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INTORODUCTION: 

This paper is about designing a layout, installing, operating 

and testing the performance of two portable irrigation systems 

used to control blackbirds. This was done for the Wildlife 

Section of the Department of Renewable Resources, of 

MacDonald Campus, McGill University. The two systems were 

tested consecutively, the first one used two "Big Gun" sprinklers 

and the second setup used seven full circle impact sprinklers 

and two Toro geared rotor sprinklers. They were tested during 

the end of March, and through the month of April 1982. They 

were installed in a swamp which caused many difficulties and 

delays in the installation and operation of the systems. 

PROJECT OBJECTIVE: 

To control the blackbird population, thereby decreasin~ 

the yearly corn damage caused by them. 

DISCUSSION: 

To control the blackbird population the Wildlife Group 

of the Department of Renewable Resources came up with an idea 

to spray the birds with a diluted detergent that would remove 

the birds natural oils from their feathers causing them to die -

very painlessly - of exposure. This method could be used where 

a high bird density occured. This occurance only happens once 

a year in the spring, when the birds return from wintering 

habitats. When they return - normally males retuns first -

they gather every night in an area called a roost, until 

the nightly temperatures stay above freezing. 
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During the day they ieave the roost to feed. The roost is on 

the south side of the Beauharnois Canal. (fig. 1) and it 

c o v e r s m a n y s q u a r e m i 1 e s . T h e W i 1 d 1 i f e g roup d i ·~· i s e d a 

method basically by making noises, that would maneuver the birds 

i n t o o n e s m a 1 1 s e c t i o n ( : 1 o 00 ' ·, x 1 2 o 0 • ) o f t h e r o o s t ( f i g . 2 ) 

that was prepared by the Wildlife Departmen t. 

FRONt t>u<:E 

It was in this section where the irrigation was to be installed. 

ENGINEERING O.BJEtTIVE: 

To design and install an irrigation system that would 

distribute the water with the detergent eventy over ·a 

section of the roost. 

CONDITION OF THE TERRAIN WHERE THE IRRIGATION SYSTEM WAS INSTALLED: 
-

The irrigation system was installed in a bird sanctuary 

which was a swamp, on the southern side of the Beauharnois canal. 

(fig,z). The water depth in ttle swamp, vartes from 6 inches to 

6 feet , w i t h a h ea v y g ro\vth o f f r a gm i t t e s 7 feet · t a 11 • The 
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- Fig. 1 CANAL DE BEAUHARNOIS 
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The weather was cold and warm, varying from-10°C to 100c 

throught out the month of April causing ice to · fo rm normally 

but never thick enough to walk on. Water te mp erature range 

from 0° to 4°C throught out the project. The dike, which 

surrounds the swamp, was constructed of clay, it was very 

difficult to drive on wh en wet. 

SYSTEM DESCRIPTION AND REASONS FOR SELECTION: 

The first system installed consisted of a V-8 Chrysler 

gasoline engine driving a centrifugal pump, 6 inch diameter 

intake pipe with a screen, 6inch diameter aluminum pipe for 

the main (1300' ), 4inch diameter aluminum pipe for laterials 

(180' each), two rain gun sprinklers, one 0.99 inch straight 

bore arid the other 1. 10" ring orifice, one standby P.T.O. pump 

and tractor. The layout of the system is shown in Fig. 3. The 

pump location was determined ~ bythe closest available water spot 

that was deep enough to supply the water needed and accessible 

from the dike. This system was choosen because one rain gun 

covers an .area which would take about five sprinklers and therefore 

requiring less work to install. 

APPLYING DETERGENT: 

The detergent was diluted in 45 gallons drums at the 

college. This diluted detergent was introduced into the 

system by connecting a small 1.0" I.D. hose to the suction side 

of the pump. This allowed us to inject the solution into 

the system slowly, therefore, diluting it with the irriga~ion 
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water. The rate of intake was set by adjusting a valve 

on the suction line. This adjustment was done by timing the 

intake of a known quantity of water. * The rate of suction 

was determine by the dilution rate and the time it took the 

sprinklers to make one full rotation, and therefore assuring 

a g o o d c o v e r a g e o v e r t h e ·i r r i g a t e d a r e a . 

* Rate of suction is in the calculation section. 

RUNNING PROBLEMS AND CORRECTIONS: 

Running the system at 125 P.S.I. - calculated pressure­

caused some pipe couplings to disconnect and coupling gaskets 

to blow, due to the ability of the pipe to move . - floating 

to the surface and sinking to the bottom of the swamp, -

every time the pump was started and stopped~ this \'Jas solved 

by r e d u c i n g t h e p r e s s u r e t o 9 5 P . S . I ·. . T h i s d e 'C r e a s ed t h e 

irrigated area but not sufficiently to affect the testing 

of the performance of the system. Also, most of the coupl-ings 

were wired on to stop them from disconnecting. 

Another problem which occurred was the intake screen 

clogging up with algae and small plant life. This occurance 

would cause the pump to ·loose pressure slowly. So, whenever 

the pressure would drop down to 85 P.S.I. the pump would be 

stopped , allowing the water ~ in the line~ to flush back through 

the pump, backwashing the intake screen. This would only 

take about 3 to 5 minutes ·and was done almost every hour 

during operations. 
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The main problem which caused the system to fail was cannon 

like noises, made by air ex panding after it discharged from the sprinkler 

guns, when the system started up, Scaring the birds out of the roost. 

This problem was not forseen because we were informed that the birds 

would remain in the roost after dark no matter what type of noise was 

made. This cannon like noise was caused by the air in the line being 

forced out through the guns when starting up. To reduce the amount of 

air going through the line, a bleed valve was installed on the last 

elbow in the pipe on top of the dike (see fig. 3). The pump was 

also started slowly so the escaping air from the bleed valve could 

be reduced below sonic speed, since the bleed valve was only 1.5" 

in diameter. The bleed valve did not help reducing the noise considerably 

and therefore, this system did not work and an alternate system was 

tried. 

DESCRIPTION OF SYSTEM #2 AND REASON FOR SELECTION: 

The second system installed (Fig.4) used seven 70 EB Rain Bird 

sprinklers and two Toro 670 series Greared Rotor sprinklers with 

240 feet of 4inch aluminum pipe plus all equipment used in system 

#l except for the gun sprinklers. This system was used since it required 

only small changes from system #1 and therefore installation time would 

be much shorter than system #1. Also, with the smaller sprinklers 

slow start ups the initial air noise was reduced. 

/ 
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RUNNING PROBLEMS AND CORRECTIONS: 

This system also had the initial adjustment problems. 

Such as pipes disconnecting and end plugs coming out. After 

they were repaired the system operated without any problems. 

The intake screen in this system, also, had to be backwashed 

every hour of operation to keep the running pressure around 

9 5 P . S . I . 
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INSTALLATION OF THE SYSTEMS: 

Installing the first system took approximately one week 

due to the hard working conditions. Initially, each length 

of pipe installed had to be pulled through the swamp in 

icy condition (picture 1) which was very time consuming. 

Picture 1 

For example it took one man 20 minutes to move one 30' length 

of pipe to the first valve in the line, approximately 600'. 

Later, a flat bottom boat was obtained and used by placing 

the pipe o~ top of it.(picture 2). 

Picture 2 
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It was then pushed through the swamp (picture 3) 

l?ictu~e 3 

sometimes on ice and sometimes in the water - to where the 

pipe had to be installed. This would also take approximately 

15 minutes to get to the first valve. Each length of pipe for a 

lateral still had to be pulled through the fragmittes to be placed, 

which was very time consuming. (picture 4) 

Pi cture 4 
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The installation of the second system took approxi mately 

two and half days. It required extending the two existin g 

laterials by 150' and adding on a third one 300' long. 

(fig.~) 
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RESULTS AND DISCCUSSION: 

As stated before, the first syste m did not work . The system 

was tried twice. Both times it was con firmed by Professor 

Bider that the birds were in the roost. The pumping was 

started two hours after dark (ar ound 10 PM) allo wing the 

birds to settle down. Wh en the irrigation was started Professor 

Bider reported seeing a flock of birds leaving the roost, but 

he could not estimate the amount so the operation continued. 

After running for fifteen minutes the detergent wa s introduced 

into the system for about two and a half hours applying 

approximately 0.60 inches over 88% of the total ar~a planned. 

It was reported by the Wildlife Group that in both cases there 

were no bj-rds killed .. 

The second setup was tried out twice. In both tries 

the birds were in the roost. The first try was a total 

failure since a series of problem occured, end plugs coming 

out and pipes disconnnecting which a whole night was spent 

correcting. The second try ran successfully. The rate of 

intake for the detergent was slower lhen the first system 

since a higher concentration and less detergent was used. This 

system distributed approximately 0.4 inches of water in two 

and a half hours covering 95 % of total area planned. The 

Wildlife Group reported that approximately 160 birds were 

killed, not making it a success but showing that the technique 

can work. 

While installing the system we noticed that the birds were 

very sensitive to high frequency noises, such as the one made 

by metal hitting metal. Therefore if any work (hitting) were 
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to be done during the night a wood en mallet was used. Another 

tool that was useful was the walkie -ta ~kie. Because of the 

large work area it saved · us a tremendous amount of time in 

communicatinq. 

SUGGEST IONS: 

Some suggestions that lil i g h t be he 1 p f u 1 , are o i v en be 1 o w. 

They must be tested before it will be known. 

As we know, . the air escaping through the sprinklers is 

a big problem. By placing a tee at the first be nd and placing 

a gate valve at the end of one length of pipe after the tee 

(fig.S} to act like a manual releif valve. This way we 

can control the velocity of the water so that the main · can be 

filled slowly allowing the air to escape slowly and therefore 

stopping the whistling noises caused by the_ high velocity 

e scapi n g a i r . The: gate ·.is then :closed when the 1 i ne i s f u 11 , b r i n g i n g 

the system up to operating pressure. 

~====================6=h=~=E=E==~==~~ VALUE 

Dlt<e 

_ Fig. 5 



' Page 15 

Moving the sprinklers out to the co rners of the roost 

would reduce the noise inside, therefore not scaring the birds 

as much. For exa mpi e setting four big guns on each corner of 

the roost (fig. 6) 

0 K:E 

_4o,__s--- VALUE ~ 
X - SPRlN KL-Ef\ 

--- RoosT 

I:N\A.t<Si 

---------+----~~--------------+-------~~--0\KE 

with the manual releif valve at each end., . close to the opposite 

dike so it could be easily controlled. The roost would have to be 

small (300' x 300') for this system, and therefore may be 

m 6 re d i f f i c u 1 t g e t t i n g t h e b i r d s i n to i t • C o .up 1 i n g s w i th two ·. 

latches rather than 6ne, should be used. This would reduce 

gasket blowout considerably. While installing the system 

all couplings, gaskets, and fittings on ·the pipe should be checked. 

completely. 

I would suggest strongly to find a dry roosting area 

or at least with water no deeper than six inches. This would 

reduce instalration time considerably, for example it would 
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probably take only about one day to install the first system 

which took us one week. If a dry roost is not ava i lable I would 

suggest to install the system mainly the part in the swamp 

at the beginning of March when everything is frozen over, 

and make sure to wir e all couplings closed. 

CONCLUSION: 

The performance of two irrigation systems was tested 

consecutively. The first system tried was a 11 Big Gun 11 

system that consisted of two guns. It did not succeded due 

to the loud cannon ltke noises it made when starting up which 

scared the birds away. The second system consisted of 

nine sprinklers and was not very succesful. It exterminated 

about 160 birds. This was not a very high count, but it 

showed us that the idea of a portable irrigation system used 

to control the blackbirds population is still a possibility. 
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f RICTIO\ AND PR3SSU~E 

Scobey's :quation : 

Hr = KsLQl• 9 (1.45 X 1o-8) 

n4·9 

Hr = total friction loss in the line in ft. 

y - Scobey 's coefficient of r etardation = s -

L - length of pipe in ft. -

Q = total discharge in gpm 

D = i nsi de diame ter of pipe in ft. 

First Irrigation System 

from table l. 

1.10" ring orfice sprinkler gun: 

at operating pressure = lOO psi 

diameter covered = 348 ft. 

G~ P. M. = 238 US gal. 

o.99" smooth sprinkler gun: 

at operating pressure = lOO psi 

diameter covered - 357 ft. 

- G.P.M. = ·235 US gal. 

Hr For Main: 

for the· first section (up to first value) 

Q = 47t> gpm 

L - 910 ft. 

D = 5.949 in. 

0 . 4 
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Hr = 20.3 rt . 

for the second section (after first value) 

· Q = 235 gpm 

1 = 330 ft. 

D = 5~949 in. 

Hr - 1.9 rt. 

Hr For The Lateria1s : 

Q = 235 gpm 

1 - 164 ft . 

D = 3.949 ft. 

Hr = 7.1 f:t. for each lateral 

Average Head in latiria1s, Ha : 

Ha = H0 +tHr 

H0 - pressure at the sprinkler on the 

farthest end = lOO psi = 231 ft. 

Hr = friction in the laterials = 14.2 ft. 

~ Ha = 234.6 . ·.rt. 

Head at the Main, Rn: 

Hn = Ha + 3/4 Hr + Hr ~ 3/4 He 

Hr = the riser height = 7 ft. 

He = Maximun difference in elevation 

between the first and last sprinkler 

on the 1aterial = 0 ft. 
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Ope r at i ng Pr essure , t = 

Em = he a d loss in main = 22.2 ft . 

H.= e l evation difference bet 1een t he pump 
J 

and t he junc t ion of t he la t erial and 

t he main =- 5 ft 

Hs = e l evation difference between the pump 

and t he ~ater supply a fter dra~down 

= 5 ft~ 

Ht = 2~0.5 ft. = 122 psi 

therefore,~ operating pressure = 125 nsi for 
. . 

allowance · of friction losses of bends and 

value connections. 

When the pressure· was reduced to 95 psi. at the _pump 

_•"h.- -pressure ~ at _:the 'sprinklers .z;-edncp,.J._ ...: .· 75 psi. 

TABLE 2 Running Performance of First System 

SYSTEM I SYSTEM I 

Operating pressur~ 125 psi._ 95 psi. 

Pressure at sprinkler 100 psi. 75 psi. 

Diameter sprayed 

Gun #1 357 ft. 324 ft. 

Gun #2 34~ ft. 314 ft. 

GPM( US.)' . 

Gun #1 235gal. 199 gal. 

Gun #2 23tS gal. 200 gal. 

volume~ pumped 473 gpm • 399 gpm. 
... 

in/hr : Application rate 0.41 in/hr. 0.3 



TABLE 3 Runnin g Perf or mance of ~e cond Dys t e .. 

Operating pressure 

Pressure at sprinklers 

Dia ...! eter sprayed 

#l sprinklers* 

#-2 sprinklers** 

G.P.}1. per sprinkler 

#1 sprinkler s * 

__ #2 sprinklers** 

Volume pumped 

rate of application 

SYSTE II 

95 psi . 

70 psi . 

lOO ft. 

164 ft. 

3 0 ( us • ) gpm o 

50 (us) gpm. 

310 (US.)gpm. 

. 0 . f 6 in • /hr • 

* 7- 70 EB Rain Bird sprinkler (Tab]~ 4)~-- · 
** 2 - Toro 670 Series Geared Rotor 
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SUCTIO ~ - RATE OF D~T:2RGEHT* : 

System I 

System II : 

- for sprinklers to do t vo rot a tions it requires 

apprbximately 15 minutes . 

in 15 mintues 450 gal lons of detergent vas 

intro duced into the system therefore, rate 

of suction = 30 gpm •• The dilution was 1:13 

since 400 gpm was pumped . 

i n -1 0 mi nutes 90 gallons of detergent** a s 

introduced into the system t h erefore, rate 

of suction= 9 . gpm •• Th e di lution ~ as 1 :34 

since 310 .gpm was pumped. 

· * detergent used: - a diluted solution of tergital non-15-5-9-

150-propyl, alcohol and water. 

** A higher concentrated dete t gent was used. 
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EQU I P~·1ENT USED: 

1 - V-8 CHRYSLER GASOLINE ENGINE 120 H.P. MAX. 

- PTO PUMP 

- TRACTOR 

1- 150 GAL. GAS TANK 

2 - TORO 670 SERIES GEARED ROTOR 

7 - 30 EB RAIN BIRD SPRINKLER 

1 - 0.99 INCH STRAIG HT BORE RAIN GUN SPRINKLER 

- 1.10 INCH RING ORIFICE RAIN GUN SPRINKLER 

43 - 30 FT. LE NGTH OF 611 ALU~~1I NUt·1 PI PE 

30 -- 30 FT. LENGTH OF 411 ALUMINUM PIPE 

2 - 90° ELBOWS 

32 0 611 COUPLINGS 

26 - 411 COUPLINGS 

2 - 411 END PLUGS 

1 - PRESSURE RELEASE VALVE 

3 - 611 VALVES 

3 - WALKIE - TALKIE 

1 - GASOLINE ELECTRIC GENERATOR WITH EXTENSION CORDS.''At-iD LIGHTS 
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RAIN GUN~ IMPACT SPRINKLERS 

104C/ 105C Series 
Rain Gu n®_Sprinklers 

3 

For use on travell ers. center pivots, gun stands, and solid 
set An excellent sprinkler with versatili ty needed for spe­
cial applications or varying ~onditions. Rugged construc­
tion in brako and bearing areas gives maximum time of 
trouble-free service. Drive can, be adjusted for wide range 
of field conditions to provide proper amount of drive, stream 
break-up, or alter distnoution profile. Large diameter range 
b.Jbe with straitening vanes gives excellent diameter of 
throw. ~ • 

For FuU Circle operation. use 104C 
For Part Cin::le operation, use 105C 

PERFORMANCE 

Ring Orlllce PflfortrUince 101' 104C/105C Rain Cun Sprlnklen- 23• Trajedcwy 

• 

105CS 

-:I S1r _,.. 
~- ua- uao- ~ ..... .:w OY. CPM Du. CPM c.a. Q>M 0\a.. CPM OiL CPM DY. ~ Dl&. 

10 2M 110 2J.4 lCZ lQO liS 311 n• m 275 

"" 27'5 Ul m 154 ~ 200 m 2&l uo 295 
10 m w lOt 164 ru 3-15 20 3M 315 
to m 1ll 315 17S 337 227 lSI 276 111 336 

100 !05 lCZ %ll 1!5 . l4l .na· ln ~ m 352 
llO 1~ DO m ~~ 351 250" m C02 1n 
120 m U1 346 202 * ~' 392 l2l 4U m 

352 ll4 
m n:J 
lD 174 
m 40CI 
C09 422 
«21 441 
&l1 4U 

3U 
30 
~ 
414 
«2t 
431 
~ 

Straight Bor. Perlor~nce fM 164CS/1~CS Fbln Cun sA 23• TralK!OIJ 

• i~·~J ~I a.ur I.Bt- o.no- 0.99r 1.090- Lltr 
"" ... ..:;; Cl.~ - CM.~ ~ '"' Ota. CPM o;i:• CPM Dol. C,M OiL Cl' M D•a. CPM DL&. 

10 2U .. 269 --110 292 14l 

~ 
lU 329 226 l-'1 275 366 Jlll ~ 

7'0 25S tl .211 111 304 IS4 19, l47 24~ 353 21J5 lit l~ 400 
10 us H 2'1 U7 :UI 114 214 357 261 375 315 395 374 41 .. 
to 275 105 lOO Ui m 117 

100 2&5 111 310 1Q lJ.I l&S 
no · 295 117 320 ~ lU 19S 
120 305 122 130 157 ~~ 202 

ORDERING INFORMATION: 
Y,'h en orderin& the m ndud l04C or lOSC rina orif~ee model. 
specifJ: 

fUn& Ori!Q 
lolocltl .... 

''""Lo;c, 

TABLE. !. 

FUn 11 llaaat 

I 

l47 227 
357 ~ ]M 

m 262 

367 276 190 336 410 400 &77 
1n 290 coo ~2 420 422 4.&0 
386 lOS 410 1n 430 "" .uo 
3'35 l2l 421) 1'32 ~ 465 uo 

When Ofderini the 104CS or 105CS stni&ht bole ~et. 
specifJ: 

Stni rf!t B4t'1 
Mod t i i'IG. 

I 

22 

~ 

lU 
411 
447 
41S 
!00 
!2S 
$50 

u.-
Cl' M 

~~ 
447 
471 
500 
52S 
$50 
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~~- c:u le teuinf. Stzndard or 
TXT. 
u1! t::c r.z e bC:y a :~d arm. 
Erass tnr in£ slee ·a, nipple, 
s: r• i ~~! bore ran!e noul ~ • nd 
z i >.JI <r s; re2:!er nozzle r or 20·. 
S i l i cc:-~ ~nze urn sprin~ 
Stz iiless steel tezr ir.z sprin£. 

S2 me u <!OB •bove except hu 
trass ~luz islstu:! of spre•du 
noute. Sinzle norzle used lot 

· sloner precipitation tate. 

29B-TNT SEP.IES 

30:3-TllT SERIES 

. 

\i .. ~:late TlfT b~arinz 
Cast bre;:zc body z:ld zrm.. !:1y 
is w1ed tor i bett~ ~a! the 
burinr zu~n!lly. 
Br£U bl<a!in& sl~e rn·' *, 
ni~j)l~ ln4 n;,me.. 
Shir.Jess s:~~ arm s~rin1 and 
bem1z sprlni. 

~l- cW~ TNT bei!'inl cmfJ. 
Casr bronze b:2dy 2nd UCL Body is 
bod!d foh b~tter seat Gf t:l~ beiliftl 
use:lhiJ. 
£nu b~arinz steev~ ni?'l~ s:r~i~M 
~re ra:1~e nonle ;;md an~ular ~e~ 
c.mf~ a· er 2Q•). 

S~.ai:-.!!SS sfteJ zrm s;uinz a:'ld ~eillin& 
s~ 

r ....,__~;I S.m• " L'• JOB '"" '"''' has ' 
-........./ . ~ • brass piL'Z. instezd of s~:u.!~ r:cz.~e. 

-.... Sin£,~ noul~ for slower yrtCI;JitJ.IOO 

,~ 30EBW-TNT nte. TtiT bcarinz onl]. 
~ 
~J ...... 

3 
FULL CIRCLE SPRINKLERS 

IC i t,.~nt ~:o i t~t of llru..,. b ,. a !>'ne 11ollh. 

Hi&~ut pcit>t cJ strum Is,. a~ =u!a. 

r.::n't I!Olllt f l't41r!t k~lllt r;:~zlt IIJ.U ' • .: J "a:z:• 1/12- 1/t• t ·u-... SilT" lli~- l/15- 13/U'" 
.: ;),J, ' ·~::~ CrL C P.ll o., . c.r .u . o;,_ c.~ .... Ora . C. P.U. Cia. C ?.V. :)i1 C.P.~ 

':! .~~ s: : 2! c; H; S.J s :; S2 t !J tl 1:~ ~ :: J 
~~; 7 !i ~z I!J ::-: ·-. ll ;~ l~ n .: !! ~; Hl I) 

! ~· tr..o .,. il i ~ il .: =~ ':3 ~ :2 ~ 1.51 ~ 7.a ~) ~~ :~ ::• m :: J 40 9) &.., K S.ll J·:) I .Ct I Cl 7.!0 ~ l s1 :J t.:: 
0 'J C..72 H !.i~ lC2 Ul ~ L07 :Ci ~ :! :n :H 11\ ~· .:.n 11;1 l.Ol JC: 7.11 101 1..:1 1!0 !U :-.s !!\ :1;) :~ . : ~~ s.n tel 1.)') ~ Ul IQ1 &.11 Ill ~::~g uc ut l!J 5S .,, 

Cl ll& 11..1 eo~ · ~~ la C\ 1!11 1.1t 110 . t.20 Ill 

_: hnlt .l !f.,UI! flozzt. t ftorrf• tls:rt. •~nle 
.,. 11~- ur t."U• S/3r 11, ... - llli-
.; Di6. C.P.Y;:,;r. C.P.!ol. c;.. c.,.ll :lia.. C..P.I.I. 0:1. ·c:.P. Io! ., .... "'·" 
Zl- - ~ ~I 

,, Z.fl , 111 u 3.';'J " u~ 
n- - n u; n %.~ lol UrO u ~n u c..n 
l!l - - 11 z.c; ,. 114 11 l.ll .. 0! D U7 
l'i - - 7S J .n 79 1~ a: C...l~ n S.C>l st ua 
Cl) - - n U1 t:) 1tl ll C... Cl u s..u n l.l& 
CS - -77 1n IJ ua h C...);) u us !)I) Ul 
50 " 1.-.t )J JU u C..O& lS c....ss u 5.1] 11 J..IS 
51 7S 1..51 n 1!9 !l &.27 11!1 Ut .. 1.21 sz ua 
50 7i z.u m ~5 a: 4...11 11 S..Cl ,., &.5-4 ll Ut 
n 11 2.n !1 1U 

·~ c..u aa 5..73 91 5...!l '" a.n 
70 n 2.n ll 1;o as &.M 89 5.13 9l 7.0!1 9S I. CS 
1S n l..O: u 155 17 !.11':) 90 &.115 u 7..l4 ss &.71 
r.) 79 1ll a: C.07 !!I 5..!1 " 5..32 ~ 7.!rS 9S '·" 

lbrN !'tu$ 112nfe '~"- ,. ......... llutft .... r:fw lt-:ntt t ·ra S/U"a snr. 
·~ lllrlo liU-. n.---~ J.'ll"a 

~ 
l'll"' lilT ~lr ~ lllr vr &....- &Jr ,. ,. .,. .,. .,. ao· J2"' ~· .: ~ C.P.II . l!;l. c ' ·"'· D'a.. C.. .. .D Bis. C.. ... N J;a.c,.., ,.._ C P .lll Dos. c,. .._ .,. .. c ...... 

2S IJ lSl n lt) u U) u su u 'll Q Ul u ·~ u '"" » n )V 11 •eo: IS ~l! u Ul7 11 Ill .. .. ~ •• \.:S ti ru lS 12 &.!J u C.IJ 11 1.11 ~ '" 
,, J.Y "' 1\l 11 '~ ~) 111 Q 11 Ul u s.n 11 &.ll tl 7.!1J ts 107 " ICA SJ :aJ n: lll n 02 C.J1 " !1! ., I 'I u 7 . .&£ ~ IV " S:1.1 .., lU ~ IU ~ u sa IS sn so I..IU n 1.&1 ~ tta L"' U.& w llt !tl 11.1 n u !21 u l.lO " 7.17 .. &.!S 1~1 

·~ L'l lU r.' Il$ Ul Ut lo) G s.51 u l.~ sz 1.U t1 a.~ ~ sn m IU ~ Ul w u. .• 

Jliput potn! or siru .. b 7.5' ab:nr ow:ta.. • 

Jl:~rlr Pbr:ft ft<lftlr 'ftOJ:ft .. Oizilt lloul• ffurt, ... l.T" !/s.r' ~lr 11"-'- )/ll- n:u- )J);!-..: OoJ. CPU Di,. c; .... J.I ~. C.~ ... l);s . C P.L Di1. C ... ll :>-1.. = '· ~' D·s . C , ,N . 
~ 7l l .U \) 2 5-J ~ lU ~) c..:u u H,) !~ 5 I) 

~- l.U }) n 2. C Jl 11\ ) .U ~ IU il ~~ "' l\1 "i u• l5 ~ 1H !.l 3:0 ~, &.. ~~ ;') $.02 H ur Sl lCt '..tl IU 
CJ " 217 n l .n I!' &.CS ,, 5-37 t.; '., Si H) ~.1 asr 
G u )G~ ~' 11l ., c..n f:il 1'n St "' .:\ ltl l H \.11 
~ n 122 ~ C.Ct 

~ ·~ p 1..01 ()) 1.H l?l 1.0 l:i '" ~~ !l l.n cu 172 ... IJJ Ill . lll. r.~ 111 107 Ul tJ ~~ HS fl' Ol ~2' 5..4-l l1 1~ : .01 7U ~~ 1:? let PI 
. -

---------------------------------------------------------~~~~~~;;d~.--~---------------------------fl:~e:tOc..>l~s ~t011nd~rcf "OLZI• ~H. 

l!old f_.c• Jn cl'l011rt ln ~iCOIII<-s rt'cOmmp,.:ff'd • 
.,orlr.in£ pr .. :ssur~:s for t>.:st d i ~lrrbut>ooo. 

SHI.D£0 J.IIUS l!i CH4JITS IM:liClT( C~T .SVllll!l( Wlllt l~f lil l'l !'tl 

TABLE '-1. 
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P a'.g e 2 5 

SPRINKLER IRRIGATION 

TABLE 23.5 CoRRECTION FACTOR F FOR FRICTION LossEs , 

IN ALumKuM PIPES WITH MuLTIPLE O UTLETS* 

No. of 
Sprinklers 

1 
2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
25 
30 
35 
40 
50 

100 

Correction Factor, F 
.1 s_t Sprinkler 1st Sprinkler 
One Sprinkler One-Half Sprinkler 
ln!erval from Interval from 

Main .!J[ain 

. 1.000 
0.625 
0.469 
0.421 
0.398 
0.385 
0.316 
0.370 
0.365 
0.361 
0.359 
0.354 
0.350 
0.347 
0.345 
0.343 
0.338 

1.000 
0.500 
0.393 
0.369 
0.358 
0.353 
0.349 
0.347 
0.345 
0.343 
0.342 
0.340 
0.339 
0.338 
0.338 
0.337 
0.335 

• Adapted from Christiansen (1948) and Jensen and Frantini (1957) • 

TABLE S. 
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l. Hansen Vaughn E. , Orson : . I s a elsen and Glen E. Stringham 

19'16, fourt h edition , Irr i gat i on Principles and 

Practices, John Wiley & Sons, Ne ~ York . 

2. Schwab Glenn 0 ., 1976 , se c ond edition , Soil a nd Water 

Conservation Engineering , J ohn Wil ey & Sons, 

NeVl York . 

3. Rain Bird Sprinkler ·:1 fg. Co. ( Cana da) Lt d ., 19'!9-l9C$0 

Irrigation Eauinrn en t. 




