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AUTOMATIC EQUIPMENT FOR SURFACE IRRIGATIONY
By

A, S. Humphery s

Automat.ic and semi-automatic _sﬁffa.ce irrigation structures and_.
systems are being developed t_e _im'prove irrigeﬁon ﬁrater rn'e.na.gemzent.
and"conservati'on'on the farm. Moet mechanized structuree may be
elassified as fﬁllY'automatie or semi.a.utOmé.tic _'depending upon their
- method of 0pei‘ation. A fuliy autoinatic system_o;aere.teg without at__teni:ion_
from the operator oti'xer f:han_.periodic ins'pe'.ctions from Qﬁe irrigation to
the next. The _ne'ed for irrigation and often the irrigation time periods,
hov{rever,. are still .Ia.:rgely_ determined by the irrigator 'who_:isualiy has
to turn water into the sysfem. " The semi-automatic ‘system ue'es gates
and checks which are normé.lly tripped at a preset time by a mechahical
timer or electfically. In add1t1on to determmmg the need for 1rr1ga.t10n,
the irrigator also manually resets the structures or moves them from
one location to another, or both, prior to each 1rr1gat10n. W:th compe-
tition for available natzonal water supplies increasing, some irrigation
water users may be forced to use their water more efﬁcxently. Autoe

mat:l.c equzpment prowdes a. means of a.ccomphshmg this w}ule a.t the

¥ Gontribution from the'lNe:;-thwe st Br.a.ncﬁ, Soil and Water Conserva-
tion Research Division, Agricuitu_:pai Research Service, USDA: Idaho
Agricultural Expe ri‘ment Stetiozi coo'iaerating; |
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same time saving labor. At a time when reliable farm help is difficult
to o.bta.in, and wage :atés are in_crea_. sing, an in\.res'tment in automatic
structures could be a.n economical alternative arid.mafy be rrloie easily
justified than in the past. |

Surfacé flooding systems using'basinﬁ; borders or cﬁntour ditches
are easiest to automate since the field topography allows the enﬁre
stream of water to be "distributed.over the: sciii_ surface. When furr.ows
| are .used,_ howevér, the irrigation st.'rea.m must be uniformlf divided into
inany small streams directed into individual furrows. This requires
furrow flow regulating devices or controls in addition to check and turn-

out structures.

Review of Automatic Irrigation Equipment

Being- DevéloPed by Various Inve stigators

One of the objectives of this paper is to present a brief review of the °
various automatic irrigation structures and devices wﬁi_ch are aﬁihble
or in a state of development and which may be expected to be p__roduced-
commercia.lijr. For many ye#rs attempts have been made to achieve
some degree of automation in irrigation and many devices have been
built with some being patented., Most, .however, have _not.been proe-
duced commercially or used to a large extent; Recently, however, be-
cause of critical water and labor conéitiém’s , automation has attracted -
many individual farmers and researchers to experiment with various
devices. Curtis (4)* reports the use of an automat:tcally relea.sed ca.n-
‘vas dam which is built and used by some farmers in Idaho. A similar
type is also being use.d in New Zealand (15). These are tripped by a

conventional alarm clock and are used pfima.rily with the border method

* Numbers in parenthesis: fefe:_' to the appehdéd references.,
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of irrigation. A border iﬁlet gate isl operated simultaneously with the |
release of the main canvas d'arn.. The borde:__? inlet gate is usually a
drop ga;te which, when released, falls By its own weight and sfoj)s the
flow of water through an opening. It may be mounted and tripped in a
\}ariety of ways and ﬁa.s been used by farmers in this country and Neév-
Zealand for several years (14) (Zj; .
A syétem receﬁtif developed in Wyoming (7) use.s a drop gate in
the supply ditch with a ca.b_lle__atta.ched toa series. of small individual
rotating disc gates. The se are fastened to the inlet end _of__"oui:let' tubes
or pipes in the side of tiae ditch. When the drop'gate is .released by. a
mechanical ﬁﬁzer, he cable opens the outlets in the section of.ditch
immediately upstream and allows water to :Elow onto the ﬁeld. Irrzga.- '
tion proceeds up the ditch in‘--.this manner with each drop gate closing |
Iin sequence and.bpex;ing the outlet gates immediately preceding it. |
An ingenious system in California (17) uses a sﬁga_.r cube to .-frigger_
the.'termination.of.irrigation in a border. A spring lloa.ded se'nsi;lg
device containing the sugar cube is lecated near the lower end of the
“field,: _When water dlssolves the cube, a wire extendmg from the lower
end of the field to the Bupply‘ ditch trips a gate on the border turnout.
The turnout from the.ditch into the border is a conventional pipe. fitted
with a flap-type gate which closes when it is réleésed-.l When the gate
: Icloses ,~a connecting wire ..o;pens the next gate downstream which, in
turn is closed at the completion of irrigation by a'éensing device é.if;
the end of the boxder. | .
Slow moving travelmg dams which divert water C'ontmuously from
- an 1rr1gatwn dztch ha.ve been used and one model was produced comi-

merc:.a.lly. This type of equipment has not been widely used, h__owe_ver.': .
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because of inherent problems. A mo‘dification of this system which
shows promise (5) uses a water-ffillea, balloon-type, drive-wheel to
form the dam and to i:ropel the machine, ' The combination drive-
wheel and dam is formed by a wéte:r_— filled rubber tube surrounding a
fibe r.glass' drum shaped to conform to the ditch. |
- Experimental self—proi:elléd‘tfaveling siphons have been deve.loped
and tested in Wyoming (16) (3), Th_e se are u’aé__d primarily for soils hav-
ing high intake rates and with border methods of ii:igation féquiring_
large irrigation streams. A machine is su.pp'orted in the ditch by p_on-_'.
toon assembliés and is .propelled.. along the _ditchbank By a water turbin.e. :
located at the outlet end of large siphon tubes.

A system using radio cp’ntr'.olled inflatable pneumatic valves for.con-'
trolling the di_scharge into borders was developed by Haise and Kruae (9),
- This was discontinued in favor of an'improved. system using hydraue
lically controlled butterfly gates in farm lateral turnoui.:.s {10). Doﬁble-
acting water pistons open and close butt.erﬂy g..ate.s which are installed
in turnout pipes into the field, Three and four_'-'-v&ay hydraulically ¢con-
trolled pilot valveé are .connected into the system to control both the
butterfly gates and check structures in the main ditch. A sinking float
gsensing device located near the lower end of th.é field operates a'pilot '
valve which terminates irrigation m a pafﬁcg_lar set of borders and di«-
rects water into the next set. Seferal bordé.;s are irrigated simulfa'_ne..
ously wifh irrigation automatically .mo.ving sequentially ddwﬁstream.as -.
each group of borders is irrigated. .'I'hisf_ system requires a sourcé of
water pressure and insfallatioﬁ of plastic h_ydratiiic lines_albng the ditch
bank and to the sensing déﬁce in the field. The'hyd:auﬁc 'pPressure is ob-

tained from a small waterwheel or gasoline engihe driven pump'.
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A radio controlled system for .'border irrigation is being developed |
by Bowman at Montana State Unive:rsity (1). This syste_fn uses a moia;
ture sensing device .' coupled with a portable radio transmitte? located -
near the lowér end of tl;e border and a portable receiver at the upper
_énd. A gate in the supply ditch _ié‘ op.era.ted.by a small battle.rj.r .powered
_ .DC electric mofor which is actuafed by a radio signal from_thé tra.ns-;
| mifter. A similar gate in the turnout 0peratés in response to chénges
in the water l_ev"el' and closesaﬁtomaticélly when the aﬁpp_ly éitch gate
opens at the end.' of an irrigatio_ﬁ._ : |
Fischbach et al .'{6), re'port the development of a rather elaborate
automatic buried pipéline sjrst'em' with 2 reuse or pumpback system in~
‘corporated. An electric pﬁmp sgpplying waier from a well or'ofher _ |
source is activated when ténsioﬁmeters installed in the field sense the
need for'irrigatibn. 3 The main pum.p'dis.cha.rges in_tb a buried pi:peline
from which water flofivs through risérs to .gate& pife on the surf‘{ce;
Rubber pneumatic valves controi the discharge from the riéei's. An
:.a.utomatically. resetting tirneclof:k controls the length of: irrigation after
being preset by the ope_rator_; The reuse part of the overall system o
collec.ts runoff water fror.ﬁ t_l_ié field ina sma.l.l reservoir where it is"
pumped back into the system. ’fhe gated pipe .openingls are mahually
preset for each field to de:li{r'e.r the desired amount of water to each
farrow. All operations are electrically controlled from several control
panels. . . o | | : _ :
A discharge regulating aeVice for use with gated pipe or layflat .tubing
has been developed in Rulgsia (21). With this d.ew}ice, it is :reported

to be possiblé to autoinaticalljr regulate the discharge from small
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distribution tubes fastened to layflat tubing. Uniform discharg'e from
all fubes is possible _rega.rdle'ss of t_hé i:opograp}.ly or slbpe on which
the tube is Jaid.

Automatic Irrigation Equipment Developed

At The

Snake River Conservation Research Center

Mechanical automatic structures being '_de’ve.10ped at t.he Research
Center do not require an external power source fdr oPeratioh and in-
clude simplé timer controlled structures. These are being tested in '.
automatic cutback furrbwa, con\.rentio_nal furrows, graded border,
basin and contour dit(.';h systems. Practically all of the equipment
described previously was developed for border or other. surface _ﬂdod-
ing systems. This 'is undefstandable since these systems are much
easier to automate than furrow systems, _Howe\a;er, an autoxﬁaﬁtic cut-
back furrow irrigation system developed at Okiahoma. State Univ‘érsity
(8) was installed for evaluatioh when used with a timer contréll_ed check

dam developé'd at the Research Center.

Semi-Automatic ﬁrawstriﬁg Check

This portable, . lightﬁreight éhgéck consists of a nylon ;-eizﬁforced
butyl rubber dam supported in a ﬁme_tal frame designed to fit the cross- "
section of a lined ditch. The dam is supported in the frame by a plas- -
tic covered steel cable drawstring which ié ._i:elea sed by a mechanical
timer at the end of an irrigation pei‘iod. A commercial timer was _Iré- |
designed by the manufacturer for us..e with-"automafic- structures, It is
fitted with an escapement réleé.se which is operated by a small float.
This permits the check an& timer to be r'e.set anytime bé-tween irriga-

tions, The timer does.not operate until wa.ter"._enters the ditch
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immediately up.stream from the check. When this occurs, the timer is
released by the rising float and begins timing the ir rigation period.
This check is ideally suited for use in an automatic—cutbé.ck furrow
irrigation system, Fig. 1. When the check is used witﬁ th_is system

the number of acres one irrigator can manage may be increased ten

to fifteen times while keeping runoff to a2 minimum.’

Fig. 1. Portable, semiautomatic drawstring check being
used in an antomatic- cutback furrow irrigation

system.

The automatic-cutback furrow system consists _-of a lined ditch
having an outlet tube for each furrow. The ditch is constructed in
a series of bays with all furrow tubes in ea.ch.bay installed at the
same elevation. A semiautomatic check dam is placed'at_ the end

of each bay. When the check is released, the head on the furrow tubes
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in the bay irnmediately upstream ig décreased resulting in a r.educed
or cutback secondary flow. At the same time, a high initial flow dis-
charges into the furfows of the downstream section. Thus a high ini-
tial or primary f10§v in each f_urfow is followed by a reduced éecoﬁdary
flow. This results in an efficient'irrigation with a minimum of runoff
from the field. The expenmental systems installed to date are equip-
ped with furrow tubes made from standard pzpe wzthout an ad;ustment
for flow rate, Exper;ence_durmg the past season, however, indicates
that it may be desirable to equip the furrow tubes with adjustable gate_g
so that the ﬂdw to individual furrows: may be adjusted to compensate .t'o.r
variations in soil intake rates. Once adjusted the tube s should not re-
quire further attention du'ring' the remainder of a season.

The basic drawétring check for lined ditches may also be used in
unlined ditches by providing sheetmetal cutoff walls instead of rubber
seals on the edges of the frame. With the c':u.toff walls .attached,. the
structure is installed in an unlined ditch at aéproxima-tely a 45° angle
much the sarhe asina lined ditch. Fig. 2.

Drop Gate |

The drop gate mentioned earlier ha.s. been tested in both lined and
unlined ditches as a companion device to'_ othéf automatic _structﬁres..'
It is hinged at the top and in the open pﬁéition is suSpended over tﬁe
top of the d:.tch., When released, it falls by 1ts own welght and stops
the flow of wa.ter in the ditch or through the turnout where it is pla.ced.-.

" This timer- coutroll_ed gate is presently being used to 1rr1ga.te sugar
cane in Hawaii where in the pé,.st two years appfoximﬁte_ly 20, 000 acres

have been semiautomated..



Fig. 2 Drawstring check with cutoff walls for use in an

W

unlined ditch.

Pressure Gate

A gate using the principlé of hydrostatic pres sui‘e distribution for
tripping has been developed for use in both lined and unlined aitches;
Fig. 3. It has a horizontal pivotal axis located at approximately one-
third the water depth at which the gate opens. Whe.:.n.the water level
on the upstream side r'eac.he.s. a certain depth the gate opens automat-
ically and remains open as long as water flows over it. The gate is
fully automatic when fitted with a ébu;nterweight to return it to i_f_s
normally closed position at thé end of an irrigation. This check gate
is ideally suited for u.se with companion structures where approxi-

mately 1-1/2-inches or more rise in the water surface are available _

for tripping.
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Fig. 3. Pressure gate (left) for lined ditches being used
w_ifh a companion drop gate.

An economical, semi.automatic system may be obtained by using
the pressure gate as a companion structure to the drop gate, The
drop gate is placed in the turnout to the field and the pressure gate
in the supply ditch. When the'drop gate is i'elea_sed, the flow of water
into the field ceaSes. This causes the water in the ditch to rise to fhe
level required to trip the pres..sure gate. When the p.ressure gate opens,
the water proceeds down the ditch to the next pair of gates where the
operation is repeated. These gates may also be used. to automaticé.lly
divert water from one supply ditch to another.

The gates may be instaile_d in the reverse order to irrigate Ifrom

the downstream end of the ditch towards the upper end. In this system,
the drop gate is installed in the S.upply.ditch and the pressure gate in

‘the field turnout. The field or border at the downstream end of the
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ditch is irrigate.d first, Irrigation of this section is terminated when
the drop gate immediately upstlream is released and stops the flow of
water in the ditch. The water level__a.bové the drop gate rises until the
pressure gate in the field turnout opens to adn_:it water into the field.
When ir riga‘tipg 1n this manner, a safety feature is .'built. into the sys=-
tem since only one irrigation set v.vou.ld be missed in case of a timer
failure., The next structure upstream Wouid operate at its scheduled

time.

Sinking Float Border Gates
A sinking float border turnout gate was designed for use with the
pressure gate to form a completely automatic irrigation system. The

border gate shown in Fig. 4 is similar to a Tainter gate with a float

Fig. 4. Sinking float border turnout gate with a companion

pressure gate (right) in an unlined ditch.

L
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mpuﬂted oﬁ the front portior.).a.'. The float is constructed with é; water
"inle-t at the bottom and a controlled air escapé 'a.-t the top. The float
sinks at a.rate cpntiélled by the amount of air escaping, In opera-
tion, the float initially is buo'yant. and bpens the gate when Water.is
received in the ditch., The gate is counterbalanced such that the buqu
ant force from the float is sufficient to hold it open durmg 1rrigat1on.
Irrigation is terminated whgn_ the float loses “buoyancy and sinks, thus
‘closing the gate. The rate at which water is allowed t_b en_tef the float
is controlled by varying the size and length of a stainless steel hfpo-- |
dermic needle on the air-escape tube, A removable, 'pla;stic. cover is.
placed over the needié for protection, The float on the border gate is
constructed so that it leses buoyancy rapidly.w}ien the top of the .ﬂc;a.t
sinks to the water l-éve_l in thé ditch. This causes the gate to close
rapidly. When the border gate closes, the water level in the ditch
rises until the pressure gate in the supply dltCh oPens. Water is
_thus allowed to flow to the next pair of structures downstrea.m where
the sequence is repeated. When water is turned from the ditch after |
field irrigation is compieted, the _-.check_ gate returns to its normally
closed position. The float on the .border. gate drains betweén 'irriga-
tions so that it becomes automatically reset and rea.df for the next
irrigation without Attention f roz_n. the farm ope fator.. Ope ration of the
structures referred to above is described in greater detail eisewl_ie_ré
(11), (12), (13} "

Imprbved Efficie.m':y with Automation

The use of improved automated 1rr1gatmn structures and systems
results in both labor and water savmgs. A semi-automatic system us-

ing level basins and alarm clocks to trip drop gates is reported to h_a.ve
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an ovéra.ll irrigation efficiency of 87% (14). In addition to increasing
the'irrigation'efficiéncy, this system reducec_i labor reqﬁirements moré
than 80%. Preliminary data obtained at the Re'sea.rch-:Center' indicate
that an 1rrzgatzon efficiency as h1gh as 75 to 80% may be obta.med from
an automatic-cutback furrow system. |

Labor_performance data from several sources are given in the
following tabulation for conventional irrigatioh systems and for those

equipped with automatic structures: : o
: Average Labor

_ _ : . Requirements _ :
Data Source and ' Per Acre Average Area
Irrigation System . Per Irrigation Irrigated Per Hzx,
3 - Hours Acres
Manual Irrigation: .
Utah (19) _ ' ' '
880 ft. or more length of run 0.39 _ 2.6
1330660 ft. length of run - .78 1.3
New Zealand {20} ’ . . | .
Border dyke with 8 cfs flow . 5 : 2.0
Hawaii {18) Sugar Cane o |
' Hilly terrain, steep slopes - N S : 1.4
Level-level ditch system, mild slopes 42 2.3
With Automatic Equipment: | |
Automatic- cutback farrow irrigation _
system w/portable seml-automa.tzc o -
check dam ) -+ 029-,04 25.35
{Research Center and Colorado ' :
" installations) _
New Zealand _ -
Automatic border dyke w1th 8 cfs flow : . 028 - 36
Nevada (14) . - S | |
Drop gates and level basins . - 028 - 36
Hawaii o | . o
Hilly terra.in, steep slopes _ .35 _ 2.8

Level-level ditch system, mild siopes 0.14 7.1
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The_sé data are indicative of the labor savings which may result from
the use of automated surface irri gation_eqizipﬁleﬁt. Data from the Utaﬁ
étudy are _indicative.o.f the irrigation requirements in the United States | .
for good surface systems using concréte turnouts and headga.te‘s. Thé
data are an average for both lined and unlined difches. For sfstems
which do not have permanént Stru..ctui'e;s' and which are not well d.esigned
or maintained, the labor req'uirements will be somewhat greater fhan
shown. The labor requirement for the automatic-;cx_ntb_a.ck fui':ow BY 8w
temn is slightly greater._thar.x for the New Zealand and Nevada systéms
because the check dams were portable, The increased labor represents
that required to mové tﬁe portable check damé from one location to an-
other, If sufficient checks were used so that 1:h.ej,.r conlci remain 'in.place,
or if pe'rmanent autornatic structures were used, labor requirements
should be compafable fo those reported fqr New Zealand and Nevada
where.the structures.weré pe_rmané.ntly set iﬁ place, |

Work iﬁ being conducted in some Soviet a;ssociated count'ri.ea to
reduce furrow irrigation labor requirements, A system has been dev-
eloped for use in East Germ_ﬁny and Bulgaria (22) for automatically
priming siphon tubes., Information periéining' to the sy_stefn is some~
what meager but the labor statistics reported are indicative of the ine -
creased pefiorma.hce which rﬁay resﬁit f.rom_ a.utomating_or'partia.lly _
auntomating an irrigation system.' _The average p:oductivity of an irri-
gator in the se. countries is réportéd t;) be approximately.ffom 0.4__tb
0.6 hectare (1 to 1-1/2 acres) pe:f shift with furrow irrigation on ﬁ.neven
ground us'ing.a hoe. On fairlj} level land and long runs the productivity
is appro:cimé,tely 2.1/2 f:o 3—1/2.hectare; {6 to 9 acres) per shift, This _

is approximately one-half the labor pe rformance in the U.S5.A., using
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siphon'tubes in lined ditches., By using automation in varying d.egrees,. _
the labor performance was inc’reaséd to 10 to 15 hectares .(25' to 37 |
acres) per shift. |

In additioﬁ to the labor and water s_'a;vi'ng.s resulting from the use
of automa_.téd surface i:rrigat_ion e_quipmenf, better water mana.gement
cé,n often result in increased yields, For example, irrigation effic-
iency of mountain me#dow systems. is. normally va\éry low. Some of the
timer controlled structures developed' at the Resenrch _Cen_:e:f were
field tesfeﬂ on'a mountai;: meadow field in Wybming. The sfuciy in'volvea
the irrigation of two adjacent fields in which one field was irrigated in
the cohventipna.l manﬁér with water applied almost continuously throughe.
out the irrigation season, The other field was equipped with auf&matic
checks and good irrigétiqn .pra'ctice followed. Uﬁder- the imaproved wzlu':e:.-
- management practice, the hay yield from the cne crop 'normalljr harvested
in that._area was one-half to one ton per acre gfeatér than on the.field
i:rriga.ted by conventional _practicle. | |

Future Outlook

An irrigatidn supe.rin.tendenlt_on a Hawailan sugar planie tic;n stated,
"Automation or me_éh.ﬂ;niza.tioln is _causing. a revolution m Hawaiian irri-
gation." This same .rev.olution will undoubtedly reach the mainland.
Automation of surface irrigation .a.t_preser.xt. is somewhat limited by the -
a\}ailability of commercial equipment. W ith_.1;_he various systems under
‘development, ii'rigation equi'pmem': mahuiacturers most cesrtainly will
be adding automatic componenfs to their pré#ent equipment line. |

.With the developmenf of mechanized 'eguipmen_t well underway, |
more attention needs to be .g:'iv'en fo' developing field la.yoﬁt 'requirerhei:ts

and design criteria.
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