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Farm Channels for Border Check Irrigation

It ts worth taking a good look at the components of the farm channel system because large gains in the
case and specd of watering can often be obtained by the removal of bottlenccks and faults. A
well-designed and well-maintained channel system is also necessary to obtain the maximum benefit
from new layouts.

Head Loss

Before we look at the individual components of the farm channel system, the term "head loss” should
be understood. In practice, this means a drop in the height of water flowing through a structure, or
along a leogth of chanael.

There must be some loss of head for flow to occur. This is the same as saying that water [Tows only
downhill. However, in the flat country typical of Victoria's irrigation areas, head losses must be kept
to a minimum if the farmer wishes to maximise the arca of land that can be irrigated. In one extreme
case of poor channel design, land that was 300 mm above the former limit couid be irrigated once all
unnecessary head losses in a long farm channel were eliminated.

The major cause of head loss in channels is the presence of weeds. Fast flow velocities, which are the
result of steep channels or small structures, are also accompanied by large losses.

A channel structure {culvert, channel check, or bay outlet) with a large opening and slow flow causes
less head loss than one with a small opening and fast flow. As water flows through a structure, a visible
stepdown in the water surface, coupled with turbulence, usually indicates that the opening is too small
for the flow; this means an excessive head loss. The water backs up on the vpstream side of the
structure, and this may cause it to overtop the banks. If the backing up extends right back to the meter
outlet, the rate of flow will be reduced, causing the meter wheel to slow down.

As water passes through a restrictive structure it speeds up, and energy is released when the water
slows down again. This usually causes turbulence, which can undermine structures and crode channcl
banks. Itis therefore important to protect structures and banks by the approprate placement of rocks,
bricks, or stones.

The Dethridge Meter

Most properties in Victoria's irrigation areas are supplied by a Dethridge meter outlet. In the past,
two sizes have been used, "Large” and "Small", depending on the flow rate required (See Table 1).

A recent development is the Dethridge-Long meter, which is a much improved (hydraulically)
modification of the Dethridge meter. Each type requires a head loss, to operate as a measuring device
(Figure 1), However, the more efficient Dethridge-Long meter requires less head loss, delivering up
to twice the flow as the conventional Dethridge meter at a given head loss. Alternatively, it has less
than half the head loss, at a given flow rate within the Dethridge meter range (see Table 1),

While the conventional Dethridge meter will remain for many years as the most common meter wheel,
the Dethridge-Long meter is attractive where higher flows are desired, or where minimum head loss
s required. It is available now for such situations.



TABLE 1 - OPERATING DETAILS FOR METER WHEELS

Dethridge -Long Meter Dethendpe Meter =
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Motes:

1. The fow and bead loss details apply for the standard supply depths given, with the meter out-
let door [ully open. Varying the supply depth may alter the flow condilions signficantly.
The Now may be regulated by partically closing the meter outlet door, effecticely reducing
the supply depth.

2. The head loss figures shown correspond Lo the maximum tailwater level possible to achieve
the Mow at that supply depth.

3. The small Dethridge-Long meter is available with a pipe approach which has higher losses
than the figures shown lor the open channel approach.

Where a flow of 10 ML/d (for example) is required through a conventional Dethridge meter, 2 head

! - loss of 80 mm is needed. To achieve this, the farm channel system must operate so that the tailwater
level (the farm channel running level immediately below the meter wheel) does not rise above the
maximum level for that head loss (180 mm over the "lip” of the meter emplacement for this sized meter).
If it does, the flow rate and the meter wheel will slow.

Hence, the head loss through the meter wheel, and more particularly, the Commission channel
SUPPLY LEVEL, is critical to efficient operation of the farm irrigation system. Where a new layout
is being designed, the Supply Level should be obtained from the Water Commission's District
Manager. This determines the highest land that can be irrigated from that particular meter outlet.
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Figure 1. Dethridge Meter Outlet

Commanded Land

Il land is to be watered by gravity, then the source of the water must be higher than the land, The
Water Commission has specified that the highest land to be irrigated ("commanded") must be at least
150 mm lower than the Supply Level in the Commission channel, Away [rom the meter outlet, this
command levelis lowered at a slope of 0,01 percent {1:10000), plus head losses through any structures.
This is equivalent to a vertical drop of 10 mm every 100 m horizontal distance, with additional drops
to allow for the head loss through any culverts or checks.

A new irrigation layoul is an opporlunily Lo increase irrigation efficiency by using extra head to obtain
higher Nows, or o increase the area of irrigable land by minimising head losses,

Alternatively, even minor earthmoving could result in commanded land becoming uncommanded.
Again, it is extremely important to find out the Supply Level in the Commission channel from the
District Manager. It would be disastrous (and embarrassing!) 1o spend thousands of dollars on
earthmoving only to find that the resulting layout could not be irrigated properly.

The Commission specification of commanded land is 150 mm or more below the Supply Level, This
figure is the absolute minimum. For a new layout, the highest bay level should be no less than 220 mm
(preferably 250 mm) below the Commission Supply Level. This allows for a head loss of 80 mm through
a large meter outlet at 10 ML/, with a Turther 40 mm head loss through the bay outlet and 100 mm
depth of flow on the bay.

In marginal command situations, a flow of 5 or 6 ML/ and very wide bay outlets (2 mor 2% 1 m), with
relatively low head loss could be telerated, In this case, the highest bay level could be 18D mm below
the Commission Supply Level, Attempting to irrigate land at the official maximum command level of
150 mm below Supply Level usually results in slow irrigation, with supply fows of 3 1o 5 ML/ and
depths of flow on the bay of 60-70 mm. This may be uLccplahlL on very small bays, bul it is hardly
acceptable for a modern layoul.

An alternative is to install a Dethridge-Long meter wheel. At 10 ML/, it has a head loss of slightly
less than 20 mm, This saving in head loss over the standard Dethridge meter wheel may coable
reasonably cfficient irrigation of marginally commanded land.



Remember, the recommended figure of 220 mm below Supply Level for the command level must be
increased to allow for head loss in the channel and for any structures between the meter wheel and
the land to be irrigated,

In many cases, the Commission channel often runs at a slightly higher level (perhaps up to 100 mm
higher) than the official Supply Level. This level may be apparent as a “high water mark” on the
headwall of the meter outlet. Previously, this has provided a safety margin for some poorly designed
systems However, it is strongly recommended that farmers and designers of channel systems do not
rely on assuming levels other than the Supply Level provided by the Commission. The Commission
cannot guarantee supply above the Supply Level. Relying on higher levels, even if the channel has
commonly been run at a higher level, is quite risky, The channel may not be run at that level in future.

The Channel

The size of the channel required depends on:
e The flow to be carried;

e The grade or slope of it (or the head loss available between the supply point and the area to
be irrigated);

e The "roughness” of the surface of the channel bed and batters {in practice, the amount of
weed growth),

The size of relatively flat channels supplying marginally commanded land is often crucial, because the
head loss has to be kept to a minimum,

Flow

This is determined by the flow available from the meter outlet, or the capacity of a pump, or the flow
rate available from a dam.

Slope

e The flattest practicable slope is 0.01 per cent (1:10 000).

e Ifthe required head is available, 0.02 per cent (1:5000) is preferable, so the channel can drain
out better.

e For short sections of channel, 0.03 or 0.04 per cent (1:3333 or 1:2500) may be used.
e Slopesassteep as 0.1 per cent (1:1000) should rarely be used and only when the soil is suitable.
The high velocity of flow occurring in steeper channels will erode many soils. Drop structures

(channel checks or modificd channel checks) will be necessary to reduce velocities.

Generally, channels should be constructed on a relatively flat grade to minimise the number of channel
checks (and hence the cost).

On flat land, the number of channel checks should also be minimised, in order to reduce head losses.



Dimensions

Table 2 gives recommended channel dimeasions for common flow rates at slopes of 0.01 per cent
{1:10000) and 0,02 per cent (1:5000). Figure 2 explains the terms used in Table 2 and Table 2a.

A steeper slope will result 1o a shallower depth of flow at the given flow rate. Alternatively, a steeper
channel would carry a greater flow at a given depth of flow. For example, the 5 ML/d channel in Table
2 could carry up to 10 ML/d at a slope of 0.04 per cent {1:2500).

TABLE 2- RECOMMENDED CHANNEL DIMENSIONS

Flow MLd | Slope Bed Width | TupolPad | Flow Depth | Pad depth
lix | Begvest m Width [above bed) | below design
: w w waler level
| | m

5 5000 002 12 44 028 0.07
10000 l0.01 1.2 l4.7 1033 0.10
10 /5000 l0.02 15 53 037 0.13
10000 0.01 2 6.0 039 0.16
15 15000 .02 20 l6.6 0,40 0.1
110000 lo.01 20 7.1 .28 015
20 15000 l0.02 25 73 l0.42 014
10000 l0.01 (30 8.2 l0.47 10.18

MNotes: These dimeasions apply for the following conditions:

a) There is only a small amount of weed growth
(Maaniog's o = 0.04)

b} The siope of the batters is 1:2 (vertical:borizoatal).

¢) Freeboard after consolidation i5 0.15 m for flows up to 10 ML/d, and 0.25 m for larger flows.

d) The crest width of the consolidated bank is 0.3 m. Wider banks (with wider crests) ure
recommended for elevated chanoels (see Table 2a).

TABLE 2a : MINIMUM CHANNEL BANK
CREST WIDTHS

Height of water level|Minimum bank Crest
above ground level (not|Width (m)
top of pad) (m)

Less than (13 0.3
03-0.3 0:5
05-14 lU.*II

Even wider banks (with wider crests) are desirable where soils of marginal stability are used.
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Figure 2. Construction of Channel on a Pad

Weed Control

Table 2 assumes that there is a small amount of weed growth in the channel. More weed growth would
increase the depth of flow at a given flow rate, With excessive weed growth, the channel would not be
able to carry that flow rate. Weed control by chemical or mechanical means is essential maintenance.

Large channels minimise the effect of weed growth, and allow the occasional use of a tractor to control
weed growth by slashing or cultivating. However, flow depths of less than 0.3 m should not be adopted,
even with wide channels. Small amounts of weed growth on the bed restrict shallow flow depths
severely. An exception 1s where a stecp channel is required. A wide, grassed channel may be
appropriate to avoid erosion,

Construction

Channels can be formed by:
e a'Mile-a-day” channel former attached behind a tractor or in front of a bulldozer;
e aroad grader;
@ a hydraulic excavator.

Each machine has its advantages and disadvantages. Generally, a road grader is preferred as it can
build a range of sizes, is relatively quick and compacts the banks. Whichever machine is used, it should
be laser-controlled for accurate grade and level control.

Channel Pads

To achieve the desired slope and level of a channcl, it is usually necessary to first construet an
embankment or channel pad, upon which the channel is then formed. Channel pads are usually
constructed by elevating scrapers, although "carry-graders”, more commonly used for laser grading,
are sometimes used. Particularly if a carry-grader is used, care should be taken to avoid excessive
powdering of the earth for the pad.



The top of the pad should be laser-graded before the channel s formed. Even where the existing
surface is apparently at the appropriate level and siope, it should be laser-graded before forming the
channel, which should aiso be done under laser control. Some excavation may be necessary where
the required pad level is lower than the natural surface. Remember, the aim is to provide a uniform
slope for the finished channel.

The top of the pad is constructed at the same slope as that required on the completed channel, The
level of the top of the pad relative to the design water level, and the width of the top of the pad, vary
with the dimensions of the channel, That 1s, they depend on the channe! bed width, the bank crest
width, the batter slope, the {low depth and freeboard required. Table 2 gives the top of pad level
relative to design water level, and the top of pad width for a range of channels. Table 2a gives the
minimum bank crest widths required for various design water level depths above the ground surface.
Figure 2 illustrates these terms.

Remember, the aim is to achieve a particular design water level and channel cross-section. The design
water level is higher thaa the top of the channel pad because of the method of construction of the
channel on the pad. Earth is taken {rom the centre of the pad and placed on the sides, thus bulding
up the banks of the channel to a level higher than the original top of the pad {see Figure 2).

Table 3 gives the total pad width and volumes of earth required to construct a typical channel to various
heights. Where different sized channels are required, advice should be sought about appropriate
dimensions for pads.

TABLE 3 -VOLUMES OF EARTH FOR CIIANNEL PADS

Water Lavel [ Top of Pad Bank Crest Topui Pad  |Pad Base Width | Volume Perm
above natural | above natural {Table 2a) Widih T ength (sec Note
surface surface m m 2)
m m ;'E cubic m
.2 0.4 0.3 6.0} 6§ 2 074
0.4 0.26 0.3 .{6.3 73 1.30
0.6 0.48 0.9 {7.0 89 3.80
0.4 0.0 .9 if'-’.{] 0.7 570
|
1.0 338 0.9 174 1.5 1.7
Notzs:

1. These dimeasions apply precisely 1o a channel with 2 0m bc.d acd a running depth of 0.4m,
with frezboard of 0.15m and 21 batters, Such a chaonel could carry 10 ML/d at a slope of
1:10,000 ( Table 2).

|+

The volume is the final volume of the pad. Comgaction must be ailowed for in the sarth
brought in. 3% compaction is commenly assumed. Heace, for a pad containing 100 cubic
metres, 130 cubic metres of borrow are required.

While the dimensions in Tables 2 and 3 are precise, in practice such precise dimensions are rarely
achieved. In practice, it may be desirable to build the pad perhaps 5 cm higher than designed, which
will result in slightly larger channel banks, It is preferable to err on the generous side, if anything,

However, it is desirable to be fairly precise with the level, slope and wadth of the bed of the finished
channel, particularly where command is marginal.

The channel should be drained between irrigations, to minimise weed and yabby problems. Ideally
this would be done by emptying the channel onto the last bay to be irrigated. To do this, the bed of
the channel would have to be higher than the lowest bay level. Generally, it is oot practical to have
the channel bed higher than the bay surface because of the earthworks required to construct the pad.
In marginal command situations, it is not possible. I1f it is not possible to have the channel bed above

|



the bay surlace for one or two bays at least, then it may be possible to drain the channel after irrigation
into a drain, preferably one that will take the water to a drainage re-use system.

The channel should be designed to provide the desired command level. A higher channel is normally
oniy required to cross low ground. Where automaticirnigation is required, there may be special design
requirements,

Soils

In silty or dispersive soils, or cracking clays, the width of channel banks and pads should be increased
over the dimensions shown in Table 2a. The crest width should be perhaps 1.2 m and the batter slopes
1:3; this will significantly increase the overall width of the channei and pad, and the volume of earth
required.

Topsoil should be stripped before dumping the pad, especiaily if the finished channel section will
intersect the topsoil.

Topsoil should not be used to construct the channel pad, but it may be desirable to line the completed
channel wath topsoil, particularly if the clay subsoils are prone to cracking and/or dispersion. A
channel constructed on a pad composed mainly of topsoil is likely to seep excessively. Lining the
channel with perhaps 20 em of topsoil should prevent drying out and cracking of clay, and so avoid
failure of the channel. Alternatively, lining a [ailure-prone channel with road making gravel has been
successful. There is enough clay ta-scal, but the stone content results in minimal shrinkage.

CGood compaction of channel pads and channel banks i5 desirable, particularly where soils are suspect.
This is best achieved with moist (not sticky) soil. Usually, the weight of a scraper achieves good
compaction of the pad. Forming the channel by road grader usually achieves good compaction of the
channel bank, by running the wheel of the grader along it.

Where high channel pads are required, or the soil is suspect, advice should be sought,

Channel management

The initial filling of a new channel should be done over several days, Lo allow the soil to wet up slowly
and consolidate. Rapid filling may result in bank failure.

Channels should be fenced off to exclude stock, particularly with new, unconsolidated channels. In
particular, mature cattle can cause a lot of damage. Once the channel banks are consolidated, young
cattle or sheep may help control weed growth, However, it is still desirable to control their access to
the channel, to minimise wear and the resulting maintenance requirements. Stock access to channels
can only be restricted if an alternative stock watering supply is available, such as stock troughs.

Channel Structures

Culverts

Culverts are required for stock and machinery access, and may also be used where a channel must be
taken under a drain.

To minimise head loss, culverts should be of adequate capacity (Table 4) and should be mstalled so
thut water flows smoothly into and out of them, as shown in Figures 3 and 4.



TABLE 4 - CULVERT DIAMETER

Flow . Pipe Diamcter mm
MIA ) ! o : B
Low [ead loss Typical Head loss High Head loss
_ _(1I0-20 mm) (25-40 mm) (60 -80 mm)
5 450 - 380 K) )
10 6 525 450
15 o fisl) N (el 525
200 J600 il [ELY
Notes:

1, These conditinns apply for culverts up to 8 m long,
2. Two paralle] pipes can elfectively carry twice the flow.

3, The culvert should be installed so that both ends are submerged when the water is flowing,

; Access Trock Width i

Headloss
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Mote that culverts need to be sct some depth into the bed of a typical furm channel, so that they arc
submerged by at least 50 mm when the water is flowing. On installation, the channel bed should be
graded out from cither end of the pipe to minimise the amount of silt that will be dr;pusilcd in the pipe,
thercby restricting the capacity of it, After some tlime of operation, it may be necessary 10 clean oul
such culverts if their cross-sectional arca is reduced by more than say 10 per cenl.

Concrete headwalls should be constructed at each end of culverts, so that the full length of the culvert
can be utilised without slumping or erosion at the ends.

Where culverts arc significantly longer than the 8 metres for which Table 415 upplicub]u, additional
head loss will occur. Conerete pipes are supplicd in 2.44 metre lengths, While pipes can b cul, 4.88
metres is recommended as the minimuim length of a culvert (thatis, two pipe lengths) where headwalls
are used. Longer culverts are recommended where no headwalls are used, or particular accuss
requirements exist. There is very little head loss 1o be saved by having shorter culverts.

For operating conditions not covered in Table 4, advice should be sought.

Where it is desirable to have even less head loss than that shown in Table 4, a clear-span bridge may
be more cconomical than larger pipes. A clear-span bridge obviously incurs no hicad loss penalty.

Channel Checks

Channel checks are used to control the flow of water, and as drop structures when the required water
level between two sections of channel is different, The head loss through channel checks depends on
the depth of flow as well as the width of the opening. The widths given in Table 5 are for typical depths
of low. Sce also Figure 5.

A wide range of prefabricated concrete and steel channel structures are available, Alternatively,
concrete structures can be poured on-site. These are often preferred, particularly for larger channcls,
as they are less prone to leakage around them,

Care should be taken in installing structures. Inadequate dimensions, or poor compaction of the
backfill material could result in leakage or "washing out”, This would make the structure unstable or
even render it useless, if the water ran around the outside of it instead of passing through it.

The sills of channel checks should be set at the bed level of the channel to enable it to drain out

completely,

Tep of Channel Bank

Upstream Channe!l Woter Level —l

—_— [ Top of Haook
Direction of Flow \ Headloss

e Dowrstream  (Channel Woter Level

Upstream Channei Bed B

TIRCCY TITTOT

Zill of Check ot
ypstrearmn bed
level.

Downstrearn Channel Bed

coﬁ}Dmmm s T,
HSeaching is normally required on bed

and lower botters for 1metre immediately
dawnstreorn of check where the drop in
bed levael is 0.1m ar mors,

Where a drop af 0.3m or more is
required, o more substontial structure
may be necessary.

Figure 5. Channel Check ( with drop )
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Channel checks are often combined with culverts. The combined structure is cheaper to construct,
and incurs less head loss than two separate structures. Prefabricated pipe ends wath doors fitted may

he appropriate.

Where a drop in the channel bed level of 10 ¢m or more occurs, beaching may be necessary ta prevent

prcessive erosion.

TAHKLE 5 - WIDTH OF DOOR QPENING FOR CHANNEL CHECKS

Channel Flow Rate Depth of Flow Width of Qpening m s
ML/d m Low Head Loss (10-| Typical Head Loss | High Head Loss
| — 20 mm) (25-40 mm) ()-8 mm]
3 13 L6 045 1.35 )
10 Ill'].-i . ng = 0.6 D45
s s 10 0.8 0.55
il | .5 1.2 - (1.0 .75
Notes:

1. The door must be fully open, and the sill must be at the upstream bed level.

2. To obtain the minimum height of door, add 0.1 m freeboard ta the depth-of-flow figure.
While 0.15 m frechoard is recommended for channel banks, 0.1 m is acceptable for struc-
tures, ‘ahich are much less prone to damage or wearing down. For larger channels where
0.25 m of bank frechoard is required, 0.2 m of frecboard is appropnate for structures.

Bay Outlets

Bay outlets control the flow of water onto the bay, There are three main types: pipes, doors {or weirs)
and siphons. See Figures 6, 7, 8 and 9,

The choice between doors and pipes is sometimes a personal one, but also depends on cost and the
head of water available over the bay. Generally, where the available head over the bay is limited, doors
are preferable, and cheaper than the equivalent pipes and fittings required. For higher heads, where
some head loss is even desirable, pipes are preferred and cheaper (at the smaller sizes).

In dispersive soils where washing out of outlets is likely, a well-installed door-type outlet is probably
safer than a pipe, where "tunnelling” beside the pipe can occur after the bank has dried out and shrunk
away from the pipe. A concrete cut-off wall or "collar” can help overcome this where pipes are
required.

The installation of pipe outlets is an attractive option where a laneway is desired beside the channel.
Pipes through a combined channel bank-laneway make access to the upper end of the bays simple.
With doors, access is only possible over the channel, by culvert or bridge, or at the lower end of the
bay:.

Siphons are not recommended in permanent systems because of the labour required to operate them.
However, they can be attractive for furrow irrigation, or where irrigation from a new unconsolidated
channel is required.

Pipes and siphons should be set so that both ends are submerged when the water is flowing. This will
minimise head loss.

11




gsize of Outlets

The size of the outlet is determined by the head available (alter the channel has been designed), and
the flow rate required, which is determined from the bay design. See Tables 6, 7. 8 and 9 lor
recommended dimensions, and Figures 6,7, 8 and 9 for illustrations of the terms used.

The available head loss through the outlet will vary with the depth of water (or depth of Mow) on the
bay. This depth depends on the Mow rate, the slope of e bay and the height and density of the crop
or pasture on the bay. It can vary from 50 to 150 mm, but is commonly between 80 and 120 mm, Such
variation has most elfect on flow through the outlet where limited head is available.

Where conditions outside those given in Tables 6,7, 8 and 9 oceur, advice should be sought. Similarly,
where automation is planncd, advice should be sought.

Design Water Level

The "design water level” at various points along the channel system can be calculated, given the Supply
Level and allowing for the various head losses.

Where the Supply Level limits the arca of land which can be irrigated, the aim is to keep the design
water level as high as possible by minimising head losses. Where command is not limiting, the aim
should be 1o maintain design water levels so that the available head over the bay is perhaps (.20 m.

Chonnel Water Level

Flap {or other) —

Walve. on Bay.
: = + Dutlet Fips T Eay Surface
Channel - .
Bed / \
Invert of pipe may need Invert of Pipe. - i )
to be set belaw bay snd/or -Beoching may be
channel bed level to ensure necessary on the bay
that boeth ends of pipe are side of the struciure
submerged while running. to avoid excessive
(To minimize headiess.) erosian

Figure 6. Pipe Qutlet
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TARLE 6 - PIPE QOUTLET SIZE

Head of waler over

Pipe Diameter (imm)

the bay (m) Flow MIL/d

—— 5 10 15 | 0
0.12-0.14 1x380or L5325 ar 1 x 601 or ilxil‘i or
(Lowheadloss  |2x300 2 x 380 o 25450 13450
. 20.40 mm) 3 %300 13 x 350 |
0.15-0.20 1.x 300 or | x 350 or 1% 525 ar | x &0 or
{Typical head lass  |2x225 or 2x 300 or 2x ¥l or 12 x 450
- 50100 mm) 4x 150 4x225 3% 300 3 x 350

|
021030 T 2300 % or 1% 380 * oo Lx 450 * or 1x525 or
(High head loss 2x225 or 2 x 30 or 2 x 3N 2 x 380
- 110-200 mm) 3x 130 3x225 3N
= 030 1x2250r I x330or 1 x 3580 or 1 x 450 or
{High head loss 2x 150 2x 225 2x 30 2 x 380
- > 200 mm) Fx 225 3 x 300

* Commonlv Used.

Notles:

1. Thetable assumes a depth of flow on the bay of 100 mm., Where decper flows on the bay are
expectizd, advice should be sought. Flow dzpths may be grzater than 100 mm with relative-

ly flat slopes, dense pasture and/or high flow rates. Varing the depth of flow will bave

mast effect where limited head is available.

I-'l

the surface of the bay, with 100 mm depth of flow on the bay.

3. Where a flow of 2.5 ML'd is required, use one pipe of 300mm diameter (instead of

2 x 300mm) for low bead loss, or 1 x 225mm (instead of 2 x 225mm) for ovpical kead loss.
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Pipes should be set 5o that both eads are submerged, for minimum head loss conditions. For
example, a 380 mm pipe should be set with the invert of the pipe 280 mm or mare below




TABLE7- DOOR OUTLET S1ZES

Head of water over - Total 51l Width m
the bay (m) Flow ML
5 ML 10 ML IS ML 20 ML

0.12-0.14 125 40 50

[ Low head loss 1.2 iLg 2alE .L:g. 3xnl2 ce 4% 1.2
- 20-H) mm)
0.15-0.20 07 s 120 10

{Typical head loss in-. 2x0.7 e 2x 10 cg. 3x 1.0 :
- 50-100 mm) - _
Commanly Used i L2 L L&

0.21-0.25

(High head loss |43 09 12 18
- 110- 150 mm) N eg.2x09
= {125 (.45 16 ) 1.2
(High head loss i

- = 150 mm)

Maoles:

1. The sill widths given assume a depth of Jow on the bay of 100 mm. Where deeper flows on

the bay are expected, advice should be sought. Flows deeper than 100 mm may occur on
relatively Mat bays, with dense pasture and/or high Mow rates. Varistion in the depth of
flow on the bay has most effect where limited bead is available.

This assumes that the sill level is set at or below bay level, and that the channel bed level is at
or below bay level.

The total sill width can be made up by a number of slls whose total widith approximates the
figure given. Eg. 2x09m = 1.3m.

The depth of Joor required is given by adding the required freeboard to the head-of-water-

over-the-bay figure (where the sill is at bay level), (0.10 m for structures in channels of up
to 10MLS capacity, 0.20m for upto 20M L),

14



Far narmal operaticon,
the door is completely

remaoved,
Freeboard Heod of water
A Gt over bay.
Channel Water [evel 1
—_ S e o A et Rt i oo -7 Water Lavel
— / ] §_ Headiass f on Bay.
alo === [
et \L I T
Shannal . Boy Surface
M Sill of Door set BedekinG e s Depth af flow
ot or below Bay I'Itt.t‘;'sa?‘:.r unrtht biay an bay,
Level side of the strusture
to avoid excessive
erosion
Figure 7. Door Qutlet
TARLE 8- SILLWIDTIIS FOR FHEE OYERFALL
Heud over the sill Total Sl Width {(m)
(m) Flow
SMLA 10 ML 15 ML 20 MLAd
2 I ¢ § S 1 )
H 4 4 N
Ak 2 K 6.3 H.5
Aa 1.0 2.0 3.0 4.0
15 .5 i1 1.6 2.2
Motz

1. "Free overfall” occurs where the sill level is above the depth of flow on the bay; not *drowned”
as in Table 7. Hence, the sill should be 100 mm or more above bay level where 100 mm

depth of flow occurs.

e

Where automation by channzl level control s required, the minimum sill elevation differeace

between subsequent sections is the bead over the sill ligure used, plus bead loss through
any structurcs, and an allowance for head loss aloag the charnel. The minimum practical
difference between sections is 100 mm.,

Channel Water Level

Heed over sill. Head of water

Sill—=

Chonnel

N __i,____{/m.r bay,

Woter Lavel
an Bay.,

TS

Bed -~

il level should preferably be
ot or ocbove the maximum
bay waoter level to provide
free overfall

Figure 8. Sill Outlet

TIATOT

Depth of flow

R
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Bay Surface
i g ;

eaching may be
necessary on the bay
gide of the structure
to gvold excessive
arasion.

on bay




TABLE % - SIPION SIZE
Head - Mumber of siphons for 10 MLA
{m) Pipe Diameter ) .
5 mm # mm . M¥mm | IMmm 20 s
.05 92 |37 k) 11 b :
0,075 76 31 19 9 5
0.10 66 i 16 3 3
015 54 pa | ) 14 6 3 _
.20 46 20 14 3 3
(0.30 3 17 i9 4 ) 2
Note:

The head is the dilference in clevativn between water ia the channel and water on the bay {or [urrow).
That is, these figures do not assume a depth of flow on the bay (as distinct from Tubles 6 and 7). For
example, a 100 mm depth of Dow on the bay and 4 hedd over the bay ol 0.25 m (250 mm) results in a
head of 130 mm (0,15 m).

Bed

Siphon Pipe
Head of waler
over- bay.
Chonnel Water Level -~ =" ™= N,

o Haudlussr Woler Level

_an Hay.

Channel While the chonnel end of the —
pipe must be fully submerged m

for the siphan to operoie, the

bay end should olso be submerged

to maximize the heod, and hence \

the flow. Beaching may be

A means of priming the siphon is necessary on the bay
required. Small Siphcms can be sida c'f. the strL.!ctura
primed by rapid “hond pumping’. to ovoid excessive
Larger siphans normally require g Erosian.

wlouum pump.

Figure 9. Siphon Qutlet

Diagrammatic Summary

Figure 10 is a diagrammatic representation (not o scale) of the main components of the Larm system,
showing the respective head losses and their relutionships.

NG mm kead dpss E0mim feod  |oss 20mm head loss
throagh meter o~ hraugh chonnel check rhrough subrmerged
HI.' Fad with 1000mrme dosr widin, culvert
,.»""-/ I'ul S0mm npad hogs
] i ki [ -
Siiicly Tiist /_, .5 g {M hraugh Doy suite 1
=t — - Worer lever ' Iomm depth
Supn-r depth ! it s T -::.f- e T al flow =
wswally 80 . E Zim & o = e — __‘{___
7/wa|-r_»;;,;._::;/-ﬂl i -rﬂf.l widih ¢i,, Hﬂ-‘_ﬂel j_ ___l
.-u.—~ T TRTETT—
Outle?l mrs depends
1Gmm heod loss per 100 ol chommed orea | ° 2000 QDY qrode an avaiiobic head ond
af 2Omen nead ioss per 100m of channel on @ prelerred grade of |2S000 (003 5%

lNaowm per outier

Figure 10. Typical design for a farm channel with Dethridge meter
delivering 12 ML/d; the diagram is not drawn to scale.
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