near the water inlet
irrigation © o n of a pond area to raise the water level the extra foot to cause
and the Crc;m:‘ the channel. Such a design feature does howevcr_ reduce the
it to flow f“ ?,“Er available from a dam as it empties, The amount is the water
amount of W ‘c resenting the extra height. Again in the circumstances \_vhelje
in the ‘dam r pwalcr than required to irrigate the available land_wmch is
e mm(:hc extra 0.3 m (foot) of height is very valuable in that it
elow) ['h(;ln increases the area of irrigable land. For instance, where Ihcf
substanlla} y eral slope of 1 in 2,000, the extra 0.3 m (foot) adds a strip o
lang }?rs i?‘r?;:ﬂon 600 metres (2,000 feet) wide and for the full length of the
lan
o e th stanting vl poiut GeAibd e et S
; Howeyels ther reference level, at the same height, is mar s
4 whﬂzual;ﬂpcgged some distance away where it will not be disturbed
permarn
lost.

1. Pegs hich should be of a

It is of considerable advantage to use gg);l lfag‘fe :;ln painted for easy
height suitable for the surroundings and W mato stakes of 25 mm (one
location and siting. It has been found that IGWET B0 B S oo
inch) square timber 1.8 metre (6 fr?el) long maiiesﬁrl, e tho top 75 i
are cut in two, or in three piec?s if l!:‘e gmfrshe use 1,200 mm by 10 mm
(three inches) painted wath WK B EE B e o T
diameter steel rods is an alternative 10 tlm:;-s l::cing less bulky are easier [0
shortcomings and many advantages. The drive into hard or rocky ground
carry, sometimes less expensive, easier 10 Fibre-glass Tods of similar
and not susceptible to white ants Or ﬁ-fe.available. They ar¢ oommﬁ
dimensions to the steel rods are also readily dvantage of great flexibility
used for electric fence posts. They have the a

be driven
i These pegs can

being white are some what easier 1o se€ 'r;:ag:m 2 750 mm (3 feet) ::;g:;
into the ground with a simple rammer ma is simply blocked by a SCres

: 5 to
of 12 mm (half inch) water pipe. One end or a tap washer inside the m;ds
cap. It is an advantage to fit a bit of leal:he; tering. Old used ﬁbwg;:ﬁm
act as a pad to stop the fibreglass from fine fibreglass splinters, S0 ply 7
are notorious for hurting the hands with ing tape tied 10 the top-

All pegs are casier to see with some flagging

colour is fluorescent pink.
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2. Levels

One of several different types of levelling instruments cap oo
used to level-in the irrigation channel line. They are g fat-ucrgllj.
automatic level, a laser beam level and the transparent-hose wulc: [cllglll
automatic level is by far the most commonly used and is relatively evel,
although high powered laser levels are used by some 50\'cnuncn[)d‘fﬂ‘ormblc_

The Yeomans designed Bunyip level! of the third type, consi ‘Lpannwm_
feet Ieng_th of half-inch transparent hose with five feet of ce;ch ¢ I;‘S of a ().
two specially shaped metal staffs which are graduated in feet '1ng  fitted iy
smeemhlof aninch. It was never produced in a metric “'w‘rsio;, Emchcs log
the hose is fitted with control buttons which, when in Opcr'mo; ach end of
to allow air into the hose. The hose is filled with water to ‘;_m 0, are presseq
of each end. In operation, one staff is set up at the starting Icw]:llIl G
operator, while a second operator selects his trial position a hose II)SI:EEI?L; il;‘

“'lllCh 3.1!0“5 amr to enter and pe] mits uk. W Z][CI mn [hc ]lDSC to 11][[' lIS own
101

Cer's

Presence of arge air bubbles make o C0LeS i the hose. At worst, the

es =L :
Produce slow readings which are st e o< GONC Quite useless, and, at best,

still of doubtfi] acc
= . uracy,
should have sufficien; knowledoe , then it must pe

confid i : Xperi i
ident that his work ig accurate, Petience with the lovel he uses to be

e st s oSt
according to the particylar o ¢l ma
. cular y h.ave a f s

of 1in 2,000 10 | in IUOOEuti ces. For ; c:H' or be quite flat,

channel will serve, whiler slope, only 2 contoyr g s . flat country

single bank irrigation cha:,:l tand with 3 genery) 4 and twin-bank irrigation

be more than steep enough, el with a fa) of only | i;’;‘%%glope of 1in 100, a
+000 has been found to

A contour chanpe] ;
1
channel ies iy el 1s often Preferable, The disag
; Vantage i
ﬂomng Water coﬁld O;y?p:::ht;zg

the fact that 100 much of th
[
rth
€TMost eng of the channel, the

Open water-gates and, after reaching the
fu

Yip is no longe]'

building their own, Editor I production by the deseripi,
3 N may e of
value to those
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water could build up sufficient height to overflow the bank. In the case of a 1
in 5,000 channel that is 1,600 m ( a mile) long the difference in height frons
one end to the other would be 0.32 m (12 inches). It may become necessary
in such circumstances, 1o place earth stops equipped with waler-gates across
the channel itself to prevent this from happening and to direct the water into
the irrigation bays. Such cross channel stops may reduce the cross section of
the channel and it may prove impractical to provide the same total cross
section in water-gates as the normal channel at each of these cross channel
stops. There will be circumstances where it would be better to build the
channel in a stepped form so that the last water-gates would discharge into a
slightly lower channel that is also on a true contour.

These measures may be unnecessary in irrigation channels built on the
true contour, and in those circumstances where cross channel stops would be
an advantage, fewer stops would need to be placed at much longer intervals
apart, along the channel.

Considering these matters from all points of view, it becomes obvious that
the lower the flow volume of water, the more necessary becomes the need for
a fall in a channel and the more positive should the fall be as the flow volume
decreases. Conversely, the greater the volume of flow, the more it is
confined by banks and the deeper it becomes in the channel, the less is the
need for a fall.

As Keyline Flood-flo irrigation employs much larger flows than any othgr

re is no need here to consider lesser flows and their

irrigation system, the r flow
channel falls, Therefore, a perfectly level or contour irrigation channel

becomes the general type.

It may at gﬁrst be Li;l(ﬁght that water will not flow ina channel on the true
contour and with small flows this may sometimes be correct. Bu:]f wh;lnwtli
big flow of water is discharged into the closed and banked-up end :cem k
flo irrigation channel there is nowhere th§l the wate_r.c'md g‘:,n -:io -
immediately build up depth and thus create its own positive do pe

flow along the contour channel. e line is

So, in the levelling in of the irrigation channel,h ;hc OSI:IO!J:;O o Gl
customary and also, when there is any doubt as 0 W o g 1o
should be given to the channel, then a contour line should

3 = i . iel non l_he matler-
observations that will assist in making a decisio tic level probably Know

Those who own an engineer's dumpy or autorre e eling
how to use it. Those who do not should still Prﬁ_fefah}Y:° Lhem?

work, but with a water level as previously descrl ea:hcml S (50 foot)
Generally a true contour line should be pegged fl:an suﬂic:m enﬂt'; S et
interval. This distance is automatic 2 morea _
when the slack hose of the Bunyip leve! is used ase] mm}iaﬂ“lh a eBunyip vl s
In pegging the line for the irrigation chﬁt:”m e ¢ the Bumyip
instrument is first checked to see (1) that Wi staf

a2
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standing upright and together the transparent hose is filled wi
within a foot of the ends of the hose in the stafls, (2) that Ih‘-“ Waller
bubbles in the length of the hose, (3) that when the ;nm(,sphc'““f are
valves are both opened and one staff’ lifted 150 mm (six inch\k buttopg o
water in the hose moves freely or bounces, and (4) that this mﬁ OF 50, the
water ceases when the atmosphere buttons are a gain closed. Th lCmg_of e
in operating order. € level s they
One operator should place the foot of his stafl against the starti
its upper side as the second operator selects a trial spot for the ‘m flg Pgon
by walking the full length of the slack hose, 15 metres (50 feet) CXL positiop
with the two staffs upright, both atmosphere buttons should be r‘;\\"ay. bThcu
each operator call the water level reading on his staff. Ef f;ed'“aﬂd
ope@to:‘sr reading is the greater, then his place is low anﬁ he cl ¢ second
posnt_mn in mc direction of the rise of the country, again callin !anmges =
srf:gmg dmunul‘bolth are the same. If on the other hand the sccondgop;afrf
adjusted o cfo rlj.m ess than th_e first, his position is too high and shmﬂd];
gly. In this manner, the exact site for the second peg is

determined which is i s
e pushed into the ground against the staff on its lower

To fix iti i

Opmm:ngzmp:::;mn ?f the third and all subsequent pegs, one of two
Lot may be followed. (A) Both operators move together
. o posiﬁg:lsmm vacated by number two, where he places his staflf
g o e the Mghel?{::;:usly occupied by number two (staff against the
i s ) and numbe_r two operator moves to a point he
S e ate m?éls;:)lon ﬂ?f the third peg, which he then locates in the
Tainiain his tff posion a8 b s L oy b o

0 as number one walks with his staff past him and

position fi - z
the second peg. or the third peg which is then located the same way a5

The line is thys |
. evelled i
pomnt of change from flat t;n u?::lilpe-ggm to some obvious limit, such as the
‘l:t?::csekiia % Y. 0rtoa mla;“’(‘ig country, a definite stream or Water
It i metres (miles) away ¢ distance point such as one half, one 0f
S5 o} Particularly = g

under control, the greater noted that the

the distan larger the flow volume of waterl

4. The fo

m -
that the form of the mmy be faiﬂ‘;f:tt:jh;: ¢ for the irrigation channel:
unifem curye indicaungme}a&'fe' The lincgmtf“bi even, which will indicat®
large flat ridge formation, A T a large by v: in the shape of one 1a1g°
F the line may hrayvﬂa‘l valley formation of 2
A& a € uniform curyes swinging
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alternately towards the rise of the coun . o
;lu:crnulc ) st valley and ridge formation? and away from it, which indicates

The pegged line may be in any of these forms
uniform.  As 2 channel of smooth and rcgut;‘ t:‘i:niar is&og s?r:;?lh ;:r
construction purposes and for the practical management of the in'ieti:r
area, the last-mentioned line is adjusted or normalised. This is dng:ewn
walking-the-lin¢ and examining the out-of-line peg positions for an aliernate
site which would improve the line form.

It must be remembered, that the present shape and form of most of the
flatter land has been stabilised as a result of its vegetation, rainfall, winds
and flowing water of past ages. While these land shapes then do hm;e some
variety, they all tend to produce smooth curves in their contour lines, Where
a badly shaped line results from the contour level pegging, it is often the
result of some form of soil deterioration. For instance, vast arcas of flat land
which have suffered from recent wind erosion caused by unsuitable stock
management practises, or a series of drier than average seasons with high
winds. These conditions may have produced local variations in surface levels
of around 10 cm (several inches) in a distance of only 15 metres (fifty feet),
in circumstances where the general fall of the land may be only 1 in 5,000
(twelve inches in a mile). In these awkward conditions, the level operators

should try to follow the remaining Spots Or areas of original surface Or, if this

is impractical, they should avoid all noticeably high and low spots. Ths high
spot to avoid will usually be associated with scrub plants where windblown
dust has been deposited, the low spot being between bushes. The greater the
extension in length of the contour line from the starting poin, the more the

true contour of the original surface discloses itself which is the line

for the construction of the irrigation channel banks. Ly :
So in walking the pegged line for the purpose of normalising adjustments,

it is advisable to carry Pegs of a distinctive c?luu:. : :
peg appears out of the general patiern of the line, the 'spot is ;-cammmovz l:p s:
whether, because it is on @ local high or low spcu:r:l: c::ild s
down the land respectively 10 improve the line. The peg .

in a better lin¢
momentarily and a new peé of different mlwmﬂia?;dprl:d B

position. A better and smoother shaped line can e B alled ths
remain, for all practical purposes: on lhf true contour.
i - sting the line "normalising - 7! =
action of adjusting £1¢ ~. . o Rule for Normalistie 2 mﬂ?:" i o
e s lotwi;: ;t‘ iﬁpf:veso !tlhe over all shape
spot can be moved higher up land to @ SPO o o another spo

ofthe line, Apeg on alocaiss spoL et e o lmi the correetion

if it improves the line. Common Sense S : - ht at the peg.
to that \pvhich is produced by the Jocalised anomaly in the heigh pe
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Although it is important that the general aspect of he lisie is
contour, it has been found from experience, that purely loca] s:mlllb .“""' 0f
in level matter little and even less as larger flows are used. N'-'\'cnjw-mmimu
generally uniform land, it has also been found that a smaj) ;ldjllslmz"lt \ 0
position of a few individual pegs will always improve he “"ilhrnl:“.l 10 th,
curves, thus enhancing the overall appearance of the fing] l)l f’f the
"Normalising" of a line does not aim to produce a straighy “n: ‘rdﬂnc.
irrigation channel where the contours indicate curving forms, o

However, no adjustment should be made to improve the lipe
actual levelling-in of the line, other than by avoiding the local high ang
spots. This levelling and pegging should always be completed first o o
the true line is more readily disclosed by the pegs which haye been aeg e
placed with the levelling instrument. el

If the irrigation channel is of the single bank ry
coz_up]ck:s the pegging for the irrigation channel. If the channel s of
mm-hank_ form, then the second bank is pegged by measurement only abmm
this first line of pegs. From each peg of this line the set distance is mcasumz
at right anghs above it and the new pegs are placed through to the end of th
line. The dls_mnce the two banks should be apart is determined by the faciors
already meationed. In general, the channel should carry its full flow of v
with less than 0.3 metres (12 inches) depth of water a Sain t the si .
or against the lower of the twin banks, St

B. Constructi
ting the F 2, e
channe| lood-flo irrigation

It is an advantage . . \ ‘
Brass is short it snoguldiehge a clean line with which to work. Unless the

€anly mowed for abo
eight feet) abo , lor about 2 - 2.4 metres (seven or
from the line. v¢ and below the pegged line and

dunng the

pe, this levelleq |jp

the cut grass moved away
tres (ei : : _
si:cielght fect) wide extending from the levelled-in
: ing ris ould be cultivated two or three times witha
tan s o BB pegs fn SUChpﬁ:ﬁy ':;]l:: course of the cultivation should
‘ L smooth curves are formed rather

into the eqryy Wt;fo]d;. Firstly, to ensure that the new
rovid hisels in the OW I, and secondly, by cultivating
Provided to help the UTOWS of the first ryn, guide lines are
: A ' ) ling imple in the forming
obvio € the bank plement in the formi;
ﬁgureu;?m?‘ls?me Present in the care 10U be constructed while there 1§
OF single and twin by Clult;ncll{scfcr o the cross sections below in
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Figure 37 Cross section of contour irrigation channels in flat country for
Flood-flo irrigation.

The first side-casting run is made with the lower and rear point of the
blade of an angle and tilt bulldozer or grader, digging 0.9 metres (three feet)
from the pegs, and throwing the earth away from the tractor but toward the
pegs. The pegs may at this time be recovered for later use. The _canh‘piaced
by the first run, is consolidated by running the tractor along the line with on;
track of the tractor on top of the loosely placed mom'mn_h bank. ‘I‘hc secon
side-casting run is similarly done, but on the opposite sndg of the llzﬁ m;ﬁa:;
throwing the earth on to the peggccl.'g line. Each side-casting run s

ontinuous for the full length of the line, ‘

) The side-casting implement should be operated at a gﬁ fals:w“a;:;?}

speed so as to obtain a suitable "throw" effect to t_he eanlji];ll 4 :3 < g

a crawler tractor is too slow, second gear operation at S bulldnz.erumuyof

quite effective. A tandem drive gr:fdcr or an anglz; P it

medium horsepower, are the most suitable machines for nstructl

the banks of the irrigation channel. R somsatifited by
After every side-casting run, the earth © e ack on the 10p oF

running the tractor along the newly _placcd mr;h;e “nw:lcd g

the bank. Two or four side-casting runs Aerately. When completed, a

equipment throwing the earth from each side: T il at the base and 0.6

full sized bank should be about 1.8 metres (SIX

' & i i ong each
mc%esuézgot;fl;ﬁcﬁon of the bank, the [:n?o ﬁmoﬁgza?ed gm =
side is taken, which leaves depressions l;rth B (50
These drains may be stopped with small o i the m“ﬁmm
feet) apart. They will be gradually filled a!}d 'mﬁon Loy mm:ﬂ“’g"ﬁvaﬁm
and improvement of a:iil theas ::Ir::l 01:“1 ;f::ngnai?! O wing of the st
sowing, eating out an oce

and in irrigation channel which soon is full
1 includes, of course, the land of the 1rmga : y
s vi it is desirable 10 adogt specul}
In conditions which are hot and v indy, 1t 1

sures grass irrigati hannel e
o the irmigaton 2 water will lie along
::::s in u:: ec:'::avafed drains beside the bank. ponds of waie

g nds will greatly assist
the sides of the bank after cach irrigation, and these 7O
187
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the spread of grass a\l'_crnthc bank by keeping the adjacent soil moist fir Some
i 1011,
umf:g: :f;f‘:l:l.lll.l:;lglf if water is available, may be r\"lf'ufqu{ into the
when the bank of the irrigation channel mmplclf:d. This llr‘:;t flow
may serve as a partial check on the work and will also provide suiy
moisture conditions for the later complcugn of the work. If the by
be completed with the soil very dry then it may be bgtn:r not to
consolidate them but await natural settlement which will occur

fallen.

Changgy
of Watgy
iiblc mu
ks myg
attempy (o
after raip hag

C. Water-gates

The construction of the bank or banks which formhtllc irri_gau'on channg
are completed as described, namely in long fairly fast side-casting Tuns which
produce uniform banks. Now these banks are to be l?rokcn‘ at intervals (o
provide outlets for the irrigation water into (.Ju: mdfvldmll lrTigation bays,
This is done for the installation of water-gates in the single bank channe] and
in the lower bank of the twin-bank channel.

It has been found that the most practical size for the water-gates is 1.8
metres (six feet) wide by 0.6 metres (two feet) high. There are two parts to 3
waler-gate: (1) a frame in channel iron from which has a continuous fin
projecting outward from the bottom and both ends and (2) a separate closing
panel formed of sheet steel. The closing panel slides in the channel form of
the gate frame and an effective water seal is obtained with a strip of sponge
rubber which is attached around the contact edges of the closing panel.

The openings in the channel bank for the water gates can be made, by
using either construction equipment. a farm tractor-attached front end loader,
grader blade or hand shovel, but whicheyer way is chosen the work will need

ate ]Cng{h and - = 's
fins-were then tapped into the sJig depth and the water-gate

. ‘ - After placing the water-gates, the earth
should be rammed into a tight contact with the fins on both si%ics, ,A 25 mm

(one inch) round or Square rod is very suitaple a5 a rammer
€ comme irrigati

chan_nel. (2) each water-gate, as Placed s.hctulc:1 Cglnt::eﬁfdlhc Ifmgaliig
previously placed gale commencing from the supply end : £ 1ln mhgl el
Where the channel is dead level the sills of a1 water- 7 l{e cikcmnn' c
follow the same level and where the channe] a falglalcs ‘:1“ I _s

» each successive
188
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ater-gate will h;wcllh{: same rate of fal) according to i
are apart. (3) The sill of the first gay g 10 the distance the gates

€ must be on the same Jeye
the datum of the channel, (4) the sills myst pe pettocily level (;}ﬁ;hat of
around the fins should be well rammed ingo 4 tight contact, ;m& (6) the l.l]l

z water-gate outlet in the irripat laced
from the water-gate out Bation channel banks should be
tidy heaps on the bank at each end of the openings, p A

It has been determined from experience thag one
release irrigation water at up to the rate of 2.25 me
gallons) per hour and not produce any difficulties
cause any soil to be wash away,

If a flow of water of much over half a million gallons an hour has only
one water-gate outlet, then the level of the flowing water in the channel will
rise to such a height that the increased depth of flow through the water-gate
will eventually accommodate the full flow. There is a limit to this depth of
flow. It is the height of the other closed water-gates. Half a metre (twenty
inches) is the maximum of the closing control of the standard water-gate.

In practice, a water level of 30 centimetres (12 inches) at the wale_r-gate
should be considered as the crest which is both practical and economic. A
greater flow from a water-gate can produce two prublen}s: (l)‘It increases
water flow velocity on the soil adjacent to the gate a'nd_meedta:ely inside
the irrigation bay this is the one critical velocity point in the whole :fmt:;
layout for the Keyline Flood-flo irngah;l:;l ?y;;;n (2) It imposes an

f water against the irrigation channe 3 _ .

deplﬂ:l (t)his rcga:g it should be notcd_ [ha} the technique of s;dm_gn;o:’e thr;
laying in of the earth for the irrigation ctpnnel ba;mik,h“mc e
economical, has definite limits as to the height to w cth el
placed. An extra 50 mm (two or so inches) of height to the
disproportionate amount of work. _ —

spAhFlzough the suggested constructed h?lgh:h‘;fuli? :;]kmgemem oftie
feet), it will always flatten somewhat dL}nL;gir e ctive Leight Hiercd e
irrigation area, so the banks losclsome of feﬂer elocity at the waler-gaie
chief consideration must remain one o

entrance to the irrigation bay.

such Wwater-gate will
galitres (half a million
for one-man control or

is only exceeded by the
The velocity of flow exiting the _watergaies i‘:ﬁ;::i}o:;hannel is such
velocity at the lockpipe outlet. The width of lh:f flow in the channel with
that even when recently chiselled, the velocity ir. Likewise, the width of
slight or nil fall is so slow, that wash does not times the width of the
irrigation bays may vary from 2 i€
irrigation channel so thalt even Wi :
However, where an irrigation cmerate of A3 oot
wide, supplies irrigation water at a rdw bay of 43 metres (1

million gallons an hour) to each irrigation

more wide, it may do so through “"‘I’s‘;a

for example,

fer-gates with & com
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width of 3.6 metres (a little undc{ mgh-c 1'-.;:!). This will prodyce 1l Speg
flow of 1.15 metres / second (3.8 feet / 5ec) .d the II]m\ 15 0.3 metres (one fooy
deep. Doubling the supply rate will increase the speed and depy) of the floy,
through the gates. - :

The increased velocity of flow which oceurs in each ‘ba_v Immedigye), at
the water's entrance may not have any detrimental effect op 4 Sward of
pasture established at this point, _bu:,_ as m"t water flows Over some receny]y
disturbed earth during the first irrigations of a new area, definite pmﬂcding's
to stabilise these points in each irrigation bay may be necessary at limes,

It has been found that the most practical procedure is (o start (he first fiy
trrigation as soon as possible and use the water-gates with a ful flow of
water. One or two operators with shovels should constantly patro] (p,
irnigation channel area to adjust any low spots or leaks that Ay oceur in the
banks. Every effort should be made to maintain the maximum flow of Water
so that a full test of all work can be completed. Pegs can be placed if need pe
10 identify particular places for later adjustment.  All water-gates should be
used to their full capacity without any regard to possible w.
the water flowing through the water-gates may be cloudy on the first use and
any wash which may occur will not be immediately visible through the water,

On the day following the first irrigation test flow, the areas near all
Water-gates should be inspected and where wash spots are found they should
be repaired using the earth which Was previously heaped up on the bank at
each end of each water-gate for this purpose. The repaired spots should be
Planted with grass seeds, and fertilised if appropriate, and firmed down by
stamping. As all water-gates are opened the day following the completion of

each irrigation, these SPots should be therefore constantly under observation,
The cost of the water- -

&41es on a 4.5 ML (one million gallons) an hour
O oct may be $75 - $125 per hectare (§30 - §50 i land
On a particular pro; : per acre) of irrigated land.
average area of 4p[rlzjec1 this cost may provide for irrigation bays with an
gmesg 'ﬂ::iz e of ﬂ{te# el ¥ being serviced by two water-
. Lhc = 1€ 0 POW 1o each bay would pe approximately thirty minutes
Verage water JSOLak? |il}- the soil, under the conditions of good
hais :! J'DS.MLT per hectare (50,000 gallons per acre)
' the bz a p-}?hcalm" of 55 mm (2.2 inches) of water. If
Y Size are doubled, the cost of the water- gates
low, is halved. the labour cost, now extremely
In conditions of extremely
R, ‘ Y unstable ggj
mstalled u:mporanly 10 each bay then takcnl éu??ﬂcxlm w:u:cr-galf: can be
and become more stable, then the gate can 1. o € 50il has improved
developments, 4N be used for [aqer irrigation

Water-gates, for 3 pu !
. - rpose other than the release op i . :
be required op some Flood-flo irrigation p&iﬁéﬁlmgmm“ Yaterawill

g here the twin banks
' v

ash. Morcovc;‘

Water for Every Farm - Yeomans Keyline Plan

rrigation channel 18 in use. In circumstances where rain-fall run-off would
1 ];1 against the upper bank, \\:ilcr-galgs shuu]q be msl'al%cd .and apened
pos sach irrigation so that this run-off will move into the urmigation channel,
f'!l..-r & vith lhcj waler-gales open from the irrigation channel into all bays, the
Thes 1L run-aff s, distributed uifonmly ove the Sitole aat. o
rain :rlii"c number of these gates in the upper channel 1o those in the lower
wmpd-{ is not determinable for all rainfall conditions, moreover the volume
Ul!"m:‘.’oﬂ' will also depend on the area above the channel which will produce
nl.cn;‘{!m\- One water-gate in the upper bank to each four in the lower bank is
.refore given as a general recommendation only.,
o rILiE:; E,l:s description of the design and construction of the cltnanuels_ for
Flood-flo irrigation on flatter laqu. it will now be apparent that this ;pem;n]l;
signed channel has outstanding advantages over the orthodox al
d‘-:br channel, Firstly, there is the more economical use of earth wllh 1th
“1‘tlc‘;1danl lower cost, because the water in the usual channel flows pnn.m{;;a]l)
zlung the earth which has becr(l] cx?l:ig:c}] l;m{': hlt;;sm p?rgoccsgm;l:jil \;asteugi c?:lr;
n the surface of the land in the - : : : e
garth to hold it there. For an equally large ﬂn;:ﬂ olf \bx:;::;l‘shzo:}mc;u; s
less than one-tenth an orthodox chan_nc_l. Seco : ;;b el
d above the surface of the land, itis most suitably p .
et igati s by lest and most economi
the large irrigation bays by the simp  uite cons-aver. rldees
Thirdly, the relatively small banks dF) nom m’?‘h e aage of velicls 8cTs
constitute any obstruction to stock mov emr:lm.1 e it
the small banks s asiiple ""a)’ o T gsince the area of the Flood-flo
There are further advantages in mamgCI:‘:;Lei e il stiolie
irrigation channel itself is far l'mml u\m i hasrowed and mowed
irrigation land. It may be sown (0 pasl . cmpgm’ .’g that the mtal land
with the rest of the area. It is WO o (mlcmsmluding the formation of the
preparation costs for Flood Flow 1m§:nks e i the next
irigafian bey Y steenﬂgman mé low cost of the water-gates.
chapter), are even less per unit arca

Al
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XVIIL STEERING B:\NI\'.S
e Irrigation bays descend from the irrigation chanpej dlong the
maximum fall of the land. —

e All water-gates are opened the day f_otl_u\\ g irrigation
open until the commencement of the n;xt ungaton, \
These two factors, in conjunction with the correct width of

irrigation channel and the irmgation bays in rclfu]ou (0 the volume of the
irrigation stream, provide in advance for some of the m:uorl requiremeng of
good irrigated land management. These management requirements involye
control of the soil's waler infake so as (o prevenl excess watering, Thig i
achieved in the design which balances the width and the length of the
irrigation bays with the volume of flow, so the irrigation water remains iy
contact with the soil of the bays for only half an hour. This length of time
can be halved to fifteen minutes with no disadvantage on all soils on which
Keyline principles of management have been applied. Even an occasional
doubling of this time to one hour will not have any substantially detrimentg]
effect, except to waste water, particularly when the soil is light and sandy and
the project new. It should be noted that the smaller the irrigation stream in
relation to the bay size, the longer is the water in contact with the soil and
the greater is the chance of over-watering and waterlogging,

Destruction of soil by excess waler and poor drainage has been,

unfortunately, part of the history of irrigation for thousands of years,
Therefore, it becomes necessary

and remy;,

both g,

paujr g:u;'n the land and therefore the most efficient surface drainage lines.
- asmc::z::;nbof' the l_:Toc-d-ﬂ_o Irrigation channel, the steering banks and

ays, With their combined fyyy confined spreading effect
produce the greatest benefit from

rainfall : ;
best surface drainage pattern, all and at the same time provide the

In many Cifcwnstanccs ; .
worthwhile doing on land tha e o ood-flo layout would still be

rainfall €Ven spreading of the water from run-off
It is considered of par: g
land for any Particular importance 1y

the design and layout of
the water from occasional,
& an irrigation, is handled
E¢ 1o the soil, Hence the
cach irrigation is completed

type of irrigation should be
i : Su

heavy and continuing raip immediately ﬁ;‘;olh_m
a_:m:cuvely and automatically apq without win
tmportance of having Water-gateg Opened a?la::a

d 192
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: sre is any chance of rain. Stageq briefly e !
:J:;I:I::::";l“y g()Dd dmi{mgc IEI..}'OI.ll". Y, "good Imgation layou.l 18
f However, these critically importan factors are only rarely achieved by
haphazard methods, FU: a start the naked eye canpoy determine the
nmaximum fall of ?hc land" on _rclauvcl_y flat country. In fagt the unaided eye
cannot with r:crumlty._(!ulcrmlne uphill from downhil on moderately flat
{and unless there is a visible stream or Waler-course to guide i,
£ The "maximum fall qf tlllc land" 15 one of these extremely important
nwater lines" and a levelling instrument is needed to determing the fall or at
jcast "guide the eye". But there is another point 10 mention before
procccding further. Eventually there could be more intimate subdivision of

the irrigation land into suitably sized paddocks. Then fencing will be
equired other than that which divides the new irrigation land from the
rd, acent rain-pasture and crop land. Of necessity, one or more fences will
irﬂ:ss the irrigation land downward from the irrigation c]_mnncj, 50
consideration needs to be given to the gcm?ra_l patiern of subdivision fencing
when positions of the steering banks are being determined. ‘
Supose an irrigation channel 2,000 m (2,200 yards) long supplies an area
o this of 200 Ha (500 acres) will certainly
000 m (1,100 yards) deep, area rtai
: iding i four or more paddocks. The subdivision
dividing in two and even fo :
s ¥ qater" by cr the bays on an angle, but
hould not "fight the water" by ossing the b _
S i ater". This fe is therefore associated
should obviously "go with the water". s fencing o
ith the steering bank pattern. A fence_shuuld fn}low _lhelswcnng g
:hich, first of all, suitably divides the area in two. Itis lz; s;:;p ¢ matier
thisbutovetiao; g T B Lt};é:? gcﬂﬁe?a?ng to the selection of @
though there may not be any cri ; ) peleg
starﬁ}ng pgim for the steering bank zf;:: tnpso smah:m i
irrigation channel, there could be :‘:111 inigaiion L Thia i
finish at the lower boundary of the gl hByumdm] )
sometimes a stream which may be suitable fo;ns{tio":ts R i m‘ﬁm
the starting point of the first steering bank anc tl'e esble which would
fence at this lower boundary, a s?lm;;o;njglym i _
provide water for the both paddock§ inst qeering basik is 80l at all obvious
The finishi: int in the locating of @ g poim.ifseiemﬂﬂﬂ
c finishing poll : uently a starting : T
from a selected starting pOlIll. Conseq ot "come out" at the dwl'ed po
the irrigation channel boundary, would ltlu ! oy st onthe lower
respect to say stock water facilities Whic
the irrigation area. _ o {0 o
Steering banks are located by 3 le:u’ 5 the placing of St;;u;g me
are no such considerations as abo‘reeering is levelled-in = WW
may not matter whether the first st and downwards ﬂgmrm s
elling-in up e always 50 W
or the lower boundary. Lev : g: mbudsl \his is noL
are in the nature of reverse procecdmlgs




Water for Every Farm - Yeomans Keyline Plag

wen slight undulations to the land. For instance, 1o find (he e
‘m""o; of the steepest path in a valley shape, fhc _Ic\cllmg Mg Procee
I[jnsm“ ard, whereas fo find the exact centre fall of a ridge shape (he
ownward,

!uvcumg
mus! proceed upward

A Levelling procedures  for locatiy,
cr !

steering banks. )
There are two basic procedures. (1) 5Iun c}-.:illd lqc:ltc each pep along (e
steering bank by selecting from an arc of readings L'lth.ur above or beloy gy
msun; peg. or (2) Mark out the arca with a series \uf mnmur lines angd
the s:-c;‘ring banks to cross each pegged contour line at right
contour. The former method is discussed first.
1. Surveying parallel with the steering banks,

If the selected starting point is on the lower boundary, the Procedure,
firstly with a Bunyip water level and secondly with an ;u_uomatic dumpy leve
is as follows: A peg is to be placed at the selected starting point for the firgt
steering bank, which may divide the area into two nearly equal parts, thep
one staff of the Bunyip level should be set up against the upper side of this
peg. The second operator then places his staff 15 m (fifty feet) away, the
distance being governed by the slack of the transparent Bunyip level hose, on
Wwhat he considers to be the highest point on the

arc. The atmosphere buttons
should be pressed and readings taken by each man noting the variation in the
height of the two staffs,

The reading of the forward staff is to be particularly
noted. Then with the back man maintaining his staff position, the forward
man commences to take more readings as he moves his staff to three or four
positions on an arc, with the radiys of the circle represented by the 15 m
(fifty feet) measure of the Bunyip level. When the point is selected, the
lowest of the series of readings, which is then the highest spot 15 m (fifty
feet) dl;lam upland from the start. 5 Peg is placed against the staff on its
;om:r side. Then both men should move forward, the back man to the peg
Just placed by the forward Man, and the front man to a new position as

before. By laking readings on anewa y - :
. = , he ag; :
Places the third peg. ¢, e again finds the highest point and

chaﬂﬁ 1';‘;“:_“‘1 }:‘f Pegging should continue upwards to the irrigation
.- si(ie J;r;:sn about 20 metreg (one chain) beyond the channel on its
last pofat, BT Peg or a steel post for sighting may be placed at this
If the vertj ]
Pl mczl::lﬂll frmp the start 19 the eng of this line is required, then
differences in readip, = :h“;nmf'gs of the Bunyip leve j kept. The total of the
= 1BIL. 1tis to be noted that three
natic loyel and PEBEIng the line of a steering bank
A% i Th")' » N Instrument man (surveyor) for

:III'gn
angles to the
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The dumpy level is located at a suitable distance y
.gl;?lhu surveyor, to take reusmmbl; ad\-anwgc o?lﬁ?iljfegcir;ir:t?mim
and thus be able to r_'c:;d 3 """'l.m of sightings from cach siation {lucaliun::yi'
o level). The staff Tl positions his staff at the firgy Peg and the surveyor
“:‘: rds the first staff reading. The chainmgn TCMAINS af the firsy peg holdin
Mco c;;d of the measure. The measure ma B

y be a Surveyor's tape, len of
:Ji:; ht rope or wire and may be 15 m,, 20 m_, 10 50 TELres (50 feer 4 ch:;i‘l:, or

even 165 feet) long, if l!u;. land form is large and smooth, The staff-man,
holding the other end of the measure, walks to, anld holds his staff upright, at
a spot he considers to bc dcl'mncl?- off to one side of the final target area
which itself is on the hnc_of maximum nse. The surveyor notes the new
reading on the staff then SIng\als the slaf_f-nmn to try several new positions.
The staff-man will now be fairly sure wm‘ch way to walk so as 10 arc 1_hmgh
the correct location. When the new readings reveal the next high point, the
instrument man signals the staff-man to place the sccond peg. The chainman
walks to this newly pla]cedd peg b?;' the staff-man, with his end of the measure
; s spot upland as before.

“.a]l;fl:;rﬁarllic\:‘el?ﬁ‘lc sl:aff man can aim to pick the high point first but then he
must test both sides of it to hgvc it conﬁm_led, lt;he tests t:l(])u?m; iat an ;u;:
span of 15 metres each he will end up doing 20% cw;l “dimi p j;:; R];
illustrates this point and shows th@l in one case lhcl ;{(3) o

each peg is 140 metres whereas with the other it is 170 metres.

ASSUME 15 METRE ARC SPANS

/’
/“"‘““‘\{.\

P

5@ METRE ARC RADIUS

f‘ i l][ﬂk ﬁ'ﬂes.
gure 38 A4 hs for the § at? an pegq'ﬂg steering b

I fv ITI f fh t ‘t’q}l : !

12u v l"fl.’.l'ﬂt'lﬂ\ e P CES ”H.’ \I"G'!klﬂg-

Tracking out to one side initially red:

und the siaft chain-
One end of the measure can be looped ar0 fully extended from the
of the staff should be taken with the measure
man to the staff-man.
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On very flat land the pegging of a Steering bank line may
from the lower side of the irrigation area and working ypyy,
irrigation channel and working downwards. Usually the latt
each sighting locates the lowest point on the
grealtest reading on the staff,

The line of pegs thus positioned fepresents, when vie
peg placed near the irrigation channel, a local line of my
down the land, As Previously stated, this is
“water-line" of the land

If a series of these lines were plotted and marked ip for varigys Proper:
a studied way, it would be found that they would haye Produced ‘{kfum
patterns which are as distinctly individual for each area as the contourd?uus
themselves are for different areas. - Furthermore, it jg possible thy i
patterns produced could be grouped into definite Calegories in 3 sirm‘!ar[ [.lw
that the patterns of land group contours are classified in Keyline. Algo jy b

be realised, that if a very large stream of water was discharged contin o
g‘ the top-most Peg just below the irrigation channel, then the water l:fou.fﬁ
Spor:agot:;:a;h;e{tﬁuigdmbi I:II:': Olf Hic l[:ﬂ)egs, albeit spreading. The width of
Peiks, 7 Hi€ slope of the land or the Presence of steering

d
ard, o Ihr
: er in Which ¢ ¢
¢ of meagyre a 3

and thy the
wed from the sighy

Ximum fall gj;
ine, R CCtly
an importang gy distingtjy,

hu“E:rhd!}G lﬂf Pe8S may be quite differen from expectations, jt will,
e szc bci.; Sll%enll;zi fall of the land, It can be considered as the genera)
Subivisong] € or if it is found 1o be unsuitable for an initial

e ling, it wi = e
could be located 1t will at least haye indicated where another fence

gﬁ:ﬁgﬁfﬁ () It produoc; WO curves in the form of a fla¢
el dimdoﬁr arc 1o the righy (3) a similar curve but swinging in the

i or (4) a generally strajghy line, Also, as with th e
- 15aton channe] apg gy, similar reg s ey B iy o
necd adi son, the line may be irregular and
The closer to the first Jine that 3
more closely generally, iyl
Once 3 few lines haye bee,
for the area It may o o e
Precisely with the leve]

second ling jg Pegeged in this manner, the

ch other down the slope.

sclose the general pattern

Howeyer Whe very Sleering bank lines so

N8 instrumeny g - 10eTC is any doubt as to the
rument shoyjg Buide the jsgyo

rom g i » 43 mey ]

. 9n¢ steering pap) 10 the neyy Thrj,: E;S;Eefﬁils)t llfng

Nd line s leyelled-in

€ first, on e side most

E\’Cn o g Lot ; jn' Lhc rccliludc
i 1 .
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it is immediately obvious, _thm" he has, With this levelling and pegging,

-hieved a perfect and scientific "down-hill* line.
"Lh]\;hcn a steering bank line is 1o be also a subdivision fence ling, it is of
-onsiderable advantage that the line be "formaliseq® into straights more
LO-IL, ble for fencing. As this "formalising" 1o straights of the curves of the
e us waler lines, including the present maximum slope lines, contour lines
V“zjlcihc lines of falling channels is somewhat of an art as well as a science, it
.11..1" be dealt with more fully in the next chapter,
i The line for the steering bank under discussion is in the middle of an area
which may represent the first stage of a particular Flood-flo im'galit_m project

/hich is itself only a part of the Keyline plan for a fa;m or a station. The
i ring bank lines should therefore be located from this middle section back
::(t:he start of the area where the irrigation water flow commcm:sﬂ Th.lsf
section could be quickly completed, and thoroughly tested with a full flow o
wa“]:;.the first two steering bank lines indicate a dcﬁn@tc u;;t’oruum:y qf land

¢, the third line to be levelled-in can start at a point twice d]smfeet.

:lv.izy as the width of the irrigation bays; in lhli DC:mcaiG bll:‘ﬂixﬁo b )a
With this third line levelled-in, a f(;u;mand thind lie pogaed 890
e a oo ihis s e il s =
T O e e 5eating allcraate isstns ek M Rinii S
whether this method of locating alternate

' byenares. : in the field is to begin
T e setand methoe of locating the stering banks n te

by pegging series of contour lines across the a@ﬁerT g;-; el oo
“'ml:: initial surveying, but it may stll be lg:dcsuﬂ'ace is somewhat uneven
technique, it is especially appropriate l-fstzzh D eecat deep cultivaion, ree
as a result of any number of reasons; ! (nammral deppessions).  Minor

. hallow melon hole method, can produce
clearing or numerous s in the former :
movements of the Staff through the B8 % e 1ang " Surveying an ase

T 2.
greater height variations than Lht_: gcnemlthe AT oS pnﬂft:gm
f say 20 metres (one chain) radius from B s o i n
(l)\i hyand low points and because the staff b “natural"mdms
1h{g: last peg, the options for the staff-man surface
o i - banks from  CORtOUr SUrVey.
significantly re 2. Locating steering b e v of
s : : o
A series of contour lines with the peg:d o eanoath “‘ “usw:m
the natural surface height and. n&:u'lm:l;wh s CUIVEs, ssefor
best guide. The starting point for R ity mand e
lI1he = rgtlll:e direction to align the steefr;{l]i‘ el maximum slope
oweve _
r lines. Steering | he conlour.
]r):fs%cgr:sosn:::h contour line at right angles 1©
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If the "surveyor” can obtain both a compass bc:‘lllllg .:md dis
cach peg during the survey of the L:uutour Imus: :1_nd _ul.su mamtain g CClrgy,
record of the relative positions of the various :a[:lll_('!lls where the Automg;,
Jovel i positioned, it will be possible to pmducc‘.f! scaled contour Map of 1,
arca. Using this map, the optimum layout of the steering bankg can by
planned. The actual pegging of the steering b;mkvs can be l{:lutcd 0 the
existing pegs. Figure 39, below shows an example of this sort of layvout,

ar
N s
-h“_\_ \.
2 H\‘“‘-\\.
19.3 Ha o N
\ i S e
. 4 ] fe—_t - “omam
T |
i " N
2% : N
& s S M . T~ \Correr
E 3 . L)
~ ' L
x _ : 7
ool s e '
- —_—
e — ~ s
/.d" ——— -/' \ <
e e i e T >
a ;-r‘_:‘ﬂ-‘.._ - <7 rram
;_-. . Tap watior hial I chiveoel '/
; A i Fanoce
L 3 ' *- . Stearing Banks
~
- T~ =~ -~ Intwrpolated contoura

tinge!
el 1o

Figure 39, 4 stopri f :
: i:foueh):;e-l 5:‘L¢-r9mg bank layout designed Jrom several contours surveyed
mamim,, T;;rea. g éeer:ng banks cross contours at right angles, which is the
slope. +
4 ol s very little "cross Jall" (sideways

5‘]’0;}8) in the bays, Land lanin 5 r ormaity
Vs, - Plan 2 y ] j
" ' ning, such as lase [E.’W?”a‘ﬂ'g, 18 not normaiil

On ridge shapes the sieerin

g ba
descend away from the chanpe] 1ks natur

In the bays

—_—

! Distance of the stafF from
These are the two smaller €T

ally tend to fan out as they
Oward the side of the ridge the

the leveling instrum,

; ; £nL Can he g ) 9
: 058 hairy, one abave the Smply determined using the stadia lines.
the central cross hair. These ot ' Cenre ling ang gy Other the s . di s below
seen between them is 1% of the distanc o iadia lines, are spaced o g sl i

iy el e ance Lo the Sl¥ from (e Surye -ed 50 that the length of sta
45 em between the stad SR OWer Eum“\rf”dlng on the siaff g, e rument (automatic levol)
¢ stadia lines then the staff is 45 Metres from 1he M he top gaiy reading results in

ll'l'-lrum.m[- Edi

Ior,

=
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water may tend to drift to the steeper side of the bay. Several land owners
| -.m: found it quite satisfactory to split bays in half, but well down from the
cl;!.:ll""'l' perhaps 200 metres or more, '_l']l; slgning Poim of the intermediate
seering bank is always sclected during irrigation, with a view 1o splitting the
observed flow evenly for the two lower bays. If the choice doesn't prove to be
quite correct, then the steering bank may be extended a little further up the
slope and angled accordingly, to split the flow more evenly.

B. Congtructing steering banks,

The most suitable and economic implements for constructing steering
panks include a 2 metre (seven-foot) or wider chisel plough, Yeomans Plow
or other narrow tyne ripper and a small to medium sizgd bulldozer with an
angle-and-tilt blade. The ordimry farm tractor fitted with rear grader blade
(ditcher) is usually quite suitable in placg of ic small angle bulldozer. The
smaller equipment requires more cultivation beforchand and a greater
number of side-casting runs. It should bc_undcrstogd t_bal a fanu tractor and
ditcher is a very unsatisfactory combinaimq for digging undisturbed earth,
but very satisfactory for moving earth which has been well loosened by
cuu'lT\'l?:o:(;nstruction procedure follows that employed on Ltwhelfngazonﬁ
channel bank, except that the steering banks are only half ulﬁle :I;;::l
contain less than one-quarter of the amount of carth. Agm;.m lffe £rass
is short, it should be closely mowed and the gmss moved o e lt;ugh ==

The path of the first chisel run is made with meroce::;rclér me I'JI‘he e
the top of the pegs. The pegs are then recowred_ trh el f'mows g
and third runs with the chisel plough are _made in O ol e
first run so that the strip, when finally cultivated, is still onty

seven or eight feet) wide. ide. with the
: The smagll angle bulldozer makes only _ﬂnle mﬂ:o ?ﬁf&tﬁ;@ SIide
digging point of the blade in the second chise! o tha stp. Ace
cultivated strip. It side-casts the carth towards th o et i bonded-
the first side-casting run, the newly placed earth ’i il

in by travelling the full length of the ne“"rt;a-ﬂk W i is then made from
on the top of the loose, side-cast earth. The second ltivated strip and 3gain

the same position, but on the opposi!e side :fa ?iceoflhc i i
the new earth may be consolidated with one Hame

= v ¢ it, may be better not
this work has to be done when the earth is &2 y dry
o try to roll-in the earth with the tractor. sod-bound, the above rocedure.

In conditions where a grassed ared ]::factorily

while producing a bank which works sati nich is very lumpy
water and not leaking, may form a bank W of chisel
unsightly. In these circumstances, the “mbebeingt made with the chisels
increased with the first two or three runs
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closer together and with short weed knives ;_macht:d. but ﬁuislu‘ng the
run with the standard 30 cm (twelve-inch) chisel spacing fing
Under these same conditions, a first shallow Cultivation ryp W
hoe to chop-up the sod, when followed by the two or three chise]
may assist in producing steering banks of smooth finish

A first shallow cultivation with a disc or mouldboard plough, if
may be of assistance in a similar manner, but these implements gre
unsuitable for any other purpose on irrigation land. Their inevi
continuous side-casting of soil at cvery operation, tends to change
"water shapes” of land, thus interfering with the unifory
imgation water,

The lower ends of the umigation bays, of which the steering banks form
the sides, are left open so that run-off from heavy rainfall and drainage Water
Gan get away. This mn-off water from the irrigation bays may flow directly
0 a stream below the area. or continue on to lower land which itself
eventually drains to a stream somewhere below:.
The upper ends of the steering banks, as formed by the equipment, do not

ith 4 rof ary
Cﬂlll\’agiolm

dvailable
Senerg)ly
lable ind
the Naturg|
11 spreading of the

\T&;wr 1o lie against the Steering
€ ponds could greatly assist (h ;
3 £ i
banks.  As with (he banks of STASINg of ray eariy on the new steering
Management effecy (he e o

1€ small excayated drains

the steering banks,

Side of the steering ppycs iahs he smal) earyp, o SlonalHe

signi - 15 15 alloweqd 7 Ops along

significant soj] : ; €d to contj ihili

by carting in ln;lzi!';]b?5|de e .S real. This menncl;e' e possmlllty‘:;

50 that there js no de TOIm outside the sile and tebuildip nl(])]nly i {cmcdl

85 yet untripd o CPTESON along the i of In these o Secring bank

i oPuOni would be 1o construct 5 dobls ese nz:rcumslz!nccs one

between the twip g, or the two banks from between g, ed steering bi!"k

wider fla bug - C2KS €0Uld range in crogs section frop, 5 . 1He section
» Which can proyide 5 dry access path 1 e 1. - PATTOW "V {0 2
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XIX. FENCING IN KEYLINE

The three main categorics of flcm:cs are (1) boundary, (2) Subdivisio_n, and

stock handling. While the difference between these three calegories are
tfl]ri: wide, there are further wide variations within the calegories
[hcj'lr‘;'::htf:ﬁnclan' fence is the only type of fence which is precisely located
and its straights and corners permanently fixed, will‘mnl the necessity for any
;Iccisiorls on the part of the owner. The construction means and materials
used invariably follow local, dl_slncl and sgmc?umcs I_aaulunal usages. In
general, the boundary fence fashions of lhe‘dlsll’lci can mdscale’thal they are
likely to be the most suitable and economic under the local mrc:111‘111551;1!:_:::)31:1
The introduction of fence wire and wire netting to counter the multip fean
of the rabbit population completely changed the fasbu‘m' of buum:'lary usm
The rabbit may again be considered a menace though it is ?wcnur:fml
encounter boundary fences built without regard fo this annmxcrmp:i:tn
The new fashion in boundary fences appears to be based 0;1:1 g gdog
that the rabbit can be kept permanently under control. The mgmce iy
is still troublesome in some areas so these pests have some

ign of boun fences. = - . .
desSgubdivision%cing is, however, the principal type a:l:lvitlll 1;2““:%
greatly improved technique of planning and location, s proved

ial i ildi the fences themselves. Adequate

methods and material in the bmlc_lmg of o it
subdivision fencing is a major cap1}al cost m]; ah]:‘gh e etk b
numerous occasions its final cost \ul} be m]llllc S opdivides landoto fbeibest
of the farm or the station. _Fcncmg w trzl R ik itlba majgg e
advantage, also permits effective stock Eonuaté Necior iibies .
in soil improvement and production. Adeq managemen

its time to re-Zrow. iod. i
to give the grass of each paddock ’tsfn;]:; paddock for too long a period, is

Holding stock on the pasture 0 > > oﬁ‘r.hecanewf:k
some?:g:al:glike trying to produce sugar but mmxmig % o:l;z wpie s v
time it appears above the ground. Good gl'aSS.e el goadﬂopscmpmm £
time to grow. All it needs is to be left a:;naimﬁgmmm
harvested by the stock later onﬁ;rﬁmtmthefpest A ai”‘“’“

S e » i

grown on fertile smlg;i :zllu:ym e m]l ot o, i s

nditions permit. The plant's shoots and mlffmm & ihen :
:0 roaches maturity and the flowering mg&rae rves of the large oot
b?pmowing or a quick grazing the eﬂel'SJ'The plant can ol : Mm
vill be used to initiate a quick reg_mwlh. o rahed off. The dy
;arge root system and much of it d:hm ::sdi ;sfood ® ol life andlhclpacwp' nce

i e

roots of a good mixed pasture are

201
h



Water for Every Farm - Yeomans Keyling Plan

climaxes in the soil biological dc-.elul.miu!l_ Mm.d p.‘ISIIIIIL‘ rools ¢
60 cal organic material, The deeper (he rootg
best and most economic ; ot material produced, (s ]
greater the quantity D'I| l!l_lte_lll profeint rool material produced, (he bette
. amics of soul life
“hglzld,ixﬁ:g is the common method of Brazing pasture by Set st ki
amounts o a constant nibble. Perhaps once a year the Plants dg » ,
from the stock”, but even then the plants usually set seed _:md‘lhc Proteip j,
the roots is lost to the soil organism. However with the aid of good fe
and subdivision paddocks, pastures can tx. controlled Sllld Manageq (,
produce more and deeper roots. A cycle of mprovement for soj, Brass apg
stock could be the result. Abandon the constant nibble of set Stocking and
three to six times the quantity of roots can be produced by pasture in severy
good eat down and regrow cycles each year. The benefit of this System of
management for cattle, will rival the benefit for the soil itself,

Furthermore, it seems certain that the greatly increased Brass production
which results will also be of better nutritive quality as well as being more
suitable for stock to eat. If, as we believe, cattle will graze for a certain fixed
number of hours each day and no longer, even when inadequately fed. If the
ETass is too short the cattle are ungble 1o collect enough to eat. When grass is
at the correct stage of growth, cattle in particular can curl their tongue
around a large sward and gather more of it into each bite.

Goog subdjlvis:'on of farm angd 8razing properties is one of the principal
fa::;rs r.im the improvement of soil fertility and major factor in increased
Production.

Cvelopment, whj i :
the best possible 1Se of every P Wiich must include that of making

relo
: ’ natural and enewable resource belongin toa
I - S ging
mzﬁﬁaﬁﬁﬁ"" St 50. then it is trye 1 State that it is a rarity to
) Brazing CRIErprise which has beep correctly subdivided: this

is without any criticism of
o the actyg) fences ang their more often inadequate

Therefo : .

Wrongly Pl;;lﬂlﬂesgsili:gg; :;T:;és 10.be made g the Present unplanned or
Rosition of fencing ip the prioritjes ’0‘;‘ “;C Eencral acceptance of the relative
Scale of Permanence. Pla

"Ning as disclosed in the Keyline
On any Propenty where its

Economically ang used
Imigated lang from
subdivision fences,
should be such (g

10 prodyce irrig te Esources can be developed
Tain-pastyre or ré;;? ol » the fence which divides the
The positigy of TP land, j5 op the first order in

- € fence above he irrigation channel
e gateways shoulg Channg) IS not impeded by the fence
of valley anq ridge, g ‘:V;ffd With proper regard to the
202 % Providing adequate and
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able access. It needs to be a good fence, since the condition of the
“ﬂ-rk':cd |-.md is a strong incentive for stock in a rain-pasture paddock above
irngalcd
; +sl its strength, _ '
it, to ?L‘{lsl:fe;dbtobbc more adequately stock-proof than the fence itself since
i}.i:‘ pecting to be moved, tend to concentrate ai the gate and as always,
’wc. . behind push the ones in front. s
um[i the matter of gates, the opinion has been formed afier much
= ]c'ri._-ncc that by far the dearest gate is the cheaply made fa@ gale. It goes
l“1\1[dn:r various names, such as Cocky's gate, buslh pate, Taranaki gate, Wagga
lf- te, California gate, elc. Because of its continuous le‘ndency to fail under
l:(':)d'; stress, being awkward to close and lherc_:fore being somcum§s left ulpen
'S d by being difficult at most times to open, it causes sgch a mnunstu:;s 0ss
::f] time and effort that, by comparison, the most expensively made gate
sould finish up by being far less costly. 5 3
“ouThe fence above the irrigation cl?al?nel will join a fence n:;:x:i:;o:“n pﬁ;
land to form a side boundary of the irrigated land away from
s‘ideA This fence may be part of lhe_ bm?iada:y of the pm e ¥
If the irrigation water is supplied from a:;—;u mrlhm3 ' o mlhmth:
stream, then this stream below t_he dam wall thcmfence[em o
irrigation land or fenced out of it In either case, i umsllmlldI Gﬁiﬂdby
from the water line of the stream in the sameandmmc . am' ; ocated
irrigati el. Its position is plotted pegged : similar mmlaterin
the irrigation chann po A i od
to a fence beside an irrigation chann: rocedure is detail |
this chapter. e and a maximum clear di
A fence along a stream needs a mumlace A wmch,dmtfthem
from the banks of the stream. It may be m"g‘ Sl g
creek is fenced in with the irrigation lan P -E 2
further from the stream. Jower limits of the irrigation area
Another fence must close the low

: urse. The stream may carry
fence could also be associalee VIR &3 e in vith the iigation ares.
water suitable for s“?"kl = l,fomf,,.,doam,y would be located in the same respect
The fence then on this lower ces were 10 theis.
to this water course as the other two felllo cross over the stream, over a natural

One or both side fences now needs like gateways, need 10 be even more

a8 d these fence crossings, L BY O Ko be constructed

water Ime,r alzan the rest of the fence, Flood-gates may be needed and
i?ljlkrz;:d to the high flows of the strear.

follow. feature 10
local design may be the 53’1’: irrigation area may have 10 natural

irrigation area may ﬂmpl' Y

The lower bolﬂﬁiﬁ:‘1 :f and the land belft:w mew“u?dg:;en be located by the

posltion the B v Sl g M i

tinue its gentle iate distance down volume of
conl ppropria with such factors as the

a
measurement of an be done in @
channel. This should be 203
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the flow of the irrigation stream, the rclnl_iuus!np between (he
available water and the area of land below it which lies in he be
for irrigation. : :

When there is a choice from the available land, it could pe decideq
the general shape of the irrigation area shop!_d be long and u:ltro“.'hat
preference to a squared shape so that the SUbdl\'l_SIOII within the irrigageq l'u .
itself could be more simply done on the formalised lines of selected swﬁﬂd
banks. Whichever way the selection is made, the local circumstances and l;‘&
foregoing principles will make the most suitable position more op |c;:
obvious. The fence line itself should be located contour-wise ang its fing]
lines be those selected to produce a formalised contour. Then the fence jtselp
as well as filling in with and assisting the overall water use Scheme, \\-j|i
serve as a guide for that part of the cultivation of the irrigation areg which
parallels upward from a lower contour line.

In practice no disadvantages have been associated with the up ang down
fences which produce the subdivision within the irrigated land, being
ccnstructc-_:l on the steering banks themselves, (See photograph Plate 1)
l-icuc\'_cr, in this case the original lines produced by instrument levelling, are
fo@s«cd for the bank construction and so the fence is again a serie,s of

Aoung o
SUpositig,,

160 and 40 acres) \ri‘ll, with fencing costs at $625 per Km ($1000 per mﬂe)'
F:’::;E?h""“"f"-" 315, $30 and $62 per ha (86, $12 and $25 per acre) to
i ihe hfgiff;;“;: Is ac_‘“f’”_}' greater as the paddock becomes smaller,
irmigation flows bemmega[ma}s B agam. gt“ealt?r in price per acre. Again, as
bankate g, bil;c?tgr and the irigation bays between the steering
every smﬁngab:;uk bea ‘|:|lcs[mn wout o the irrigated and may require that
nothing against this g egr;’: 5 rock b°“nd3f} and have its own fence, There is
said in its favour sipee it si [sf]?:'d'lmml if it pays, indeed there is a lot to be
steering bank 1Mply involves the use of formalised lines for every

Furthermore gq

and special bujldjnrg: :::fc;hm one-bay paddocks could contain stock yards

“:“‘ having a selecied img«fisioihzz?!:.i fhhcds' And what would be wrong

of the hom 0 2 s € site for the o

and all jts s{:;se?d‘i&n{zﬁfg Why not place 4 ey huuscc (l;f l:r‘::n: ﬂinﬁm
) INgs and yards, in such an irr’igmion bay?

a higher site for a

ion can bring to the
and cattle stations in
04 cled, water resources. Of
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.- when it rains these special irrigation bave w I

:ﬁ::- :.f':ou‘l:!h‘l;(. also irrigated at will, Ftion bays would get wet, but now
‘Likewise, any such area which may be required 10 be kept
bv-;isscd in the irrigation cycle, simply by not ovemn?mﬁaf:fgig
which lead into it. Again, in conditions of heavy rainfai) run-off, the water-
gales 10 all the other paddocks remain open. Thus, run-off from abaye the
irrigation arca could be prevented from entering where it may not be wanted,
simply by closing two walcr-gaics,

Such matters and lheEr management can be easily planned and
economically executed, provided these factors of water lines and water flows,
and the general associations of water and the land, are understood The
advantages can be outstanding.

While any main subdivision fence which divides irrigated from rain-land
should be considered in regard to its suitability as a site for a permanent tree
belt, there will still be a need for tree belts within the larger irrigation areas
which will be developed on many flatter land properties.

Young trees, planted following proper soil preparation, grow into
effective wind breaks much more rapidly than is generally realised. When it
is stated that in five years the belt of trees will be an effective sound barrier,
wind brake, shelter belt or what ever, the impression is often given that from

planting time until five years hence, a tree is nothing. Bl.ll a belt of trees at
six months and following only its first growth, is something of beauty and
satisfaction, particularly so to the planter and owner. At twelve mmnhsl x
belt of trees already takes on a planned, orderly and well-cared-for S
which it liberally bestows on all its surroundings. In a very short time £
belt of trees can stand alone and no longer need its profective fence. _B":O":
how much shorter time are these stages of growth reached when, a5 is
: lanted down the centre
suggested, a belt of specially selected types of trees is pian S
of an irrigated area and in its own bay, with its own sleerm“?m 155 el
boundaries and where the belt of trees can be watered at
no cost? ) PTG i
Furthermore, there is always a forestry officer in Lhe';::_:rmm; ad
knowledge to discuss the type of trees, their ‘:;2:‘;&“ As veell as this,
disadvantages aiding the landowner with his el even grow and supply
behind the officer there is his department Whic s
the young trees to the landowner. -asion fencing and
The ﬁ:cmasing need for a great deal lﬂ:&:ﬂ 5‘::";“5’0? extent by
rising cost of posts for this fencing, can be T can very Simply creale his
the landsman growing his own fence posts. <. With the success of
own perpetual forest (tree belts) for this PUFRSL ©oooyre and the sap-
preservation treatment of fence posts by “m from young trees, are made
replacement methods, posts of small diameter
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. i s from selected old trees. These
B IRILE lglfnﬁz:ﬂ;:\[);;::md and driven into the ground.
mu;c:.cg:;g trees, pl.;mn:d for the purpose of supplying fence POSIs
.Nc‘,;,lm"hpm\-ided some useable posts ‘llll‘llfll}"_"hfﬁ'-‘ Years. The jdey is 1o
plant four or five rows of trees, ]uc:ucd as d.lbul]hht.d‘[li‘-‘f ?cr:u:mcuz tree bejyg,
The distance the trees are apart in the rows can b<. as do‘sc as 1.5 metres (fiy,
feet), with a spacing between the rows :l!icquu!c for cultivating with tractor
and chisel plough say 3 - 3.6 m (10-12 fcc_l). Trcc§ can then be cut for posis
after three years, when each second or 1111'rd tree is taken as required, The
frees are cut off with a slanting cut about five uu_:hes above the ground. The
remaining stump will soon "sucker” and when ll_us‘ucw growth is suﬂicicnu_\r
advanced. one selected stem is left to grow again u!lo a fence post size. angd
all other stems are cut off. This new tree, with the full root system of the cut
tree remaining, will grow very rapidly. By judicious selection of trees for
removal and thoughtful management, a valuable shelter belt and a perpetyg)
supply of fence posts can both be attained.

From the national viewpoint, Keyline water control systems on both hill
land and flat land could make reafforestation on a grand scale be both
practicable and profitable. It is suggested that some aspects of the Keyling
plan offer a most satisfying solution to the ever growing and serious problem
of Australia's inadequate and dwindling forestry resources. As is abundantly
evident crop land, pasture land and afforestation can be in competition with
one another, to each other's detriment. Keyline planning relegates each to its

proper locality and function and thereby assists in maintaining high quality
production in each case.

. A Normalising and Formalisine.
Formalising is a procedure used to locate fence straights along curving
surveyed lines, and normalising usually proceeds formalising,
1. Normalising

Smaller, {reaygg

Normalising, in the sense used previously, is the art and science of
adjusting the location of surveyed
altered surface. The aim i

f?i;d.lsl and such like, For example, even
of httle slg i ¥ D
surface of land and produce variations i Pe will cause disparities in the

evelling instrument readings which
e in levels found i 4 distance of a

a local variation, » only 15 metres
that of the general fa)) at 4 distance

couple of kilometres (over a mile). Thus
(fifty feet) distance, may be equivalent (o

of 300 metres (1,000 feet) or more away.
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2. Formalising

. alising is the arl of producing straight lines frpm the smooth shaped
Forma normal land forms, to replace the curved lines and, at the same
Zintain the principal values and virtues of the normalised lines, The
|i||ll-'-_"""‘“ ;lis"“" and formalising are also applied to those other water lines
art of ::;’:::l.l o the discussion on the planning and levelling-in, of the steering
referrc

curves Of

bm\?ﬁ;c function of formalising, as it applies to the fencing of irrigation land,

cr e : / on occasions, apply to the fence along the irrigation

Lol mm']i};;.li(l?:lmc:rﬁz)ur divisions, the other, to those interior subdivision
ch;m.mﬂ f0 ? 1: »ated land which go along the fall of the land. Both forms also
ST lr'rt.:mt application in the subdivision of non-irrigated land__
i an}'ml-p?':rsllv with the upland-downland type of fence \\_-hich is 10 be

s mba slcéring bank we refer to figure 40. Tfu: series of crosses
pRe 0::; the pegs as they placed with the aid of a levelling instrument. The
rcPTc_S:’,I:le represents the line as normalised; the line formed by the scl;:ecs of
S rllts then. is the formalised line. The series of crosses represents hu:lfl
sp:ug,\ cc‘i with the aid of the levelling instrumcnlE the wavy lm,r:cu s
:;fxgsogfc%rguc. represents the best curved form of the lfmc. :c;.hlb;h thii 1;“ i
for the construction of the steering bank; and lh:;la h:::; Or[:lcﬁml S i
straights represents the nearest to the true line cmfnstances s
represented by the crosses in Figure 40 may o oever learly indical
of wide variations from any form of line. They " straights may be more
the true general downhill direction and so one of 0% g the line,
suitable when selected directly, than by first ;‘Eﬂ’mﬂlﬁe forual F nce position aims 10

The formalising of the irrigation chand {6 5 o rigie
produce the "straights", either above of be:;:l at a specified minimun at(l)l}
channel and parallel to it in a general ‘t‘;;\:k For beef and other fYpes =
maximum distance from the Chﬁﬂ“elf_l-om el.\-periﬂme in the mﬂnﬂgﬁm:“h‘w
general production it has been fm}nd. ~qems of flood and flow, m;;;t} e
irrigation land including the varous 65)3!]('1 9 metres (20 and 30 e
water is distributed from cwds’- ces for the fence position
suitable minimum and maximum distan

: el lines
. : the curving parallel 1ine
mages;ef-l;f:ibggkure 40 on the following p3 o’fa:l irrigation :hbelanowm l;:
across the top of the page represents e The irrigation land lies b
which the water flows from left [? ”ﬁe the top bank. The Br ove it
channel and the fence is planned Ul from the rain- be first plotted on
fence, is to divide the irrigated pasmcdmempmem. may be "seen” in
This ‘work. as all other planned land The result can thus and "sighted-
paper if the area has been suitably mﬂfﬁu also be measured
>cal my’ The wo

a general but practi 207
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in" on 111_c land itself, The procedure for this is as folloyws: (o)

the pegging of the fence line, but is a big advantage to haye 3 hl ¢ Man
. ’I‘.cn pegs 1.2 mto 1.5 m (four or five feet) long and whi[‘c_ Ser
sighting, will be needed. A 50 metre tape may be carried 9Pped for Cagy
may rely on "pacing”. The term "surveyor" here is used in [h?r thL

the word, for the man who makes the decisions, as well as jL Wide senge of

sense. He may be the owner of the property, the manager 'n ‘mc dccepteq

foreman or the temporary boss. + & Supervisor, 4

Can d

su r\,-c).q'l
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FLOOD FLOW »
IRRIGATION
CHANNE

LINE OF
STEERING

FALL
BANK

ring bank. The crosses are the
level. The curved line represents
formalised line of the

Figure 40. Pegging the line for a stee

poinis of maximun fall located by the

the steering bank. The three straights show the

steering bank if a fence is to be located along it.
209



e — .

Water for Every Farm - Yeomans Keyline pj
’ dan

s
}j".-gure 41. Locating a fence along an irrig
Jram irrigation land, ‘

ation L';h'HHh'.’ 1 !
0 ¢ .'I’i{f(' ¥
din fgu;‘l
[V

Referring again to figure 41, which represents an existi
E;ﬂmfil;:o?;: l.;:‘”mi:ﬁ sidc‘of the figure), by :m.::LII&rigfocE:[(] ;l;l ik
e o b;:ng T:}a‘z a right angle. The left side of the fi» fce_[)
il e n&;’h 1e surveyor then proceeds to point "A" \\.ijr]c] :
e e e ;ralljlistzﬂ alm_:g Lh_e two curves, then choosinc ﬂh "
e i : two Elmes if they were extended umilg[h w-
s dirmu;p-or?r% Peg at "A" and then measures 6 m (20 f -
o S ;J‘mg? frgm both straights. This Spot is peg edw}

; i [h;s su-lglhung back from the fence point x2 logfcnas
feet) minimum distance C\'CI‘\":E:‘:'LOE':JIE fincz';\'ill e (;g
3 the bank and that the maximum

distance from bank
to fence § 3
locates precisely SICe s atx2. He now proceeds to poi
- ; = 0 (1] =1 JRE
upper bank and i?]s u‘:(:ucl point "A", only this time the E?)lll:lt[ i'B b‘:lhw.h hc
i hannel itself, He now walks north Onsa HI(]}: ﬂ[l]:

The obyi ;
e Obvm:f POInts 1o examine gre Rl §
only ways to reta: » 81
S tai =
(2) by the 1o 2ace e (1) by ntgi umum distance
€ inclusion & an extra strajgpy i, ll:::ef reducing the
a ;
which o::ou]l:rll cril:lllrggcr?ln :

and at peg x7
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Referring 1o R and S on the diagram where the fence is furthermost from
the channel bank, new fence points may be located at each, in the same
manner that fence point x3 was located from "B". An extra straight, R1-S1
would result in the fence 1o bank distance being equal to the minimum a;.
points R1 and S1.

[n this operation, care is taken to see that some other points on the lines
x4 to R1 and 51 to x6, do not now fall within the minimum distance of 6 m
(20 feet) thus requiring some little adjustment upland of points x4 and x6. It
thus becomes apparent that the addition of a new straight, to what can now
pe regarded as the first trial line, may make it necessary to check the fence
points again from siart to finish.

3. Gate locations

Gates, located at fence points, by being in effect short straights, act in a
similar though lesser manner to the extra straight R1-S1. Before the final
fence line is decided upon, gateways need to be located. Two general errors
are to be avoided with gates on irrigated land. Firstly, too few gateways are
usually provided and secondly, the gates themselves can be inferior for the
job.
Retferring to the case illustrated in figure 41, there are at first sight four
obvious gateway positions, namely at X, at X3, at x5 and x7 which should all
be used. Even so, the distance apart of gateways at x5 and x7 is too great and
at least one other is required. The selection of a site for this gateway can be

at one or the other of points Y1 and Y2. ;
Now the reasons for these selected gateway sites are, respecﬁve}y: X is
closest to the delivery point of the water and a gateway for service and
management is required. Here it may also serve for sto;k movements. X3 is
on the centre line of a ridge and also lies at a suitable distance from gateway
x. Points x2 and x4 are not as suitablir:glice thgy lie m the cemﬁesasofi ::;
valleys which do not usually withstand ¢ and tramping as well as nag
Sha;}c: ;‘0, c:s again is on )Lhc centre line of a flat ridge and its position is
suitable in relation to the gateways at X and x3. X7t the limit of the channel
is another "must". Now only a gate between it and x5 _nee_ds to be locau;d.
Point x6 is not desirable since, like points x2 and x4, it lies 1n the centre of a
Vau%l:oﬁision between points Y1 and Y2 as the one most suitable fb_r a
can be decided by reference to the ge_neral direction of Lbc steering
i ;oation area. For instance, if the steering banks

! : irrigati :
banks in this part of the u‘mf to the eastern boundary fence which iy S

line
the area more
west, for similar
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4. Final considerations before construction,

Now with the line of the fence clearly marked with corner
position and exact width of gateways pegged, the surveyor sho
line for the final adjustment of the fence position.

The fence line is now mmpn’s;d ol"u series ﬂf longer straighs whicl
represent the fence itself and a series ‘ot shc_m str:l_lghts which indicage the
gateways. These final adjustments of the !_cncc line aim to maintain
fence between the minimum and maximum distances from the bank,

The first time a fence of this type is located by a surveyor, he would do
well to follow this procedure in detail. However, once he is experienceq
having completed his first such fence, he will be able to shorten the work by
making decisions on pegging the gateways and completing fence line 3| at
the one time,

The procedures for positioning a fence above a single bank irrigation
channel are exactly the same as those previously described except in ope
respect only. The minimum distance has to take into account, that for this
type of channel, the water flows on the land above the channel. Either the
average width or maximum width of the water flow is added to the 6 m (20
feei)_, which was used as the minimum width for working and management,
So, if 1he stream flows 11 m (36 feet) wide above the channel bank, then the
calculation fnf the minimum distance above the bank to the fence ling, is 6 m
plus illmlwhfch 15 17 metres (20 plus 36, or 56 feet).

- l';?l?i] l\ll'nriauoq area nc.f.-ds its fair quota gf trees, firstly for stock shelter and
Y for wind-breaks. The belt or line of trees, can be very suitably

associated with this subdivision fence which divid irrigati
the rain pasture 1and above it vides the irrigation land from

In the case of two rows of t i ‘
L recs of medium spread, 14 metres (46 feet) will

PEES angd
uld walk Ih:

ce but i : 3
purpose. Ut It must still be fully stock-proof to serve ifs
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XxX. CULTIVATION OF IRRIGATED LAND

A. Purpose of cultivating irrigation land.

There are thre¢ main purposes of cultivation on irrigated land for grass
sroduction.  The type, form and timing of cultivation should be so planned
ilnl these three purposes can be accomplished at once, and preferably each
(ime cultivation is required. _ . : :

The three purposes of cultivation on any Keyline project are (1) as an _a;d
{o the development and continuous improvement of the soil's bmlo_glml
fertility, (2) for the soil to be uniformly spread wi@ water both from rmm_fnll
run-off and from irrigation, and (3) for the preparation of the land for sowing
or the actual cultivation when the seed is being planted. "

In (1) the mechanics of this cultivation should bc such that the soil's
acration is greatly improved and the living soil is not inverted, chopped up or
mixed with large amounts of subsoil. Most soils lack humus and have ve;
limited capacity to quickly adsorb water. Also they hz!w: beco::;e::)mpact
and what soil life exists can only occupy a very shallow mzad yer. I

In (2) the uniform spreading of the water, rqfcrcncc is hz to Key
cultivation and the geometry of Keyline already dlSCUSSC‘-d‘E;ISEW ]ur;.m o

in purpose of (3) is ofien a purely mochagl sol

e nt egrowth by killing 1t in order to

problem of controlling the present gr Tk o pemiiE
Iy plant. and at the same time promote gr :

ey i this last point of view can, as a
But a cultivation which is successful from

inued process, progressively delcﬁogle the sonl ' o
Com(l)ct:asignally thE first consideration in a ne“‘}i aiz\:lnggi Ifbali:n mga{:;y
project is the quick wetting of as lefrge an area; St 52 D
be when there isn't time Or equipment aval i s Y e
planting better species of grasses and lggurms. : T ik
produce a quick growth of even relatively poompasiumr e forwlheunsoﬂ
vegetation rather than do that which is the hesll B e e 08 patiern
itself. But it would be better 10 loosen the sol

: j f water. Lo s et
11 ensure a uniform spread o . falls making irrigati
lhatt;::rerfed water may fill a new dam f;rrf:;i a dry landscape may
water available for the new area. 011.11;;3 0‘ " i falls and run off fills the
delay any use of the irrigated arca until hea ;3]!3 + already have been made of
Jly storage. In this latter case full use 3 for the improvement of
D ihc area and the cultivation of lh_c ‘an e B
any f"dl":; gnme niform spreading of later lmg::ncn
!hc i(:;jalely without any disadvantages i lost mcspecies into a sward which
ll‘l‘l.l'liln the case where the planting of new pasiis the three

i ropriate COUTSE,
;s somewhat less than satisfactory is the approp
is
213
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of cultivation may be fulfilled at one and the same time by
seed with a chisel-seeder, adjusting the depth of the culyj

Planjy

£ A vati
sent stage of the soil's development and placing the mdﬁn to
al g

depth in the chisel furrows which will promote the best germinatiop ang
any

purposcs
the new
suit the pre

growth.

B. Cl.l“i\’illinﬂ equi]]me“'
Fach type of cultivating implement has its particular uses and special
advantages and disadvantages.

1. Mouldboard plough
The mouldboard plough was long considered by some to be the beg
implement to mechanically prepare a "clean" seed-bed when the soil is mojg
and the prime consideration is the quick, if temporary, control of the grags
and weeds of the cultivated land. By precisely turning the soil and growth
upside down, it presents a wolean” soil surface into which crop seeds can be
sown easily, 1t would be hard to find other favourable aspects of this piece of
equipment for irrigation land.
2. Disc plough
The disc plough in its lighter weight versions, such as those combining
seeding equipment, has its main advantages under somewhat drier conditions
than those mentioned for the mouldboard plough. It is used to produces a
very fine seed bed for the precise planting of grain on the "firm" ground
below or at the "bottom" of the shallow cultivation. The seed is covered with
a fine toa dusted soil mulch which forms an effective barrier against
evaporation. Available moisture is retained at the "firm" seed-bed and so
germmguon and 1_’1rst growth is promoted. However the finely cultivated soil
may _qulckly seal in any shower and the critical air movements within the soil
are immediately and seriously affected. Then the "dust-mulch" which
retarded evaporation can become an equally effecti i i
R S R y effective a barrier against the
i e e; later._ Increased run off results and
djscT 1::: - hgh can be a ferility d:m“ “O)t_erm. opsoil. Under these conditions the
eavier and bigger forms of the disc plough are mechanically very

effective for their ability to "cho
" 4 P up and turn " . .
scrub growth speed under" various types of light
b“ﬁedg;l;m r\;qainal gena::a.lrliasgzs p :mnm}“'- The decomposition of %he
benefit to the soil. a long time and there is usually little

Continuous use on the same soil of e
: uol either the m '

laJ: ::sghét}“guo;g g:élixlaral c;veulually reduce the fertility Ofo$§bsz?lrd —[?;citfisiﬁ

Nit d 5 [im::nf adequate _ramfall in climates mucl-l cooler than

B, an coniinue :;da long time without any notably bad effect and,

it may take exceptionall Svem tmprove the fertility of their soil, However
y good soil management practiges asﬁd- meo‘:gcﬂ}
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cpecial grass and clover mixtures to prevent rapid soi 5
:{;is equipment m used in humid Fl:nd m;?cilid s;}rllld ;:tl?;il;loralé(::ﬁ wm
rocedurcs invariably become more and more ecritical for h:oil fmﬂ‘-'iat!ou
rainfall and the temperature rise, il

Also, side-casting implements such as the i
are better excluded from use within the imgiﬁﬁﬂdamui pm;%:s
compounding effect of moving the soil sideways with each pass . Thjz
progrcssi\-‘ciy alters the shape of the paddock and the desired flow pal.ﬁ of run
off water.

3. Rotary hoes

Rotary hoes also have their good and bad features. In conditions of heavy
weed growth on intensively cultivated soils, such as those used to grow
garden and truck crops, the rotary hoe will mulch the growth and
mechanically incorporate it into the top soil in a very efficient manner.
However, if used on land with poor clayey soil and with little growth they
produce a fine cultivation which seals immediately when rain falls thus
drastically affecting soil aeration and soil fertility.

4, Tyned implements

The tyned type of implements, ranging from light cultivator to the strong
and "go-anywhere" chisel ploughs and subsoiling loosening non-inversion
rippers like the Yeomans Plow with Shakaerator (originally called the
Yeomans Bunyip Slipper Imp with Shakaerator)!, are generally much less
destructive to soil no matter how inexpertly they are used. When used in a
manner that takes proper heed of soil development and fertility, they become

an outstanding and economical tool for soil improvement. In the moist

conditions mentioned as the outstanding ones for a muuldbga_rd plough. the
in a lighter crop,

use of tyned implements for the sowing of wheat may result in a lig
howevgnthei: cl:mtinued use would be less damagmg to soil fertility. beth
are more likely to improve the sc.:lll anddgﬁm :est.g:‘:rie u;:;sc, produce
food-quali in more economically an rove theyields. .
T-ge out{sgr.l:fng way to convert Poor earth into hlgzlgdf:hrm:h?;gl ;:
short time, is through the proper development of pasture B gml
plough and Keyline plow are the outsgndm.g %mplemﬁt&’ o machjnasopma:e
and continuous improvement of the soil of irrigated A, A tho s
supreme. Even if another cultivating u'nplemem is ‘:ﬂ e
cultivation should be followed immediately by a cultiva

ripper or chisel plough.

———

i | i 4 for the Bunyip Slipper
lP.A.YeomansPlyud.,_;mciwdthgpﬁmephuhpmg:Awudmlw :
lmpwiihshakamlor.-sdlwr.
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The depth of any cultivation, including the use of other i
well as the chisel plough, must always be determined in re]
present particular conditions and depth of the soil.

plt‘.n]cms -
ation g the

C. Kevline cultivation

Although the cultivation pattern for thc uniform_ distribution of water i
dealt with in earlier chapters it is appropriate to review in this chapter some
of these techniques of cultivation.

The shape of the irrigation channel gives an immediate clue to the sha
of the irrigation area land. If the channel is close in form to a straight line
the land shape is extremely large and very uniform. In these conditions, g
contour line half-way down between the irrigation channel and the lower eng
of the bays, one other along the lower boundary of the irrigation area will, i
all probability, follow the line form of the channel.

Water will spread in the desired way when chisel cultivation is done
either of two ways. (1) Parallel downward from the irrigation channel or
other contour line when the curve of the line indicates a valley shape, or

(2) parallel upward toward the irrigation channel from a lower contour
line when on a ridge shape.

Both will have the desired water-spreading effect.

When cultivation is done on pasture land immediately after being eaten
u_:}ﬁ‘, the old pasture is left intact with its soil in the best condition for
immediate irrigation.

However, where the irrigation channel form has produced curves which
swing both upward towards the rise and downward towards the fall of the
land, ﬂ}:iﬁ:lv‘:lf;:; tlllea:ly indicate the presence of both valley and ridge forms
of:stpheem ke = T%‘;g‘ll_ ‘:1‘35:3_1 forms can be flat enough to escape the notice
measures are taken to spriafir mow ill be affected by these shapes and if no
sideways from the flat ridge fnrfn“tah:hr’ s natural path dnﬂmg
the steering bank sides of the irri aou eb‘l&t "a“e)" form, within the limits of
may still result without Keyline c1g.ﬁ ek - good pread Of. e

: : tvation on land of little fall which is also

necessary for apid sl nevertheless improve this factor. But it is still

an
ploughing of Keyline d pasture development, Then, the pattern

cultivation will simu] th
i s taneo i

pasture and, if desired, new i Lo ol
sward with the cultivation.
In the circumstances which are clear]

shapes in the length of the irigation chaymel, ez ¢ 200V cited curving
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joops of the channel and 111:? lower marked-in contour lines, are cultivated
parallel upward from a specially marked contour line or lines below. The
effect of these cultivation lines and furrows is to m oderately oppose the
patural flow path of the water and cause the flowing water to spread
uniformly. 4

For these cultivation purposes, a contour ling is pegged in and marked
with a suitable furrow across the area in the position stated, A similar line is
placed near the lower boundary of the irrigation land or a contour fence line
can serve the same purpose. These guide-line furrows should be prominently
made perhaps with a channel-maker, a delver, a ditcher or a large single-
furrow plough, whichever is available. It is desirable that they should be easy
1o follow for several years, they should not however be an obstruction to
station implements and vehicles.

The preservation and usefulness of these lines can be enhanced by sowing
a special grass into the newly made furrows. Another simple means of
preserving the marked contour lines, is that of 1e§§rmg a four to wc-foc!t wide
strip of land in a permanently uncultivated condn;on on one or both sides of
the furrow, or where a large area is being dealt :1111. to leave a strip of land
out of cultivation but wide enough for a farm road. )

If it suits the stock position at the time water is first available, the whole
of the prepared area should be Keylin_e cultiyalad 10 the appr;)rl:uefnaleb :ieptltah;
according to the soil conditions, then meq:awly irrigated. mhoﬂoes
man who does, or is in charge of, the cultivation should be the one w 5

i ib - “oation. This man should constantly follow the
or is responsible for, the irrigation. : s e
water as each bay is irrigated this first mm:haﬂl - mwt‘»ﬁlﬂas e g
successfully the water spreads. Preferably herf sos eﬁ‘ecﬁve’spmd P
shovel, a few pegs, using them (0 mark areas of 1

correction is attempted later. - the steering

In flat land usli)ng Flood-Flo irrigation the ﬁ@ﬂ;‘};‘:{;’; drain beside
banks and the effectiveness of the stops 11 ‘il:_ s
the steering banks are kept under check and J“:k % required.

It is important that all the construction \::“ %o Iosk, even of small
should always be kept under complete i ation channel. Water gates
proportions, should be permited fXom meeli;‘nefﬁval}' into the irrigation bay,
must not only release the irrigation SUCAT 55 Cr o oo closed. Any leak
they should also adequately shut off of water W :
at a closed water-gate is undesirable. ‘e than just their part in steering

The steering banks likewise must do m"mus: also ensure that 00 Walet
the water down an irrigation bay. by  completed and that no watet
returns to a bay on which irrigation 5 ]usba on which irrigation has 20t
escapes ahead of its time info an adjacent 0y
been started.
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For the first few irrigations the operator should also Check (he i
roquired o cover each bay and record it against the number of the bay. lrn;e
patrol and reconstruction \mrklls done and the times noteq
isfgations could be completed “..nhoul the single operator moving from y)
immediate vicinity of the irrigation channel and its waler-gates, Ty, U“‘:
only work in irrigation is the \\:1lkullg along the irrigation cluumcll;,,:;
apc}:ulg and closing water-gates according to the tme record,

The amount of irrigation water which one man may effective
Flood-Flo irrigation is therefore naturally limited only by th
water-gates that he can open and close in, say, half all hour. If he cgy open
and close ten water-gates in this time over a distance along the irrigation
channel of 250 vards, what is there to prevent him irrigating 40 acres each
hour, providing that enough water has been collected and that the
land is large enough for this rate of irrigation?

Obviously there will be limiting factors which will govern the initia]
irrigation rates, but these limits are much more likely to be imposed by
factors of water or land, long before even a single operator's capacity o
control water and irmigate land has been reached.

In the cultivation and enlargement of irrigation land it should be
continually kept in mind that there are hazards to be avoided as well as the
advantages to be gained, from the irrigation process. The good, complete

and fertile soils of nature are not associated with the higher rainfall areas but
with those _wl_:cre the rainfall is from 400 - 750 mm (16 -30 inches) per
annum, 'I't_uslm addition to the equivalent of an extra 450 mm (18 inches) of
:-:;ag;ﬂgas mm? .wi:;r. is Lhus_ more than suiﬁci_em to cause serious soil
or more.‘ D'T'?c 0\'&131:1 h;cnlhefdlmatt:_a.lrcaf!_v ks 5")0 S on
only be avoided by lhEcStrifl s ﬂ_un_era.ls e lad B0
) control and limitation of both the amount of

water which goes into the soil and the 4 i i
( € tme duri is i
contact with the soil. It g essential A el

therefi irrigati
should water the land as Quickly 28 possibl. clore that irrigation procedures
D

. Fast irrigation
The speed of water application : .
and Flood-flo flat I ndaipp_llcanon 0 both Keyline Pattern hillside irrigation

= o TTigation is such that : :
fertility and soil improvement are completely O?St:ll the hazards to both soil

that the completely opposite eff : Indeed it could appear
i ect of
irrigation could be a 190 litle water ¢

5
and 1t'l|t:r

ly contro| in
c llllmbcf of

area of

two inches or so_af applied water is
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XX1.  BIOLOGICAL SOIL
FERTILITY
Biological S0 fertility is a product of management, ‘The purpose of this
apter i 10 infuse some realistic optimism about soil and at the same time,
‘zlfgf]l‘ll:ﬁsln a practical and enlightening understanding to support the various
:;x.:mcs of this book.

A. Previous wrong rationale on_ seil
One of the great obstacles 1o the proper development of the farm and
razing landscape is wrong thinking about soil. '}'he dcvclop!uem' of land
3- 'nds in the first instance on how the farmer mmks about his soil. If he
1;5?1;5 correctly about his soil, he has a chance of dn_mg the rfghi lh}ng by hns
land but if he doesn't, he won't have a chance of doing the right thing by his
/en by accident.
]anql‘"lfg twoystatemcms quoted below made over a quarier of a oeniltmy apart
t only too well the attitude of agriculture’s officialdom to soil i
o {hat the father of American soil
/ er a half a century ago thal rof . s
b wrote in his book “"Soil
conservation, the late Dr. _H. H. Bennfm, o s st
Conservation": "Lack of foresight and restraint gty £
a land problem of tremendous nmphcz:]uonso.me i
grave is the irreplaceable nature of soil. S o
field, it is as irretrievably lost as if c:ﬂ.:msumedas \{rell s falmct tat ance
its parent material so slowly that we may aﬁmampis, i
the surface layer is washed oﬂ': _land rso oy y As
standpoint, generally in a confilnon ompemgaﬂmﬂ
nearly as can be ascertained, it l?kesof i
conditions, including a good cover ./ Brass; O 2

o build a single inch
vegetation, anywhere from 300 10 1,000 YEA o Mlowed to wash away
(2.5 cm) of topsoill When seven mCthr g “Pf’:wmk; gmwmc;- >
thercfore, at least 2,000 t0 7,000 YIS . " iitural Trends”, whi

tn April 1965, inthe publicaton: "R 5 e ion Servie,contained
was compiled and issued by the Uni last, under the heading "Small
16 items of agricultural interest. T 5 50 0 o human life of the
Topsoil Sustains World's Life", 805 (o5 o0y covering one-tenth
on the fertility of a thin sheet e

. 10! soil.
one inch (2.5 centimetres) of sliufa

A
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wonder that, when such hopelessness is recorded p

. Y su
no A AR ST :
l:'lljnuhors and mistaken conceptions of soil still so widely Dfﬂclgim
expe B ersely affected and their 1.
5 ers are adversely affected and their | :
that farmers and grazicrs N Suffeyy

Dctﬂ:-:;:;‘ .\\'rong attitudes are combined with inappropriate Cultiva
methods the results are dis:sstroys. For :‘usmnc._: if top soil 5 cm (two ingy :S.;
deep is cultivated 10 cm (four inches) d_ccp with .;i‘mouldboard' plough, 5
living soil is buried under 5 cm (two l‘l'lE'hCS]' of inert st_sb-sml, The g
species and communitics may be cut off from adequate air supply, Severeg
from capillary moisture supplies from below, exposed to al_)nunnn]ly eXtremg
temperatures and have their general development greatly disturbed,

B. Soil Fertility - A realistic attitude

If the process rock disintegration is the first phase in the natyry soil
forming process, in human terms, it takes a long time. However the time has
already passed. Now subsoil, the layers of soil-material beneath the top soil,
exists in relative abundance under most of the world's agricultural lands,
This is almost universally the situation whether the topsoil has been [qg
through man-caused soil erosion or not,

The second part of the soil forming process is a biological one. This
biotic or organic phase under any climatic conditions that permit agricultural
pursuits is extremely rapid and by comparison, virtually instantaneous, The
Lim_e requirement in this second phase relates more to the life cycle periods of
various soil communities; the bacteria the fungi, the earth worms, the

grasses and plants, plus the animals and birds that invade the soil in search
of their food.

Earthworms can breed in two o three months afte i
capsules that may produc s after hatching from egg

¢ 20 live worms. Hereafter this hermaphrodite
A hectare of fertile soil will contain two

0 things for optimum development; good
Ce air (oxygen), moisture, warmth, space and

gt‘),hig!:' Protein) food. When these conditions
moination there jg 3 gt climax.

In thi -
0 this second phase, the botentially rapid soi] forrm‘ng process, man’éan

intervene acting as a Catalyst to peed
- - - . en ce i i i
soil climatic associations mvolved. In U:Isldwsa o oo S8

inert soil-materials of the subsoil intg fivin. . W20 can help transform the
mio livip s
three is peri . 18 10p soi] i r
accord];?mi B[;Yond this period of time, the sfﬂ wli“m L ue two:e
8 10 the manner of the care given (g ; Continue to impro
management of farm or grazing Propertieg L as part of the general

I PN

living conditions, which embra
a pler_:u.ﬁll supply of suitable (e

C. Soil-building processes accelerated.

Any present fertility, be it only a smear, or some centimetres (inches)
. can be uscd to greal advantage in the planned process of soil
g;;.ppr'm.mncm, by regulating the depth and the type of the cultivation
accf’lfﬂ"clf::l}elnlion should be to use the living top soil for a kind of "yeasting"
onversion. Burying or mixing the topsoil with too much dead sub-soil may
C ertax and slow down the soil building process. On the other hand
E;]tivalion. with a chisel type tyned equipment, if done 1o 10 cm (four
inches) total depth would leave the top_-so:l and subsoil where they shuuld_be
ie. not inverted. It also promotes acration where necded, accelerates the vital
rocesses of the soil and leaves the smaller section o'f msuubed sub-soil in
ic ideal position and condition for roots to extend I].:IEO it. Unfortunately
deep work with a chisel plow bri_n_gs' some _u:‘ l.he subsoil earth to the surface
by and so limits the depth of the initial culmianu-n. -
1. Depth of cultivation is oﬁgn crm::.aL y
Considering a chisel plough, as the 50 mm (2‘ inch) wide pox:d ﬁ
through the soil, any subsoil u1 front pf eqch point Pwt:egﬂt;as e
surface. Deep cultivation is thus impractical till the life in

to deeper layers. o
In the granitic condition recen

tly mentioned, it would scem that any

i il present to
depth of cultivating could be too decp. Ideally, to mhtgfo?gnrlﬁﬂ p e
the best advantage, shank spacing could be very‘::lwm i penztmof pri
depth at the commencement somewhat shallow r. s OR ]
sandy soil generally, there is less need for d?airmmiu 2 soils.mchith e
A fine surface seal usually causes any 139;3 il fust el
broken, the air penetrates readily through usually

il. | itions to those described
the ngaf;:fhﬂ of the cultivation in .ﬂmﬂmﬂ":’o“:‘;? ’::0 deep a penctration
previously, is not so critical. mr:;:bilz uf:ri.iiwr downward, reducing the all
Wﬂmm?uﬁﬁraalpid meo‘;ft;tenew germination. A cultivation dug decper
impo

et All soil can be
£ to confirm that this 15 S0. be made
.+ osion would seem ‘poor soil can not only be ma
e s 15 o 0 g
improv . vsological processes esently

fertile, but lhell'_blo:;ie mnrcp nutrient elements than are presentl

the soils productive 221
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D. Practical experience with Ke ling
1. North Richmond, N.S. W, ‘

An early experience on our family property in this type of soi]
had as raw material, yellow clay subsoil (!rlom which the three 1op inches ui'
poor grey soil had been washed away), su{l }c!ltm- s|l:t;c ro\,l\ and g Nardey
blue shale, The original profile had been 50 - 7_,\ mm (2 -__i inches) of grey
e bout 225 mm (9 inches) of yellow subsail on the hillside ranging (
metres (some feet) of the same material in the valley areas.  All thjs was
underlain by the harder blue shale that was the immediate geological base of
the land. The arcas of yellow subsoil clay were associated with the lower
parts; the yellow shales with the medium slopes and the blue shale showed op
the steeper tidges. The property was west of Sydney and averaged 600 my,
(24 inch) annual rainfall.

We cultivated the land around 6 cm (2 to 3 inches) deep with a chige]
plough (which does not turn the soil upside-down) equipped with 50 mm (2
inch) chisels spaced 30 cm (12 inches) apart. This first cultivation was dope
in such a way that the second run with the chisel plough, when made on the
Keyline Pattern would form a cross cultivation. The second run was made
slightly deeper than the first. A mixture of grass and inoculated legume seed
was planted into this rough and lumpy surface together with 125 kg per
hectare (one cwt., per acre) of a 50-50 lime-superphosphate mixture. White
clm'cr' and cocksfoot were included with the planting; both were said not to
grow in the region. The weather was warm and the moisture conditions were
not cntical. The result of this sowing was exceedin gly poor. Very few clover

l;i;li];lt: remained for long after germination. and the grasses were thin and
This "pasture” was allowed to grow to about
before cattle were put on to eat it right off Th
stock and the grass allowed 1o 8TOW again be
paddocks were finally eaten down in the early
grasses had improved in both colour and gro“-
clover and lucerne plants persisted with

At thi : i
imrguc;i::zﬁ?'c;:jh;c]h c‘.\;a‘sr 12 months from the initia] sowing, the pasture was
) tvated on the Keyline Pattern working the soil a little

deeper than before. The r ;
- esult of TR
complete destruction of the indiffcren:h;:zstsf:rj: vation appeared o' be ‘almost

mr‘:‘hc cult;\_'a;ion revealed a notable chanpe i
‘ere more friable and there was » darkeni

3 ing of the yellg i
o |§: :)h]z I:;lsosl:ar;o;ablc ci:&ange occurred in the hardcr\glxlgl?;f: I\I\]f?lt;za;l
o e p]:;car 1o be scarcely alive; it seemeq im 'ss‘blc for
o e ugh to the autumn There wag m s

. e broken shale and larger shale p SO
cracks, with many of the lur Ay Wi § mase of Are

l]ps frclling a“a} a ﬂd b]’ i “rhcn "}"Ched

i N

Ulkillg

18 cm (seven inches) high
¢ area was then cleared of
fore being eaten off. The
autumn by which time the
- A thin sprinkle of white
many plants of subterranecan clover.
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The persisience of the various planis was then about equal to that on the
‘.L.uou' areas. o
*Ihe paddocks were left without stock fnr_ the pasture to grow. Re I

¢ relatively rapid, the colour was much improved and the change in the
W .|=I ¢ was notable, While the sub~clover had thickened up, the white clover
CI?\.LIO\\" everywhere, Grasses grew taller and thicker. No fertiliser was used
o Ior at :m\T time, during the next {en years.
l'lr“c pas[im: was given its lims:-m_-gmw after each stocking during_tht:
second year when it was cultivated in the a_ummn_ as_bcfore. but a 1fn.le
dccpcr,. Inspecting the rough surface of this culu\-auo_n there was little
evidence anywhere of the former yellow shale; the matenial was now much
darker. The formerly blue shale paiches looked remarkably like good dark
soil, Inspection with the aidof a gpade rcvm]gd many smallvwnh worms. in
all the cultivated and aerated "soil”. The soil was dramatically coming to
-fCI . - -
X Throughout this second year, the pasture itself had continued mhﬁﬁi
at an accelerating rate. Root systems Were also deeper and zrerylhsmnc 2
everywhere. Many visitors who saw the pasture at the end Seco! ﬁy?e
believed we would ruin what they then considered good pasture

ivated it so drastically again. : .
cuh'lfhc rather spectacular improvement in growth follow:;s “?ufrd apm
destructive cultivation had been scen before. So after : o
; in chiselled a little deeper- Throughout the third year ¢

paddocks were again ¢ b s ap shielling
pastures were very good. The rate 0 ) second

i red it further. . 4 e
had’l"ul?ep;::mh year pasture was outstanding. The soil ;Sw;h '
dark and teemihg with soil life. There were many mo! Worms

i bers of larger ones. e
and;rc:)nr;ﬂ:;a sbtf:rln:;n this particular soil dewlopmenl.w ;‘:1::: ?a%e:monn sampl
soil to examing ils Progress withl 8 spade even
continued this examination for many years. 1o cad of the third year

The cultivation program was omnp!e‘t:;d ?laf Ol o sl the m“h':d
there was an average of 13 cm (’Ii'l\":ml:ﬂ1 s :
land. The soil continued to deepen i
i bers and size. of all for
mnll:mhasbecnfoundt.halmebeﬂandCh Masim“‘a’“"g!mm

the grand scale is the dead roots of gm:b pasture 5 .mh“’ Of“ndm
promote this special organic matier in abundance, successt

can be promoted. S s N—.EVMO“’- oo 8

i i amral ’ 2 e
In May 1971 aTVcameraumt.caman;%pmjm N W&"d i
and assistant, was taking movie mug::lwces il above an i
north-castern Victoria. On one Iiarll;z3 untreated

the
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channel was dug up with a spade and discm'::t"cd 1o be 75 mm (three ; neh
decp. The soil peeled off the sub-soil below in a 75 mm (threc-incy g
block carrying the light-brown earth of the root zone, and not g single lick
had penetrated into the yellow sub-soil. Soil nearby but below the chﬂ,:(m
had been 'Keyline pattern cultivated' once nine weeks earlier with a ChjncI
plow and irrigated immediately afterwards. In this area, wherever the sf:?l
was inspected with the spade it was nearly black to a depth of 150 mm {sil]
inches) and carried a heavy root growth with earthworms in evidence. By ex
the owner of the farm was surprised at this proof of how quickly sl can bcn
made deeper and more fertile.
3. Kiewa, N-E Victoria.

In 1970 in the Kiewa Region of north-eastern Victoria (a south-eastery
state of Australia), two high ranking officers of the Bureau of Agricultury)
Economics from Camberra, the seat of the Federal Parliament, inspected
many samples of soil that were dug up with a spade. They were there at the
request of a Minister of the Federal Parliament to inspect several properties
;;;lﬁ tahcis: n:echpigujls of ﬁliandsc:a;:-e design had been implemented. The

ed the o e i g
S anﬁ A ma;egrs were farmers and graziers of the Kiewa,
.Aﬂe'r the officers had !)cen shown several properties, it would be true (o
say they had become convinced by the inspections and th d :
the efficacy of the water contro] lay o Snonata iy of
but perhaps not yet of soil maidg;'u{l;::md othet;asglec el
o + they were finding it too incredi
believe. We then came the final inspection of their visif M

On this property II_xe owners had double their profit by following only one

t. He{e the officers were finally satisfied
up with a spade, of pasture soil. Some
one year of sojl development. Adjacent

Finally, that i 1 Al hour
the da; 3}3 cmryye?h they were the third highest in buittarfve .
dairy - M€ two other producers ahead of them :t D secon for
€I¢ members of

2724 yr w

water for Every Farm - Yeomans Keyline Plan

e Kiewa Keyline Club who had started their development work one year
the

pefore them- g b

They still have their pasture pests ut now the pests are hard to find
instead of being in uncounted millions. 1t became a struggle for a few
inste

.cimens 10 survive in a healthy environment. Usually when pasture pests
;I:;cd to plague proporlions they are simply responding to soil and
nental conditions produced by farming practices that are unsound

enyiron :
both environmentally and economically.

E. Soil transformation.

The subsoil can be transformed into topsoil. Topsoil can quickly become
darker and far more fertile than that which existed natural
conditions, Soil transformation programs have l?een repeated on the widest
variety of soil-material; on poor soil_ ant_i on 5(_:11 not so poor, all over the
farming and grazing lands of Australia with similar results. ;

On many occasions, property owners have szarled tlns‘ program and
obtained outstanding results such that they were af.rmd to continue for fear of
losing what they had gained from only one chiselling of their old pasture and

i i improved permanently by only one year's care.
soil, Yet the soil cannot be imp pe it aoh

In the book "The Geographical Basis of Keyline®, the
Holmes, Emeritus Professor of Geography at the University of f!fednfmc myg
this observation: "The soil he dug for us was a reyelation ... il
course of Keyline cultivation, had_ developed an extra t:hnrdmmym ¢
soil just teeming with soil life, while the pastures were e m%— A

In review, what had been done Was 0 place lhc':}f mﬂlm e malmmfe]l, .
condition that allowed it to take in rapidly more = i
would remain in a moist condition wuh_ near lPe - anaeld hmsa‘nmpmvide
periods. By using artificial fertiliser asa trigger elemen e i
the alkz;uline medium so necessary for clovers at getmlﬂam-gmm
We had allowed the pasture growinfg-um§ to ss‘;stm::ifvas e Wdaﬂ‘::

i 1 i o = . -
A rational (rcrtat|o11:;1)1\;:.:113::1 ofm:smrom organic it erial died soon

deeper,

these particular paddocks.

Voisin who developed 3
: sed (probably coined) by the ate Add® FOE S e
1 wRational grazing! was a term (@ (felds) in the
mﬁngmmﬁmmﬂtmdmemmbermoipl:difks o pacly e o
paddock(ﬁe!d}soaslobriﬂsﬂwmk wih occurred was a feature OF B3 WL "Mﬁﬂl
of pasture growth. Removal of stock before I8 ik incided W
gazingaimmpwmuinsmebstfmdqmﬂ?_ i development was
W‘“*“’“”“mwﬁ“fmm,mf 2 great. improvement B 956 S50, (o oyl
biological so:mfeﬂiﬁl}'& éﬁﬁmﬂwwﬂmﬁ wmqﬁ'éawﬂw med
L e ; ‘
the control plots. VoI s o
mmo;‘;iﬁ:el cultivations doveloped in Keyline: Ed
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—



Water for Every Farm - Yeomans Keyline Plan

the pasture was eaten, so forming food t'olr the soil organisms, So with g
living conditions consisting of, moist, warm and well-aerated sojl, 4 Plentjf
high protein food supply (the ra:s-:nﬂy dead roots of grasses and especially the
leguminous clovers), the soil organisms dc\'ciqpﬁ‘i rapidly to a climgy of soi)
life. Wind born spores and countless mllc‘r life I_Urlms landed on
better soil environment. The society of the living soil

develop. By e,

The changes in the look, smell and feel of a soil which only or
climax of soil life will bring about, is quite dramatic for those
take notice, but generally no one is looking. Too soon however, ¢
the soil of this one climax will be lost. The soil will drift back slowly to s
former condition. However in this particular instance we caused climax o
follow climax each time the grass grew up as the roots went down to the limiy
of the depth of the aerated medium. Each time the well-re-
with its new and more fully developed root system was ea
of the roots again died. Each time the roots died the
responded to the good living conditions and to the food
frantically. Each climax of soil life
countless millions of the soil inhabi
enrichment of the soil through death.
The Keyline cultivation done
third years was made a little d
the moisture holding capac
aeration. So each time the

new angd
as Slarting 1o

1€ such
who woulg
he effect on

8TOWn pasture,
ten out the majority
acrobes of the soj]
supply, by breeding
development ended with the death of
tants to play their further part in the

in the early antumn of the first, second and
eeper each time, Each cultivation increased
ity and maintained the best possible condition of
EFass roots grew deeper to the fisll depth of each

L. Succession of climay
b ) Xes created.
As has been indica i
climaxes may not persi
succession of climaxes,

Each year up to five soil climaxes occurred, each followed the eating Olll‘

i i climaxes followed the autumn
ways will be in | iti :
Permanent transformation of the 50'1]) f tike conditions, a relatively
It is no sarv }
Manage alldm?{;f;):]?eeslhe_ qu kj[;?: “. 2out the soi] processes in order to
S soil, it is to than jy
; ; 2 is
electricity (o switch on the light. We do peeq 16 know o know all about
the qbvlmus iems chronicled ip this i Somewhat more than
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, winter incidence and the northern arcas of tropical summer
area of ﬁ‘ff:::'_};c i a wide variation in the yearly rainfall from a low qf under
! l(sc\"-'" inches) to a high of nearly 1800 mm (seventy inches).
180 mm {emperatures occasionally reach 38 degreﬁ _C. (100 degrees
Sumimer _“‘i with an average maximum in the mid eighties (29 degrees C.).
F“-lm:.n-“m vide only a few heavy frosts.
YiatrER 2. Soil Climate changed. e
id that cli is a dominating influence in {1}

Iy hm.; l-)fx{:ﬂgr??: :L:a;mbT:; Ssl:o?n that thf: eﬁ'ecf on_s.uil of the regional
natural i be manipulated to change the critical soil-climate that can ;l;elr:
climate L‘NLE“C!‘ soil than the existing one. E\'cl'll\’i"llh the climate '.ila'!lami :
S ~d 1 that it is necessary to have a s@men_t knowledge tfef,able i
Cimhi ?zfl the principles involved in this mll-mahng_ls: as 10
g etepnes f il s

i i owed in areas
The question arises; should these techniques be literally foll :

i ith a winter
ith an average annual rainfall of 350 mm (1540 :::l::hhz)) :;Lha :
}\111} o d in another area with 1,279 mm"{ i ofsmesuil =
}HC}deHCC:? m}ic answer to this question i “No‘, mem et o
mifri?aczs we had done could be quite unsuitable in bo
au

i little of
ivati jide good aeration of a :
urpo f the cultivation are {0 prov . i o
Th;s;:)il a::.cdS :li the top soil above it at r.l:; 0121’111; n'(;fns my:;rm :
c sul : . .
[fhflowing the cultivation, the moisture m:l wamcm“- i pmdhmyuqe
: be best suited to promoie @ major SO St Br
l(w:u‘fﬁcicnt consecutive numbers of mel;L tohgfcrmaﬂeﬂﬂh
- ¢ whole landsca
thereafter Jandc
and the pasture, and soo; s oy ith climate.
Soil influenced by the low winter 1nc1dggem o oft}lz ains el

and Wi
in the warm months Pt’ eja{ly %um?:lleve}opmem.
temperatures would inhibit c]mm_ R poi
crz used the pasture for winter
Wi

] y jorsen

process and this may also wWo
i ; . i '
However in these Circ ¢

cating out of one of two e e
amic principles. e with its L b
dynln the somewhat ywarmer (:lunf;1 ing of a% dmewmmplw:
f s
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aspects of soil 10 be considered, one that is readily visible ;
Spec C ang the “lhcr

invisible. :
Firstly, it is obvious whether the surface is a soil (no matter hoyw P00

1), o

» U

merely a basic soil-material. If it is soil, then there are some aspects
cultivation that are affected or governed by the features of lhe“f. the
Considerable areas of agricultural Australia are covered by only 50 Soil.
inches) of top soil that is alive. There are also parts, notably in the 1 (two
granite belts, where the depth of the living soil is little more than g Sm"?"rcr
darker colour over the very light coloured material below. Some Sc'?lr ‘?f
relatively infertile and low producing even though they are deep, &.2; 2
these soils require a somewhat different treatment to that given to o ,l of
material, oz 501l
s_econdl_s'. l]llc unseen r_clutcs o lhe_ soil's necessary mineral elements f
fertility and their availability. Some of these elements may be in such gj, ;
supply that the health of plants and the animals, forced to live th : Lt
impossible. On the other hand all the minerals may be in adequate cre, is
: g : ) € or eve
Pl‘?ﬂl}ﬁﬂ supply but still be useless to plants by being unavailable i %
existing form. Unavailable minerals may be made available b ’n o
processed biologically by soil organisms. It is in enhancing th Y being
processes that the farmer and grazier can lift the healtt St
his country. th and productivity of

water for Every Farm - Yeomans Keyline Plan

XXII. TRUTHS ON TR
Like all aspects of agriculture one factor :HECE‘S E ltc::s.m EL:;S

deficiencics, if any in agricultural soils including those needed in onl ral

ions, are usually known i ¥ txske
1:,mpnruom.. 3 n_a general way, by departmental advisers
or Agricultural Department extension services, These minerals would need
to be added as part of the trigger elements at the commencement of an
jmprovement program, but once the soil forming process is satisfactoril
pegun it may never be needed again. y

Many areas which are reputed to be short of one or several of these
mineral necessities, do contain some of them. However the minerals may be
present in an unavailable form so their natural presence is sometimes
disguised. When applied as recommended they nearly always show an
improvement in the rate and colour of growth. The response of plants to an
added mineral or added trace element does not in any sense prove its need or
that the soil is lacking in it. This fact is often not even suspected by many
extension workers or is completely ignored by any with a vested commercial
interest in the supply of the products.

Side by side with our experience of sub-soil and soft rock conversion (o
fertile soil, another area was treated in the same manner excepl in one
respect. Every trace element recommended for any area extending well
beyond our soil zone and climatic setting was added with the seeding. As
would be expected, the first growth from this trial was better than the other.
Firstly and most notably, the colour of the pasture species was good by
comparison. Secondly, the rate and the thickness of the growth was a little
improved. Both these effects showed for a little over 2 Y¥5 But about
fifteen months after the original application, there Was 1o difference in the
results to be seen between the two programs.

11 recounted this experience later to W0 separate groups of CSIRO.

L e e roperty. Naturally they wanted to see for
scientists during their visits to my property that the "trace element

themselves and after it had been pointed out U : ; :
paddock” was one of four visible from_ the discussion pr:ru_llt.l,1 :n mspew& &‘;Ln‘
was made. The inspection included taking many samples with 2 spa o
t the end of a two hour walk no one was p
treated with all elements.

various paddocks. A S
i an ock as :
make a firm selection of any pa \he late Sir Ian Clunics Ross was the

On the second of these occasions clement
leader of the party, which included Dr. John Anderson, the (race

i this chapter.
1 p.A. Yeomans is the one writing in the first person throughout p
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discoverer and rescarch authority Hc_ was as \\-cl.l known
overseas for his work in this field, as he is in .‘\uslr:xlm:

These events are recounted ljcrv to add uuphus‘m ‘mc fact it
response to applied mineral fertilisers is by not proof of their defj
the soil; just a lack of availability.

and respecteq

]-ilil Dinm
Cll.‘l'lcy in

A. Availability of primary m_incrulg

The "soil" in this examination which was not trc;llgd with trace elemenyg
showed by the poor colour of the grasses and other signs in the firs vear
that there were deficiencies in the soil, but less than two years later U!cn;
were no plants with these deficiency signs. The course of the soil makip
program, by triggering off vital soil processes, I.md c.h;mgcd the availability
of the minerals present in the soil and sub-soil into forms suitable for plant
nutrition.  Never-th-less it may be wise to add trace and other minergs 1o
the "trigger” fertiliser at the start of such a program. Indeed it could be safer
to add them since had the conditions of climate been somewhat worse, any
means which may ensure a better start could play a critical role,

The whole story illustrates one of the widest held fallacies of both officia]
and commercial agriculture, namely, that if deficiency signs in crops and
acid reaction tests of the soil indicate one or more deficiencies, then there is
only one corrective course to pursue; it is assumed that the particular
minerals must be added artificially to the soil.

The diluted acids used in soil tests do not disclose the great truth that soil
minerals can be, at one and the same time (1) insoluble in both water and
the test acids and (2) available to the plants by other soil processes. Indeed

if nutrient minerals could not be both “insoluble and yet available" they must
have all been leached from any worthwhile agricultural soil long ago, since
only the lack of rainfall would have allowed them to be retained in the
surface soil or shallower sub-soils

A :;elil un;ﬁc;il[s ;n:; bf] absent frium some shallow top-soil yet be present in
! resently unavailable supply only th i
(an inch or two) lower down in the sub-so?l!.) : e 'y

o t:’:;h:;‘cgiﬂ;jmﬂﬂnm oh‘tam their Proper mineral requirements, there may
may be imported to the g %, ik they can be supplied. (1) Minerals
o Mjnc:]::])s .O, e faim and added"; in a dry or liquid or gaseous state.
Sitre m} m nladc ava:!abh':". b}' me’ChaﬂiCal or blolOgiCﬂl
Iocz:ccdf::l ?‘{r:r:i‘lc S?;:fe ks have always contained them but now in a
biologi 1; . mechanical treatmeny jg intended to enhance a

Eical process so plant and stock management practices must play a vital

Because of the tremendous im

; il 2 portance of thig arti .
lmprovement it is \\-'orlhuf'lule pursuing this nmilcr[}ur{ll'::la; factor‘ of soil
other aspects of these particular visits by the scientists r by relating two
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. one discussion 1 was asked if I believed in trace element
1)_1|11!f1-> {he soil. My reply was in the affirmative, but I suggested that
gdditions wusc"l manner of their use it could not be known whether they
from (he [T,ru:|l)ii: but actually present, or absent altogether from a particular
wekk Clc‘;rl\" when the "missing" elements had been determined by trials
gy . "ul'dcd, the results were quite spectacular, But could the trace
e IIM} b‘u made available at less cost by other more soil beneficial means?
“l”'"'.“'m: 1 Clunies Ross asked how I would suggest the work be done. My
B .,'” 0"- these lines: Practically all soils relevant to the discussion were
s, Milc leted. Nearly all Australian aged soils were "soils-in-decline”
orl o.:: p;l:st the stage of their highest fertility. Therefore it should first be
mftd.rﬁul:md what each soil could do for itself in the way of improvement,
fj;:l:‘:r {reatment and management that was anmf-.d solely at improving the
':lloislurc—air relationship in each so‘il. or, improving thii: s::r-:nl_t;:x]al& e
All soil men highlight the importance of so Sl
comparison the Keyline treatment of ours was truly af‘:;i)l e
acration. For instance, with pasture on ,5 cenw_m’tre: ogh e et
soil), we would literally tear it {0 pieces with a chiscl piou would be timed to
more than 7 to 8 cm (three inches) deep. This cultivation would be
: iti Then the soil and pasture
suit warmth and moisture conditions.

R e oD
managed as we had done before by giving _the_pasmm its t;me g:m

h eating off. The same timed cultivation once each year three
after each eating oil.

years would be given while comin}:ing this same pas
At the end of this time the soil ‘?‘OI.IIFI e e leasta
goodly portion of the minerals which 1t%ts o : climate
impr{;\fed soil all the trace element 1 A e
conducted. My opinion was that these lest: o o del any
In support of this program there v«‘mﬂﬁ“3 D0 etion of e dempﬂmm‘
improvement work which now mvol\_rei;e e ealos” Siabite
But in as many of these cases s e
kept free of added elements and subj

: Dr. J. And
only. Sir Ian at this juncture I;mﬂrf:‘fc;; et
do some of their trace element xpe 333“0' i

0. attitude 0 o Kyl

B. C.S.LR. tude to KEVTCR, Koy

After this visit Sir Ian mnunuededtoifclh-:“lﬂnlatﬂd i “"‘Kﬂg
nerally, to the extent that T was ask e for Keyline develop

gonerally, o O alting if the C.S1R.O. AloGHERE Lo ine Canberra
gnagrrggof 243 hectares (600 acres) O il o ¥ ”w was

imental farm was to be moved. M o Tan. The con dition Was o

Gt pplied, was accepted 2 ould be allowed 1© intrude

condition was @ & s A
i:csoil conservation phi'l;:c!ph)' or P;l‘"fo 1d also function in the nature
lected area so that
the selec i

i a
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"test-of-Keyline"; surface and gully ul:ros‘ion‘“-lu'ch were boll‘| Present op this
land, would be "cured” as they are in Keyline, only as an incidenta] o the
Keyline work. \

T visited the selected area in company \‘mh officers of the CSIRO in
Canberra on more than one occasion. Unlortu:ui_tcly the untimely death of
Sir Ian prevented the Keyline project from happening,

On another occasion a C.S.LR.O. officer with a group Visiting oy,
property, asked me what I would do to solve a problem in the case of an arey
of 1,620 hectares (4,000 acres) of very poor soils which had been "pasture
improved", The pasture improvement program used was the now orthodox
one, but when the program started these were new techniques. Clovers and
grasses were sown and superphosphate was spread year after year for many
years, Imtially very few sheep could be carried on the unimproved land but
soon it carried 2.5 sheep per hectare (a sheep to the acre). This had neyer
before been achieved on such country,

The carrying capacity continued to rise as the grazier prospered; and so a
carrying capacity of 12 sheep per hectare (five sheep to the acre) was
reached. This was one of the first properties in the particular state where the
recommendations of scientists for pasture improvement had been faithfully
and enmysiasﬂcaily followed. The outstanding success here had given
pasture improvements a new impetus among sheep graziers in the

surrounding area.

After a number of years the now consistently high wool clip suddenly
and unaccountably dropped by 10 bales in one year. The grazier, though
baffled, was not unduly concerned by this one year's reduced clip. But

perhaps five centimetres (two
had been a very light colour.

It seemed to me that the yearly i
! 3 Vo
SCing a phosphate deﬁciency had, “i_’-‘gr;iillgogf e b
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- sreviously contained at least in the top few centimetres (inch or so) of
bu:n (‘:i] Therefore, it must be considered unlikely that the now extracted
tll_‘ S.m{ had existed only in the thin surface layer and so it would be still in
""m'. ‘501'{ of supply immediately below the present top-soil. Moreover the
S(,ml'{'of pasture management, with the yearly dressing of superphosphate
t -{EC“ was spread on the ground without any disturbance of the soil, would
::]su have inevitably resulted in faulty soil acration which would worsen any
other bad effect. _ . 3

Scientific tests were carried out to try to detemmg what the missing
minerals were, but they had not yet provided the solution 1o }he problem,
which was immediate and urgent. Of course, once_the missing elements

were replaced then the corrective effects could be relatively rapid. .

My experience suggested that t.hc‘ fanner_shuu!d follow the Keyline

mcthc;ds, covered in this book. So ginn'g consxderaum? to the fact that ﬁ

weather was still warm and soil moisture was satisfactory and co

Improve. ‘

1mp’l"(;lc immediate action recommended, in Lh_e improved pasture ﬁnﬁ

that the soil be acrated (loosened) using a chisel plough, preferably

3 i  he
Keyline pattern, and not more than about eight centimetres (mmz LGfe‘z
deep. This depth of cultivation _would_ extend nwgemh e
centimetres (an inch) into the sub-soil. Soil reactions

b rapid indeed. _ _ — :
coul'lslheeei;?cteg results from this drastic, acrating culgv:[;lon wu,n;'l:ls bewauld
(1) The rapid development of the soil-life io?lard l]mlumeu«'.ab icir

be sustained in the warm moist and acrated soil by undant

i t near the surface. Wy, - frecii/igl
m(ezr;alTI::scsgu organisms would be _b.ologngf:villy I&m e
material in both the shallow top soil and in the nﬂ oy S ik

(3) Humus would be produced by lh&;?m ngls xmgamsmsw O ipicaly mmshon
would include, in an available form, the
in the top-soil. W
SUPIE‘P)? l'f[l'heeﬁrsl:*rst‘.growlh of pastl}l’ﬁﬂ;‘s'ﬂ‘i:‘giuf;ﬁﬁ - nation of Some
ist sub-soil and the eﬁ'er_.‘t (o) ! i transfo :
21;{:1::?:&! sub-soil into biologically ?iﬁ":, l‘:’};ﬁ ”emm of at least partially
(5) The pasture could “tr; {%arﬂs“lecre  er the treatment.

i iency i is comment Was,
remedying the deficiency 1n e ts in the gToup 8 h.lsmuble i

owner of this prope e fur
2 Ttl}e what we will do!". There I1as‘.tm 3 s
Talh‘t?cjlar property although I did not €€ grazier again years.
P
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Common misunderstandings op

C.

putrition. .

Misunderstandings about pI..].lII nutrient supplies can be linked (o L
defeatist attitude toward soil fertility.

Although mineral deficiencies In _plunls may h; solved on sige 5

deepening of the living soil and improving the soil's biological fertility, fhe

most common belief is that the problem must be solved by erid

imported onto the site. K ,
It is my conviction that any lasting benefit from purchased minerals will

depend on either their continued use or the dynamic ability of a living soj] (o
produce its own mineral rich humus sl

Part of the confusion is because the processes in living soil are not
understood. The processes that prepare minerals for inclusion in normal
plant nutrition are biological and complex. As too is the method by which
the plant then selectively takes in it's particular nutrient requirement. These
processes do not always conform fo contemporary expectations based on
chemistry experiments in the laboratory. Nor do explanations based on
these experiments represent the true facts of the soil-plant nutrition
Processes.

The early and still too general belief is that the water solubility of
fentilisers is the measure of their feeding value to plants. Despite the fact
that some water soluble fertilisers are quickly washed out of the soil while
others bccomc insoluble and theoretically useless. The flow of water moving
lf;gmcsmchgogl into the plant roots, through the plant stems, branches and

ves which transpire into the a ' hi i
S plin i the atmosphere, is not a stream which carries the

R L. Some American experience
v SIS) Ju':"]\"‘_;g‘m'\l- ::lll’::;h;l EII;WUHT::S Pfofe§sor( of Soils at the University of
and tests which showed tha ek lolc_t e ofiexpenents
S

o wed that plant nutrition could continue n lly when
there was no transpiration of water from hy P
stopped. Further, that plant nutrients ¢q I[dc plam'“nd e
soil or visa versa quite independently of l;llc ‘:;?\-'C B0/ pl:!nl fromte
Here are his own words on these l\'.'o-mauers; SRRty i thepla

de 1L, will grow "hi C
us that while the transpiration stream is Iﬁ‘aj;cd“(:)l:]?a]lly‘ 1}3"5 = 1‘-2;
Pty “Cause the saturat
W /aporati
5theatclr’ of evaporation, fhe fertility elements are,
plant from the goip In research at the
bean plants were BIOWn on soils of such low

nevertheless, flowing into
Missouri Station, some 50y
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ation of the clay by calcium, that the total of nitrogen, phosphorus and
> ym in the complete crop of tops and roots were less than those of the
d. Such facts tell us that the fertility elements may flow out of
he reverse direction of the flow of the transpiration stream of

satur
pol:u;s'u
p!.nllcd see
(he roots, Of int
umislurc."

Four very interesting days were spent with Dr. Albrecht_ on _1.he Missouri
gration. It is the second oldest Agncu.\ruml WCh Station in the world,
only Rothamsted in England bcm_gloldfzr. The important. aspect of‘lh;ﬂe
discussions on soil and p]_am nutrition is whether a spl?ﬁcnen: appreciation
can be gained of the soil processes and plant nutrition, (o cause us 10

reorientate our thinking about soil management.

A
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XXIII. ROTHAMSTED RE-VISITED
Later in this chapter is a fairly detailed rcport‘or one of the experimengs
done at the world renowned Rothamsted : Experimental Station, j,
Harpendon, Herts., England. The report adds further cmphas_is 10 the sojj'g
capacity for "self improvement”, The llllp!’m‘cmcnf results principally from
aliered relationships between air and water in the soil.

A. Nature in the picture

"When nature puts different species of plant and animal life i
different places so that nourishing grasses grow in some areas, trees
and forests in others, she is demonstrating the differing plang-
nourishing qualities that exist in the various soils. The natural array
of the various interrelated life forms are informing us that the soil of
each region is best suited to supplying the needs of the specific plant
and animal life which thrive in that region. Each of the natural crops
(plant and animal) represents a survival of the fittest, determined

basically, if there are no disturbing factors, by what the local soil
provides as nutrients,"

(Albrecht)
Only some of these natural soils provide adequate proteins for plants to

provide for the complete health and well being of man. Therefore, when
man pushes out from these regions of complete soils to other's not naturally
suited to produce quality

protein, he needs to improve the fertility of the soils.
When sx_lch natural soils are deficient in the necessary array of minerals or
when soils are depleted. When "self improvement" of the soil has failed to
make available and/or bring up from below, these minerals, then they must

Eemi(sitc;e:‘; Fo;’ su;lam;d; fertility they should be in the natural form such as
rock, phosphate rock, potash rock and th i in thi
natural form. Artificial soluble fortil; e e

fertilisers can only 3 ipger
clements since, if they continue Y act as starters or trigge

fertility and its cleanliness from man-maq
matter of interest for everyone,
Referring again to the Propositi
: i Position that crycj i
complete soil fertility have two possible avenues of?emn;n?;a]m: I:olﬁem'sth:f
¢l el
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pich may be used. a record of an experience during my visits 1o
th of whi

or Expcrimcnml Station, in Harpendon, Herts., England is

the Ru!hamstcd :
relevant. ne first of two Visits o8 et Ha e

1 z - “ . me
puring ! ed "U" which seemed to have some relationship to
. Rothamsie : )
sition 0 l;li:::f:mf Later, 1' came to understand it had to do with the
yrowing ©

: { vields on the Broadbalk strips whcre_ :
eeerts zrli::;c‘:lclgzd?lions involving various fertiliser applications on the
peen Brow 5
5 for over 100 yea ) . e .
same 1200, se of the experiment was (0 delcrmmc_ov
,Thc %cn:;'?; rillll;ponuun.u"ml requirements of theat by testing .fan;?sarodf
. Oalznc ;hcn with a number of c?nlhinanc_ms of ash c?ﬁn::gm[
mzr};:mcompm‘mds of phosphorus, mﬁ;um, sodium, magnes!
crh ’ i
i forms of nitrogen compounds. -
b lu;;fcﬁzlaér to graphically illustrate the yields fn::; Lrlitca f\;ammzuymgtmm‘
tments, the yield of each of the strips was regresizlzled :Jhc S
o snaali sheaf of ripened wheat. The sheai: inclu gt
. heads. The stalks and grain heads coml_nnedvan e
gl;il:t‘raf: gl:aphically the yield from each strip. The outline
1
lop-sided U. ) e
maBCea;ofep proceeding further; the pxslory of 11;3:3 tl':mlo”s’ wmamhcn o
experiment falls into two sections. Firstly Ergg; il
\fr?fat crop was grown continuousg over the_wg : xeoblem e ar
i ith the increasin, -
1926, when in order to clea_.l wi =
a system of fallowing was introduced. Thehlzirfoaan o i s, 4%
seventeen long parallel strips of land each i b
in area, running the length of the field, separated DY
‘ ent cultivations. . . e W
% 'l;‘epmyg:q cl;ntinuily of cropping with the ms!?.r_lt_ad:it:tl;m - 1628
plot t?)r weed control, the field was divided p:;rt:::s tl;:u owl;d S o
i hile one English
into five equal sections SO that w : :
there would be four sections uI_lder crop every year s
The purpose of the fallow i the drier ma:églr i Bt
is to promote storage in the soil of extra wa rainfall

0l cm ;
good f(]llowing C]ﬂp, sin{:e i[ may grow one mp o‘f whea[ ﬁ‘{)nl two y'eals

this chapter,
1 p.A. Yeomans is the one writing in the first person throughout

-
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rainfall. However at Rothamsted the fallow each five years has, as jis
abjective, the overcoming of the weed problem. Rainfall conditions are Slc
that extra retention of moisture in the soil is not considered to be a filc[{):l L-h
wheat production. .
In the present fallow system, introduced in 1931, one fifth of the § ]
across all the plots is fallowed each year. The yields for each of the m.-mum? &
treatments from years 1 - 4 after fallow have been obtained. (From n-ﬁ? :
Guide to the Experimental Farms®, a Rothamsted Experimental Stag )
Publication. ) -
Referring to photo Plate 38, on the left of the chart of the Rothamsted "(j»
is Sir William Ogg, the then director of the Rothamsted Station and on th
left is Sir Stanton Hicks, Emeritus Professor of Human Physioloty ; :
Pharmacology at the University of Adelaide, nght. There \\'c-re of c':u s
many such charts. The unique shape of the Rothamsted U is seen i ugc
outline of the seven grain heads of the sheaves, which, according t o
height, represent the relative yields for each variety of manure tIcalrie:l e
The wheat yields are not tabulated on this chart of 1899, but the av.emgc

yield from 1852-19235 in bushels of wheat fi IS i
i or each plot is included below the

sole

Nitrate
86 Ibw.,
Nitrogen

minerals
560 Ibw.,
Sodium

mixed
assS &
17.8

Plot 10

THAMSTED, ENGLAND

sixth crop in succession.

Manures per acre per annum

Plot 8
mixed
minerals
asS &

600 lbw.,
Ammonium
Salts

= 129 Ibw.,
Nitrogen
20.1

86 lbw.,
Nitrogen

17.6

Ammonium

Plot 7
mixed
minerals
asS5 &
400 lbw.,
Salts

Chart One
239

AR AFTER YEAR ON THE SAME LAND AT RO

43 Ibw.,
Nitrogen

Plot 6
mixed
minerals
as 5 &
200 lbw.,
Ammonium
Salts
12.5

Water for Every Farm - Yeomans Keyline Plan

Produce of 1899: The fifty-

Sulphates

Potash

Magnesia
&
Phosphate
7.8

Soda

WHEAT GROWN YE
Plot 5

without
manure
1839
6.7

Pot 3

Plot 2
14 tons
Farm
yard
manure

19.4
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in the next paragraph has been converted to metric, (e Ofipin:
damzt:'.efh?:l?r:;rlcl}:cs the i‘hur?) is in the following paragraph, Alsg the CL;I:II'II
One results are repeated at the bottom of th;nj "l"hrui.

Plot 2, first on the left in the Ichzu_'t with its 3'5..._ tonnes per heciare per
vear, vields higher than Plot 3 (tlL_|rd ‘lrom If':fll) with |Es five added mi"e!a[s,
and higher than Plot 6 (centre) with its additional 225 kg/ha of Ammoniyy,
Salts (48 kg/ha nitrogen) and minerals as in Plot 5, and again higher thgy,
Plot 7 with the same added minerals as Plot ﬁ :End 202 kg/ha of A:_nmcnium
Salts (96 kg/ha nitrogen). However when 675 kg/ha of Ammonium Salts
(145 kg/ha nitrogen) is added to the minerals common to Plot 5, 6, ang 7.
Plot 8 (second from right) exceeds the production of the farmyard manure,
Plot 2.

[Original Imperial data

Plot 2, first on the left in the chart with its 14 tons of farmyard manure
per acre per year, vields higher than Plot 5 (third from left) with its Jive
added minerals, and higher than Plot 6 (centre) with its additional 200 lbw.,
of Ammonium Salls (43 Ibw., nitrogen) and minerals as in Plot 3, and again
higher than Plot 7 with the same added minerals as Plot 5 and 400 lbw., of
Ammonium Salts ( 86 lbw., nitrogen ). However when 600 Ilbw., of
Ammonium Salts (129 Ibw., nitrogen) is added to the minerals common to
Plot 5, 6, and 7, Plot 8 (second Jrom right) exceeds the production of the
Jarmyard manure, Plot 2. |

Plot 3 (second from lefi) has been without manure (fertiliser) since 1839
and therefore 60 years without manure at the time of this Rothamsted U chart
dated 1899. Plot 3 consistently yields the lowest but only a little lower than
Plot 5 with its full quota of added minerals,
i 'rcu DEs xtra?rdum} influence on _the production of wheat

3 owing the fallow. The Rothamsted U is completely altered, as

can be seen in the second photogra : ;
ph. The two fram
photograph, Plate 39 Again sho ed charts of this second

w Sir C. . : p
William Ogg. The chart opn the ir C. Stanton Hicks (dark suit) and Sir

left illustrates the f '
year for ’Plel.s 2,3,5,6,7, 8and 16 for wheat e g
on the right shows the Production in the

inronnatiog on the chart in this picture is shown belgw
nggnci:; :lzﬂ_ hWhelaéfmwn on Broadbalk Fielq Rothamsted
wheat 1843.1925 (¢, ’ :
s el - (except 19 14) then cycle of one year

four ive w
The One Hundredth Season, 4ty grqe - TOPS. Produce of 1943,

1926, 19271932, 1937, 194 "°P Section 2: Fallowed 1914,
Right-hand Chart. Wh
Rothamsted. @ Grown op Broadbalk Field,
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\tinuous wheat 1843-1925 (except 1915 fallow) then cycle of
Clo.;r bare fallow followed by four successive wheat crops. Produce
OIrlclf):? The Hundredth Season. 95th crop. Fallowed 1915, 1928,
0 e
34, 1939. - .
. 1?22}!3;0 production from 1852-1925 is included again belov.}- the
I ! I]:ill:{!}:'lll;llion on the chart. These last figures are results given prior to
Qe i llow system.

| tion of the fallow sy : : ‘

5 lTliizo?c‘:lﬁ;\\'ing comment about the fallow is from "The Guide to the

serimental Farms" _

Ekpcmm":[llndcach year, therefore, the yields of every tmtpmnl for the ﬁrsl,“le
.ccond, third and fourth years after fal_low are obtained. Dm'mg
seum ,of the season the fallow section is ploughed two or m‘mmmé

z;ring-lyne harrowed, rolled and harrowed, and run over Wi

istle bar several times." o ' _
T::Sdetail of the fallow treatment 1s gwe;an lazl in these particulars
because these are the most significant causes of :1 ; gg'sibly i
What, for instance, in these procedures f:flo 4 go Cmricl
section of Plot 3 in the fourth year after _ Wasroduced“? N o i int
erage from 1852 to 1925, the starl offallomng e
a;‘ meg same plot in the same year but on the first ylm s 1
0 oduced 2,994 kg/ha, and when for 94 year:;r?th‘rl‘sFh p g ﬁ:stmumgyw e
i t ’th’no manure of any kind whatsoeve Y,me sociions of Plots 5,
‘f!‘z;lllle:ZI “c;lid the "nothing ever" Plot 3 far outq-Pfod“"e
oW, A e
6. 7 and 8 section with their added fertilisers ’ Y
, 8 jal dal ibly explain w
i s, e e 0
v na or s S 7
3 : th year affer fa . § ¢ of the
section of Plot 3 in rhe9_,12’:;urme};aﬂ O oving was 67 e i‘; gﬂp;_a
average from 1852 to 1922, ofter fallow se

the first year . heat with
same plot in the same year but on L had been producing W

lot jons of Plots
94 years this pIO" H8C 5 o sections of
440N g W{w;-‘ f!:arsoever? Why again gid :;;o:hel'r added fertilisers,
no manure of aﬂ); k}?ﬂr year affer fallow section wi
5, 6, 7 and 8 on ne

" ? be
far out-produce the n,,o:h:‘ngf::“:]'l cP ::;ljm ]mv LS =

laining the reasons B caled in these charts
spefu);gtive but the facts should not be 1gn0!
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In Chart Two: "FIRST CROP AFTER FAL‘LOW"; lhc_Pla_l 3 resyl is
ual to the results obtained from the continuous application of amp},
abou:f?is of minerals on Plot 5, 6, 7, 8 and 16, plus 225 kg/ha (200 Ibw,,
:::;)] of ammonium sulphate in their first crop after fallow. BL_II the average
result for 74 years, 34.5 bushels, from all mineral plus 1_hc maximum apmg
of nitrogen in 674 kg/ha (600 Ibw., per acre) of ammonium sulphate (Plo 8),
is much less than the Plot 3 result in its first crop after fallow.

The result from the fallow and no fertiliser is better than would pe
the result without the fallow, with all minerals and nitrogen addeq,

Is the result from Plot 8 produced by the added minerals Plus nitrogen or
does the fertiliser act as a starter only? Perhaps the greater amoun; of the
mingrals in the crop coming from the soil is somehow being processed ang
made available (1) by the nitrogen or (2) by some results from the initig]
vigorous growth of the roots themselves or (3) other soil processes not
obvious or understood.

No attempt has been made here to present a complete study of the soil,
For those wanting to learn of the science of soil, there are ample good books
on the subject from "An Agricultural Testament" by Sir Albert Howard to
"The World of the Soil" by Sir John Russell,

The C.S.ILRO. has issued
bulletins on soil and the Agriculture Departme i
appropriate reading material,

From our observations it seems likely that no naturaj soil has remained
highly fertile, that is. always capable of Producing complete and wholesome
food ror_mankind and his animals, Among other things, fertile soil depends
on the life within j and this soj] life, like all Jife forms and communities,
Progresses through normal development stages, as depicted by the "bell"
curve of ILf:C. Firstly, there is the Very slow progression which is followed by
a more rapid development that leads o the climax period and then inevitably
slows down and ceages. The tide turpg downward., Most present soils all

over the world are therefore 50ils-i ine. It seemg likely that only under
BNt man cap poor soi

the e S in-dec]
care of intellj ,
maintained in 3 ferg; *0ls. e quicdy re-renerated 2

ile condj tion.
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X1V WATER HARVESTING - A PART
x .
¢ KEYLINE. .
aF EEY f Keyline dates from 1943 when we first tool
:storical background of Key
Thc'h: f? '(':::’obarnic“ near Richmond, New SpuLh Wales, aho;::d 6lsmd Kn;
P"ssfi:?:zs) from Sydncy. By 1945 we had built many dams
:’[’]‘Sidcwblc ‘"“Sf lanct:i:gdg;rsniugh the late ], Macdonald Holmes,
srring (0 the p : : id in "The
Rcrcrrngﬁmritus of Geography of the UH{VEI'ISL?; l:lfmS:;i;::‘, ii-a;cglation b
meeswiical Basis of Keyline" (page 38): € oo sl a8
ol 5 embracing many variations of both spray 321110 i "
e st carid ot o the undlatng land i is no coubt that the eatly
s d, and from farm-stored water. There i e by
Cumbcr!af‘ g'cchniqucs of off-setting %he hm_llau:;l et mmm e
IYDb;ru?fing feeder or walcr-conservauntl'l aﬁ i e
cons| : hmen! L ‘walgr
ider areas the valley tefe ia. This is shown by
wider outside ! throughout Australia, Thi
found influence ¢ of theis o WhtEE
dam, have had a pro: in the developmen ! :
growing i Eea ) canisation of their propertics
owing interest 0 : e tion
:'l;es:ofrrces for irrigation purposes, and in the

whole." iversities with
k- asmdents from colleges and ““l’;m.slm:“ 945, Our methods of farm Watct
¢ visited our property reguiar urposes were then ingly brought
e ce development for irrigation P have been increasingly
resour bt istiors: Keyline pl‘CFEv‘:"‘ngF studies ever since. -
into &chool, agricultura college e a0 spray-nigl fom 7%
1o the mid 1940's when erred to as "hill lands’, EEE T
During the mid are often referret utside the
' ie" onto what irrigated (0
e ol oo cls o 61 0 el arsof g
in general l°hn?’gaﬁm gistricts). TS W22 s and rivers, mv;h:;fes ricar the
Governmen ined on the flats 01 1% * 5 wells les and
alluvial So_ll mnmedthc stream, Of mdmc:llli production of b
pumped directly 0T 187 T yised for

lucerne were
i = crops and
river. Spray “gﬁan:l'?it;rablc quaniites of 004t je" was to produce feed
s £ our irrigation on "Yobarnie \:a:urins to m‘l’::’:
BIOWD. . ¢ objective© time we were end _irrigation
The direct 0% "=} the same produced by SPIAYZ TS g of
Pt ore other m

the fertility of all 0uT 50 rﬂ:}zisTtl;eﬁe of enterprise. TI-'e"m;mm contour furrows

e ive 10 : . with plpeh'm_
t dams were fmf”,ﬂp:; gravity, which
nwild flood" IMTBAEOE 0 o do most of m;su delivered up to thirY

mﬂme walls W& . ray irrigation equipm

throug pumpIng: Our P 245
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jitres of water per second (0.87 ML per 8 hours = 400 gallons per minute ~
24,000 gallons per hour), S0 We could irrigate up 10 & maximum of } 3
hectares (four acres) per 8 hour day _suppl_\mg 50 mm (two inches) of water
<ith cach system. The first lock-pipes W placed through our dam waljs
were 100 mm (four inches) in diameler and the irrigation rate from oyr
carliest gravity flow system was little faster l]l;lIIl spray irrigation.

So we decided on & drastic step. We emptied a dam, cut the wall, laid 5
larger pipe and reconstructed the w all over it. T_hcs_c experiments led to the
use of still larger pipes and it was found 1_hm a limit for one man operation
was reached with a flow of 1.6 ML (350,000 gallons) per hour!, compared
with the general rate, of spra_\'-im@licn plants at the time, of from 15 Is to

22 5 Us (12,000 to 18.000 gallons per hour). Thus the cost significance is
very apparent since both undertakings are serviced by onc operator. The
buried main lines of our spray-irrigation set-up have not been used since
1948.

Briefly, our original set-up comprised of several valley dams and a creek
dam. The dams in the primary valleys were all filled with the aid of
channels which diverted rainfall run-off water from the farm into the dams,
We originally referred to the water diversion channels as "feeder drains" or
"“water conse_n"ation drains”, A pump and engine was set up at the creek dam
and also dchvergd water for spray irrigation via about 2 Km (7,000 feet) of
underground mains, as well as filling a ring dam.

‘l’troﬁl H. J. Geddes, Garland Senior Lecturer in Animal Husbandry at the
Qm\e;s‘;n:?uf Sydney, had managed the university farm at Badgery's Creek

l ) & - . =

:i ;l;ef an:] aﬁiﬁf\qu our property at Richmond in August 1952 and the
or irrigation purposes was constructed at Badgery's Creek

soon affer, before the end of the same year

The term " resting” w " ;

28 nnSl:::g:r‘:::: :s:lnglh “z:j uscd in 1953 to describe spray irrigation
m farm ¢ University of Sydney" i i
Am;ﬁ Husbaélcgkfarm Aol Creel? ydney's McGarvie Smith

gery's Creek became, very obvi <1l :
e et Keylir;e"g;?“h’. E;he first official implementation
the context of a university (:\'perimemg?. c_cause t}:l:: project was €ane il
o it o cit0g 10 lhe.signiﬁcanc antt} it provided an impetus to the
Bt on. Al B and it hase d? the wasted water resources that
rected further attention to the

possibilities of the development
Ty p of farm water resources for irrigation

se limits have been passed by using larger pipes and larger channels. - Bdi
. els. - Editor.
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Essentially the B:sdgu.;).'s Creek work embraced the construction of dams
in the primary valleys of the farm a'ncl the building of diversion channels to
collect rai nfall run-off to fill them. The water thus stored was used to spray-
jrrigate pastures f_c:r a'da:ry h_crd_

The spray irrigauon project at Badgery's Creek was located within the
relatively high-cost, high-return econormy of a dairy farm situated in the
milk-zone of the Sydney area. Thc‘ﬁn.anciaj incentive was to reduce the
expenditurc on concentrates by making use of spray-irrigated pasture and
other irrigated Crops. Later, ring dams were added to increase the water
supply and they were filled by pumping from the flood flow of Badgery's
Creck itself. These later dams were first referred to as turkey nest dams.
gome general subsidiary techniques were used such as strip grazing.

The Keyline approach has always been firstly, to make better use of direct
rainfall for both increased production and soil improvement and secondly, to
store run-off water in farm dams for irrigation.

On the other hand the early object at Badgery's Creek was to leave the
jand above the diversion channels or water harvesting drains in an
unimproved condition so that run-off would not be reduced. The increased
run-off was used to fill the lower dams which were 10 be used for spray

irrigation, If the dams happened to be full the induced run off was lost from

the farm. In this was revealed a decided change in ep:phasis perhaps which
was perhaps partially @ ibutable to the difference in the enterprises, beef’

raising and milk production. .
From 1953 this spray irrigation system at Badgery's le;k received b;
great deal of publicity- The appearance of the spx_'a}'-un.ga w g
comparison with the very poor nafural grass of the jmmediately surroundi
area, was obviously quite outstanding. gy, :

By far the most profitable type of irrigation eq‘llnnf::em for ythiz
manufacturer, the merchandiser and the business cOmmuz generally
spray irrigation equipment. lOn any -
for bigger power sources in engines et
lubricants and infinitely more specialised eqUIPMERt =715 o bives, spray

of applying water to land. o
irrigation is also the most sl:»ect:a]1 1dacumy in“s;‘iﬁn’p
line of raysopcraﬁngona‘o : ; Lot
dry, is :l;leaSing and m;}l)m:swg sight. Because a spray systemt PPB”_ : 3
slowly and completes Oy  ~ el
s;?e‘:t:cle may be continuous for weeks_ or 1lnonll:5 ata .
Contrast the spectacle of spray jrrigating 8 idr s o siion !
acres) per day with the complete lack of spectac o0 it e ey system
20 hectares (50 acres) per day by the Pattern system- e T et
there may be little water yisible from & s:mdﬁwh aally bendi
visible, 15 8 man apparently strolling ;r:un occast
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d straightening up But he is irrigating 20 hectares (50 acres) of Japg o
an g .

one day! : e srralian  Academy of Science's Nation:
5pcqhng uf‘“:-hl‘-ef :lzc‘)ur::j:"(jn and Management”, Professor G’“:g:::
NIy :-nul‘ tillc development, at Badgery's Creek, of farm waters fo,
:ﬁg;;:i:ns::u'poms to grow feed for a dairy herd . . . 1:, p‘rimslfil%- an attempy
(0 study the economy of a self-contained irrigation system dependant upop
fmmﬁr:ﬂp':ir dealt with spray i{xigillioﬂ only, mcmieping il‘throughoul as
"irrigation” and not as "spray irrigation”. The conclusion was that the work

"has shown that an irrigation system based upon farm run-ol?t can operate
economically in the town milk supply industry and that it can lower
production cost substantially. Up to date the university work has been
confined to a town milk economy... the question has often been raised
whether the returns would be sufficient to justify the development of a water
harvesting scheme for other forms of livestock production. No answer can be
given vet, but the work points to a method of predicting the required level of
production from other classes of livestock for profitable operation."

These qualifications were no doubt necessary when discussing the work at
Badgery's Creek and its limited scope.

However, the answer can now be given and at least three of the methods
of irrigation discussed in this book will fulfil the requirement of profitability
for "other forms of livestock production”. Two of the three methods are
original Keyline developments, namely Pattern irrigation for hillsides and
undulating lands and Flood Flow for flatter lands. The third method is
orthodox contour bay irrigation.

Irrigation from the water resources of our farm and grazing land should

be. made as profitable as is possible, and as was mentioned in the first part of
this boqk: "Whether irrigation will produce much profit or result in
substantial losses often depends on just the right choice of irrigation
procedure.”
Our sole purpose in publicising Keyline, through books, field days,
lecture tours and schools for university, school and college students and
Pfa‘-"-lcal_faﬂnﬂrs._ has been to encourage the use of, what we consider to, be
worthwhile practises. Our argument is against those who promote any one
uTigaton system irrespective of its suitability to varying situations,

Professor Geddes describes water harvesting as: "The collection and
storage of any farm waters, either run-off or creck flow, for irrigation use".2

2 Cleariv :
Clearly water harvesting is and always has been a pariy “pe design. Editor.
248 “
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LUXURIANT FORESTS IN DRY

XXV.
C 0 U N TR 5 {1
A. Droughts - natural or precipitated

Natural landscapes of trees and grass have been turned into desert and
. on a desert climate by the action and the ignorance °fma9 about the way
'M.n k with the soil and the available water, A change of climate caused by
1o \\“’;Jcrioralion of the balance of the landscape over !a:ge areas, has
glecur?w many times on the continents of the world during the last few

1
nd years”, s :
lhm;:ﬂ: with good advice, faith, hard work and dedication this can be set

. oht comparatively quickly. ' ‘
arlgqfhis C;E,ptcr is part of a story, past and current, of one pamnc}l.;arc grazing
roperty, 'Carisbrooke!.  The property, owned by a ?;}omm;a umhnsqsuman
I;«auple Charlie and Anne Phillott, covers nearly 23,

les) i land, Australia. : el
lmlgy)' '11192; :ﬁ:n P. A. Yeomans was called in for advise, this property and

i i lie and
its owners had suffered drought fgr all of the s;fx :ﬁ?mmﬂ?h‘): ul;:at:]a; .
Anne purchased the property. Five mOusa;}d;ughL e died.m'rhz
which they attempted 10 hold through hu;e(one s mﬂeﬁnally) s
homestead sat on a clay-pan about 260 e gt B N ahough the
The property was afflicted by drought an {l4ﬁminches). e s
average annual rainfall was rept_lted to be :55 mm e aricedend
this average had fallen in the six years. inancial
debt compounded. _ A
What could be done using Keyline? cacl
B. Drought resistances ;gz::‘mﬁ-om s ity Fpest
rI.Of This story is taken almost ve e e il
Th; ﬁ]ts‘ pins published in October 1971. (H
by P. A. Yeom e : =
"We follow the llsuall :l;?owner, Trre tion was l'l]ﬂd'e of
o Finlly W0 miles) of boundary fence;
property within the 65 Km (40

/ 4, 16-17, Deut

1131
is: 26:3-% Deut:11:13 T
i Jight on this: Ley 20:7 i1, Zech 100
LA Biblical 5“"‘?]‘;“1?‘“ sj‘f;:s; S2425, Jer 14T, Hosts
12; 2 Chr 72 1617, Heb6:7- _
2612, 3 %15 Acts 14:16-17 B¢ s ot e p il s
o {1y describes these areas of fla
2A clﬂ)"P““;’a :um much grows on it.
blown aWaY 540
o \
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Secondly, we pinpointed the principal features of the landscape
: land; and

L ]
iisaved the design for all the

d envisaged the design : .
aﬂ T?:irdl\' we selected the most advantageous place for a

L]
i roject within this design.

Tsligr:jigtg i‘g;pu?s critical since the improvement of th_c property had to be
of unusually high significance and it had to cost so very little. .

Like most properties that cover several h_undrcd:f of squa n:'kn]mnctrcs
(many tens of square miles) in these dry (cg:t!:ls.‘l his one had 'hard'
impcﬁ-ious areas that shed most of th_c rain t]mll fell on these areas. The rup-
off from storms normally disappears in a bed of sand or a dry creck.

The plan was to intercept the rainfall run-off from some of the hard
country with a diversion channel and lead the water to a large shallow

storage dam for which we selected a site.

C. Design for climate.

Apart from the land shape, we designed for the climate. Firstly, it was
known that the drought could continue for years and secondly, there would
be some rain every year. It could be as low as 75 mm (three inches) but no
previous drought year had been without rain. Therefore the design provided
that the drought would be broken before the drought broke and with as little
as 75 mm (three inches) of rain.

So far a day and a half had been spent on the examination during which
time the grazier had made his decision on the project. Another day and a
half completed the more critical levelling and pegging. Yeomans returned a
few weeks later for one day to supervise the start of the construction that was
completed by the owner and his very helpful neighbours shortly afterwards.
What had been completed was a Keyline Flood-flo irrigation project. It was
made up of a diversion channel 2 Km (well over a mile) long; a dam 2.4
metres (cigl'_lt feet) deep>. There was 4,600 M3 (6,000 cubic yards) of
earthworks in the wall. The dam would cover with water somewhat less than
40 hectares (100 acres) of land*. The dam was equipped with a 625 mm @25
anl}es:} diameter outlet pipe. From the outlet a long contour bank t
the irrigation channel was constructed. Steeri S

. ng banks were constructed

from this channel, extending d :
sloping land. g down the maximum fall of the very gently

3 This depth being the height of water above the i
lockpi
the water down from the lop water storage level to lﬁzg:sesygmﬂ(;l\?;tgﬁ G

4The volume of the dam could be roughly estimated g

feet). The surface area times one third of the depth usingl 320 Megalitres (270 acre

4ppropriate units,

250 & T
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p. Irri ation dam filled with 15 mm (60

yoints) of rain. :
¢ following construction, less than 90 mm (three and a half

Durmf' :::(; ‘;2?1 However, within a few weeks the first fall of 15 mm (60
i'“‘:hcs) ocu;w filled the dam and irrigation commenced a week later, Twice

".“5)- nmis'ﬁrst year of exceptionally low rainfall - low even for a period of
;;gmn‘;n ught - the dam received water from the ‘hard' area to fill and
lontjﬂ z? I,Each time the dam filled, the water was used 10 ix_’rigate, when the
ety ui;cd it. until none was left. The response of the S.o'l and the fodder
= rc‘? were nearly immediate and from the pictures received by the author
pon property was quickly transformed.

:c gection of the ; .
uusTszm drought continued for five more years to break in April 1971.

The project and the property flourished through the drought. P
A second and much grander stage of the Iandsmpteh ﬁmigq :
constructed. The rain that broke the QIoughI also filled, ﬁgm- ? time,
newly completed storage dam several times larger than the
{ sed...
O A _Then in September 1990 the property was
judged best in the state as the following account testifies.

E. Centenary Land Management &

i d ek
MMmewushedwmc! ion

The ollovit S O D sward winner 'Carisbrooke', Wintors

Queensland. ot Queensland conducted a
In 1990 the United Graziers A;somah;:rdof e mia. Wil
Land Management and Conservation A <

A “Fafds madﬂ = i
Centenary, Six regional winner S B 1 o of ‘Carisbrooke
judging. After further judging, ‘vido winner prize and have been

Winton were awarded the state i Care A i S
as Queensland's primary producer Hstealte
National Landcare Awards;n o i

was judged ; %
T e L
term
L e i
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cimately 8.000 ha (20,000 acres) is highly productive Mitchell gras
Approxi YT ridges, 4,000 ha (10,000 acres) is tableland or ‘jump up'

owns and gidgee ¢ AR IEIaE R S
:pinifcf country and the remainder 1S gidgee ridges and water course belgy

[hc]l:izt:;};fl '\'egel:ltion and soils vary. Charlie co:tc‘elllritcs .11is grazing
enterprise on the better pastures of the open |3f1-"fl‘.\ lf“_“'“-‘* Mitchell grass
pastures with associated herbage. _Buﬂcl‘ grass has bccu_ succcssfully
introduced into some WAlCrcourses. Ridges feature scattered gidgee while 5
variety of eucalyptus including coolibah grows along the watercourses. The
channel country is now largely buffel grass pasture that colonised the water
courses initially and then spread. In common with the downs, gidgee
dominates the ridges and the eucalypts including coolibah are found in the
waterways. h

A variety of vegetation, including spinifex grass in association with
mulga, lancewood, a number of wattles, eucalypts and beefwood, is found on
the decomposed sandstone tableland.

The tableland areas are left largely undisturbed and therefore act as a
drought reserve and wildlife habitat. This aspect is used to advantage in a
limited on-farm tourist enterprise that capitalises on the scenery of the area.

The property has an annual average rainfall of 300 mm (12 inches)
traditionally falling mostly in summer. Recently the pattern has become
variable with greater winter rainfall.

b) Grazing Production

'Carisbrooke' produces predominantly wool although some cattle are run.

An average of 6,000 sheep are carried on 'Carisbrooke'. They are all
merinos olf.Bocnokc bloo;l producing medium quality wool. Ewes are
ic;nnally Joined to lamb in February - March, sheep are shorn in early

gust and lambs are weaned at shearing.

As a result of the Keyline water control scheme used on the property,

available water and plentiful feed assist early lambi

_ e y ing, Lambs are then better
ab]«;tos withstand any dry conditions that might occur in August - September.
o anta Gertrudis breeding herd of 400-500 head was run but due to the

ought years 1981-1985 the herd was sold. Since then cattle have been

pen\(;djhjclaﬂy agisted on the property as pasture permits

€ pasture species have been introd . ; i
relies on the native grass species, ek S Bt

3.  Property D i
i = perty Development and Planning,
During the early dry years on the property, Charlie

the only natural asset unable to be fully util and Anne realised that

ised was run-off w
noted that there was considerable available wats ff water, They

rainfall. y at times of concentrated

ery Farm - Yeomans Keyline Plan

copy of the second Yeomans Keyline book
el ritten by P. A. Yeomans (The book is now
The Challens So impressed were they with the concept that they sought

water for Ev

5 Charlic was given a

% of Landscape' W

out of -pr:::)lqd\-icc of "P.A" and commenced developing 'Carisbrooke!
rofessionat <

. Keyline principle.
:wcordi_'\;‘g to(::;;'ﬁt;}tg '::1:: circSmslanccs and local conditions, the principles
Whﬂ? “flollowcd for the last 25 years. Charlic believes that the scheme
il ch;; .d its aim, which is "to convert water (both run-off and slor_ed
e :uli\-'c pasture as quickly as possible". Keyline continues to provide
“.m?r) ;Dr[ the future development of 'Carisbrooke', .
. p]:]l']}lleocﬁrec; of using the Keyline system has baen to introduce some
sability into the property's grazing pro@uction. Available w:t:;tz:ln;d as a
sequence more available feed has provided a d{oughl reser ey mwhic“yh
F;):nd in that district. Therefore stock can be of higher quality )
: igher prices. _ 2
Jmﬁ::rgdingﬁo Charlie they also "go a lot longer in a drought".
b) _ TheKeyline principle.

inciples of Keyline are: .
v pr. %he rapid application of water to mﬁiu;}: land but
recognising salinity, waterlogging and associated pmb_me s,oil oo

e The specific cultivation methods that com

i ter control, and ; o
wntl: wa]:;nhmo"mg principles that are both economical and effective.

: i "Keyline Scale of
Those principles are employed in accordance with the l;ey A

Permanence', which considers g factors of propex;y mmﬁon:m

order of relative permanence and effect on property Op&

1. Climate
2. Land shape
3. Water
4. Farm roads
5. Trees
6. Farm buildings
7. Fences
8. Soil.
All these principles and factors Wwere B
rnnzmsL illside) and Key -
pm%erg dflred?;:e e pattan:l %m property development
4] X »
pit e i development.
P o st l':’c:s livestock pmducuouandpasmrﬁ o p o e
e o cdne b Lt g gmt.t?;ma“t:: and convert it into
biject is 10 controll water | B
ﬁoastum Ir.he p&o;;er’gl.cm'l‘gfn; 3vatcr infiltration w“:!tf t:: cz.;di:;(:o sghr;r ﬁe, o
i s times to aid pasture 10
later re-use at critical e

considered by Charlie in his
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se adoption of this system because of the long term benefiyg
: benefits available. If landholders commence
response because it can pe

want [0 encourage ac R

— F Ummnediite
[;;2“.::_;2;11'10!;::: can hc“ an immediate
implculcme‘i in sm‘]:(i-ljll;;;s: O richuocks!

When Yeomans visited ‘Carisbrooke the first project was a complete

property survey (view and assessment) which was carried out in early 1966,
A series of level channels and a dam (Boards dam) were constructed
;:onunencing in October 1966. They were lo.-:;ucd at specific sites identified
from the levels taken during the survey. The dn_'ersso:.z channels were located
and constructed to catch run-off water and divert it 1o llfc holding dam,
Boards dam was sited off the watercourse and fed by a diversion channel,

One advantage of siting the dam off the watercourse is that the soil there
is often more suited to dam construction and irrigation.

Diversion channels are constructed by pushing soil up into a series of
level banks. There are a number of benefits to using level channels. One is
to ensure that any flood water flows over those banks rather than the dam
wall. Because the diversion channel is level, the water being transported to
the dam travels slowly and deposits its silt. In addition, water backs up
above the diversion bank and floods the ground for a period of time and for a
distance of up to 100 m. As a result there is significant water infiltration at
those times causing maximum retention of sub-soil moisture, In many of
these areas buffel grass has been planted on what were largely unproductive
cla; pans. A highly productive Mitchell grass and buffel grass pasture now
exist. Because the bank wall is kept moist, a significant growth of grass and
trees occurs there, too”,
g ii;:n?:irﬁn i:nﬁi n«:nmha {1160 acres) irrigation area was cstablished.
seeica of irrigation bave. As ?h ou Fl pipe of the dam distributes water into a
Wit ys. e “aiclr fills the imgation channel Yeomans

gates” arc opened and the water flows into each of the bays as

required. Water then covers the whole area of each b i
: dy ensurin €
is adequately watered at times of greatest need. 4 i

5 The first djvgrsicn channel was constructed 8Cross 4 tree-
the clum.luul,'wll.h each run off event, was the regular inun
land beside i This automatically sowed and regularly wa
8 contour strip forest all along the channel wherever the

1c3§ plain. The effect of
dation of a wide strip of
tered what developed into
water covered,
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The irrigation arca was successfully watered for the first time in March
: .“w[:lwm, that time, the Keyline Flood-flo system has been continued and
195 .d 1o local conditions by trial and error. ‘
R years of 1971 and 1972 further construction was carried out. A
s l(]jfn] (‘lslcs dam) and associated channels were built. Since then Lhc

acity of the dam has been increased and the diversion system' is be%ng
Cap‘l'b; )‘d and refined, Charlie has plans to commence a further irrigation
e u; use the available water in Isles dam. The 5horlllerm aim is for
SR:hm::'uuau:lg,e 200 ha (500 acres) to be irrigated at crilica_l times to promote
np?ror-c growth. Then the system can be oominueq as reqmrcq. .
pabl(l;nc major requirement 10 maxin'lils; przd::l:lunn‘ when m::ll’fﬁ Eﬂm

i ility to aerate the soil thereby allowing W ion

?;Zﬁn: ?l:z a:cjli'l t‘j‘rhan:l pan'. Purchase by Cha'me of a Yeomansssl,x:;g::
lmp'6 plough to replace the lradmongl ChlS(‘Zl 1:1::1151;11g ;‘:{ﬁ e
preakthrough allowing him to use the a\tallabll‘f c\;;ru:lrr :ﬂ' St
The tyne (shank) design of tl}e plough is 1:»_211'11a Sp;nﬁ ao i
open the soil but not mmin; it over. By uﬂngmﬁ o Sub-soilpmmnism:e
ploughing the 'Slipper Imp'> encourages umel; A e i
retention encourages pasture root Sysiemms e P
pasture growth is enhanced and has greater thstand

f riods. ] s =
Smmrd:rym?;msing pasture production, management NSTQ e

are mol OVer .
become important {0 €nsurc that grasses el

. . inate. Regular grazing an
L mnntlllzufot;lf: ﬁ:imum advantage of available water and

allows pasture regrow
resent largely confined to the
i jes for broad

larger

the soil renovation. . :
While the soil ael_-at!on ’process dodsimrameds
irrigation area o mmaximise its B ction, rtunities
scale use to enhance p;sture };;r[:p ié qu%ﬁn
Charlie believes that :n m'tlm;pc:r;nﬂ;l aspw; i pasitive )
elopment can <
e o 25 ey
. ‘t i 3 o k &
e e

doz :
returns .and Chﬂ]lies lllne o Dpel‘ale ers .
harlic
l ln'lp 15 g].l\ﬂl name mw t)m
the orl f,ﬂl lh,c !eu]:ums P’D Compﬂﬂfs
i W
6 'S 1pw
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palance between trees and pasture as a result of the more available waler

ly. o : _
supﬁg\'linc has provided a drought strategy for 'Carisbrooke'. Stocking rates

are lower than the disirict average. Aocgssibh; watcn: and more available apq
higher quality feed allow for early weaning of lambs and calves. Lambs are
able 1o be weaned early at 10-12 weeks and put on to bcn‘cr pasture in the
irrigation area. Ewes are then able to retain condition for longer in dry
times. ; . Al

Various pasture species have been trialed in the irrigation area op
\Carisbrooke’. They include dolichos lab lab, Nunbank and Boorara buffe],
Hunter River lucerne and most have not become permanent components of
the pasture. The present pasture mix in the irrigation area is lucerne, buffel
grass and Mitchell grass.

While there are plans to extend the Keyline system (and it is able to be
continued indefinitely to take in a greater proportion of the property), the rest
of the property is managed largely according to standard practice. The
irrigation area and dams provide higher quality feed allowing more flexible
management of the remainder of 'Carisbrooke',

The original property survey allowed fencing to be sited on the crests of
ridges where possible and so follow natural features and 'lines of water
control' which are determined by the placement of the dams and diversion
channels. Paddocks are 1,800 - 2,300 ha (4-5,000 acres) in size.

Although Weeds were a problem in the early years on the property, they
have_ been iar_gel_v climinated. Constant control by poisoning and chipping is
required, particularly of prickly acacia.

- 3. Wildlife habitat management and retention.
o consu'ierab!c _diversity of plant and anfma] species i::;::?n on
Carisbrooke'. This is duc to the minimal use of the tableland for grazing and
the Felcnuon of natural vegetation along ridges and water c No
specific management is undertaken other th, - Dol
an to allow nature to take its

course. Over 70 bird i ; i 2 :
on 'Carisbrooke'. species and over 30 native plants have been identified

water for Every Farm = Yeomans Keyline Plan

CONSULTING SERVICES

KEYLINE DESIGNS -
Kevline - ractical aspects restated _
Jline is far' more than a unique combination of water conservation ‘and
K_f:f.lwiih pature and it coarpletcly_supcrsedesl the erroneous American
mrll::::p% of Soil Conservation developed in the 1930's.
cQ
line is superb Land Care. :
'l;flih;(eyiinc Plan is to prepare the _land to quickly absnglhl i:;l:[ i::];ob;
ay of increased ficld capacity, increasing amounts of rainfall, e
mu;'plus run off water, where ever practical, in large, on farm ges,
{ ity pow id irrigation.
ater nse by gravity powered rapi :
hlc{(cylim: was conceived and progressively developed by the Yeomans

i igi P. A. Yeomans. 4
ly, originally headed by the late P. A. s,
fm?)ie of%hc primary objectives of Keyline planning is 10 enhance the swift

development of decp biologically fertile ﬂmfnng)mso;lio;:gial sr:e@mhwnmﬂmﬂ
designed landscape. Developing and decpening us;.; g
rebuild the soil structure and reduce run off. By using management

et ot
techniques the soil can be quickly de_veloped to :-evels of bml:;g;ml mmhmtz
and structural stability that can easily be bette than ever existed

al undisturbed state. s
muicyﬁgc is the natural way to defeat the menace of so

ent.
salinity, simply as an incidental to total landscape betterm
’ . Producing Topsoil. i e
The cultivation, irrigation and stock m.emagexmanf Ampe s
are used to greatly speed Up the natural proccfn:l e ma:t 5
Conversion of subsoil into top soil may, under na : occur

to 15 tonnes per hectare each year. On

hectare per

increased to 10 fo 13 b tonne:n;pgor three years. The numbers
conversion process, Which s;‘;:a,:l};cﬁkeied by deepening the topsoil :3;;0 cz

startling but this 1€ . o il to 30 an
T;i:le(ie. 4 10,6 inches). Deepening ?;r;’;.’;i Lt
(swelve 1o 18 inched) AT t:alpsoﬂs?mits achioved by improvh
rﬁn 1 i )
Ghions for aerobic soil organisms. THESS B food. Additional
condmonswarmm aoda plentiful supp].y of hlgh P : 5

A

sall loge eqmp?:;tt,hc plant roots and organisms

moisture ]
o s protein food source IS

ssl;:?;;]sﬁr?gu;avaﬂable during plant growth,

-
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some of the roots must be forced to diel This is achieved ‘h_\ caung down op
mowing off most of the above ground parts of the I"I'-'_‘” The best time tg g
this is ;;rior to the plant flowenng and seiing seed . T'his m.nmp_ is because at
this stage of growth the root system 1s at its Im;txmlmn size. In loose soil
with warmth and moisture, re-growth will be fast ;uu‘i replacement roots are
produced as the plant re-grows. As this cycle of growth and decay g
repeated it builds the soil's biological fertility by accelerating the natural soj)

building process, -
2. Cultivation to defeat erosion.

Keyline pattern cultivation looks like an amplified contour pattern, the rip
marks left by non-inversion subsoiling or chisel type ploughs, loop higher
through the ;-allc_vs and lower across ridges. The corrugated furrows form g
pattern which direct run off water toward the ndges from higher points in
adjacent valleys. Keyline pattern cultivation reduces the concentration of
water in the valleys and increases the moisture absorbed on the ridges. The
usual procedure is to work parallel to and only on the upland side of any
contour guide lines on ridges and parallel to and on the lower side of contour
guide lines in valleys when below the Keyline.

Keyline pattern cultivation has made practical the low cost watering of
undulation country and hillsides by the "Keyline pattern irrigation" system.

3. Hillside irrigation.

Keyline pattern irmigation became possible after the discovery and
development of Keyline pattern cultivation. Keyline pattern irrigation
enables the low cost watering of undulation country and hillsides. In the
past, the only method of fully flood irrigating undulating country has been by
the use of terraces such as are used to create rice paddies.

4. Flat land irrigation.
. In flat country Keyline is often better. The storage ratios of farm dams
improve. In suitable flat country, the unique "Keyline contour irrigation
channel" t?as enabled: "Flood-flo Irrigation” the fastest, fully controlled, one
man, gravity powered, irrigation in the world. Flow rates of around 10 ML
(megalitres) of water per hour enable irrigation at the rate of 20 hectares, ie.
;l['}cf?i'{;;isl'\'plf; iw;ur wi;cn i};plymg 50 mm of water. - Inundation !.‘LI!.IES are
Y kept to under half an hour. Traditional slow flood irrigation
methods used in most large scale irrigation schemes drown acrobic soil
Orgfl;;lsms]. cause CII.OP deterioration and promote salinity.
e slow application of irrigati i i
sustainable agrié}ulilu:c, S8 e Tk patt of Turge scale
e 5. Beautiful benefits,
eyline Design enables the economic dey ivi il i
landscape by specifically designed the propc?t?f;oal::?:iec[:rlg ving ol tua
ese results,
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E me
ning is the increased prpﬁl that \jnll c;:om
d increased productivity resulting

ir red farm waler uuhsaugn.

; ;mcglj l.l.l"lp.r: :;;m be bcnulifu! anq hngh e ;
st 4% S‘l-)::ptlcri\'cd from getting it right wil refgas

The hallmarks on the propc_mcsllr:‘ R
clopment . jakes with water birds, contour and ndﬁef c::a
o are ?rf-,[l soil, luxuriant healthy green crops an i,he e
it C. fi rrlns are often amazed by how pc‘rfccl]y e p
v ‘IR sally itis @ function of the Keyline planning. e
e operty so the plan is always cusmm‘ma e
D i ntial and develops the umquen;ss
sary 10 reveal the full po'lcnual

water for Every Farm =
> c evline plan
peneft of Key! P o
Another Juction COSLS i

ly productive. There
d to the

| cqrips. dar
yree SO e Key!
o 1o the sche
e unique o each
us Keyline reveals the polc
anning 1S neces

15 Sb -
The plan 15
peproperty: TRUS B0 edpl
nnhc pmpcﬂ)'. Expenc
of any property: : ’
B. Keyline design Sery
The design Process often _rc\'eals unsu
illusi i tisfying experience. ’ _ >
mufli?gsf)rl;cfs: ?mpgycﬁ to discover the hidden potential of the land ¥
1

i insi te, "P.A"
have in mind is based on the discoveries and insights _oid thfi:m lglemenﬁng
Yeomans. Lhis is co

mbined with the experience gain e ne
i gperties

Keyline on our own land, and consulting on countless other propert

here in Australia and occas

ionally overseas.
One of the important ta

ices

spected potential and dispels

sks of your Keyline consultant will be 10 proﬁn}e

i i t you will
you with factual information on your Property’s potential so that ¥

avoid mistakes and be able to proceed wiit_l confidence. s —
Every property is unique and has its own spec fures

po{?tllle?é are two aspects to the process of Keylinemdevggl?menalné tl.:tl:
planning and the doing, or to put another way; the gn

implementation.
1.  Design. . . -
i i guide to the various
The Keyline Scale of Permanence provides a prionty S (hsuriisaton

factors considered in the design of the I:Ediss‘ia;;i;ed “her considering the

of the water resources of the landsca !

climate and topography (land shape). Then m& loc:it;c:n of roads, trees,

buildings and fences may be logically planne}i in 0;':3 and o3 g
Design us done in two integrated stages: in the office

A) In the office. ; ;

The initial office work speeds the assessment. It is best done us:f tth::

information derived from detailed contour maps of the area. mﬁal g
initial assessment key points within the apparent design poten

property are selected. The vertical relationship of the features of the
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Jandscape can then be established. Preliminary plans and designs cay Be
formulated. The practical design work starts from the key poings and

revealed relationships.

B) In the Field - On Site.

During the initial on site survey of lh_c property, contour or grade lines
will be pegged as required from the key points previously selected. Dam sies
may be chosen, pegged, volume estimates made and the best irrigation areg
delineated. This work is actually done on site. The first stage or starting
project of the plan is laid out on the land. This is Keyline planning in action,
Detailed design of Flood-Flow steering banks is not usually done during the
first few days.

(1) Pegs
A bundle of fifty pegs, survey marker stakes, should be available on the

first day although two or three hundred pegs are commonly used during the
first three days of the design process. The length of the pegs recommended is

1250 mm (4 feet). The preferred pegs are 1200 mm by 10 mm fibreglass
rods, commonly used for electric fencing. The retail price of these is $265.00
per hundred. Alternatively 25 mm square (inch by inch) timber pegs are
often used. These should be pointed on one end and painted white for about
20' cm (8 inches) on the other end. 1200 mm wooden pegs, pointed and
painted sell for about $90.00 per hundred ex Brisbane. Shorter wooden pegs
(900 mm) are not recommended as they may disappear from view when grass
is long.

: _Shm:l temporary markers may consist of about 500 mm lengths of heavy
plain wire with a loop twisted onto one end onto which bri i
i which bright flagging tape

Up 1o 20 star steel posts may be used as permanent sighter pegs.

!uizwevcr star steel posts are too heavy and cumbersome for general survey

(2) Helpers

After you proceed with a Keyli
you yline assessment of your lang i i
a better position to successfully develop the full potcﬁlial of ?«cﬁoiowm =
1 2 Implementation, IR
’_l"he_ speclﬁc details of project construction
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C. Getting the benefits.

“—1.  Get a detailed topographic map of your area.
o design pays particular attention to the vertical relationships of
Rc'\IhTL[cfltﬁrts within the landscape. An important aid to the design is

imponm} te 1‘op0graphicatl (contour) map. ‘ .
an ;|ccuf::j wpggmphical maps show features like crecks, roads, contour lines,
S"""‘I," hts, buildings, dams, €lc. Such a map will save hours, pos§ibly days
spot hc:l,g.m; during the assessment process. Maps at a scale of | in 10,000
of survey e setailed that are generally available, although 1 in 100,000 or 1
;.nczl._:g 000 are usually better than nothing. Laminated topographic maps
e and cadastral plans (property boundaries, etc) may cost you about
is covered by a single sheet overlay.  The maps
eas that feed into the property,

(contoured)
$30.00 if the propcq)-
should disclose the size of any catchment ar

; this area is too vast.
uuk’:l‘s;.t:h;arious state Departments of Mapping and‘ Survey can be m
helpful. Apart from the laminating, wtuch‘ they don't do, ﬂIl:yQumay,
your property boundaries onto the topographic map for you. mmlnnd,m .
this has been arranged over the phone. Enabling the % 1?;1::0 2
collected when finished. [If necessary add t.l;e pm]:;:yﬂ;b: e
topographic map yourself, and if you are mnsﬁed 1 dmbonndﬂn]emm
accurate, have the map laminated, so that you ml.l’have a o 1
which design information can be placed. )_\nach l?:e tratlsl:iéll'wlmj il
the map. By allowing one for each factor in Key: e, planning

developed on each sheet with eraceable ink so any correcti
Orthophoto maps ar€

is planned leave the more permantent
Acrial photographs are someumm_ e
contoured acrial photographs, these are exce Ifxall Keyline Designs may be
If you are unable to obtain a suitable map :hglocan on of your property
able to do so, although detailed information on

is essential. 5 undaries on any map you
It is preferable not to draw 1115“_13 the pmpertf’;:.}:ppwm] If notation IS
arc intending to send in to Keylin® es, send two copics, one clean.
requidcli pr:peﬁygc?nsider ti;ning for on fssitc Pl;:rm"g' o e
; may be a ctor CID S

- seasonal work llaads A Keyline Designs.

OuCllmfite aﬂu‘: area will be mt_erested mKYhneernsaddeS results in the
e o batio dispict auetinE BEE

om :

sharing of travelling 3. Contact Yeomans mmem Fastern

onal 61 75 916281 office hous GG 120,

Phone Interieity stralia (075) 91 6281 or MObEf0 e ) outhiport,

Standard time. Wi Keyline Designs = P-O: BOX %0 istralia.
Postal address: Yeomans Queensland, 421

layers below
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