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Errata
 

Page 8 SecondI column-line 10-read-except that the pipe instead except that is pipe. 

Page 8 Second column-line I I-read-placedinstead place.
 

Page 11 Second coluin-line 7--read--nstttm's instead Institution.
 

Page 18 Last 1but ole lin-read-point instead points.
 

Page 19 Second ( olmmn-line 10-read--concreteinstead cncrete.
 

Page 25 Second column-line 17-read--thorouh instead thorugh.
 

Page 28 First colun--line 3 from hotiom--read-difference instead differences.
 

Page 37 First columnn-line 9-read-selectedinstead selcted.
 

Page 47 First colum-line 6 -read-203.2 instead 203.3.
 

Page 65 Read-capacity up to 2 c.fi. instead capacity up to c. fs.
 

Page 79 Second column-line 24-read-lime instead line.
 

Page 84 Second column-line 5 from bottom-omit b0.
 

Page 90 Second column-line i -read-outside instead outsied.
 

Page 91 Second column-line 8--read-createinstead creat.
 

Page 134 Second column-line 9 from bottom-read-C, instead Cc.
 

Page 183 Setond column--line 8-read--210 instead 210.
 

Page 184 First column-line 3-read-Q=ckd2'Vh/.h instead. 

Q=ck2d2Vhi- 2. 
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PURPOSE AND SCOPE
 

rhis report documents the findings a id recomnmendations of the author whoengaged as a consultatint to 
was

USAII) aid the Governme tof' India for a four-nlonth periodto determine what is being done illtile Spiere of' irrigation pipelines ald tomake rec(ommllendationS fol. iimprovement. appraise andThe objectives aiid natture of' the assiglnent wereoutlined by J.K. Jain Joint (ommissioner, Minlor Irrigation, :\linistty of' lood, Agriculture,
Community I)evelopment aud Cooperation on Jaili;irv 8, 1970. 

The assigniment (onsisted of' obser vintg the man lactuiningti methods used in pipe designand construction methods being used in the field, the methods of joitnting irrigation pipe, andrecommendations bir improvements based on the observations in the field. It Was suggestedthat the States of' Gnjeiat, laryana, M\Iaharashtra, M[\sore, Punjab, Tainil Nadu, UttarPradesh, West Bengal, and Delhi Union Territory, where pipe is being made and/or installed, 
be visited. 

Travel and conference schedules are recorded in Appendix B. 
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CHAPTER I 

Need and Scope for Irrigation Pipe 

Irrigation water should be made available long lifespan. (d)No water loss. A pipeline 
to each part of the farm irrigation system at a system is essentially water tight, with no eva
rate and elevation that permhits proper opera- poratiol loss ditring transmission. As a result 
tion of the selected mietiods of watetr applica- there ate water savings atd less pumping cost. 

tion. Irrigation wal(er iltotid lbe coivevedi as III addition, the draittage prolblem is lessened. 
economically, eliciently, and safely as possible. (e)1%'ae (J diSiribi,,i This is important in 
The delivery part of' the falnti irrigation SyNstemn ttttdttlatittg lind. \Water can be transported 
should be large ettotlgtl to fttrtisI the rctptired a(oss a1swale oi- Ioosc(d uphiill, a procedure 
irrigation water to meet crop detnands dlting not possil te witI ditches unless an elaborate 
peak-use periods. If'the water is delivered structure is lil. (f)Low maintenance. Gene
on a rotation or turn basis, Ithe system should rally, mainettaeice costs are small, whereas 
be large ettough to allow delivery of the water earthen have to he maintained continually. 

in the time allotted. Plans should provide fbr (g) J, o (litcl bac wceed trobl,',is. Fhere are no 
future needs and expansion. ditches to becotne choked with weeds to hinder 

flow. Weeds call harbor harmful insects. In 
i the great emad o a limited water itio, eed seeds, ic can e transport

supply illIndia, there is a great need for effi- adto fi el se e n ich a eltr a ted. 
cient use of irriration water. One important ed to field in at open dich ate elitinatecl.m1 (1)Better cotrol. Better and casitr control of 
means of meeting this litollem is through the the flow of water means that more efficient 
use of pipe distribution systems. and better irrigation is possibl. (i) No hinde-

There are a number of advantages inusing rance to eqnipment" There are few obstacles to 
un0r.erground piprlines of which tile followiog hinder the movement of agricultural equip
are important a) Little loss of farm !and. ment. This is an important feature where the 
Almost all of the system is buried. As a result, fields are small. 
no significant amount of land is lost to crop 
production. (b) Labor saving. The control As with any system, there are disadvan
of water is simple and usually requires much tages. Some of the more disadvantages of a 
less labor than other systems. The labor is pipeline are: (a) Less advantage with large 
often 25 to 50 percent less than that required flows. The cost of' pipelines increases faster 
with earth ditches. (c) Permanentce. A pipe- vith capacity than does the cost of ditches. 
line, properly designed, made of good quality, The net economy of a pipeline varies with the 
material, and properly constructed, has a value of land, frequency of irrigation, and cost 
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of irrigation labor. Thus, it is impossible to 
set flow limits above which ditches might have 
some advantage over pipelines. (b) Cost. A 
pipeline requires a greater investlnent than an 
unlined ditch or lined ditch. EcoiomyiN comes 

in time, frot savings oC"water, labor, main-

tenance, and permanence of installation. (c) 
Saline couitiini. -oncrele pip' used in saline 
or alkali soils, is subject to deterioration in less 
a high quality pipe is used. (d) Subject Ioearth-
quake da,.ae'. Although aniy risk involved is 

extremely snall, concrete irriltion pipelinesir•ato 
a are subject to damage. within limited area, 

from movement along earthquake fauhs. The 

remoteness of the risk is demonstrated by the 
fact that although faults are found throughout 
California, USA., and albough earlhquakes 
are relatively frequent (geologically speaking), 
the first movemlent along an earthquake fault 
known to have caused appreciable damage to 
concrete pipe systems occurred in 1952. Along 
a fault south of Bakersfield, California, there 
was severe movment. A few systems imme

diately over the fault were so damaged as to 
be considered a total loss. In spots, for a dis-
tance of 3.2 to 8.0 kilometers (2 to 5 miles) on 
either side of the fault line, some cracking of 
pipe and stands was observed, the damage 
decreasing with distance from the fault. 

TYPES OF IRRIGATION SYSTEMS 

Two general kinds of pipelines are used-
low pressure and high pressure. Low pressure 
pipelines are open to the atmosphere and are 
usually used with operating heads of less than 
1.4 kg/cm 2 (20 pounds per square inch). High 
pressure pipelines are closed to the atmosphere 

and are used where operating heads of more 
than 1.4 kg/cm 2 (20 pounds per square inch) 
are required. Valves are used in lieu of open 

vents and stands. 

LOW-PRESSURE PIPELINES : 

Low-pressure pipelines are used primarily 

with surface irrigation methods. They can be 
permanent, seniportable, or portablh. Per
manent farm systels usually consist of lried 
supply andl distribution ilines. In seriiporta
ble systems buried pipe is used tor field supply 
lines, and some kind of quick-coupling mietal 
pipe or flexible pipe is laid o1 the ground 
surface to distribute the water. A fully por
table system uses metal or flexible slt'fitc pipe 
f0r hoth field supply and distribution. 

Concrete generally is used for low-pressure
buried lines, bitt steel, asbestos-cemei t, or 

plastic pipe caln be used. 

It is very important that a pipeline le large 
eough to convey the flow needed In diflieut 
fields under present and future conditions. It 
must be large enough to supply lhewater 
required during the period of peak crop use 
even though this fttll capacity may be needed 
in only a small part of the total irrigating 
Season. 

Specialized structures are needed on pipe
lines to control water and to protect them 
against damage. Pipelines on sloping land 
may develop excessive pressure heads that 
must be controlled by standpipes or regulating 
valves. Lines fed directly from pumps also 
must have structures for controlling the maxi

mum pressure automatically. 

HIGH-PRESSURE PIPELINES: 

High-pressure pipelines generally are used 
to convey water for sprinkler irrigation. Since 
sprinklers usually require a pressure of 2.8 kg. 

2per cm (40 pounds per square inch) or more 

for efficient water distribution, the pipeline 
must be designed as a high-pressure system to 

withstand this pressure. The supply line or 
sprinkler main line may be a permanent buried 
line or a portable metal surface pipeline. 

Buried lines cost more to install, but their main
tenance and operating costs are lower than 
than those for surface pipe. Buried lines do 
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not interfere with farming operations and are to the various types of irrigation projects, such
less likely to be damaged by farm machinery as State tubewells, state canal systems, private
and vehicles. tubewells, dugwells, and riverlifts, provided 

sufficient head is available to achieve the neceswatboure maindlinuayfiextnd sfr te sary economy. Given the same amount of flowwater source to individual fields, and surface and length of pipe, a higher bead is needed 

pipe is used for the field main and laterals. to convey water thlroutglh a small pipeline. InThis permits moving the field main and laterals coison aler ha s iee n 
to other fields. Or a buried main line can comparison a lower head isneeded to convey 
extend into the fields to be the fields main and water through a larger diameter pipeline. 
have risers and valves at the location of each Another alctor to conside, isthat higher the 
lateral line. pumping liftrequired, the higher the pumping
 

cost will be. As a result, some balance should
A buried main line is ,ither metal, asbestos- be arrived at between height of stand required,

cement, or plastic pipe. Portable surface lines pumping lift, and pipe diameter. 
are aluminum pipe and can be in 6.1-, 9.1-, 
or 12 .2-meter (20-, 30, or 40-foot) lengths Generally, canal systems are least adaptable
with quick couplers. If the water is from an to pipelines because of insufficient head. There
open source where debris can collect, trash fore with canal systems open channels are used 
screen should be installed at the pump inlet, to convey water because of greater economy.
The screens should be fine enough to remove Pipelines are very adaptable to pumping
weed seeds and other small particles that may schemes because very little extra power is re
clog sprinklers nozzles. quired to provide the necessary head. 

USE OF PIPELINES IN INDIA High pressure pipelines are not discussed in 
In India, low pressure pipelines are adapted this report although standards are included. 



CHAPTER 2 

Obserfations During Visits to the Various States 

In the trips to the various states, it was 

found that several types of pipe were being 

used for irigation pipelines. The various 

types of pipe that are being used are RCC 

(reinforced-concrete), NRC( (non-reinforced-

concrete), asbestos-ceiiient, and steel 

Other typs of mterial that are )eig 
manufactured a1d cal be tsed fbr irrigation 

pipelines are high density polythyleue (PE) and 

rigid polyvinyl chloride (PVC) pipe. In 

addition, alminumm pipe is heing made for 
portable irrigation systems. 

CONCRETE PIPE 

The maojrity of the pipe used in Class 

is according to Indian Standards,NP2-RCC 
IS:458' (Figure 1, page 5). This pipe is 

primarily made by the centrifugal method. 

In most state government irrigation works this 

type of pipe is used. In sonie areas a hand-

made cast RCC pipe is manufactured which 

is being used by the farmers. Sizes of pipe 

being used for irrigation are 152.4-, 228. 6--, 

304. 8-, 381. 0-, and 457.2mm (6-, 9-, 
12- , 15, and 18-in It) diameter. Pipe length 

varies fiom 1.83 to 2.441. meters (6 to 8 feet). 

The NRCC pipe is referred to as class NP1 

according to IS:458. Presently, there are 4 

in this country to manufacmethods being used 

ture this pipe. Tie most common nethod is 

The other ineththe handmade, cast process. 


ods being used are the centrifigal, vibrator
 

(Figure 2, page 5) an d packeri]ead proc(,sses.
 

Tie ]atter two processes are beinguitsed to a
 

very limited extent. Most of this type of pipe
 

is heing uised by the farmer, although several
 

state governments are also using this type of
 

pipe. The diameter of pipe being used for
 

irrigation are 152.4-, 228.6 - , and 304.8mm
 

((i 9-, ald 12-inch). In one state a
 
609.6-mm (24-inch) diameter pipe wa:; being
 

made for a supply line. The length of" pipe
 

ranged from 0.61 to 2.44 m',ters (2 to 8 feet).
 

MANUFACTURING 

In the manufacturing of Class NP2-RCC 

pipe the following cement, sand, and gravel 

ratios were being used : 1:11,:3, 1:2:2, 1:2:2A, 

1:2:3, 1:2:4. For the NRCC pipe a wide variety 

of mxes were being used. The following 

mixes were )eiug used by the various manufac

urers for the various types : 1:2:4 (butt end, 

hiand-made cast; tongue and groove, spun or 
vibrated); 1:3:6 (butt end, hand-made cast); 

1:3 (tongue and groove, packerheacd; socket 

and spigot, hand-made cast) : 1 :1 : 1, 1 : 1; : lk, 

1 - 2 : 2, 1 : 2 1 (socket and spigot, hand 

made cast) : 1 : 2 : 2 (butt end, spun); 1 : 2 : 3 

Without (socket and spigot, vibrator); 1 : 1 .: 3 (butt
Specificatios for Concrete Pipes (With and 

end, spun).Reinforcement) 
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Fig. 1 Class NP2-P.CC Pip, ,-adeby the centrifugal method Fig. 2 Socket & Spigot pipe made by the 

vibrator method 

http:NP2-P.CC
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A wide variety of aggregate was being 

used ill colicrete mixeS for pipe. Tile quality 

and gradation of' tile aggregate could be asses-

sed only by visual means. In general, it appe-

ared that tie aggregate lacked proper grada

were some cases wheretion, although there 
had rather good gra-tie aggregate may have 

dation. 

Tile sattd lbing ised varied frolnt a fine 

sand to a coarse sand. In niany instances the 

sand was contaminated with organic matter, 

clay, silt, and micaccotis particles or a combi

these. Iln a few instances some ofnation of 
wasIted or screenedthe manltcfittiers eitiIer 

the sand to rtilove iundesirablhe material. Thl 

general source o( this material is fromn natural 

beds. A small numbersources such as river 

of maint factirers were using rock dtist which 

was probalbly of good quality but may have 

lacked proper gradation. 

The iia~iority of coarse aggregate usedThe ajoityof' agregteoare sed 
comes from (rushed rock althotgh in several 
cansagre from n arockaltsoucesn 'sbeig 
cases at gravel from naitral sources was being 
used. The crushing is being done either by 

hand or I, mechanical rock crushers. Aggre-

gate crushed by hand was generally of a 
whereas the mechani-

unilbrm, singular size, 


cally crushed rock had a variety of sizes. 


Generally, the coarse aggregate was sepa-

rated into the following three size ranges : 

3/8 inch average size; 	 range-I/4 inch to 

1/2 inch, often called grit 

1,12 inch average size ; 	 range-3/8 inch to 

3/4 inch 

3/4 inch average size ; range - 1/2 inch to 

I inch. 

In many cases the 3/8 inch aggregate had 

In one instanceinch.sizes smaller than ]/4 


the average size was supposed to be 3/4 inch, 


but it appeared to be 1 inch average size. 


For the smaller diameter pipe, 304. 8mm (12 

inches) and less, tihe 318 inch aggregate was 

in some cases larg-vrgenerally used, although 

aggregate was being used. 

TLhe coarse aggregate appeared to be of 

%erygood qutality. In some cases basaltic and 

gratitic rock was being used. In onie( case,
samdstone, a very poorl 	 material was being 

used. This aggregate, in maily cases, was 

with dirt or other undesialso contaminated 

rable material. 

The cau se for some of the contaminatin is 

i lilte way tlie aggregate is being stored. In 

themost cases the material is 	being dumped on 

This allows the mateground out in the open. 

rial to be contaminated with dust and other 

objectionabl e material. 	 In taking the material 

from the stockpiles when it is being made ready 

flor the mixers dirt (aIn be scooped uf) with the 

aggregate. 
The quantity of water being used in at mix 
Thdtiiiyofwerengseiiamx 

could not be assessed very readily. In one 
case where a 1:2:4 mix 	 was being used, 18-20 
litters was used with 0.028 cubic meters 

(1 cubic foot) If cemnt. In geieral the 

amout of water used is 	 based on the worka
a 

bility and appearance of the mix. 

In general the type of mixers being used by 

the large and small scale industries are ade

quate for the job. Two types of mixers are 

used : the open batch mixer aid thebeing 
drum mixer. The open batch mixers all 
appeared quite old and the blades are worn. 

This causes inadeqtato mixing. At several plant 

sites these wort mixers were being used, and 
the concrete coming out was not thoroughly 

mixed. The mixing being done by the cottage 

scale industries was by hand in a sort of shallow 
b~asin. The mixtuires appeared to b~e thoiroit

ghly Tied.
 

gly mixed.
 

In many cases the reinforcement being used 

for RCC pipe was rusty. In some instances 
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old wire or rods and in some cases, scrap metal patched or used in its damaged condition. Ii 

was being used. The reinforcement cages were the transport of this pipe there is additional 

being manufactured according to IS:458. breakage of al)out 5 percent. 

When the making of l(CC pipe and spun It was also noted that iii soll1e of the RCC 

NRCC is completed the form, with the pipe pipe some of tile reinforceinent is nearly 

inside, is set Out in the open or in a open buil- exposed or exposed at he ends and along the 
ding to air dry. In the vinter a fire is sonic- sides, both oi liet inside and ollside of the pipe. 
times built inside the building to provide heat Vhere the reiniforcent was exposed, rusting 

for ciring. The following (lay the pipe is was taking place ater cluing. 
removed from the forms and immersed in water. 
It is kept immersed from 14 to about 21 days. According to lie n;midnfactitrers of NRCC 

The pipe was sometimes partiallv immersed in piPe there pp(ear O b a varying anount of 
water and the pipe rotated daily. Ili addition, breakage. This appealts to depend ol thill mix 

water is spraved on the pipe occassionally or wet Used, niet hod tised intmaking pipe, and proba

giunny bags are placed on the exposed pipe. ly the \ter-c'uluellt ratio. There is ito plant 

One plant occasionally used sp,inklers to cure breakage where the covc type of vibrator, 

the pipe. packer-liead, or lilud-niade cast (socket and 
spigot pipe) are used aid wh'ore th- mix is 1:2:3 

Ii the curing of liandmade NRC(: pipe, (vibrator), 1:3 (packer-lad and liaid cast). 
a somewhat different pr( c(dlre is being Where the pipe was spim with a 1:2: 1and 1:1.,:3 
used. Maist sand is place(] inside tihe mix tlie plant breakage is about 4 per cent. 

inner-mottld. After concrete is placed betw'een Vith the hand cast, 1:2:4 mix there is about 
the inner-and onter florm, the inmer-lbrm is 10% breakage. Where teplatform vibratorte 
removed leaving the moist sand to support the was being used, with a 1:2:4 mix, the breakage 
concrete. The next (lay the pipe is immersed ranged f'om 20 to 30 percent, including 
in water. Another method being sed is not transport breakage. 

filling the inner-mold with sand bit removing 
both forms after the initial setting of' concrete The large scale and soine small industries 

and then keeping the concrete moist. that manuflacture spun pipe maintain some 
quality control oil their products. Occasionally 

Where the NRCC pipe is made with a or at the demand of the purchaser they make 

vibrator or packer head the pipe is removed some tests. These tests are the hydrostatic 
immediately from the mold and left to air dry pressure test and three-edge-bearing test. 

for one day before eing immersed in water. 
In one instance the pipe wvas left in tile mold Manufactiiers of hand-made cast pipe done 
for one day, removed from the molds and on a cottage industries scale do not have 

immersed in water for the prescribed time. equipment to make any tests and as a result 
can not conduct any quality control measures. 

In the mantifiacture of concrete pipe there is It is not known if there is any quality con

cons. derable breakage or damage. This damage trol on the aggregate material used. This 
or breakage occurs during removal of the pipe would consist primarily of determining the 
from the forms and in the handling of pipe. gradation of the mateial. 
According to the manufacturers, plant breakage 
for RCC pipe ranges from about 3 to 10 per- LAYING OF PIPE 
cent. In addition there is considerable damage Current pratice is to lay a section of pipe 
to the ends of the pipe. This pipe may be with a mound of earth under. each end so as to 
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keep the ends of the pipe above the trench 
bottom. This is done to make the jointing 
process easier. In some places the pipe is set 
onImounds of iock or brick near the ends of 
the pipe without suppoxt inthe middle. In 

one area this caused ciacking in the circum-

ferential direction at the midpoint of the pipe. 

NRCC pipe, tongue and groove, was being 
set on hIick for the reason given above. The 
spigot and socket pipe was being laid in the 

bottom of the trench and supported by the 

socket end of the pipe. In another case the 
end butt joint pipe, where no collar was used, 

was set in bottom of the trench. 

JOINTS AND METHODS OF JOINTING 

The ends of the RCC, Class NP2, are made 
so that they are suitable for a butt end joint, 

In spun pipe there is a recession in the end of 
the pipe for jute braiding. The hand made 
pipe does not have this provision. In most 
cases a reinforced concrete collar is used withthspp.pipewathnsoetoehrbhadco
this pipe. 


Ir. one area, a P.CC, Class NP2 pipe is 
being made with a spigot and socket type joint 
(Figure 3 and Figure 4, page 13). 

The joints for NRCC pipe are being made 
in several different ways. Some of the pipe is 
made so that it is suitable for butt end jointing. 
Another type of joint being made isa tongue and 
groove. A third type has a socket and spigot. 

Several different methods of jointing RCC, 
Class NP2 pipe were observed. One method 
consised of a ring of jute braiding clipped in 
hot bituminum placed in the recessed end of 
the pipe. This ring of jute is then compressed 
by jacking the end of the pipe. The loose 
concrete collar is then centered over the joint 
and evenly spaced around the pipe. The space 
is then caulked with a 
the area from the collar 
with mortar and beveled 
approximately 45 degrees 

cement mortar and 
to the pipe is filled 

off at an angle of 
with the outside of 

the collar (Figure 5, page 14). This will be re
ferrcd to as "pointing" in the report.
 

Another method used is the same as above, 
except that the collar and pipe is pointed off 

with an opening at the bottom and top. The 

space between the collar and pipe is filled with 
grout under pressure. This is referred to as 
"pressure grouting". 

A third method, is similar to the one above, 
except that the is pipe butted together and a 

thin coating of dry mortar is place around 
the joint filling all the openings. The collar 

is then centered and spaced evenly around the 
joint after which the collar and pipe is pointed 
off, leaving two openings at the top. A mortar 

slurry is then poured into the opening until 
the area between the collar and pipe is filled. 

A furth method consisted of placing ajtte 
braiding, which had been dipped in hot bitu
men, i the crecesed end of the pipe. the 
pe was then shoved together by hand, cor

pressing the jute to some degree. A mortar 
collar was then made around the joint. The 
size of the mortar collar was approximately the 
same as that of a precast collar. The maximum 
aggregate size in this mortar appeared to be 
about 12.7 nun (1/2 inch.). 

A fifth method is with a cast iron detach
able joint. This joint is similar to the one 
being used with asbestos cement pipe. 

In jointing the socket and spigot pipe only 
one side needs to be pointed. Before pointing, 
a jute rope, dipped in tar, is caulked into the 
joint. 

The NRCC pipe, that is suitable for butt 
end jointing, is joined together by means of a 
mortar band. The tongue and groove pipe is 
being joined in the following manner. The 
groove end is pointed in the direction the pipe 
is to be laid. The groove is filled with mortar 
and then the tongue end is shoved into the 
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groove. Following this, about 15joints in back Followinug is a list of sonie of the importantof the pipe laying, a oniftar hand is made structures an~d their use:
 
around the joiit.
 

1. Mai cllambIer-used to receive waterThe socket a~id spigot is being laid vii from punp so as to regulate thie head, to acttbe socket pointed in the cir'ction the pipe is as a surge chamber, and as a stilling b:asin lbrbeing laid. Some moita r is plafned into the measuring wValer through a "V" notch weir. Itsocket and then the spigot cii d of the pipe is varir-s in size, depending on quaniv of watershoved into the ,ocket. FIohowing this, about discharged. It also serves as a point ofdistri6 joints in back of t il pip, 1.,ying, a band of buting water to a pipeline or to several pipemortal is placed at the joint (Figure i, lines. It is built out ofra cnmbination of 
page 14). concrete, brick and mortar. 

MORTARING AND CURING OF JOINTS 2. Delivery tank (See item No. 4) 

In the morta ring of the joints, it vas noted 3. Pump Stand (See item No. 4)

in most -ases, that the mortar was being placed
without cleani1g the pipe or collar, and with 4.
no prtweating Pipe Stand -used to receive water fromd the pipe or collar. ahle mot tile pump to regulate the head and to act as a
commonly used mortar mixcommonlusedmortar mixes 

was a 1: 2. Oter surge chamber. Constructed with concrete,d wasigare I11 and mortar and brick,mortar mixes concrete pipe. Sometimes,irg used ae 
 :1,1: 1,lsed.1:2J. The I :2A mix was being used by a
contractor on a farmer job. Where a c(ment 5. Silt 
 collecting tankused as aslurry was being used, 
pump

the mix was a I . I. stand with sufficient cross section to insure 
The curing of joints consists of placing soil low velocities. Sand and silt collects in theover and around the joint or covering with wet bottom and water flows out near the top intogunny bags (Figure 7, Page 15). In one c a stand pipe. Constructed with brick, mortar,the dirt yeas moistened after its placement. Ft,, and concrete. 

actual curing is done sometime after t1,. ;oint 6. Diversion Stand-used to control wateris made. In some cases considerable time y means of one or more valves inside the passes before the joints are covered, stand. Also serves as an air vent. Built with 
TRENCHES 
 concrete pipe, concrete, brick and mortar and 

valves.
 
There is some variability in the m;nimum


depth of cover provided for concrete 
 and 7. Sluice valve-used to shut off or control
asbestos cement pipe. The minimum depth of water in pipelines. 
cover ranges fiom 0.61 to 0.91 meters (2 to 3
feet). In general, the minimum width of the 8. Junction box-used to deliver watertrench is the diameter of the pipe plus 0.61 to a field and serves as an air vent. It ismeters (. feet). The ii.cludes both concrete and constructed with concrete pipe, concrete, brickasbestos cement pipe and mortar, and sometimes valve.
 
APPURTENANCES 
 9. Riser with an alfalfa valve and riser 

with alfalfa valve with distribution box-usedIn the various states visited a large variety to distribute water from pipeline, constructedof irrigation structures were being used. with concrete pipe, mortar, and alfalfa valve. 
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Where distribution boxes are used, concrete, 

mortar and brick are needed. 

valve with riser or with 
10. Tamper proof 

distribution box- used to distribute water from 

pipeline. Constructed with tamper proof valve, 

concrete pipe, galvanized iron pipe. Where 

distribution box was used, concrete, mortar 

and brick are needed (Figure 8, page 15). 

11. Vent-used to serve as an air vent 

and to prevent high pressures. Constructed 

of concrete and pil'. 

ASBESTOS CEMENT PIPE. 

There are t, o I)pts of asltstos ctrmelt 
pipe being used Imr irrigation pipelines. One 

type, which is being used by sote state govern-
ments, is made according to IS : 15921, which 

is a pressurt pi :. '1'l (lCa;s I pipe is used 
because it is the lowcst l)rtssure class available. 

The oiher type of asbestos ctnttt pipe 

products and material. The small scale 

industries do not maintain much in the way 
of quality control. 

The large scale industries start curing their 

product after the initial setting of cement, 

whereas the small scale industries air dry their 

pipe in an open building fo' one day before 
water curing. 

LAYING OF PIPE 

Asbestos cement pipe is being laid in the 
same manner as the RCC pipe, where concrete 

werecollars are used. No other methods 

observed in the field. 

JOINTS AND 01,I''lIO1)S OF JOINTING 

asbt'sts ttnlt pressure pipe (IS-1592)
is being joined togethrIy oe of thee ways. 

Otle wav, is With a as )e'stos ceilln'lt (Otl'.rs. 

This is spetial coupling whih ss 3 rubber 
rings for diameters ill) to 150 m. Above 

eadeacdiig o 1 .this diameter 2 rubber rings are used. An-
This pipse is ig sold as a uon1.ssure pipe 

for irrigation systems aid, in sonie ai'as, a 
considerable amount of this pipe is being used 
consiea ber, prubber 

MANUFACTURING 

The process used for manufacturing asbestos 

cement pressure
in collaboration 

United States. 
taining quality 

pipe (IS : 1592) is being used 
withI Johns-Nlanville of the 

The firms 
control by 

their products antd material. 

In the mauftring
snat~0 

pipe (IS : 1626),building 

visited are mi 
continually testing 

of' asbetos tient 

a similar procss 
. 

is 

used, but with less sophisticated equipment. 

The large Scale itlstries are maintaining good 

qualy indutiacntrlI. maitating heirquality control by continually testing 

Specification for Asbestos Cement Pressure Pipe 

Specification for Asbestos Cememt Building Pipes, 
Gutters and Fittings. (Spigot and Socket Type). 

other method, is with a cast iron detachable 

joint. The detachable joint consists of' one 
center collar and two flanges of' cast iron, two 

rings and steel bolts. A third method, 

which is for low head, is the use of a loose con

crete collar. The pipe is butted together, the 

collar centered and evenly spaced around 

the pipe. ht space betwtentilt p is catl
lked with mortar and pointed. This method 

has ony been usd where asbestos cemaint 
not available.Coulplers were 

Tile asbestos cement building pipe is made 
with a socket and spigot. Two methods can 
be use'd to make a joint. One method coii

sists of using a a braided jute, dipped in neat 

cement slurry, caulked into the space between 

the socket and spigot. The space is then 
caulked with mortar and then the joint is 
pointed. 

The other methods consists of using a rub

ber gasket in place of the jute packing and 
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then the same cementing process is used. No Rigid PVC pipe is being manufactured 
actual field laying was observed according to IS : 4985'/. Only one firm that 

manufactures high-density polyethylene p*pe
STEEL PIPE was visited and they are manufacturing their 

The only steel pipe observed was being pipe according to DIN standards-DIN 8074/ 
used in one state because of its availability and 8075 and ISO recommendation. Presently 
therefore deserves only a casual mention, its the Indian Standards Institution' standards 
use would be only in areas where there are are no: available but will be in the near 
extremely high heads and then an economic future. 
evaluation would be needed against other 
available material such as asbestos cement ALUMINUM PIPE 
pressure pipe, ployvinyl chloride (PVC) and Aluminum pipe is not being used for under
polyethylene (PE) pipes. ground, low head irrigation systems. In the 

near future it will be used for a gated surface 
PLASTIC PiPE pipe with a low head irrigation system. Its 

No plastic pipe is being used for irrigation principal use is tbr portable sprinkler irriga
systems where there are low heads (under 20 tion systems. 
feet) because of its cost. This pipe is being 
used in connection with sprinkler irrigation The ipe being to w ithstand testofis built 
systems where high pressure is required and pressure of 21.1 kg/cm 2 (300 pounds per squ
as portable sprinkler pipe. are inch). Modern equipment is used to 

manufacture this pipe. The one company
The manufacturers visited are working in visited is maintaining good quality control by 

collaboration with various foreign firms. These continual testing of its products. 
manufacturers are maintaining quality con
trol by testing their pipe and material used in I Specifications for Unplasticized PVC Pipes for 
manufacturing. Potable Water Supplies. 



CHAPTER 3 

Appraisal and Recommendations 

In India,RCC (reinforccd concrete), NRCC 
(non-reinforced concrete), asbestos cement, and 
steel pipe are being or have been used for low 
head irrigation pipelines. The majority of'pipe 
being used is probably Class NP2-RCC as 
according to IS : 458'. This pipe is being 
used primarily by the various state governments 
and, in imiany areas, 1)y farmers. 

second most popular pipe, isProbably the 
the Class NPI-NRCC as according to IS :458. 

This pipe is being used primarily by the farmer, 
although several state governments are using 
this pipe. 

Next in order of use is asbestos cement pipe. 
There are two types of asbestos cement pipe be-
ing used for low head irrigation systems. The 
type probably being used most is asbestos 
cement building pipe as made according to 
IS : 16262 . This pipe is being used by farmers. 
Another type being used is the Class I asbestos 
cement pressure pipe as made according to 
IS : 15921. This pipe is being used by several 
state governments, 

Steel pipe was used in only onesth sic 
pipe is being used in conjunction with sprinkler 

I Specifications fir Concrete Pipes (with and without 
Reinforcement) 

Specification for Asbestos Cement Building Pipes, 
Gutters and Fittings (Spigot and Socket Type) 

3Specifications for Asbestos Cement Pressure Pipe 

irrigation systems and only one system was 
visited. Aluminum pipe is being used only for 
portable sprinkler irrigation systems as present. 
The appraisel of various pipe material is made 
in Chapter 4. 

CONCRETE PIPE 

In the manufacture of concrete pipe there 
are four factors involved ; equipmetnt, concrete 

m a t oril vedoncretep mintndoncring 

material, concrete mix, and curing. 

EQUIPMENT 
In India the following four processes are 

available to make concrete pipe : 

1. Centrifuigal Process- Centrifugal con
crete pipe is manufactured in forms rotated a 
high speed in such a manner that the centri
futgal force compacts the concrete while it is 
in place, meanwhile forcing out excess water. 

2 Cast, Hand Tamped Process-This pro
cess can be divided into two methods; wet 
cast and tamped, The wet cast process uses 
wet or slump concrete, similar to the product 
used in general concrete, placed into a space 
created by an inner and outer-form. Normally
the concrete reaches its final set in the forms 

before they are removed and used again (Figure 
9, page 16). 

The tamped process also uses an inner-and 
outer-form, except that a semi-dry concrete is 

used. The concrete is placed into the forms 



A.A 

Fig. 3 A type of Class NP2-RCC pipe made with Fig. 4 Form used to make the socket and spigot pipe
socket & Spigot by centrifugal method 



-: iv	 2 iv. _' 

Fig. 5 	 Mortaring of a collar joint. Area from collar Fig. 6 Mortaring of joint on NRCC, 

to pipe is filled with mortar and leveled off at socket & spigot pipe 

about 45 degrees with outside of collar 
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Fig. 9 Forms used in the manufacture of cast, Fig. 10 Circumferential cracking due to lack of support in center of long pipe. 

handmade pipe This is a RCC Pipe. 
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and spaded or tamped to compact the mix. by the packerhead or vibrator process because 
The dryness or wetness of the mix determines of the lack of availability of equipment, 
when the forms are removed. In India, a 
damp sand is placed in the center portion of The three machine processes can produce
the inner-form. The inner-lorm is removed, a pipe of' desirable quality. The quality of 
after the concrete is placed, and the sand acts pipe; fiom the cast, hand tamped process, will 
as a form, keeping the concrete from collapsing. vary because of non-uniform tamping and

thereli're is mainly suitable for low operating
3. Vibrator Process-The dry mix is con- heads (maximumn 3 meters). N\\ithout any

pacted inside a form by means of some device test on the cast hand tamped pipe it is difficult
that vibrates the inner core and the outside of to say what its performance will be. Cast,
the form. This compacts the concrete inside hand tamped pipe should be give,, serious
the form. In this process the vibrations con- consideration for use by the farmers. A hand 
pletely expel the trapped air, give the desired book on various mixes should be prepared
density and the desired on them.smooth finish both fo 

the inside and outside of the completed pipe.

Vibrators should operate at not less than 6,000 
 Further appraisal of manufacturing techni
revolutions per minute. ques is given in Chapter 10. 

4. Packerhead Process-Pipe is made by CONCRETE MIXES 
compacting very dry concrete into forms. The 
outside form consists of a split cylinder that can A wide variety of' mixes are being used to 
be removed easily without damage to the pipe make concrete pipe. For RCC pipe the mixes 
as soon as the pipe is completed. At the start range from a 1:2:2 to 1:2:4 antd for NRCC 
of the process the packerhead is at the bottom from a 1 : 2 to I : 3: 6. This results in concrete 
of the form. As the packerhead revolves at of variable quality because of the variation in 
high speed, the dry mix is fed into the form mix and other factors that effect quality. In 
and the packerhead is raised while revolving, the United States, a mix approaching 1: 3 is 
Thus, the packerhead packs the concrete into used. The sand portion can actually be any
place under pressure. The outside diameter of proprtion of sand and coarse aggregate that 
the packerhead is the inside diameter of the produces a quality pipe. 
finished pipe. The concrete is dry and the 
force with which it is packed against the out- Figure 11, (pages 18) hows the effect of vari
side form is so great that the mold can be ously made concrete and mortar cylinders on 
removed immediately and the green concrete compressive strength in relation to years of 
pipe will stand vertically, exposure in mineral soils. 

In India, out of these processes, the centri- The following mixes which are dry or
fugal method is probably the most widely used semidry and used with a packerhead or vibra-
The second most widely use, is the cast, hand tor process, are examples of some being used 
tamped process. Very little pipe is being made in the United States : 

Pounds Kg Pounds Kg4 Pounds Kg Pounds Kg 
Cement 94 42.6 94 42.6 94 42.6 94 42.6 
Sand 188 85.3 265 129.2 330 151.0 356 161.5 
Coarse aggregate 94 42.6 68 30.8 216 98.0 98 44.5 
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These mixes were developed by trial and The criteria by which measure success or 
error, based on the aggregate material avail- failure of the design are 
able, which produced a pipe that would meet 
the specifications- (1) Strength, 

Compressive strength of concrete used in (2) Durability, and 

pipe should be a minimum of' 281.2 kg/cm2 (3) Impermeability of the resulting con
(4,000 pounds per square inch) for test cylin- crete.
 
ders. It is better to specify the minimum
 
design and physical test requirement and let the
n High strength concrete is generally durableand impermeable provided the ingredientsreuiure t thanoisuis toespef mex.a teseare sound ; thus, the strength of the resultingcnncrete is probably the most important indi-

The basic principles of (lesign of mixes may cation of the success of the design mix. 
be found in any standard text book on conc- The factors that may be expected to affect 
rete and a thorough study of' such material compressive strength are numerous. Among
should be undertaken before an attempt is these in order of their importance are 
made to design a mix for a special product 
such as concrete pipe. In the United States, (I) The amount of cement hydrated, 
for concrete pipe, very little has been utblished 
on this subject because each manufacturer has (2) The ater-cemet or void-cement 
developed his own mix to achieve the necessary ratio, 
results. (3) The properties of the aggregate, inclu

prccedueFor-theis conventionalto design of mixes the ding especially the surface conditionsdmwhich may determine the mechanical 
bond, and the specific adhesion of the 

1) Select the desired water-cement ratio, cement itself, 

2) Select suitable consistency, (4) Workability of the mix which is a 
2) Determine2)theDtermnemaximum size aggregate, factor in securing good packing and inhe mximm sie agregtelessening accidental errors, 

4) Experiment with a trial mix, and 

5) Make adjustments in succeeding (5) Structural features that are not properly 
batches based on compressive strengths. understood, including the arrangement 

of particles in arches and the keying
For best results effect of large particles resisting the 

development of planes of weakness,
(1) Use suitable materials, and 

(2) Measure accurately, (6) Irregularities in grading which produce 
(3) Mix thoroughly, humps in the grading curve. 
(4) Use a workable mix, When a tentative mix design has been 

(5) Place properly, decided on, trial batches should be run to 
(6) Cure adequately, and determine workability, test cylinders made,cured, and broken at 7, 14 and 28 days to 
(7) Test samples to confirm quality, determine the strength obtained. 



201 

In applying the above principles to concrete 

pipe there are special factors which will govern 

the mix design such as needed for a dry mix 

the need for special properties of workbility-

the need for great strengti' using small size 

aggregates-the need for passing strict absor 

with a thin walledption and hydrostatic tests 
product an[ the innpoi lace ol durability, 

Dry Mix \Vhere the vibrator and packer-

head equipment are used tme mix must be dry
in otder to remove the pipe from the forms so 

over againused over and
the forms bethat 

without delay. Instead of worrying about all 

excess of' water, it is often necessary to guard 

against not having enough water to hydrate the 

cement. 

Workability :Workability is of greater 

concern than in conventional type of concrete 

because the pipe walls are relatively thin ; be-

cause in thin walls there may be reinforcement; 

tamped vibrated orbecause the mix is packed, 
instead of flowing intocentriflgated into place 

place by gravity as in the conventional 

concrete, 

Strength is of special importanceStrength : 

because the relatively thin walls necessitate the 

use of small size aggregates. In other words, 
strength must be obtained with small size 

aggregates and without sacrificing plasticity or 

workability. Thus, special emphasis must be 

placed on using the largest amounts of the larger 

of the small sized aggregates consistent With 

plasticity and workability. 

Hydrostatic Test :Experience has shown 

that there is a definite relationship, in the rela

tively thin walled concrete pipe, between the 

type of' grading of the aggregates and imper-

The type of grading inlfluencesmeability. 

both the strength and the percolation. 


in passing the percola-Durability : As 

tion test there is a relation between grading of 

the aggregates and diurability. This also has 

been found by experience. 

All these factors need special considera

tion in the design of concrete pipe mixes ; the 

balance between suflicient water, adequate 

workability and proper proportioning to give 

strength, impermeability and durability. 

Each concrete pipe plant will have diffe

rent aggregate and therefbre a different mix 

will be needed, so it is impossible to specify
rigid mix requirements. 

CONCRETE MATERIALS 

Four materials are being used in manu

pipe : water, portlandfacturing concrete 
cement, aggregate and reinfbrcement. 

water, that were being used, 

Water : No attempt was made to assess 

teq o atteing sed. Mixing 
the quaity o' water being 

were clear. 
used. Mixing

It is 

not known whether the waters were free from 

such as organic matobjectionable materials, 

ter, alkali, and other impurities, without some 

testing being done. Generally, if the water is 

clear and does not have a brackish or saline 

taste, testing is unnecessary. 

Portland Cement : It is assumed that
 
the cements being used are ofgood quality and
 

eent be usediareo goo qaltadare being made according to ISI standards. 

Aggregate : There is a need to improve 

the quality and/or gradation of the aggregate 

being used in the manufracture of concrete pipe. 

The met hods used to store the aggregate at the 

concrete pipe plants are not entirely satis
factory. 

It is of course realized that the producer 

of concrete pipe has to use aggregate which 

are commercially available. For quality con

trol, supplies of aggregate ought to be uniform 

from lot to lot both with respect to physical 

And finally, thecharacter and to grading. 
handledaggregates ought to be stockpiled and 



so as to prevent contamination, segregation, 
and to maintain reasonable uniform moisture 
content in the sand. 

Aggregate fr concrete pipe is no different 
than aggregates fb any first-class concrete 
work. A few points of emphasis lhvorahle to 
pipe making is disc issed in this section, but 
mainly the usual requirements for good iaggre-
gate are also important for concrete pipe. 

There are eleven requirements which are 
most important in the quality and serviceabi-
lity of resultant concrete : 

1. The first is good quality and inherent 
durability. Such quality is indicated by ap-
propriate tests for aggregate material. Gene-
rally, the following tests are made on aggre-
gate : sodium sulfate roundness test, specific 
gravity and absorption, abrasion, number of 
soft particles in coarse aggregate, petrographic 
examination, and strength and freezing resistance in concrete cylinder pecimens. Some-
times there are test results which are inconsis-
tent with concrete performance, but a consen-
sus of test results is a strong indication of what 
kind of concrete perflormance to expect. Each 
poor test should be a warning. 

-b600-micron2. Good grading is important. This has 
much to do with the efficiency and econo--ny
of aggregate in producing a workable con-
crete mix, yet producing the required strength 
with a minimum content of cement. 

Instead of total percent passing or retained 
on each screen, it is preferable to specif, 
and keep separate the percent of each 
size in notes, plots, tests and studies of 
gradings. 

Coarse aggregate must be well graded to 
full maximum size without an excess ofanyone 
size. On the basis, a good grading of coarse 
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aggregate is generally within tile following 
range 

IS Sieve US Standard Percent f each 
Designatio, Siee D,'si,na- size retained 

(lion on each sieve 

- 1/4 ih to 17 
1 1/4 inch 10 to 1710-11am 3/8 inch 13 to 21 

12.5-min 1/2 inch 15 to 24 
16-mm 5/8 inch 18 to 28 
20-mm 3/4 inch 21 to 31 

Sand should be well distributed among the 
standard screen sizes: 4 . -mm (No. 4), 2 . 3 6-mm

7 5

(No. 8), 1.1 8 -am (No. 16), 600-micron (No. 30),
3 0 0 -micron (No. 50), 150-micron (No. 100).
Based on the discussion in the preceding para
graph, the t'ollowing limits are generally consi
dered a good grading 

ISSie,e US Standard Percent of each 
Designation Sieve Designation retainedsize 

on each sieve 

4 .7 5-mm, 4 0 to 5 
2.36-mm 8 5 to 152.36-mm :/ 16 10 to 25 

1.1-mrmn ## 1630 251010 toto 30
3 0 0 -micron # 50 15 to 35 
lSO-micron # 100 12 to 20 

Pan Pan 3 to 7 

Amounts of a size outside these limits is 
acceptable if there is no appreciable increase in 
reuirment of water or loss ofworkability. 

3. Low water requirment in a concrete 
mix with the same slump is attributed to 
surface and shape characteristics of the 
aggregate. Low water requirement improves 
the quality by reducing drying shrinkage. It 
increases economy by reducing the amount of 
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cement requircd for the same W/C(water-cement 

ratio). This is primarily influenced by sand. 

As an example, one type of sand is known to 

require more than 136.1 Kg. of water per 0.76 

cubic meters (300 poundsofilie waterper cubic 

yard). Another requires only 99.7 kg (220 

pounds). As a result, at concrete mix, made 
a NV/C 	 of 0.50,with the latter sand, with 

(160 pounds) less cementrequired 72.6 Kg. 
water wasbecause 	 36.3 Kg. (80 pounds) less 

This property can be easily determinedneeded. 
trial mixes and carefullyby making a few 


obtaining the water rquiement fbr each mix. 


4. Favorable shape of coarse aggegate 

contributes to achieving a workable mix with a 

minimum amount of mortar. When the shape 

of the aggregate particle approaclhes a fairly 

smooth sphere, less cement and water is required 

for strength and workability, which helps assure 

better workmanship. 

Sharp angularity and flat and elongated 

particles, whether cruslid rock or gravel, require 

more mortar For good workability and presenta-

that can bebility. Shape is property dr.y-moldednot a in thletested easily although voids 
tesa thed o asigh y oid in til d r -ro 	d ed 

material become less as particle shape is more 

favorable ; but it can be judged by visual com-

parison and measured quantitatively by know-
of similar sized particles.

ing the 	surface area 

5. Surfaces favorable to bond are 

commondedcomnh o ccreterwih tandm e s, 

Strength of concrete with the same WIC, is 
not attributed to the angularity, when crushed 

rock is used, but due to its surface texture being 

favorable to bond. There are some exceptions 

to this; slick-faced particles of quartz and 

good bonding 	 qualities.felspar do have 

Rugosity of the surface may be enhanced by a 

degree that vill pull cement paste into 

the surface and further improve the 

Gravel 	 usually attains a favorablebond. 
bonding surtace in its transportation. A rela-

tively even surface may develop bond as well 

as have a low water requirement because it 

is the chemical hardening of very fine grained 

cement paste that produces bond. A coarsely 

rough surface is not necessary for good bond. 

Surface character can be judged by examinat

ion and by comparative concrete strength. 

6. 	 Aggregates nust be clhan, although it 
the materialis not necessary in every case for 

to he washed to be sufficiently clean is a 

concrete aggregate. Dirt will adulterate the 

cement and increase tile water requirement. 

of clay will impair bond, strength,Coatings 

increase
and durability. Dirt in sand may 

drying shrinkage beyond that caused by incre

ase of' water in the mix. IS: 383-1963t 

provides limits of deleteriots materials in 

Table 1, page 8. 

7 Uniformity of various qualities, grad
ing, and cleanness is fundamental in securing 

uniform concret;.. Comparison of various 

test results and .'' t observations will indicate 

the degree of uniformity from which sufficient 

uniformity can be judged. 

8. Inert to expansive reaction with 
alkalies in the cement after concrete is made. 

akis in cen atr conc ad 

This reaction can unfavorably expand and 

crack saturated concrete such as that in conc
rete pipe in service. 

This need not be a matter of concern providethcodinisrogzdaniaem t 

and a cementthe condition is recognized 
low in alkalies is used. The presence of 

be determined 	 byreactive elements can 
petrograpiic examination and their effect can 

be meastired by the mortar bar expansion 

tests, hut this takes several months. 
t 

9. 	 Good aggregate is to be free from 

Many hard and adherentobjectionable coatings. 
coatings of calcites may be harmless and no 

adverse effects may be found from them in 

1 Specilications for Coarse and Fine Aggregates from 

Natural Sources for Concrete. 
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comparative tests or service. Most often A petrogrpher who can examine aggregate
coatings are weak and loosen in handling, as to its properties which will affect its perlbr-
Weakness affects both bond and strength. mance a.; concrete aggregate can perfbrm a 
Looseness results in irr rgular accumulatior. great service to the industry. 
of fines which affect slump uniformity and 
water requirement. For all practical purposes, compensation call 

be made for deficiencies in some of the desireable
Opaline silicate coatings are reactive with properties of concrete aggregate by the use of 

alkalies in cement and if necessary to such additional cement, with an appropriate reduct
aggregates, lw-alkali cement and possibly ion in sand content in the mix. Extra c,ment 
a correct pozzolan should be used. Gypsum will compensate for 
coatings may influence cement hydration. 

The acceptability of coated aggregate can (1) Poorer quality as it may affect strength. 
be determined by petrographic examination, (2) Irregular grading, gaps including a 
general inspection, and comparative tests of shortage of fines, excessive amounts in 
concrete properties. one size groups and variable amounts 

10. Good concrete is to be free of elements of undersize. 
that cause popouts lbllowing cycles of changing (3) Unfavorable shapes, flats, angular and 
temperature and moisture. Generally, these elongated particles when additional 
are lightweight elements which are troublesome sand is used. 
when they rise to the interior surfaice of spun 
pipe. Examples are certain clays and mudstone, (4) Surtaces that bond less well with 
some cherts, and argillaceous limestones. Many mortar. 
of the pyrites such as niarcasite cause ugly rust (5) Dirtiness, perhaps with further reduct
stain when they break out of' the hardened ion in sand. 
surface. These elements are best verified by. (6) Variability in these characteristics. 
observing performance, which is a good
 
method ofjudging the service potential of any (7) Non-reactive surface coatings.
 
aggregate. Petrographic examination will (8) High water requirement.
 
identify the presence of such materilal.
 

Mention has been made of petrographic (9) Poor quality as through absorption and
exnation as be mad of pror c fine-grained porosity, it may affect

examination as a means of judging concrete durability but only partially. 
aggregate. This tool is an extremely useful 
and reliable means of evaluation. Its principal The necessary amount of extra cement 
values are : (1) That quick, preliminary esti required will vary with 
mates of quality can be made; (2) It provides 
interpretation and amplification of results of (1) The degree of imperfection of the 
the standard acceptance tests; (3) It is the only aggregate. 
reliable means by which any chemical instability (2) The property in which the aggregate 
or reactive elements calbe detcctedin a new is deficient, assuming equal degree, 
aggregate; (4) That by its means, new aggre- and
 
gates may be quickly evaluated by comparison

with other aggregates for which service data (3) The quality of concrete required,
 
are available. 
 including the kind of durability 



24] 

of 	 manynecessary to withstand service enviro- which could 	 be any quality. In 
and was rusty. It is sugnment. cases, the rod wire 

gested that some program be initiated to see 
The amount of extra cement required can that the manufacturers are using material that 

be determined by test and observation of meets the appropriate specifications. No asse

performance. ssmerit was made as to quantities of reinfor

the will cement as to IS 458.
Extra cement in mix not 

compensate : There is a need to better center the rein

(1) 	 For aggregate elements which are forcement cages because during the manufhc
reinforcement becomes exexpansively reactive with alkalies in ture of the pipe the 

or nearby exposed. This could be accement, including coatings of opaline posed 

material. complished by using wire ties to hold the rein
forcement in position.

which causeelements(2) 	 For aggregate 

popouts with changing temperature CURING 
and moisture in surface concrete, since There is a need to change the procedure 
concrete cannot be made that will not used in curing concrete pipe. In general, the 

absorb and lose moisture to some pipe is left to air dry before it is placed in a 
degree. water 	 water cure. thetank to Large pipe in 

Special properties of aggregates favorable water tank is partially exposed. This large 

pipe may be rotated once a day to immerseto production of concrete pipe are : 
the exposed area and on occasions it may be 

(1) 	 Fewer fines passing the 300-micron partially covered with moist gunny bags, but 

sieve (US Standard Sieve No. 50) in even these may not be kept moist. In some
 

sand in view of generally higher cases, water is occasionally sprayed or splash
content. Ten to fifteen percent pass- ed on the exposed pipe.
 
ing the 300-micron sieve is ample.
 

Several simple things can be done to imp
(2) 	 Those contributing to good workability rove curing of the pipe. The ends or the spun 

and remoldability; such as well-shaped pipe can be kept covered with moist gunny 

rounded gravel preferable to crushed bags or with polyethylene sheets to keep the 

rock. dry air from circulating through the pipe. For 

sand that is placed
(3) 	 Uniformity of all' properties, a most hand-made cast pipe, the 

in the center can be kept moist. After the
important factor, 

forms are removed the pipe can be kept wet 

To be significant, uniformity must be by total immersion in tanks or by sprinkling 

carried to the point that aggregate for each or a combination of both if the pipe is too
 

batch, batch after batch, is the same each large.
 
time they are measured.
 

Proper curing is essential to producing good 
asReinforcement : The reinforcement was concrete pipe. Concrete properties such 

only assessed by visual means. In some cases, strength, watertightness, wear resistance, and 

it appears that the material may not be meet- volume stability improve with age as long as 

ing the Indian Standards. The material used conditions are for continued hydration of the 

by some of the manufacturers was scrap metal cement. The improvement is rapid at early 
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ages but continues more slowly for an indefi- ture to the surface of the concrete during early 

nite period. Two conditions for such improve- hardening period. These include ponding 

ment in quality are required ; (1) the presence (immersion in case of pipe), sprinkling, and 

of moisture and (2) a favorable temperature, using wet coverings. Such methods afford 
some cooling through evaporation, which is 

Figure 12, shows the effect of moisture dur- beneficial in hot weather. 

ing curing, with different curing methods tin

der different test conditions, on compressive 2. Methods that prevent loss of moisture 

strength. Figure 13, shows the effect of cur- from the concrete by sealing the surface. This 

ing temperature on compressive strength of may be done by means of waterproof paper, 

concrete. Figure 12 at page 26 & figure 13 at plastic sheets, liqu-i.l membrane-florming corn

page 27. pounds, and forms left in place. 

Excessive evaporation of water from newly 3. Methods that accelerate strength gain 

placed concrete can significantly retard the by supplying heat and moisture to the concrete. 

cement hydration process at an early age. Loss This is usually accomplished with live steam. 

of water also causes concrete to shrink, thus In 
tie case of concrete pipe, strength is best

creating tensile stresses at the drying surface. 

If these stresses develop betlore the concrete has developed, when suitable mixes and materials 
curing. Ideally

attained adequate strength, surface cracking are used, by thorugh water 
this would include keeping the pipe

may result, 
1. Wet inside and outside

slower rateHydration proceeds at a much 

when the concrete temperature is low ; from a 2. Free from drafts first 12 hours 

practical standpoint there is little chemical 
action between cement and water when the 3. Continually wet with moisture on sur

faces for 7 days
concrete temperature is near or below freezing. 


It tbllows that concrete should be protected so 4. Beginning not earlier than 3 hours
 

that moisture is not lost during the early bar- after casting, pipe may be warmed with steam
 
dening period and the concrete temperature for not more than 16 hours at a temperature
 

is kept favorable for hydration. not exceeding 60 degrees c. (140' F).
 

Studies'have shown that even in an atmos- PIPE SIZE, LENGTH AND JOINT DESIGN 
phere of 80 percent relative humidity, the rate 
of hydrationi continues to fall as the paste dries Presently, pipe sizes are limited to 152.4-, 

out and hydration virtually ceases. For best 228.6-, 304.8-, 381.0, and 457.2-mm (6-, 9-, 12-, 

results, it is necessery to adopt plant and field 15-, and 18 inch) diameters. It appears that 

practices which insure the presence of moisture it may be feasible to produce some inbet

in the mixture sufficient to hydrate its cement ween sizes. This could result in some cost 

as required to provide the quality of concrete reduction. For example, suppose from a 

desired. hydraulics design stand point that a diameter 

of 254-mm (10-inch) was arrived at, thus a 
Concrete can be kept moist (and, in some 304.8-mm (12 inch) diameter would have to be 

cases, at favorable temperature) by a number selected. The predominant sizes being used 
that can be classified as slof curing methods are 152.4-, 228.6, and 304.8-mm (6-, 9-, and 

follows 12 inch) diameters. Because of smaller sizes 

1. Methods that apply additional mois- being used, it would be better to have the 
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following sizes : 152.4-, 203.2-, 254.0-, and 
12-inch) diameters.304.8-mm (6-, 8-, 10-, and 

This would allow a better selection of pipe for 

design. 

The present length of concrete pipe varies 
from 1.83 to 2.44 meters (6 to 8 feet). These 

long lengths present the following problems : 

1) breakage during transportation, and 2) large 

amount of labor that is needed to handle the 

pipe because of weight. As a result, it appears 

that it would be feasible to make a pipe that 
would be about 1 meter (3.28 feet) in length. 
This item is discussed further in Chapter 10. 

isa 

The present techniue of making a joint
time-consuming because of the type of joint 

being m ade, a butt joint w ith collar. In order 
to make a joint it

to reduce the time required 

is suggested 
socket and spigot joint itbewouldadopted.appear that thetheWith
present manufacturinig

preentmanfacurig i wold pper tattieto 

tongue aid groove joint would be the easiest to 

make. This is discussed further in Chapter 4. 

The tongue and groove, and socket and spigot 

design are given in Chapter 9. 
sCement Pipe 

The process used for manufacturing asbestos 

cement pressure pipe (IS : 1592) is being done 

in collaboration with Johns-Manville Co. in the 

the United States, as a result a very good pro-

duct is being produced. The firms visited, are 
on theirmaintaining good quality control 

products, by continually testing their material 

and products. 

In the rmanufacture of asbestos cement 

than one made 
or~ pump stand costs 5 times more it is up to eachith RCC pipe. Therefore,is sggeted and groovehatthetonge ad groveor
that tie tongue 

building pipe (IS :1626) a similar process is procedures are noted. Of these various methods, 

used, but with less sophisticated equipment. 
The pipe that is being produced by the large 
scale industries appears to be of good quality, 
whereas the quality of pipe made by the small 
scale industries is probably not as good. There 
are two reasons for this differences : (1) the 

large scale industries start water curing after 

the initial setting of cement, whereas the small 

scale industries air dry their pipe for one day, 

in an open building, before water curing ; 

and (2) large scale industries piobably use a 

better quality asbestos fibcr. 

Design, Layout, and Construction 

The design and layout of irrigation pipe
lines appears to be adequate. It is possible that 

some improvements could be made, but each 

engineer will have to decide what these improve

ments will be, based on information in the sec

tion that covers design and layout. 

There are improvements that can be made 
in the design of appurtenances which could 
reduce the cost of such structures. In one 

c k a n orat strState i o 
a brick and mortar
State, itwas stated that 


dit cie t up to eachThe changesshe may wantdesigner to decide what 
make based on the construction material 

availale and the informtion provided inthis
 

report on appurtenances. 

One particular item noted, is the large 

elaborate main chamber being used to measure 

pump dischiarg. A simple pump stand could 

be used with a different type of measuring 

device. In appendix I, Methods of Measuring 
Pipe Flow, several different methods are men

tioned on how to measure flow. These methods 

could be adopted to Indian conditions. 

In general, the techniques used in construc

tion were good considering the type of material 

being used. In Chapter 2, Observations During 
Visits to Various State, various types of jointing 

it is difficult to say which is the best and 

easiest to make. This again probably 
becomes a matter of preference by the indivi
dual concerned as long as the joint does not 

leak: 

Care needs to be exercised in making the 

joint: The area where jointing or banding 



[29 

movtar is to be placed, should be clean and strength of the pipe may not be adequate. At 
prewetted before any mortar is placed. After one site it was noted that the pipe had cracked in 
the joint is made, proper curing of the joint is the circumferential direction in the middle due 
necessary. This can be accomplished by to lack of support (Figure 10, page 16). 
placing a we' gurinn' bag or moist earth over 
the r.or!r after i %ar. .4ilfliciently hardend. The problem of leakage at the joints is 

W'iere long sectionis oF pipe are used it is probably the result of slight settlement of the 
necessary to provide proper support of the pipe. pipe, because of improper bedding, which 
IWhere the pipe is elevated, for the purpose causes cracks in the mortar at the joint. As a 
of making joints, support should be provided result, attention should be given to provide 
in the center of the pipe because the beam support for the full length of pipe. 



CHAPTER 4 

Feasibility of Different Pipe 

In making a comparison of the feasibility 
of the different material available for pipelines 
a number of factors need to be considered. 
The use of any product is usually dictated to 
a greater degree by economic considerations, 
This economic consideration should be based on 
the life of the material and the cost of main-
tenance along with the initial cost. As a 

result, the use of any product in a pipeline 
system is necessarily related to the economy, 

based on the annual cost computed over the 
life of the project. 

Technically, any pipe that will convey 
water could be considered for use in an irrigat-
ion system. Therefore the following could be 

used as a pipeline : nonreinforced concrete 
pipe, reinforced concrete pipe, asbestos cement 
pipe, polyethylene pipe, polyvinyl chloride pipe 
aluminum pipe, and steel pipe. Therefore 
cost of these various pipe materials is one of 
the factors that would be considered in the 
economic evaluation, 

In the actual job cost, one is primarily 
interested in what the total comparative unit 
cost will be and not any one portion of the 

The unit costunit cost as a comparative cost. 

of any pipeline job can be divided as follows : 

1. 	 Cost of trenching; 

2. 	 Cost of' pipe; which includes transportat-
ion and can include breakage during 

transport and handling of pipe at the 
job site; 

3. 	 Cost of laying; which includes labor 
and material for joint and involves 
placing of pipe in the trench, making 
the joint and curing of joint when 
applicable; 

4. 	 Cost of backfilling; 

5. 	 Supervision inspection of work when in 
progress; and 

6. 	 Profit, which would be applicable if a 

contractor did the job. 

Most of the above cost items will vary 
because there is an interrelationship between 
them. 

The trenching cost will vary with trench 
size because different pipe material will require 
different minimum depths of cover, i. e. 152.4 
-mm (6-inch) diameter nonreinforced pipe 
requires a 457.2-mm (18-inch) minimum 
depth of cover, whereas a low head, 1.05 
kg/cm2 (15 p. s. i.), asbestos cement pipe requi

m n pthres 	 72 ( 0-i n c iu e 
of cover. 

Pipe cost will vary with type of product 

selected for use. Tables 1 and 2 at pages 33 & 
34 gives a comparison of cost for various pipes. 



[31 

In looking at the costs of the various pipe and ofequal diameter as the above pipe, would 
material, nonreinforced concrete pipe will be require much less labor in handling the pipe 
the least expensive to use. Whether the pipe and only mortar make the joint with lessto 

is socket and spigot 
 or tongue and groove vill time involved in making the joint but there 
depend ol what changes the manufactures would be twice as many joints. 
can economically make. Basically, the 
manufacturing of tongue and groove will An additional exense that can be incurred 
require the least amount of changes. is in the labor required in curing morta ejoints, 
All that is needed are steel rings that whereas an asbestos cement pipe with asbestos 
will mold the tongue and groove. As cement and rubber gasket would eliminate 
such the forms being used to make reinforced this expense. 
pipe can be used. To make a socket and The cost incurred in backfilling will vary
spigot pipe the present forms would have to be with the volume of earth to be placed in the 
rebuilt and would be suitable only for this one trench and is related to the size of trench. 
type of pipe. Thus, the manufacturer would 
be required to have two types of forms. The expense incurred from supervision 

should be the same, regardless of the pipe used.The cost of laying pipe will vary consi- The amount of profit allowed should be 
derably. The type of pipe used will dictate approximately the same for any type of pipe 
the amount of labor required to handle the used, except that it might vary with the speed 
pipe and to make the joint. In addition, the with which thae pipe is installed. 
type of joint will dictate the type and amount 
material needed to make a joint. As an Most of these costs will vary from area to 
example, a butt end concrete pipe that is 1.8 area because of dilference in transportation 
meters (6-feet) long, requires considerable costs, in labour costs, and in material cost. As a 
amount of labor to handle and requires mortar result each area will have to make its own cost 
and possibly a collar plus considerable time for analysis. The following list gives an indication 
making the joint. On the other hand, a socket of cost for trenching, laying and jointing, and 
and spigot pipe, that is 1 meter (3.23 feet) long backfilling : 

Rates 

Item Minimum A'Iaximum Average 
Rs/IOOOCFT l Rs/IOOOCFT Rs/IOOOCFT 

Trenching Cost 25.00 55.20 35.36
 
Backfilling Cost 12.50 25.00 
 17.92
 

Laying and jointing Cost RCC, socket & Rs/fI. Rs/ft. Rs/ft.
 
spigot
 
9" dia. (8-foot lengths) - - 0.72
 

12" dia. ,, ,, - - 1.00
15' dia. ,,, 1.31 
18" dia. ,, ,, 1.75 

(Continued 
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Butt end with or without Collar 

6" dia. (6-foot lengths) 	 - 0.56 

9" dia. (6-foot lengths) 	 0.75 1.16 0.91 

12" dia. (6-foot lengths) 	 1.03 1.04 1.035 

NRCC, Tongue and Groove 
- 0.426" dia. (3--fioot length) 

NRCC(:, Socket & Spigot 
0.376" dia. (3-foot length) 

CFT= cubic feet 

No attempt was made to break these figures pipe for low head systems. The other pipe 
cement, and steel arein smaller units of cost because the data was 	 material , plastic, asbestos 

best suited for high pressure systems. Aluminot readily available, 
nium pipe is best suited for portable systems 

The use of some of the material is presen- which require moderate to high pressures. 

tly ruled out because of size limitation. The Some plastic pipe is being used for portable 

maximum size available in plastic pipe is 200 sprinkler pipe. The plastic pipe should not 

mm (7.87 inches). Aluiniun pipe is avai- 1e used for this purpose because it will dete

lable iul) to 152. 4rm (6 inches). Some of the iorate when exposed to ultra violet rays from 

pipe that is available is ruled out because it the sun. Black carbon is used to slow this 

is designed for pressures in excess of what is process down but it will not prohibit the dete

needed, thus making them very expensive. rioratioi completely. Therefore, in a rela-

Plastic and asbestos cement pressure pipe is a tively slhort number of years the plastic will 

good example. This type of pipe canl be manu- become brittle. 

factured for lower pressure requirements there-
The life span of the pipe material mentionby reducing cost. 

ed in this report should he at least 50 years, if 

In selecting a pipe product consideration it is of' good quality and properly installed. 

should be given to its hydraulic characteristics. The only way to determine the life span of the 

In other words, some pipes have lover coeffi- pipe material presently being used in India is 

cients of rough loss than others. As a result, to *makea survey of the material and deter

it may be feasible to select a pipe product of a mine its condition after so many years use. 

smaller diameter, with a lower coefficient of 

in plIce of , pipe product ofa Each State Government that is a user ofroughness, 
larger diameter, with a higher coefficient of pipe should develop its own total unit cost for 

This is each particular pipe material. Where piperoughness, and le more eco omical. 

with laige volumes of water, material is being considered, estimates willespecially trite 
have to be made for laying and jointing. The 

Presently in India, the only pipe material manufacturers of these products can provide 

that will be most feasible to use is the concrete 	 assistance in making these estimates. 



TABLE I
 
Cost Comparison of Various Concrete Pipe
 

Types of Pipe 
15 2 .4-mn (6-inch) 

Rs. perft. Rs. per m 

2 2 8 . 6 -wm 

Rs. perft. 

(9-inch) 

Rs. per m 

3 04.8-mm (12-inch) 

Rs. perft. Rs. per m 

Reinforced Concrete 
Class NP 2 

Rate ContractRange in Cost 
Average Cost 

Class NP 2 
Retail SaleRange in Cost 

Average Cost 

Collars, for above pipe
Rate ContractRange in Cost 

Average Cost 

Other pipe
Hand made, with collar Cost 
Hand made, socket and spigot Cost 
Spun, socket and spigotCost to governmental agency

Cost to farmer 

1.55-1.86 
1.69 

1.70-3.00 
2.01 

0.95-1.25 
1.08 

2.25 
2.33 

1.90 
1.90 

5.08-6.10 
5.54 

5.57-9.84 
6.59 

Rs.Iearh 
Rs.Ieach 

7.38 
7.64 

6.23 
6.23 

2.05-2.35 
2.17 

2.05-4.50 
2.52 

1.24-1.65 
1.49 

3.50 
4.80 

2.08 
2.47 

6.60- 7.71 
7.12 

6.73-14.76 
8.26 

Rs./each 
Rs./each 

-

-

6.82 
8.10 

3.20-3.70 
3.40 

3.06-6.J0 
4.i4 

1.80-2.70 
2.27 

-

3.18 
3.75 

10.50-12.13 
11.15 

10.02 - 21.30 
i3.25 

Rs./each 
Rs./each 

Nonreinforced Concrete 

Butt endHand made 
Spun 

Tongue and Groove 
Spun
Packerhead 

Socket and Spigot
Vibrator

Range in Cost 
Average Cost 

Handmade (1:2 Mix) 
(1:21 Mix) 
(1:3 Mix)Range in Cost 

Average Cost 
(1:4 ,Mix) 

0.66 

1.62 
2.50 

1.00-1.41 
1.20 
0.83 
1.75 

0.67-1.33 
1.00 
0.58 

2.16 

5.32 
8.20 

3.28-4.62 
3.84 
2.72 
5.74 

4.36 
3.28 
1.90 

0.81 

4.001 

1.25-1.89 
1.57 
1.33 
2.40 

1.00-2.67 
1.83 
0.75 

4.10-

3.28-

2.64 

13.11 

6.20 
5.15 
4.36 
7.87 

8.75 
6.00 
2.46 

200 
2.85 

1.50-2.98 
2.24 
1.75 
2.80 

1.00 1.50 
1.25 

6.55 
9.35 

4.92-9.77 
7.35 
5.74 
9.18 

3.28-4.92 
4.10 

10-inch diameter pipeNOTE : Prices are F.O.R. factory. 



TABLE 2
 

Cost Comparison of Various Other Pipe Material
 

Type of Pipe 

Asbestos-Cement. 
Preasure Pipe Class 1 (5 kg/cm2 ) (Is: 159 2 ) 

Pipe without collar 
Cast iron detachable joint 

Pipe with cast iron detachable joint
 
(based on 4 meters) 


Asbestos cement collar 

Pipe with asbestos cement collar
 

(based on 4 meters) 

Low Head
 

Low Head Pipe'
 
Pipe with asbestos cement collar
 

(based on 4 meters) 


Pipe Diameter 

Building Pipe (non-pressure pipe) IS :1626) 

Socket and Spigot 
Cost range 
Average Cost 

Plastic 
Polvvinyl chloride (PVC) IS: 4985 

Working pressure 4.0 kg/cm' (57 psi)1 

Working ,, 8.6 kg/cm' (122 psi) 
Working * 2.3 kg/cm' (36 psiJ3 

Polyethylene, high denity (DIN 8074/8075) 
Series I, Working pressure 2.5 kg/cm2 

(36 psi) 

Pipe Diameter 

Aluminum
 
Plain pipe (fittings not included)' 


1 This type of pipe is not presently made 

150 mm 
RsIft. 

4.68 
4.33 

5.76 
3.04 

5.44 

4.98 

(5 91 inches) 

Rs/meter 

15.35 
14.20 

18.90 
10.00 

17.85 

16.32 

152.4 mm (6 inches) 

2.10-2.89 6.60-9.50 
2.60 8.53 

10.09 33.104 
20.45 80.35' 

7.01 22.004 

8.92 29.25' 

101.6 mm (4 inches) 

9.00 29.50 

in India. This pipe 

Pipe Diameter 

300 mm (11.81 inches200 mm (7.87 inches) 250 mm (9.84 inches) 
Rs/ ft. Rs/meterRs/ ft. Rs!meter Rsift. Rs/meter 

11.86 38.906.60 21.65 8.90 29.20 
7.74 24.40 10.11 33.20 13.41 44.00 

8.46 27.75 11.43 37.50 15.22 49.90 
4.27 14.00 5.18 17.00 - 

7.67 25.15 10.20 33.45 

7.00 22.99 9.30 30.53 12.31 40.41 

228.6 mm (9-inch) 

2.90 9.50 

13.27 43.206 

127.0 mm (5 inches) 152.4 mm (6 inch) 

12.00 39.40 15.00 49.30 

thickness varies with pressure rating. 
5 This pipe will be aailable with gates (referred to as gated pipe), 

per gate approximately Rs. 10.00 
6 Nominal diamater 200 mm. 
- Cast iron ditachable joint (NOTE Prices may may notor 

include transport cost. 

would have a design pressure requirement of about 1.05 kg/cm' 

(15 psi). The prices are only estimates. 


2 Government prices 

Not being made at present, therefore price is an estimate. 


4 Nominal diameter 160 mm. Inside diameter vaties because wall 


http:6.60-9.50
http:2.10-2.89
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CHAPTER 5 

Design Criteria for Low Head Irrigation Pipelines 

For a pipe irrigation system to operate suc-
cessfully, the pipelines and control structures 
must be of sufficient size to handle the flow 
needed without overloading. Pipelines too 
small in diameter increases pumping costs and 
may seriously limit the capacity of the irriga-
tion system. On the other hand, pipelines lar
ger than needed add to the cost of a system 
and may cause uneven flow. Control stands 
must be high enough to allow sufficient head 
of water in the pipeline, but stands higher than 
necessary complicate valve operation and may 
permit high heads of water to build up, lead-
ing to excessive line pressures Therefore, it 
is important to calculate pipeline sizes and 
stands heights to give balanced distribution 
and to help assure trouble free, economical 
operation. 

ELEMENTS TO CONSIDER PRIOR 

TO DESIGN 


Prior to designing a system the following 

1. Quantity of water available. 

2. Type of irrigation (flood irrigation or 
furrow irrigation). 

3. Quantity of water tc be delivered out 
of each hydrant. 

4. Length of run. 

5. Width of border strip or area to be 
irrigated 

6. Slopes of ground surface. 

Once the foregoing values have been esta
blished the system is ready to be designed. 

ELEMENTS TO CONSIDER
 
IN DESIGN
 

Hydrant capacity and type. Sometimes 
this is not limited by the crop, lut by the rate 
at which water is available. 
FLOOD IRRIGATION 

Either the alfalfa valve hydrant or the or
chard valve hydrant can be used. The for
mer provides the greatest rate of flow. The 
latter provides a neater hydrant and with some 
soils less erosion. It is recommended that a 
hydrant be provided for each strip. Stream 
sizes should not be so large as to create an ero
sion problem. If this happens, additional 
hydrants should be provided for the strip. A 

"portable hydrant" Figure 16 (at page 50) can 
be used with metal surf ce pipe to reduce the 
number of hydrants needed. 

FURROW IRRIGATION 

Adequate flow is necessary to maintain pro
per depth in the furrow. There is seldom 
reason to provide a flow of less than 0.02 cubic 
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feet per second per furrow Hydrants used for 

flood irrigation can be adopted to furroV irri-

gation by using a "portable hydrant" and gat

ed surface pipe, or by a secondary ditch with 

furrow tubes or siphons. Gated hydraats can 
be used to irrigate furrows. These are prima-
rily used in vineyards and orchards where it 

is ;- practice to irrigate by the furro.v method. 

HYDRANT SPACING 

Furrow irrigated orchards and vineyards, 

spacing is regulated by tree spacing. Hyd-

rants are put in line with the tree rows and 

one to four furrows on either side can be ser-

ved by each hydrant. 

FURROW IRRIGATED CROPS 

The practice is to plan for flood irrigation
since, in most areas, crop rotation is practiced.

irri-
Most reasonably spaced hydrants for flood 

gation can be adapted to furrow irrigation as 
mentioned befbrehand. 

FLOOD IRRIGATION 

Spacing of hydrants is normally regulated 
by cross-slope. Width of strips is normally 
set so as not to give over 60.7 mm (0.2 foot) 
elevation difference, 

PIPELINE SPACING 
FLOOD IRRIGATION 

The designer must know the length of run 
to determine the pipeline spacing. In the 

United States, pipeline spacing may range in 
extremes between 30 to 805 meters (100 to 2,640 
feet). The most common ranges are between 
201 to 402 meters (660 to 1,3 20 feet) if the slopes 
are moderate and uniform, and flows of water 
are adequate. 

FURROW IRRIGATION 

The most common length of run, in the 

United States, varies between 67 to 201 meters 
(220 and 660 feet). With adequate water flows 

and moderate slopes, there is seldom need for 
shorter runs. 

DESIGN CRITERIA FOR OPEN SYSTEMS 

PIPE LINE 
SAFETY FACTORS 

External load limit-Loads are generally 

light on this type of"installation where there are 
excessively high fills a safety factor of at least 

1.25 should be applied to the certified three-edge 

bearing test for concrete pipe in computing 

allowable heights of fill over the pipe. Loads 

on pipe can be computed according to Indian 

Standard IS : 783-1959, Code of Practice for 
Laying of Concrete Pipes. 

Pressures-Pipe should pass the hydrostatic 
test requirements prescribed in the latest appli
cable Standards or Specifications. 

Mortared joints.-The maximum working 
head in meters (feet) should not be more than 
ore-fourth the certified ihydrostatic test 
pressure as determined by the hydrostatic test. 

Rubber Gasket joints.--The maximum 
working head in meters (feet) should not be 
more than one-third the certified hydrostatic test 
pressure as determined by the hydrostatic test. 

The maximum working head is defined as 
the working pressure head plus freeboard and 

is taken to the center of pipe. 

Normally these systems are designed to 
operate at not more than 9.1 meters (30 feet) 

FRICTION LOSS 

olwThe friction losses for concrete pipe are as 

follows 
(1) Mortar-jointed pipe, Scobey's concrete 

pipe formula with C=0.310 or 
Manning's formula N=0.013 can be 

used. 
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(2) 	 Rubber gasket jointed pipe, Scobey's Draw this slope upstream from the proper ele
concrete pipe formula with C,=0.370 vation above the critical hydrant or hydrants 
or Mannings formula N=0.011 can be (usually that farthest downstream) and seehow 
used. it fit, in with the limits at points upstream. 

If necessary, select other pipe sizes and try
(3) 	 Minor losses can he computed in accor- them.
 

dance with other listed values in this
 
sectio,: STANDS
 

SELECTION ')F PIPE SIZE These are structures formed fiom vertical 
sections of pipe, or some-times of concrete cast

Before a pipe size can se selcted, the in place (box stands) or concrete blocks. They 
following items need to lie corsidlered may serve as pump stands, gate stands, over

(1) 	The hydraulic gradient at any poirt of flow stands, and float valve stands. In addi
discharge should normally be.at least tion they may also function as vents and sand 
0.30 meters (one fioot) abovetheground traps. Sometimes, when gates are not required 
surface (will vat'' somewhat withI type i the stands, they are capped with a smaller 
of hydrant or outlet). vent to above the hydraulic grade line. Float 

valve stands are nised ol steeper slopes where the 
(2) 	 The hydraulic gradient should not rate ofsupply can be varied and automatic 

run below the elevation of the pipe control oflers advantages.
 
at any point where water is flowing. Stands should be placed at each inlet to a
 

(3) At the upstream end, the gradient may concrete irrigation pipe system and at such 
be limited by factors such as pressure point as required. They should be designed to 
of the entering water. (I) 	 Avoid entrainment of air 

(4) 	 The hydraulic gradient will be diffe
rent for different points of' discharge. (2) Allow 0.30 to 1.52 meters (one to five 
Always base design on the maximum feet) of f'ee board 
condition (normally, the greatest dis- (3) Withstand tie ptesstre within the 
tance or the greatest life). strctu te 

(5) 	 With branching start design(wt,'eaoeah branching stat(4) 	 of at least meterslines,lines, A height 1.22 (four 
downstt'eam onleah branch, and wotk feet) above the ground surface. If visi
upstream. Above laterals, base design bility is not a Factor., they may be 
on the highest gradient required on any lowered if covered or equipped with 
of the laterals at the diversion (gate) ttack guards. 
stand. 

(6) 	 With an overflow stand system, draw The downward water velocities should not 
the hydraulic gradient upstream from exceed 0.61 meters per second (two feet per 
the overpour lip. second). In no case should such velocity

exceed the average pipeline velocity. If the 
The actual selection of pipe size is made by size of the stand is decreased above the pump 

trial and error. Arbitrarily select a pipe size discharge pipe, the top vent portion should 
and determine the loss of head. This loss gives be of such inside cross-sectional area that, 
the verticle drop of the hydraulic gradient, if the entire flow of the pump were 
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be capped wheredischarging through it, the average velocity A pump stand should not 

would not exceed 3.05 meters per second (ten the well has a tendency to pump sand. 

feet per second). 	 The minimum dimensions of pump stands 

should be determined by a maximum down-
PUMP STANDS 

wards velocity of 0.61 meters per second (two 
Pump stands are used to convey the flow feet per second). It is desirable to have the dia

of the pump into the concrete pipe system and to meter of the stand large enough to allow ac

serve functions of other stands. Pump stands cess for repairs. 
can be: 

Refer to Figures 31, 32, 33, and 34 for 

(1) Concrete box stands with vertical sides; Structural Drawings (at pages 55, 56, 57 and 

51).
(2) Non-tapered stands of concrete pipe ; 

OVERFLOW 
or 

Tapered stands of concrete pipe,
(3) 

Overflow stands function both as a check 

(4) Steel cylinder stands mortared to a and a drop structure in addition to the usual 

single piece of concrete pipe riser. functions of a stand. As checks, they regulate 

maintain constant upstream flow 
above types ofpump stands pressure to

For any ofthethe 	 from hydrants or into laterals. As drop strucinw r nyioh aum etypehargepumpestans 
in the hydraulic grain which the punp discharge pipe velocity tures, they cause a drop 

exceeds three times the outlet pipe velocity, the dient, thus limiting pipeline pressure. This 

centerline of the pump discharge pipe should structure is not required on flat area or very 

have a minimum vertical offset from the cen- slight slopes. 
terline of the outlet pipe equal to the sum of 

of inlet generally two concretethe diameters the and outlct pipes. Overflow stands are 
pipe stands joined together with connectionsThe pump discharge may be either through 

the side of the stand or over the top. between them at the pipe line elevation, where 

the gate valve is installed, and at the elevation 
(5) A vent stand may be used in lieu of of the overlip. The upstream stand is essen

a pump stand at the entrance to a rubber tially a gate stand. The down stream stand 

gasket irrigation pipeline, providing the velo- is the same diameter as the pipeline. 

city, 	direction or turbulence of flow does not 
air through See Table 3 for Recommended Sizes for 

prevent the release of entrained 

the vent, and providing the discharge from the Upstream Stand.
 

pump does not enter through the vent. Refer to Figures 22, 23, 35, and 36 for Stru

used in the pump tural Drawings (at pages 52, 59 and 60).
Check valves should be 


discharge line wherever the potential backflow SAND TRAPS
 

from the pipeline would be sufficient to drain
 
Sand traps permit the settling out of sand

the pipeline or damage the pump. 
and other suspended material in the water. 

Where the metal pipe runs from the pump This keeps such material form settling out in 

stand the pipeline where it reduces capacity. Sandto the stand, through the wall of the 
and is mortared into place, a flexible coupling traps are suitable for use where the water is 

should be used on the pump discharge pipe to delivered into the system by a pump. They 

must have sufficient cross-section to insure lowkeep vibrations from cracking the stand, 
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velocities. The following specificat:ons apply Gate stands: 
to all sand traps : 
 (1)Can serve as vents 

(1) Vertical offset of inlet and outlet (pre- (2) Should be of such dimensions that 
ferably up to two times the pipeline diameter). gates are accessible for repair. 

(2) The bottom at least 600 mm (24 See Table 3 for Recommended Sizes of 
inches) below the invert of the outlet pipe. Gate Stands. 

(3) 	 Inside diameter such that average Refer to Figures 21 and 38 for Structural 
vertical velocity does not exceed about Drawings (at pages 52 and 62). 
0.076 m/sec (- feet/second), and diame
ter never less than 750 mm (30 inches). FLOAT VALVE STAND
 

Three horizontal layers of 6.35 to 12.7 mm Float valve stands are used in a series on 
steep slopes to form a semiclosed pressure in theto -1'') hardware cloth, possibly with 12.7 reach of pipe immediately from it, and such 

to 25.4 mm (i" to1) separations, just below valves release into the stand only as much water 
the inlet will make these structures more as hydrants flurther down stream are able to
effective by limiting the "piping" through the take. Thus, by opening and closing, the. 
flow, 	 valve maintains a nearly constant water level 

See 	Table 4 fbr Recommended Diameters in the stand, which is connected directly to 
of Sand Traps. 	 the line or lines down stream through which 

water flows downstream. The downstream 
Refer to Figures 18 and 37 for Structural pressure is determined by the water surface 

Drawings (at pages 51 and 61). 	 elevation, and hence by the setting of the 
float. 

GATE STANDS 
 When float valves are designed to prevent 
Gate stands prevent high pressure, act as almost all fluctuation in the water surface 

air vents and surge chambers, and control the elevation, there is a tendency for the valve to 
flow by means of one or more gate valves they "hunt"--a partial opening and closing 
contain. They may alse serve as stands for occurs that produces a rhythmic variation in 
pumps to discharge into, and/or as sand traps flow. This tendency is amplified when float 

valves are in series. Hunting is prevented by
Gate stands are used to regulate the flow providing for a water surface elevation fluc

into laterals, or where, on a single line, it is tuation in the stand, between valve-open and 
desirable to create upstream pressure so that valve-closed position, of 150 mm to 300 mm 
water will flow fiom hydrants at that point. (six inches to one foot), and on other adjustments 
This is done by partially closing the gate valve to the reaction of the float. Thus, the float 
-or by closing it all the way if no irrigation should be tall relative to its diameter, or there 
is contemplated or if irrigation is completed should be linkage between valve and float. 
downstream. If economics allow it, gate Float stands 
valves and capped vents for gate stands can 
be used, especially where a high stand would (1) Should be installed at intervals of 
be required. This is not desirable where the about 3.05 meters (ten feet) of drop in 
structure must serve as a sand trap. the line. 
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(2) 	 Eliminate the need for many high 
overflow stands 

600 	mm (two feet)
(3) 	 Should have about 

of freeboard and 300 mm (one foot) is 
the minimum. 

(4) 	 Should be a minimum of 750 mra (30 
inches) in diameter, 

The size of float valve required depends 
upon the head loss available and thi friction 
loss in the valve when wide open under full 
flow. Table 5 shows various rates of flow 
through the various valves available in the 
United States, with valves at wide open posit-
ion, for various head losses, 

Refer to Figure 14 andI 39 for on Structural 

Drawings (at pages 50 and 63). 

GRAVITY INLETS 

For pipelines into which water flows by 

gravity from an open ditch, a gravity-inlet 
structure that may include a sand trap, debris 
screen, or trash rack is needed to de%,elop full 
pipe flow and keep trash out. The top should 
be covered to keep trash from blowing in and 
to prevent accidents. 

43 for Structural Drawings (at pages 51, 
65, 66, 67 and 68 to 69). 

VENT STAND 

These are structures used to relieve pressure 
release air, andi prevent vacuum. 

Vents should be placed 

(1) 	 At the downstream andI of each lateral; 

(2) 	 At a design point downstream from 

any pump stand where the design 
velocity exceeds 0.30 meters per second 
(one foot per second) 

(3) 	At points wherever there are changes 
grade in a downward direction of flow 
of more than ten degrees 

(4) 	 At summits in the pipe line 

(5) 	 Immediately upstream from line gates 

where closure of gate would make this 
the downstream end of a lateral or 
line. 

The design point in (2) above shall be de
termined by the equation L=5.9VD for 
Meteric Ur.its (L= 1.76 VI) for British Units), 
where L is the distance downstream in meters 
(feet) from the air entraining stand, V is the 
maximum design velocity in meters per second 
(feet per second) and D is the inside diameterof the pipe in meters (feet). 

The maximum height of the vent above the 
centerline of the pipe line must not exceed the 

safe 	working head of the pipeline. 

Any stand may substitute for a vent. Vents 
should be special as necessary for successful 
seperation at design capacity. A common spac
ing for vents is about 183 meters (600 feet). 

There shall Ile considered to be opportunity
for air entrainment at all gravity inlets and 

e t it i blya p p tan e pum
Refer to Figures 17, 19, 20, 40, 41, 42, and 

43 'r Srucura pges51,64,at pump stands where the pump might possiblyDrwins (t 
pump air. When pumping from wells, if there 
is a downdraft of air into the casing while the 

pump is in operation, the well shall be consi
dered to pump air. In such case, steel cylinder 
pump stands should not be used unless 

(1) 	A vent is placed immediately downs
tream there from, or 

(2) 	 The average downward velocity from 
the pump discharge to the pipeline 
does not exceed 0.30 meters per second 

(one foot per second). 

STRAIGHT VENT STAND 

Tile 	cross-sectional area of this type shall 
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be at least one-half the cross-sectional area of DRAIN VALVES 
the pipeline (both inside diameter measure- Drain valves may e provided at low 
ments), 
 points in lines and at other points as necessary. 

It should rise to an elevation at least 6G0 Refer to Figure 45 for Structural Drawing 
mm (two feet) above the maximum hydraulic (at page 71). 
gradient. This type of vent stand is not nor- ANCHORS 
mally used over heights of 4.5 meters (15 feet). Abrupt changes in pipeline grade or align-

CAPPED VENT STAND ment require either : 

Used where gradients are more than 2.4 (1) A stand of a greater diameter than the 
meters (eight feet) above ground surface. The pipeline. 
bottom of the stand is the same as the vent in (2) An anchor to absorb any axial thrust 
Paragraph 3 b. However, at or near the gro- of the pipeline. 
und surface it is capped over, and a small pipe (3) A larger diameter pipe placed horizon
is extended through the cap to an elevation tally or placed verically and capped 
600 mm (two feet) above the maximum hyd- below ground or a capped belowground 
raulic gradient. The cap should have a height in-place structure. 
of at least one pipe line diameter up from the 
center line of the pipeline. The small pipe may An abrupt change shall be considered to 
be steel, sheet metal, or asbestoscement. See be: 
Table 6 for recommended Size of pipe Above 
the Cap, but not less than a 50 mm (two inch) (1) An angle of 450 or greater when the 
diameter pipe should be used. Extension of maximum working head is under 3.1 meters 
the small pipe down into the larger riser is per- (ten feet). 
missible as long as it is at least 50 mm (two (2) An angle of 300 or greater when the 
inches above the top invert of the pipeline), maximum working head is between 

3.1 meters and 6.1 meters (ten and 20 
AIR VENT AND VACUUM feet). 

RELIEF VALVES (3) An angle of 150 or greater when the 
maximum working head is 6.1 meters 

An air valve may be used in lieu of an open ((20 feet) or more. 
vent except that vent stands at the pump dis
charge should be open to the atmosphere. The Where a vent stand is used in lieu ofapump 
valve outlet should have a 50 mm (two inch) stand at the entrance to a rubbt'" gasket irri
nominal minimum diameter, 50 mm (two inch) gation pipeline, a suitable anchor should be 
outlets should be used for lines of 150 mm (six constructed to resist end thrust. 
inch) diameter or less, 75 mm (three inch) out- LINE GATE VALVE 
lets for lines of 175 mm to 250 mm (seven inch 
to ten inch) diameter and 100 mm (four inch) Line gate valves are used to shut off or con
outlets for lines of 300 mm (12 inch) and trol flow without the gate valve in a stand. 
larger.. These valves are most useful where stands are 

high because they make it unnecessary to climb 
Refer to Figure 24, 25, 26, and 44 for to the top of the stand to turn the valve. In 

Structural Drawings (at pages 53 and 70). addition, gate valves permit the use of small 
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diameter, special capped vent stands instead 
of large gate stands. Adjacent vent stands are 
needed immediately upstream. 

Friction losses in wide open gate valves are 

low, and frequently ('an be ignored. Table 7 
gives approximate losses for wide open valves, 

which are expressed in "equivalent lengths of 
straight pipe in feet". Because such losses are 
small, and since the cost of gate valves increase 
greatly with size, the question is raised whether 
a valve somewhat smaller than the pipe can he 
used. This is best answered by computing 
the approximate loss of the equivalent pipe 
size for the particular size of valve being 
considered. 

OUTLETS 
Some type of outlet structure or hydrant is 

to thedeliver water 
necessary in pipelines to 

Hydrants
land or into some distributing device. 

are risers built from vertical sections of pipe 
which are saddled over openings in the pipeline 
and permanently attached to it with a water 
proof joint. Some kind of valve or gate is ins-
talled in the riser to regulate discharge through 
the hydrant. 

ALFALFA VALVES 

An alfalfa valve is a screw valve grouted 
to the top of a pipe riser. A handle and cap 

plate is attached to threaded rod that moves up 

or down as the handle is turned. When the 
valve is closed, the cap plate fits the circular 

edge of the valve case to make it watertight. 

When the plate is lifted by turning the handle. 
water is released from all sides of the valve. 

Alfalfa valves are used to distribute water 
directly to border strips, basins, or stitches. 
The valve top should be set 75 mm to 100 mm 
(three to four inches) below the ground 
surface to minimize interference with farming 
operations and to reduce erosion from the irri-
gation stream. Alfalfa valves can be fitted 

with portable hydrants for connecting to surface 
pipes. 

Where the head is low, riser and valve sho

uld be the same size as pipeline so that the en

tire flow of the pipeline can be released thro
ugh the valves. 

See 'lalele 8 for mai es 

Reli r to Figures 15 and 46 for Structural 
Drawings (at pages 50 and 72). 

ORCHARD VALVES 

Orchard valves are similar to alfalfa valves 
but have a smaller flow capacity and are so 

designed that they can be placed at the top of 
the riser, at the bottom or at most any pointbetwveen. The preferred location is near the 

top. 

Orchard valves are used instead of alfalfa 
valves if a smaller flow is acceptable. Because of 
their lower capacity they are less likely to cause 
scour around the riser, the top of which 
should be level with ground surface. It is also 
possible to place an additional length of pipe 

that has an opening on one side above the gro
und line to direct flow from the valve. Portable 

sheet metal stands or portable hydrants can 

also be attached to orchard valves to deliver 
water into surface pipe or ditches. 

Table 9 gives Size and Recommended 

Maximum Capacities for Orchard Valves. 

Refer to Figures 27, 28, and 47 for Struc
tuial Drawings (at pages 54 and 73). 

OPEN POT OUTLETS 

In open pot outlets the riser extends above 
the ground surface for enough for two or more 
slide-gate tubes to be installed close to the gro
und line. An orchard valve is placed below 
the slide gates. This kind of outlet distributes 
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water through the gates to furrows and is used more than 0.30 to 0.61 meters (one or two 
principally in orchard irrigation systems. feet) above the ground surface. 

Orchard valves regulate flow into the pot, Table 12 gives Maximum Design Capaci
and slide gates regulate flow into individual fur- ties Recommended for Slide Gates for Capped 
rows. Good control can be had by adjusting Risers. 
the orchard valve to keep the water surface only Refer to Figures 30 and 49 or Structural 
an inch or two above the slide gates. The slide Drawings (at pages 54 and 75). 
gates are placed inside the pot at ground eleva
tion to minimize erosion of the adjacent soil. DESIGN CRITERIA FOR 
Size of the pot depends on the number and size SEMICLOSED SYSTEMS 
of slide gates to be used. If line pressure is 
low enough that the pot will not overflow, an The same basic design criteria applies with 
orchard valve is not needed in the riser. Then the exception that p:'essure is regulated by 
all the flow is controlled at the slide gates. float valves. 

Table 10 gives maximum design capacities Float valve systems are used under the 
recommended for open pot outlets with orchard same condition as those in effect where oveX
valve. Table II gives Pot Sizes for Various flow stands are used--the flow is down a more or 
Sizes and Numbers of Slide Gates. less continuous grade. The difference is that 

each float valve stand regulates the pressure 
Refer to Figures 29 and 48 for Structural downstream from the stand, rather than tips-

Drawings (at pages 54 and 74). tream. 

CAPPED RISERS OR POT OUTLETS. Minirnum spacing is such that that the diffe-

In these outlets the top of the pot is capped, rence in elevation between any' two float valve 

the slide gates are installed on the outside of stands should not be less than : 

the riser, and an orchard valve is not used. The friction loss per 100 meters (or 1000 
Flow is controlled by adjusting line pressure feet) of pipe X length of line between stands 
and by the slide gates. Capped-pot outlets are + 100 (or 1000) - friction loss in float valve 
used only in irrigating orchards and perma- when wide open. Friction loss must be expres
nent crops where small flows are distributed to sed as meters (or feet) of water. Table 5 gives 
the individual furrows. The main advantage friction loss for several float valves. 
of capped-pot outlets is that leaves cannot fall 
into the pot and clog the slide gates and that Maximum spacing is usually every 1.5 to 
an orchard value is not needed. The disadvant- 3.0 meters (five to ten feet) of droppin eleva
ages are lcss control of flow and that, because of tion or not more than 200 meters (660 feet), 
the pressure, the jet of wvater fiom the slide which ever is less. The water surface in float 
gate may erode the adjacent soil. Screw valves valve stands, when the gates are wide open, 
can be used in place of the slide gates. These should not be les. than 0.30 meters (one foot) 
valves will break the force of the jet and give above grour.d surface. Commonly 0.61 to 0.91 
a quiet nonerosive flow. Capped-pot outlets meters (two to three feet) above the ground sur
can be used where the pressure will not be face is used. 
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TABLE 3
 

Upstream Stands for Overflow Stands and Gate Stands 

Recommended Sizes 

Inside diameter of 

pipeline 

mm inches 

152.4 to 

254.0 6 to 10 


304.8 12 


355.6 14 


406.4 16 


457.2 18 


508.0 20 


609.6 24 


Maximum flow 

c.f.c. 

! .29 


1.49 

1.77 

2.40 

3.14 

3.98 

4.90 

Inside diameter of 

with 
one gate 

mm inches 

762 0 30 


762.0 30 


762.0 30 


762.0 30 


762.0 30 


1066.8 42 


1219.2 48 


TABLE 4
 

Concrete Pipe Sand Traps 

Recommended Diameters 

mm 

752.0 

838.2 

944.4 

1066.8 

1219.2 

1371.6 

1524.0 

stands 

with 2 or 
3 gates 

mm inches 

762.0 30
 

944.4 36
 

1066.8 42
 

1066.8 42
 

1219.2 48
 

1371.6 54
 

1524.0 60
 

Diameters 

inches 

30
 

33
 

36
 

42
 

48
 

54
 

60
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TABLE 5 

Rates of Flow in c.f.s. Through Wide Open
 
Float Valves with Head Losses Indicated
 

Head loss in meters (feet) of water 
Type and size (0.15) (0.30) (0.61) (1.52) (3.05) (6.10) 

c.f.s. c.ff.s. c.f.s. c.f.s. c.f.s. c.f.s. 

Double disk (bal
anced) type : 

101.6 mm (4 inch) 0.22 0.31 0.43 0.69 0.97 1.39 
152.4 mm (6 inch) 0.52 0.74 1.03 1.66 2.32 3.30 
203.2 mm (8 inch) 0.98 1.39 1.97 3.10 3.40 6.25 

Single disk (open) 
type : 

101.6 mm (4 inch) 0.32 0.45 0.64 1.01 1.53 2.18 
127.0 mm (5 inch) 0.50 0.71 1.00 1.58 2.10 3.00 
203.2 mm (8 inch) 1.28 1.81 2.56 4.05 5.75 8.15 

TABLE 6 

Size of Pipe Above the Cap for Vent Stand 

Suggested pipe diameter 
Pipeline diameter above cap 
mm inches mm inches 

upto 203.2 upto 8 25.4 to 50.8 1 to 2 
254.0 to 355.6 10 to 14 50.8 to 101.6 2 to 4 
406.4 to 609.6 16 to 24 101.6 to 152.4 4 to 6 
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frequently can be ignored.Losses Friction losses in wide open gate valves are low, and 
open losses in terms of "EquivalentFollowing are approximations 	 of wide 

that can be used where needed.lengths of straight pipe in feet" 

TABLE 7 

Line Gates, Equivalent Lengths Pipe 

Equiv. Length ofPipe and 
Straight PipeValve Size 

mm 

152.4 
203.2 
254.0 
304.8 
355.6 
406.4 
457.2 
508.0 
609.6 

Inside 

Diameter 


of 
Riser 

mm inches 

152.4 6 
203.2 8 
254.0 10 
304.8 12 
355.6 14 
406.4 16 
457.2 18 
508.0 20 

1 Recommended 
Assumed 0.5 ft. 

feetmetersinches 

41.226 
51.528 
61.8310 
72.1 312 
82.4414 
92.7416 

113.3518 
123.6620 
144.2724 

TABLE 8 
Alihlha Valves 

Maximum Design Capacities 
Recommended. 

Diameter 

of 


Port 


mm inche! 

152.4 6 
203.2 8 
254.0 10 
304.8 12 
355.6 14 

4064 16 

457.2 18 
508.0 20 

for minimum erosion 
ponding over valve, 

Maximinn Design Capacity 
Usual High

Head2 
Low 


Head'
 

c. f. s. 	 c. f. s. 

1.60.8 
2.81.4 
4.42.2 
6.33.1 
8.64.3 

11.2 

7.' 
5.6 

14.2 
17.58.7 

with hydraulic gradient one above ground. 
is the normal11=0.5 ft., Q=0.7A 2gh where 	A 

port area, h is the loss through the valve, and g is the acceleration due to gravity 

(32.2 ft/sec 2). 
2 Can be used where higher pressures are available ,hydraulic gradient 2.5 ft. above 

(Ponding =0.5 ft., li=2 ft.)
ground) and precautions are taken to prevent erosion. 
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TABLE 9
 

Orchard Valves
 

Size and Recommended
 

Maximum Capacities
 

Inside Inside Diameter Approximate Design 
Diameter 

of 
Diameter 

of 
of valve 
outlet 

Capacities 

Riser Pot Low Hlead I Higher IHead 2 

mm inches mm inches mm inches c. f. s. c. 1'.s. 

152.4 6 152.4 

or 
203.2 6 or 8 38.1 1-. 0.04 0.08 

152.4 6 152.4 

or 
203.2 6 or 8 63.5 2-t 0.12 0.23 

152.4 6 203.2 8 88.9 3-2 0.23 0.45 
152.4 6 254.0 10 152.4 6 0.67 	 1.34 
203.2 8 203.2 

or
 

254.0 8 or 10 127.0 5 0.46 0.93 
203.3 8 304.8. 12 203.2 8 1.18 2.37 
254.0 10 254.0 

or 
304.8 10 or 12 152.4 6 0.67 1.34 

254.0 10 304.8 12 165.1 64 0.78 	 1.57 
254.0 10 355.6 14 254.0 10 1.85 	 3.71 
304.8 12 304.8 

or 
355.6 12 or 14 203.2 8 1.18 2.37 

304.8 12 406.4 16 304.8 12 2.67 5.35 

1 	 Usual design with hydraulic gradient one foot above ground (Q= 0.6av',i1) "a" is nominal 
port area ; h=0.5 foot. 

I 	 Higher head design with hydraulic gradient 2-1 feet above ground (h=2.0 ft.). 
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TABLE 10
 

Open Pot Outlets with Orchard Valve
 

Maxinmnm Design Capacities Re

commenlded for Or hard ValvesFor Slide Gates 

Diameter of Maxiiiiwn Size (1nside 1)ialieter of, Usual 

Opening Desigi 
(:apacity 

)ianeter of 
riser) 

Valve Out-
let 

Design 
Capacity1 

111111 imihes c. f.S. 11,l ilies 111111 illdies c. f.s. 

25.4 1 0.02 152.4 6) :8. 1 1-., 0.04 

38.1 1-., 0.01 152.A 6 63.5 2-A 0.12 

50.1 2 0.04 152.1 G 88.9 3-.. 0.23 

76.2 '3 0.015 203.2 8 127.0 5 0.46 

101.6 
127.0 

4 
5 

0.26 
0.41 

251.0 
251.0 

10 
10 

152.4 
165.1 

6 
(-s 

0.56 
0.78 

152.4 6 0.60 :01.11 12 203.2 8 1.18 

I 	 Hydraulic gradie'n o)ie floot above grotAIid sirlace (Q-0.6aV2 gl). 

Pot Sizes 1,ecommended l*r Various Sizes mid Ntuneurs of Slide Gates. 

Same as Table 11. 

TABLE 11 

Pot Sizes Recommended for Various Sizes 
and Number of Slide Gates 

mm inches 

two gates up to 76.2 mm (three inch)152.4 6 
diameter 

203.2 	 8 four gates tip to 25.4 mm (one inch) 
diameter. Two gates Up to 
127.0 mm (five inch) dia
meter. 

(Continued) 
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254.0 10 four gates up to 50.8 mm (two inch) 
diameter. Two gates up to 
152.4 nun (six inch) diameter. 

304.8 12 six gates up to 25.4 mm (one inch) 
diameter. Four gates up to 
50.8 mn (two inch) diameter. 

355.6 14 six gates up to 38. 1 (I-, inch) dia
meter. Four gates up to 76.2 
mm (three inch) diameter. 

406.4 16 eight gates up to 25.4 mm (one inch) 
diameter. Four gates Iu) to 
101.6 mm (fbur inch) dia
meter. 

TABLE 12 

Maximum Design Capacities 
Recommended for Slide Gates for Capped Risers 

Diameter of Opening Usual Design Capacity 
mm inches c. f. s. 

25.4 1 0.02 
38.1 I-1q 004 
50.8 2 0.07 
76.2 3 0.15 

101.6 4 0.26 
127.0 5 0.41 
152.4 6 0.60 

Maximum Capacity based on the assumption that velocities under 0.91 m/sec

(three feet/sec) will not cause excessive erosion.
 

For pot diameters refer to 'Fable 11. 
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• *dd
 

V.. 

Fig.14. Section of a float-valve stand
 

NEB-2154Fig. 15. Section of a alfalfa valve mounted 
 Fig. 16. Portable hydrant attached to alfalfa
 

for gated pipe or surface pipe
on concretefpipf e ma 
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Fig. 17. Gravity inlet for buried low-pressure 
pipeline 

Fig. 18. Typical concrete-pipe sand trap 

"" ...... " >"r * I ..Y18 

Fig. 19. Typical trash screen 

F.. i b 

W-04Fig. 20. Desiltng box and trash screen 
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d 'V..!.. 	 ' 

.t.t 

' 	 •
 

W, k 

Fig. 	21. Section of a concrete-pipe gate stand Fig. 22. Section of concrete-pipe overflow stand 

used to control flow into two laterals 

ii " ' ' A ' 

IDA-1-5360 
Fig. 23. Concrete-pipe overflow stand 
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,d/'r reease -z/ke 
cal? be used iq7 

,o/ace ofa/ // 
riserpoe 

NEB-2 153 
Fig. 24. Typical capped vent 

Fig. 25 Section of a capped vent 

*NEB-2152 

Fig. 26. Clobeup of air-release 

valve on right and alfalfa 

valve on left 
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04 /, le 

k'. ."." :. 4t4 

4 

Fig. 27. Section of an orchard valve 

' " 

j 

Fig. 28. 

At 

IB.16806 
Orchard valve 

e~alcjsrfe cap 

I : 

.. .,. . 

Fig. 29. Open-pot outlet with an orchard 
valve and slide-gate control Fig. 30. Section of a capped riser or pot outlet 
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PLAN 
Water surface d

'1wE'
Water surface Note: Constructiondealmy 
vary Os long as minimum 
interval dimensions are Concrete (ASTM C-118) 
maintained. or asbestos cement pipe 

14 go. steel stand 
D3 Flange isweldedto fit to steelgroove ..F~~Flange into stand.in" 

concrete pipe and sealed 0. 
m orta r

/ __with " ol :'',;.0:i'. .i 6 


Mortar Provie check °S Check 
fillet -Prdchc vlvolve Detween 

pump 8 stand Y vlv 

Fiold surface -,' i ebe- // ---- !- ! _ I
 
ll xble 

D coupling coupling 

Note: D-D1 01
 
Concrete Mor 

pipo-A fillet 

.. - ALTERNATE
 

__L-.._ Flow CROSS SECTIONC~nc'-----------
)-Concrete ba s 6 

,.w. ..... .. iL_.,- .' "-!NOMENCLATURE- l -,N _.... 


'"--Rcinforcing steel at approx.
G CROSS SECTION i2'c.c when indicated in D- Diameter of vertical concrete pipe 

leMiuAQ D AST.T. KSpec. 0 oir_____ CcncreteSBase Di- Diameter of 'undergroun " pipe 
Min. 11=10' [H" rore, Rein fa -ng 

- ~or les I on 10' S 4,r. 
.ts In. No. Type In t Cu.yd. t ICuyd. Size Length D2- Diameter of pump discharge pipeo,"79 12 37"4 .0 .o0 - 7 07- 1--4 4j 4" 0 I6" .08 - D 3-Diameter of stand pipe 

1.35 Concrete 4. 4" .06 .0 - - - -t-Thickness of concrete base 
1.40 16 C-118 Irrigation 5j 4' .06 1-I _-
1.77 lB Pipe 5 4 .07 6" . I - H- Height of vertical concrete pipe 
2.18 
2.41 

20 
21 

6 6 
- 6 

1Z ", .I7 
I8 

-1 
-- 0-

above top of concrete ;pipe 
Discharge through structure in c.f.s. 

3.64 24 78-1 .1 -

3.98 27 8 6" .20 8" .2 19' 
4..01 30 Class!T 6" .23 8"1 .30 -31 21' HIGH' HEAD TAPERED PUMP 
5.94 6" C-76 Reinforced 10± 8" .35 G" .35 22' STAND FOR CONCRETE PIPE 
707 Z_ Concrete II-r .9 - 23 u3 s.s I -..%w NT oF A I(AGIjC;IU. VI.Tij It: 

9.62 42 Pipe 3 8' .50 8" .50 38 SOIL CONSERVATION SERVICE 
2H '8[.62 8' .6 i 46'712.5"7 48 15- .2I_ _- ,~9 5,0-16,199
 

Figure 31 
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56] -o-	 fillet 

PLAN 

Removable cover
 
(Optional)
 

---==-o--...........
 
L 

IConcrete pipe 
Water surface-7 	 lWater surface I 

D 

Notel
 
E = D Pump discharge
 

pipe
 

VFlap Vote
 
(See notel1) I Fl w v
 

Field
Field 
surface 	 Flewible f aie 

coupling I 
Mortar fillet 

E 
C C 

E 
o 	Mortar
 

fillet
 

FlawI 

a 	 6" 6 

Concreeebas Reinforcing steel hatt 

pipzoncrte 	bse-/approximately 12 c-c
 
CROSS when indicated inEEVTO
SECTION 
CROSSSECTION !able below.ELVTO 

Notes: 
1. When D Z 27" or when 02 is grealler 	 than. 

1/2 0 eliminatc flap gate and use a 
check valve inpump discharge pipe. 

NOMENCLATURE
Max. 0 	 0 A.S.T.M. Spec. Concrete Base 

-10-____-~H HI or less 	 [Hzmore than dlfReinforcing steel 0 - Diamnete, of vertical pipe 
C. f 5.S ce Na. Type t Cu.yd. t Cu yd Size Length 

6' 0.07, - - D,-- Diameter of c.iderground pipe0.79 	 12 4" 0.05C7 _ROS _ET__ - ab eIeGHwEEADIO 
1.07 	 14 4" 0.05 6"1 0.08 - - 02-Diometer )f pump discharge pipe
 

'-n3 0.54 -0 t Thlckness of concrete base
 
1.40 Is Concrete 4 0.06 6" 10.10 - 

1.77 	 IS C-118 Irrigation 4" 0.07 6" 0.11 - - H - Height' of vt etlcal pipe above 
toR concret. base2.18 20 pipe 6 	 oe.-8/: oof 

67 0.14 	 S" 0.18] - 0 - Discharge through structure in c~fs. 2.41 	 21 

6' 0.16 8" 0.221 - 3.14 	 24 __ 

3.98 	 27 6" 0.20 8" 0.261 8.~ 19' 
4.91 	 30 Class I[ 6"' 0.23 8"1 0.3013' 21'
 

.94 33 Reinorced 8" 0.35 18" 0.35ew in 22
 
1 0.39] 3N7.6 8' 0.391 8; 	 Boncrete T E 

3.14~~5, 	 .1 " 0.2- 146 

9.62 42 Ppe 8 00 8" 0.57 - 38' e 

PUMP STAND FOR CONCRETE PIPE0.621 " 1 0.621 - 4'2.07 "-" 4" 

SOILI. CONSERJVATION SEI1V1ICE-

Figure 32 



Note: 

Max 0 

CItS. 
0+7-

1.0714 
1.23 
_1 

1377 

_2L I 

3.14 
3.98..., 

4.9J 
5.94_ 

7.7 
9.62 

,12_-57 

This tYPO stand shell not be used rhrn Water Surface [57
thzre is airentrained in the water 
source.
 

Metal parts below ground line shall 
hove a bituminous or coul tar
protective coating. 

Pump discharge Welded 
pipe joint 

Provide check volve 
between pump and stand - . 

Flow 

Flexible coupling -

Flange welded to steel stand. 
Flange is to fit into groove in 

e concrete pipe onJ :ealed 
" with mortar. 

+ Single length K' 
C concrete pipe 

Concrem' Pipe 

.T.M 

lnches ,, 7{yp 


12 


0 A ST Spec. 

C-1 1 Concrete 
15 _LL 
6 C-8, onPirrigo 

-i C-1181 
2.12~CI:; Ppe 

2iC 
24 C-l,81

-C.27__C7~L91/8..
7 ,8 


04 
'AInches 

8 1/2 

65/8 
1 3/8 

301C-/6 1 Class 11 21 1/4 10 
33 C-76 !Reinforced 23 3/8- 0 
36 C-76 Concrete 2 1/2 10 
42 ,C-76 Pipe 29 3/ 10 
48 1C763 1104 

6 

Steel Stand 

M Tr.1 M.pe 

F
 
14 go. steelstand 

D 

10 go. steel gand 

D4 F 
Field surface-

Mortar
 

D fillet Concrete pie 

Note; D D Flow 
- Round 

concrete base 

CROSS SECTION 

NOMENCLATURE
 
Concrote Base 

Ff'oum AInhe 
Gape, ces Gsellnches; Cu. yd. 
to--.C-II81 3/-a 14-F! 4 7 0 07 

4 /21 4 I __ 
10 4 3/ 14 ___ 0.06 
10 5 1/8 14 4 o0,-

12 3/41 0q 5 3/4 141 4 0.07 
141/ 0 6 3/8' 14 I6 jO.13 
14 7/8 0 63/4- 14 I C 0.1.4 
17 1 10 t7 5/8 14 ).16 _...I...- .......__L.20__
19 C-_ 5/6 314----

2 ! 4/ 6 o123 
10
9 

1/2 _,.4 
4 

8 0.35 
1 1/21 14 8 10.39q~ 

113 3/8 14 8 0.50115 1/4 14 1 8 0.62 

0 - Diameter Of verticol concrete pipe 

Di- Diameter of undergrond pipe 

02- Diameter of pump discharge pipe 

03- Diameter of upper ststil stand pipe 

D4- Diomoer of lower steet stand pipe 

t - Thickness of concrete base
 

0 - Discharge through structure inc.f.s


FHIGH
HEAD STEEL TAPERED PUMP 
STAND FOR CONCRETE PIPE 

S
U. S. DEPARTMENT (IF AGI(ICiiI.-trUE 

SOIL CONSERVATION SERVICE 
..  ,-64 ,.cFgo-ure,.,
 

Figure 33 



PLAN 

Alternpte pum dischorge pipe location F"" 
I 

when D .: 36 

Rmovob:=[ ,le 

optional 
"cover 

ump -concrete 

- Cut openin g ini
pipe 

a Pump discharge 
Tor popertwo or 
more layers 

pipe -, 

Iit 

(K:> 
Intal two or more 

Ilayers of far paper 
between pump 

, discharge pipe and 
concrete riser 

E 
Water surface7 Waer surface- 7 

I -

-Concrete " Field 

surface surface- I I 

Note; D -D, 

]I, 

Reinforcing steel ,at 

j CROSS SECTION approximately 12"c-c ELEVATION 
when indicated In 
table below 

WaX. .0 D A.S.TM. Spec. n.gcreto BaNOMENCLATURE 

I 	 D A.._pa. H or :l0ls H more thonl' Reintorcing steelax. 

c.f.s. 	 Inches No. Type t Cu. d.J t I Cu.yd. Size Length D - Diameter of vertical pipe 

6" 0.07 -O- DI - Diameter of underground pipe0.79 124" 	 o.05 

1.23ITT: .115"i 4" 0.06 6"" 0.09 	 D2 -Diameter0.05 6 I0.09 	 2 of pump discharge pipe 

0.. 00 	 t -Thickness of concrete base
I-' 1 Concrete 4" 0.06 6 

1.77 " 0-118 Irrigation 4" 0.07 	 6"' 0.11 H - Height of vertical pipe above 

Pipe 6" 0.13 8 ' 0.17 	 top of concrete base 
2.18 20 

D- Discharge through structure in cs. 

4 -.' 4.22 " 0.14 B" 

_ 27 6" 0.20 8" 0.26 191 

2.41 21 6 0.14 	 . 0.18 

4.C 	 30 ClassU 6" 0.23 8" 0.30 3o 21' 
_ . C-76 Reinforce1 8.1 0.35 8" 0.35 ._T8 22 

7.07 36 Concrate 8" 0.39 	 8" 0.39 2 

9.62 	 Pipe 8" 0 0.50 3 LOW HEAD PUMP STAND 
J61_ FOR CONCRETE PIPE

12., 
U. S. DEPAiITMEr OP AGRICUITURFr 

SOIL CONSERVATION SERVICE 

,- .. 19,000-

Figure 34 
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-- lide-,land 

~Mortar fillet 

NOTE: Provide permanent ladder 
PLAN fastened to stand to Provide 

access to gate wheel. 

Broken out section to 
C== show opening between 

pipes.

I iig , 

A-Max. water surface 

O.eroing [E 
water surface 

Class 13 reinforced " Concrete I 
concrote pipe Rirrigation pipel I 
ASTM C-76- ASTM C-118 I 

D DI 

Field surface.I 
Field surface-" '.\\/ I-,•./ II 

6 III 

MortarIMortr fillet Slide stand-gate fillt 
frame not shwn , 

A I 3, ilr J r'ntSidtn-ae-. k- I Mortar 

lot cradle 

INI 

_________________________________________ Mortar cradle 

under pipe
~.CROSS SECTION Reinforcing steel at ELEVATION 

-approximate. 2"c-c (Gate riot shown)
each way. Size 0s 
shown in table below. 

TABLE OF DIMENSIONS AND QUANTITIES NOMENCLATUR~E 

__________ Concrete Base D- Diameter of concrete stand pipe
DIijidr ls mrethnlOReinforcing D,- Diameter of underground concreteLpipe and concrete overflow pipeCR tSSvolume t vlume I steel H - Height of structure 

Inches Inches Feet - Inches Inches Cu.yd. inches Cuyd. Size Lgth.ft 1 - Thickness of concrete base 
8_ 30 4'-10l/ ' 6 0.31 8 10.41 8 24T 
10 30 5- 0 1/2" 6 0.32 8 0.4213/8 25 

30 5'- 6t 0.34 t8 0.44!318tsteel26 
14 30 5 5__112 6 0.36 8 0.4613/8" 27 
15 30 5-6" 6 0.37 8 0.4713/8"1 28 OVERFLOW GATE STAND 
16 /3 5'- 7 4 6 0.38 8 0.4813/8 29 for 
i 30 -5" a9' 6 0.39 8 0.503/8" 3 CONCRETE PIPE LINES
20 42 7- 3/4" 8 0.75 8 0.75 3/8" 53 U.8. D:,',,,,'r O,,,cU.T,,," 
21 42 7-3- 8 0.77 8 0.77134" 53 SOIL CONSERVATION SIRVICE 

124148 8-1 3,4~" 8 10.97 8 0.97 Il 64l _ _ _ _ _ _ _ _ _ _ . ............ 1- 4 5 -o19"0-29-1
 

Figure 35 
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KING CITY OVERFLOW 
PRESSURE RELIEF

-n-i 
. . r2 len/As of 

2Pio~P~ "Plpe Riser 
p-S -2"P lh' 

SECTION-A-A 

6"Goncre e B~a,5e 

6' 1,eRsr 6 "_. 

Applicable to pipe lines on moderote slopes 
On steep slopes cost of stands and valves is excessive 

7-L-Eng-60 

Figure 36 
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V* GX.ator surface[6 

Reinforced concrete pipe 

A.S.TM. C-76 closI . 

C.ltor oulet D 

RoundX *{ ; Inlet or outletilcoct bs6 

Q. CROSS ReTIN
i nforcingotel a/tapprox~imatelny
 

in tab[@below, 

NOMENCLATURE 

0 - Diameter of vertical concrete pipe 

MO. Concrete Base o Oiomotr of inlet or"outlet pipe 
,,, M~. ofless than 10 Reinforc~r i e/@ ODtDiameter of inlet or outlet pipe1OI--IO H-more 

e .
 

1..2 Inhl t . ), t
. Siz, ofI d 1 Lon Ill t- Thickness concrete base 

1.4._.. 9 3 " 5 8" 
 .35 3 " 22' "1 height of verticl co Croto plpr,
1.7--- _7 .398" a" .39 3/3 a3bove fogof concrete base 
2.4_0 42 8a .50 8" .S 30 30' Q - Dichorilp through s r ct e 

It". .62 8. .62 .2" 46 ' in c. f.1,s ru t r 

.J9_ _5 8 .96 a " .76 I " 53'.
 
49<;)~.0 0 e" .V " 9 2['" 7,
 

S CONCRETE PIPE SAND TRAP 
S FOR C ONCRETE PIPE LINE 
| -ILKIPARTUIT 1'reA(IRI:I.Tnifix; 
SO80IL CONNERVATION 8KRjc, 

Figure 37 
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Concrete pipe 

Sz Z. Z ! A'/9 

F/ I F 

Alfalfa valve, see note no. 2 

Concrete pipe Mortr fillet 

End of pipe plugged2.-' 

Note No. 1. Provide an inlet area equal to or greater than area of valve 

Note No. 2. Valve should be large enough to carry flow in pipeline. 

GATE STAND USING ALFALFA VALVE 

Figure 38 
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Hydraulic 1 	 [6 
a line -/ 

ASTM C-76 class 1" 
reinforced concrete pipe, 

/ Float 
a// 

//D 

-/-Hydraulic 

__ .___"_ 

grade line 

y, 
Float 

E 

Concrer tha., Concrete p ape 

ETOle vRS / ~ r~l utC 

Rwiforcing steel at approximately 
C -C size as shown in table below.SETION12" 

Note. 1.Provide on outlet area equal to of 
greater than the area of the valve 

___________________________________M____ (whose diameter is 02)

(LCRSS 


02 Design Flow Capacity"and Stand Diameter NOMENCLATURE 
Nomino h.O. 11 1.0 71 h-2.0 h.0 .O 

I chs -i D ? ac' . Dc Capacityc-t u-DDiameter of cancrete stand pipeI F-nches In. I-cf.s .In. . f.s. in 1cfs5 -- in. D-Diameter of underground concrete pipe 
- j..2 30 645 1 30O 1.640.6 

5 0oil 0io 6 V I 8 30 0eNominal diameter of float valve- 0. 30-- 0.1 5 301;158 34_?.50G18130 fQ "2Q05 30 H -Height of stand pipe

1 271 30 '14.075 I 33 910 42


IC 5.2 33 "7.24d 2 11.3 __6 t~h'6Thickness of concrete base
 

* 	 Valves for single disk (open) type h- Difference in head (hydraulic grade 
lines) between inlet and outlet pipe 

TABLE OF QUANTITIES 

D .Concrete bose 

inche=s HIO' or less mH:more than 10' Rein. steel 

30 flj _3-f "- 7o -c'1 ,
0z " E o.o/1", o33 8" 0.035 '1 0.35 A 2 

42 8 050 " o.500 3, 
148 10§ .62 0.6 46, 

r60 1 a 10.91 - I o.91 71-i I 

NON-BALANCED 	 FLOAT VALVE STANDS 
for 

CONCRETE PIPE LIN ES
U. S. 'tiT.E.N OF ,GHWUI.TUIa: 

SOIL CONSERVATION SIIiVICE 

, . .G415,0-19000-32-1 

Figure 39 
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Inlet opening 

Cgo 

PLA N 
Cover opening with 4wx4" 
10 gage 09ee1 mush 

Install removable cover I 7 
L~r . 

- Concrete pipe To of ditch bank 

-rf-a
iel 6 1/2 	 fWater surface (Inlet lopen
t-nnetnopening
 

I I 
DI 	 I" , ~ ~Note: 

Mortar I 
Concroc. Pi~o. fillet

- -1 LConcroto baco '--

-Reinforcing steelat 
opproximotely i,"C-CELEVTI0h 

Q CROSS SECTION when indicated in ELEVATION 
table below. 

NOMENCLATURE 

da Doptn of water in ditch 
F, Frooboord in ditch 

S M .A.T..S c.H,-Ol or lets H-rrore than 10' ReinforcinqJ t -.-T ikn s f o cel a 

d. t. [No.. Syize Length H. Height of vertical pipe above 
4" 6 - topof concrete base0.79 12 	 0.05 0.07 

14 	 0.05 6-"' 0.08 - - O Discharge through structure in c.f.s. 
-
1.07 	 4" 0.06 6" 0.09 1.23 I,5 

-
-

1.40 I6 Concnre 4 1 0.06 6" 0.10 

-

1.77 Is_ C_-I Irrigaton 4" 0.07 6" 0.11 

2.1 2 	 Pipe o 0.13 8 0.17 

241 ZI 6 0,14 B 0," - 

" 016 8" 0.22 - 3._4 ?4
1 	 6 0.20 1" 0.26 -/a 19' 

0 Cl 6" 0.23 6" 0.30 ' 21' 
i.91 

5.94 3 C-76Reinforce 8 O.35 6" 0.35 318" 22' 
7.07 	 56 Concrete 8" 0.39 8" 0.391 3/0" 23' 

Pipe 0.50 8" 0.50 4, 38' GRAVITY INLET12.57,._9.62 4-2 8"48- - 8 0.62 8" 0.62 [/2 46 FOR CONCRETE PIPE 
U. S. DEPARIT.IENT OF AGRICULTURE 

SOIL CONSERVATION SEP2'ICE 

.- 64 5.0- po-,. 

Figure 40 
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/ .0 
: 0 .[ 65 

o! pe i 

"., Overflow ond 
drain
 

0Overflow notch _5. -Pump or pipe line " 

6" Coop, 2-6 long connection 

ISOMETRIC 
Ilx2I"Sk,rnring

• g . i.d_ 2-6" board Baffle Gote &lot6 6 2..6' 

ie. I 6"Golvonized of sleve r (1- lumber%.2 _j surfaceCrest pipewier 4 F0" . IJ o fe 
below, waterJ,rfac., ' 1,N ICY I 

-
o 

2 4* Center . 3: slo - - -- F .. 4 
s c re en support 31 , .... . I C IN 

'-oL"-6 +"' " 0.' i-n' 
60Ol pipe screen oveero AB E OF 10UN ITEIIL oz16,J~ - -I TABLE OF 

CENTERLINE CROSS SECTION 

.. J"hardwore cloth QUA N iTS IT 

2a4~/ Laera
bracen
 
9' -. 2 piugLv I-Y" 

rc s 1LixC. REIFORIN STE Loeo 88 

I"+- ' 50MESH.SC apa up t . fs.COPPE itCETELI'-E C RE SITT RGT WAE-9 ' l 10 LUMBE R IG ONWTR D ITN 7O1DEAI MeF overEENEFQUNITETcrASH 
________o __ssuepenthieport/$ Centerbrace Ol 

,
6 x UpS to [C.f.

112'O PIPE S/'LOGGALVANIZESLEEVE CHEEN
 

Ccm 3/5'ASI '"LS' ;GALANZE
othdr tir:,. CIA.. LO,;,oooCo-, 
SIDE VIEW [L os i. cosI:IvA )N.:v(~.


Figure 41 
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StandardOrwg. 7-1D-30b
Engr Divn. SCS- Region 7 

SAND TRAP (67 

This type of Trap ispreferable to Drwg.7-ID-3Oa. 
______ I due to lessened danger of clogging 

Go. -NOTES.-
60dr 

SCREEN FRA4'/E DETAIL 
Screen frame for .4'8 .?"mesh screens 
strung with /2ga.wire. Cut screens 10 
fit inside of fromes. 

NOTE 
TYPE'LOCATION 

A •Floor.Ends 
Reinforce slot edges wi/h ch. iron B 
and anchor with nails in ccncrete 

-j-- . . 

c o#om ramel 

07tlllln
/,:ron/, . " 

r1
e 


Q 

E 

F 


I 


kI6 "3/rapironr/rn ; .Screens 

/iT:Cover koo and 
0 ~ wih emesh .screenlzi 

1"x rao 1'ron 

Concrete in floor slob is Ya be placed 
against undisturbed earth 
Concrete is to be 2000lb.concrete 
maximum size aggregateA1" 
For control andplacingof concrete,
structure excavation andbackfill 

see Standard Specifications. 

MATERIAL LIST 
Ail Reinforcing Steel to be-9" Deformed Bars 

. .
 
EndSdes 

_ 

D Lower 
Corners 

ides 

BENDING DIAGRAM PCS LENGTH
 

4'-I" 8"0" 3-I" 2 16'-2" 
4'I' '-0" 4'- I" 2 15 2" 
2 4"i 80" j 2'-4" 6 12 8" 

1_D__0"1 8'- 0" 2'-4" 2 11'-2" 

Toial amount of steel = 

' " " concrete= 

7 3'-6 

1"I 36" 

14x 14x 8 L's 

1 l______x /16 Ls= 
Ix8 Strap Iron 
xI3/4x 8 Channel 

2 I x " 

to fit Details. 

/
 

= 


= 

= 

" 


l 
7 2 4' 

'-I" 7 lI'-8"
2521in.ft. 

2 cu.yds. 
38 1in.ft. 

8 , 
12
 

16 

17 

BFasket In/eA 

_ _ SKETCH
OF BASKET 

BASKET DETAIL S 

Figure 42 
7-L- Eng.67 

http:2521in.ft
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oi Br 

7,17-n.4 

Nrs 

ii 

PLA 



__ 

5tan0ardVrwg. 1710-JO 
Eng.Divn. SCS Region 7 

(69 

MATERIAL LIST 
TYPE LOCATION BENDING DIAGRAM PGS SIZE LENGTH 

A Walls 3-6 I '-o _j3'-6" 2 12'-0" 
B Floor 2'-6"L 5'-0" 2 . 7 6" 

C Walls 6"J '-6" 2 41-0" 
D Floor 3'-6" 3 3-60 4 o 10'-6" 

E Floor 6"1L 3"L 6" 2 " 

4 ,, 9"F Walls 20"'L 5-0" 2 0 " 

G Walls 0I 5'-0" 2'-0" 2 , 7 Id' 
Total amount of steel = 150 lin.ft. 

"1 " " concrete= 1.2cu.yds. 

I4 xl 4 x 8 L = 42.Oft. 
lI" X4x 8 Channel = 2i. tff, 

37"
 

NOTES 

Concretein floor slab to be 
placed against undisturbed earth. 
Concrete /o be 2000 lb concrete 
maximum size ofoggregated *Ib. 
For control and placing of 6a1V 
concrete, structure excavation _ 

and backfillsee standard 
specifictons. 

SCREEN FRAME DETAIL 
SAND TRAP 	 Screen frames formesh screens 

strung with 12go.wire, cut screens 
to fit inside of frame. 

4.~* *. 	 * 

This trap is applicable where :.. . .. .. . 
. 

.. ..
. 

.. .. . . . '.:.. . .. .... .. . . . .... . . 
available head is limited . ' 

Make the baffles of variable :. "' 0 

" :height to lessen danger of [ '"-" 	 """4;:" """ : 
clogging / 

Reinforce slot edges with 
Channel Iron and anchor 
with nails in concrete 

7-N- En g.66 
Figure 43 
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Freeboard l'min. for 
,,/open _vent. 

NOTE, 	 When the hydraulic gradient is more 
than 20 feet above the ground and _ 
protection from excessive water pressure 4 

is not required, on air release valve of % Hyraient:-'
 
the some nominal diameter as the pipe
 

may be used in place of the tall vent pipe 
 _ 

TC 
II Airarelief 

I aI ve 

> ( 0 

.Steel pipe 

4--tNominol Ji,B- "die,) 

eldsurfac4 

Mor tar 
Precast 

[Concncret ' EEreducer 

Concrete pipe 03 

Mortar 	 fillet

' 	 E 

CROSS SECTION 

NOMENCLATURE
Min.
DI Nominal Dia.

D3 Min. D4 

DIameter of underground concrete pipe
Inches Ilches Inches DI -

2 D3 -Diameter of concrete vent pipe
8 6 

10 8 2 D4 -Diameter(nominal)of steel vent pipe 

12 10 2
 

14 10 
 2
 

15 12 2
 

16 12 
 21/2 

2 1/2
 

20 16 3
 

21 16 


18 14 

3 

24 18 3 1/2 

VENT FOR CONCRETE 
PIPE LINES 

U. S.DEI'IARTMEN',"r AGltICULTtlRF 

SOIL CONSERVATION SEVICE' 

Figure 44 



Slondord Drwg. 7-D-28 
Engr Divn. SCS-Region 7 

DRAIN VALVE FOR CONCRETE PIPE (7 

4r ,"x /6, 

J'.U6 / b an~geow /Jegmcn of/e"
Jlto bnhel ain e. Con. Pipe. 'S/iort-seqmentto comp/efelt roi/,'.\a-;--
 .__ 
 u n
be p/oce on bpwiiYh 

In/soll ron lawat Ioa 
points andends ofp Open7 lb earlh /0 alows 
lines. Cons/rucl bo D 00. 

draincomple/ey I I -

SECTION- A-A 

/alveedges o be/n ent,, fo .ides ofCo,,ar 'e. 

PLAN
 

7-L-Eng. 64 
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~ ,;~.-

Opening 

90*+ 

broken out 

PLAN 

NOMENCLATURE 

0-Diameter of riser pipe and 

nominal diameter of alfalfa gate 

0,- Diameter of underground concrete 

pipe 

Alfalfa valve or 
modified alfalfa/ 
valve 

900+opening broken 

Minimum hydruUc 
gradient- 7 

out 

Alfalfa valve or 
modified alle. 
v lv se 

Minimum hydraulic 
gradient 
. . /.e 

D D,D!DU.. 

TYP E TEE 
pen e codoewe/ydatornerete used.-( r 

Q CONSERCTION SRVCCROSin SSOIL whe veoct ecmmndd he vloitRecommended~~~~6 sr 

Figur u4ed 

MLFLF VA MODIFIED 3-IFAA 

FRSu 6 CONSERVTION S V 
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-;tn 

PLAN 

"\ 
Notch broken 
in pipe 

NOMENCLATURE 

0 - Diameter of concrete riser pipe 
01 - Diameter of underground concrete pipe 

Dz - Diameter of valve outlet 

h - Height of hydraulic grade line above 

field surface 

Concrete pipe with 
overflow notch 
broken In side 

Hydraulic grade lIne 

Orchard 
valve 

Field vj 
SrtoCe--, 

Design 
woler surface 

'€ ___________________ 

Orchard 

''Fil 

valve 

Field 
surface

02 

0 

CnNN 
6O 

E 

ECb 
2 

bb 

EE 

T 
o 

2 

Mortar tillet.' tz_pipe... 
-Concrote 

on o,ipe . ,! Mortar filletp 
onro 

p,pe 

TYPE I TYPE Ir 

. CROSS SECTION G CROSS SECTION 

ORCHARD VALVE OUTLET 
FOR CONCRETE PIPE LINES 

U.S. DE PARTTM ENT OF AGIICULTURE 
SOIL CONSERVATION SERVICE 

I 1- 6. ,0-19o -30o4 

Figure 47 
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Standard Drwg. 7"1D -26b
 

Eng.Divn. SCS. Region 7
 

DISTRIBUTING STAND FOR PRESSURE SYSTEM
 
OPEN POT OUTET WITH ORCHARD VALVE
 

4.,Distri/buh'ng Goes. 

Use valve with smallest 
opening for maximum 
discharge required to 
prevent clogging 

\ -- Orc/hardVa/ve 

,Bondiny Crn ,n 

Figure 48 



Standard Drwg. 7"/D-27 
Engr Divn. SCS -Region 7 

IRRIGATION WATER DISTRIBUTION POT (75 

CAPPED RISER TYPE 

PIP 2Corcrete P/v9/0 deod end pipe 

N 
Applicable for flat grades where maximum head 
on he plugged top riser does not exceed 3ft 

} 2"Concree Pu. 

6)Cocrte ,Ase 

// Q_ \ 

\U 

N 

\ ! ,e32"aoncreteerPler 

4pcb/e o f dr imum hed 

- 8E TION THRU POT 

i: ."- :o' •.'. . ! ' Concre/e hose 

SECTION THRU RISER 
7- L-Eng. 63 

Figure 49 



CHAPTER 6 

Construction Guide for Concrete Irrigation Pipelines 

This section covers the installation of con-

crete pipe only. Pipelines should be const.'uc-. 

!ed in accordance with plans and design with 

necessary changes being made before beginning 

constructiori. 

GRADE AND ALIGNMENT 

Pipelines sho'lld he straight and of uniform 

graclieiit fi'om rleach to reach or between stands 

or anchors. This can be controlled by proper 

excavation of the trench. The aligmnellL and 
grade for the Iottolu of the trench should ew 

properly establislhd prio, to the e'cavation of 

the trench, 

EXCAVATION 

Trenches should he reasonably straight with 

bottom reasonably free of ticlulations and 

humpls. 1'o facilitlte economical pipe laying, 

all trenches should he excavated with vertical 

a well graided bottom. All excavatedsides and 

material should be deposited o1 one side of the 

side of the trench and tile pipe placed on the 

other side. 

DIMENSIONS 

All pipe should be placed dleep enottgh 

)elow the land surface to protect it firom hazards 

imposed 1))' traffic crossings, farm operatiolls, 
freezing temperatures, or soil cracking. The 

minimum depth of cover should 1e 457.2 mm 

(118inches) for pipe sizes up to and including 

304.8 mnim (12 inches) in diameter and for pipe-

lines greater than 304.8 rim (12 inches), the 

minimum dlpth of co,er should le 609.6 nmn 

(24 itches) in cultivated fields, in loams and 

coarser textured soils. In heavy soils such as 

clay the depth t"f cover should he increased an 

additional 152.4 mn (six inches), Deeper 
trenches may I)e necessary. This requirement 
5 (1shuld )v usual texture of the )egoverlw.,d the 

soil lorizo at the pipe deptlh rather than by 

the texturve of the surace soil. A lesser depth of 

cover call )e1used for rocky area or other local 

conditions. 

Tei width of trench should y)e sufficient to 

permit laying of pipe correctly anl for proper 
bolcling or finishing of' tile joints. There should 
be a minimum clearance of 150 nnt (six inches 

to the sides of' the trellchfrom outside the pipe 

for pipe up to and itcluding 381.0 m (15 

inches) in diameter, and a clearance of from 

203.2 to 304.8 mntn (eight to 12 inches) o each 

side fol larger pipe. 

FOUNDATIONS AND TRENCH BOTTOM 

Foundations fbr pipelines should he firm 

but should yield slightly and uniformly when 
pipe is bedded to establish line and grade. 

rRENCF IN ROCK Ol BOULDERS
 

Ifthe trench is excivated in rock, boulders, 

or other hard ulaterial the bottom of the trench 

should 1e ex'avatecl a minimum of 304.8 mm 

(12 inclies) )elow grade and the trench back

filled with suitable material (sand or similar 

selected gramtlar material) to the proper grade. 
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Any filling of this nature should ie tamped and Should water get into [he trench before the 
compacted to produce a firill ftouniidatio, pipe is laid, tle laying of' pipe should be post

poted lUntil the trench hilas died sulliciently toTR ENCII BOTT(M)\ IN UNSTABLI' provide a thin fiundation fir (lie pipe. or,else 
MVI'RIAL the inud and softer tiaterial slhoul be removed 

'oudatml 


due to soft, spongy or otlier similarly uinstiitali at
 
iere, at horin\Vhr-'afloiindlationtrm iss ntnot ecmmerelaIleeicoitilterecl, aidI giadecornpa('tedlreestablmaterial.shed by I :ck-fillig %ith sitit

material, all such unstable lnattrii I under the INSTALLATION OF PIPE IN NEW 
pipe and for a width of not less than oil, dia- EMBANKMENT 
meter oil each side of, tile pipe should be 
removed, and the space Iackfilled witi suitable W\'heni non-reiiif uc'ed iipe it to be installed 
material (such as coarse sand or fill( gravel), i'l IeW embankment, the enb:ui kmient should 
properly compacted to provide adequitate spport be constructed to a height o :301.8 imn (12 inch) 
for tile pipe. above tile grade po'posed for" the top of the 

pipe, and fbi" a distance on each side of thelpipe
TRENCH IN CLAY OR EXlPANSIVE of' not less thtat live itnes tlie diameter of the 
SOILS pipe. Then the trench should be excavated 

and the pipe installed according in th' reco
\there tet ies are excavated ii, clay soris lllieicatio s ill this section, except that whell 

or those that show sviletce ofe v the pipe is to beshrinking nisa'led nit a steep slope or at 
swelling, the trelh shtosild ie excavated 101. a diflicult location, the height Of etnbankient 
'to 152.t mm (ftimr to sx inches) below grade to be constructed in advance Of* installiig tile 

andbroghtupc rae wh a copaced pipe Ilay be variedantilIrou igi t 11I) ti gradcIe w itl i a1 coi pa ctedI as directed by tile (.1ginver. 
layer of, lOall o, coi set textured soil or selected y 
gralzlui' material. In all clay ot' exp: lltive For relinftrced concrete pipe, ilie eln a ik
soils the pipe should be deep etioiugi so that ment slould be built to an elevation over tile 
soil mass sirroilditig it will not le subject to top of the pipe equtal to thIe external dianieter 
changes of, rhoistitre and teupertrill e. of tile pipe, aftet" which the trelh cill be 

excavated and tile pipe installed. 
SUBGRADI', AND BE1DDING 

PLACEMENT
 
The hottoin of tie trench should be graded 

autd prepared to l)ro\icc' a firm and t ifirm At tie inie of laying, the prepared trench 
bearing throughout the entire length of pi)e. should be in a reasonably dry condition. 
The bottonio the trenich should be shaped to Necessat'y ftcilities sho,ud be provided for 
fit the lower part of the conduit exterior for a ]wering and properly pliacing tie sectiois of 
width of at least 50",', of' the external diamieter pipe in tile trezich witloiut dainage. 
of' the conditit, "Ordinary Bedding" (Load 
factor= 1.5). All liotildes and st.. s larger Immediately before pl,igll, each section of 
than 24.,l nm (inch) should be removed frotn pipe ill fial position for Jiiiniig, the bedding 
the subgrade to a depth of 101.6 n1n (four for tile pipe should be made hy scrapilig away 

inches) Ioiteliteto1 if' tii lpe.~ 01,- tampiig under the body of' ilte pipe and notincIes) belwil bottoe by wedging or blocking. 
WATER IN TRENCH '1ITe interior of the pipe should be kept ftee 

When water is encountered in tie trench from dirt and other foreign material as the pipe 
it should be removed by draining or pumping. laying progresses, and left clean at the comple



78] 

tion of the work. Any pipe which is 	not in 
true alignment or which shown aity undue se-tle-
ment after laying or is damaged, should be 

taken up and relaid. 

No pipe should be laid wvhich is cracked, 
checked, spalled, or damaged beyond specifica-
tion tolerances, and all such sections of pipe 
should be permanently removed from the work 
site. 

Curves are allowed with a maximum deflec-

tion of five degrees in mortar joints 	 and a 
gasketmaximum of three degrees in rubber 

pipe, with all joints receiving equal amount ofdiee, aljiis 
deflection. 

JOINTING 

MORTAR JOINTS 

The pipe along side tile trench is tilted into 
the trench, gi oove or socket end up. The first 

section of )ipe is laid to grade with the tongue 
or spigot cd poimting ii the direction to be 
followed by the pipe laying. 609.6 mm (24 

inches) or larger pipe may be laid with the 
groove or socket end pointing in the direction 

to be followed by the pipe laying. After the 

pipe is set in place, a spaceshould be scraped 

out, with a pipelayer's trowel, tnder and 

immediately in front of the end of each section 
filled with sufficientlaid. This space is to be 

laying mortar mnder the tongue or spigot end of 
the bon-each section of pipe laid so that when 

ding mortar is placed, it will connect there with 

and make a continuous band of mortar around 
the joint. 

In advance ofjointing sections of pipe the 
ends of each section should be washed clean 
with a wet brtslh, and immediately prior to 
placing mortar and jointing tile sections, the 
ends should be thoroughly wetted. The groove 
or socket end of the next section of' pipe is 

wetted and filled with mortar. This section is 
then tipped over carefully so as not to dislodge 

the mortar and the two section ,of pipe firmly 
pressed together in such a main ,r that the 

groove or socket end of the pipe fits truly and 
snugly over the tongue or spigot end to which 
it is to be fitted and so that, mortar is squeezed 
out from the inner and outer surfaces. Care 
should be taken so that no mortar falls from 
the groove or socket end during the abutting 
operation. Beause extruded mortar would 
reduce flow and increase friction, the inside of 

the pipe should be wiped smooth of any surplus 

mortar. In pipe too small for a man to work 

be done by dragging ainside, wiping may 
swab or long-handled brush on the inside. This 

done after the pipe is placed true to line and 
grade because any movement there after may 

cause the joint to leak. 

After jointing the pipe, external bands of 
mortar are l)laced arotnd all pipe joints. 
Several sections of pipe should be jointed be
fore banding starts. External bands should 
never be nore than five lengths behind joint
ing oper-atio,,s. 

RUBBER GASKET JOINTS 

The first section of pipe laid should be fir

rnly bedded in the center of the trench to 
with the socket endestablish line and grade 

pinting in the direction to he followed by the 

pipe laying. Gaskets should be affixed to the 

pipe not more than 27 hours prior to the ins

tallation of the pipe and any loose or impro

perly affixed gaskets should be emnoved and 

replaced to the satistictiom of tme engineer. 
Just before installation, time gasket and the 
sot-ket end of the pipe are coated with a spe
cial gasket soap (ustially made from flaxseed) 
to lubricate the joint for easy assembly and to 

help seat it. The pipe should be aligned with 
the previously installed pipe, and shoved toge
ther. If, while making the joint, the gasket 
becomes loose and can be seen through the 

exterior joint recess when tihe joint is pulled 
up to within 25.4 mi (one inch) or closure, 
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the pipe should be removed and the joint ends of the pipe sections approximately 450 
remade to the satisfaction of the engineer, with the outside edge of the socket. 

OAKUM (HEMP OR JUTE FIBER) The edges ofthe )and should adhere to 
AND MORTAR JOINTS the pipe surface to prevent peeling and should 

be finished in a workmanlike manner. 
A closely twisted gasket of Oakum, of the 

diameter required to support the spigot of the LAYING AND BANDING MORTAR 
pipe at ihe proper grade and to make the joint 
concentric, should be used, The joint pack- The mortar for the joints should consist of 
ing should he in one piece of sufficient length inot less than one part Portland cement to two 
to pass around the pipe and lap at the top, parts of clean, well-graded sand that will pass 
This gasket should thoroughly be saturated with a 2.36 mm (U.S. No. 8) sieve. The quantity 
neat cement grout. The socket of the pipe of water iil the mixture should he sufficient to 
should be thoroughly cleaned with a wet brush produce a soft workable mortar but should in 
and the gasket laid in the socket for the lower no case exceed 22.7 liters (six U.S. Gallons) 
third of the circumflerence and covered with per 0.028 itrbic meter (one cubic foot) of cem
mortar. The spigot of the pipe should be tho- ent. Ilhe consistency of laying mortar should 
roughly cleaned with a wet brush and inserted be such as to adhere to the ends of the pipe 
in the socket and carefilly shoved in. A small while being laid and easily squeezed out of the 
amount of mortar should be inserted in the an- joints when the pipe ,ections are pressed toge
nular space for the upper two-thirds of the cir- ther. Banding mortar should be plastic and 
cumference. The gasket should be lapped at of such consistency that it will readily adhere 
the top of the pipe and driven into the annular to the pipe. 
space with a caulking tool. Mineral admixtures may be used, but not 

The remainder of the annular space should exceeding one of the following percentages by 
then be filled completely with mortar and be- volume of cement: hydrated line, 5% ; fire 
veled off at an angle of approximately 450 clay, diatomaceous earth, or other suitable 
with the outside of the socket, The finishing inert material, 10%. 
of this joint should be at least five joints behind All mortar should be used within thirty 
the laying operation. minutes after mixing with water. 

EXTERNAL BANDS JOINT CURING AND BACKFILLING 

Immediately in advance of placing exter- Openings in all concrete pipelines should be 
nal band mortar, the external surface of the covered to prevent air circulation except when 
pipe sections at the joint should be thoroughly work is actually n progress. Such .openings 
cleaned and wetted to insure proper bonding should be kept closed until the pipeline is to be 
of the band mortar with the pipe. Care should filled with water. The following does not ap
be exercised to make a union between the band ply when ruber gaskets are used instead of 
and the mortar which was placed under tie mortar joints. 
joint before the pipe sections vere abutted. 
The band for tongue and groove pipe should There should be an initial backfill of soil 
not be less than 9 mm (3/8 inch) .ick at the around the pipe and covering the pipe to a 
pipe joint and should be approximately 100 rnr depth of at least 152.4 mm (six inches) ftor the 
(four inches) wide, overlapping the abutting fill width of tire trench and not more than 
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seven sections behind the laying. Care should 
be taken in placing such earth around the pipe 
to avoid injury to the freshly applied bands. 

Mortar joints should be protected friom dry-

ing out. If the soil used in the initial back
fill is not thoroughly moist, a suitable cover over 

the mortar should be used. This cover can be 

a layer of kraft paper. An alternate woitid l)e 
to use gunny bags which are kept moist, 

If laying ceases for two hours or more, the 
initial backfill should be brought up to and cover 
the lasted completed joint. Moist soil provides 

the best method for curing joints, 

Nothing prohibits the complete I)acklilling 

while mortar bands are still plastic as long as 
care is taken. In case complete backfilling is 
not done at this time, the completion should he 
delayed at least 20 hours. In placing the back-
fill the earth should be placed on each side of 

the line at the same time to avoid displacement 
or injury to the green mortar joints and bands, 

It is tl-sirable to backfill the lines as soon as 

practical to avoid shrinkage of the joints and 
bands. Where the backfill is to be flooded to 
expedite its c"onsolidation, it is absolutely neces-
sary to fill the pipe with water : otherwise, it 
may float, 

Backfilling to a depth of at least 300 mm 
(one foot) over the crown of the pipe should 
be made, with moist earth, sand or fine gravel, 
or similar select granular material. All back-
fill material should be free from large stones 
or lumps organic matter, and other umsatis-

factory materialIs. 

Backfill should be placed in uniform layers 
and completely under pipe haunches. Each 
layer should 1be carefilly and uniformly con-
pacted or consolidated in such a manner so as 
to completerly fill the voids under the pipe 
haunches and a.ound the pipe. Large quanti-
ties of backfill material should not be dropped 

on any pipeline until an initial cover of at 
least 600 mm (two feet) over the top of the 
pipe has been placed. Unconipacted fill 
should be mounded over the top of the trench 
to allow for settlement. 

Where the cover over the pipeline will be 

less than specified, extra fill may be placed 

over the pii,eline to pro\,ide the minimum 
depth of cover if the top width of fill is not less 
than 3.01 meters (ten feet) and the side slopes 
are not steeper than six to one. 

In expansive or clay soils a loam or coarser 

textured soil or selected granular material 
should be used fot backfill. This type of 
backfill should be placed up to at least half 

the diameter of' the pipe. Water should not 
he turned into the pipeline until all backfilling 
is completed, and in no case within 24 hours 
of finishing the pipe joints. Maximum hydros
tatic pressure should not be applied to the 
pipe within three clays of finishing the pipe 
joints. 

Openings in Pipelines 

All openings cut into concrete pipe for ott
lets and connections should be full size, within 
25.4 mm (one inch) of the inside diameter of 
the connecting pipe or fittings. Such openings 
should he avoided. All connections should be 

cut to fit closely and should be strongly cemen

ted to the pipe with banding mortar, aiid 
where possible both the inside and outside of 
the joint should be ])rushed smooth. In all 
cases pipe should be clean and wet before 
mortar is applied. No pipe spoils, trash, or 
other obstructions should be left in the pipeline. 

CURVES 

Curves should lint be built into irrigation 
pipelines. All turns and changes of direction 
should be made by means of angles sufficient!y 
reinforced or braced to withstand the end 
thrust of the pipeline due to its expansion and 
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all other stresses due to the change of direction. be 8009.2 kilograms per cubic meter (500 
Whereas a turn exceeds 45' two such angles pounds per square foot). All ends of rubber 
may be installed, or a section of larger pipe gasket jointed pipelines should be anchored. 
placed vertically may be used as a turn struc- When compacted lackfill is used in lieu of 
ture. Pipe for use on curves should have one an anchor it should he compacted to a density 
or both ends beveled to fit snugly. equal to that of the adjacent firm and undis-

ANCHORS turbed soil for a distance eqral to the required 
anchor length, and for the full height of the 

Anchors should be constructed of either : pipe. 

a. 	 Concrete poured to fill the space CONSTRUCTION OF VERTICAL 
between the pipe and the undistur- CONCRETE STRUCTURES 
bed earth at the side of the trench 
on the outside bends. All structures should be vertically true. 

The 	following details should be adhered to, 
b. 	 Soil cement with at least one part where applicable 

of cement to 12 parts of soil of sandy 
loam or coarser texture, similarly B. CONNECTIONS TO PIPELINES: 
placed and thoroughly tamped. Openings cut into stands for connections to 

The anchors should le to the full pipelines should be slightl, greater than tl_ 
hegh or heoude teo tle outside diameter of the connecting pipe. Such
hegt od thould iaeer of tm opening should he cut either before the stru
pikess have a ini) cture is placed mortar has cureda oul msi a or after joint 
thickness of 150 n m (six inches) and sufficiently to prevent damage. All connections 
a length in meoers (feet) normal to should be strongly cemented together with 
the direction of thrust equal to : laying mortar and should be clcan and wet 

(98 HD Sin -a)/B-British Units before the mortar is applied. All exterior joints 
of vertical structures, wherein irrigation pipe is 

(1595 HD Sin Aa)/B-Metric Units used, should be bonded in accordance with the 
where : procedures suggested for pipelines. Both the in

side and outside mortar faces should be brushed 
(fee) wor trowled smooth, where possible. The same(feet) ;criteria 	 should apply to the connecting of hy

D-inside diameter of the pipe in drants or stands on the top of an installed pipe
meters (feet) ; line, except that the openings cut into the pipe

line should be within 25.4 mm (one inch) of,
B-the allowable passive pressure of the but not greater than, the inside diametwr of the 

soil (pounds per square foot) ; and riser or stand. 

a-the deflection angle of the pipe PIPE FOR STRUCTURES
 
bend.
 

All 	 hydrant risers and all stands 600 mm 
The pipe should be clean and wet when (24 inches) or less in diameter may be constru

placing the anchor to provide it good bond cted of plain concrete irrigation pipe. All stands 
between anchor and pipe. Where adequate of diameters greater than 600 mm (24 inches) 
soil tests are not available, the allowable should be constructed of reinforced concrete 
passive soil pressure should be considered to pipe or cast-in-or built-iu-place. 
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PLACEMENT 	 internal pressure and any external loads, is 
mortared into the riser in such manner as toAll stands of diarmeters greater than the pipe- produce a watertight seal. The vent pipe should 

e cap,into have st watertight conTectintp
line should be connected to and mortared

asthe beig lid.have a strong watertight connection to the cap,suchstads imedatey arsuch stands immediately as they are being laid, 	 and should he adequately guyed, if necessary, 

Hydrant risers, and stands equal in diameter 

or smaller in diameter should 
to the pipeline, 

be installed after the pipeline has been placed. 


BASES 01F STANDS 


The first section of pipe for stands should be 
placed on the base of concrete before initial set 
of that concrete, oi the pipe can be placed first 
and the concrete poured and tamped in around 
the pipe. Concrete bases of stands should have 
a diameter at least 250 mni (ten inches) greater 
than the outside diameter of the stand should 
he at least 100 mm (four inches) thick for 
stands not over 4I50 mm (18 inches) inside dia-, 
meter or over 3000 mm (tell feet) high ,fbov6 
the base; at least 150 mm (six inches) thick 
for stands up to 750 mm (30 inches) inside dia-
meter and ,jotover 3.66 meters (12 feet) high 

(eightahove-lhe base; and at least 200.0 nun 

inches) thick fir all other stands. After initial 

set and before final set of the concrete base, 

water to a depth of 100 to 150 mm (four to six 
inches) should be carefully poured into the 
stand, or it should be loosely covered with 
about 150 m i (six inches) of moist soil. 

The cap, adequately reinforced against 

an et atto 

BANDS 

Bands for vertical structures should have a 

thickness over the joint of I the wall thickness 
of the pipe, and be 100 mm (four inches) wide. 

INSPECTION OF FINISHED JOINTS 

It should be shown that all pipelines fun
ction properly at design capacity. At or below 
design capacity there should be no objectiona
le surge or water hammer. To he objectiona
ble there can be either (a) continuing, unsteady 
delivery of water, (b) damage to the system, or 
(c) detrimental overflow from vents or stands. 
P i menso erflow fom e tsor stan g 

Pipelines should be tested for leaks by observing 

their normal operation all), time after a period 

of two weeks of continuous wetting. All visible 

leaks should be repaired. Losses for mortar 

jointed pipelines should not exceed 0.015 ml/ 
m2 (0.05 cubic foot per square foot) of inside 
surface in 24 hours. Losses from rubber gasket 
lines should not exceed 0.006 m3/m 2 (0.02 
cubic foot per square foot) of inside surface in 
24 hours. 



CHAPTER 7 

Operating Concrete Irrigation Pipelines 

The design and construction of concrete 
pipe irrigation lines is based on the assumption 
that lines will be properly operated. An irri-
gation system, like any other item, can give 
good service only when properly operated and 
maintained. 

KEEP PIPELINES CLEAN 

Sand, dirt, and other suspended matter 
should not be permitted to settle and remain 
in a pipeline. This especially applies to the low 
points where such material naturally accu
mulates. Besides reducing the capacity of the 
pipeline, constrictions thus caused may develop 
an abnormal stress on the line. 

STANDING WATER IN THE PIPELINE 
In filling a pipeline where water is standing 

in the low points, extreme care must be 
exercised to avoid excessive pressure due to 
trapped air. 

FILLING CONCRETE PIPELINES 

To avoid sudden applicatiou of excessive 
pressures, the pipeline must be filled gradually. 
Also, this permits the pipeline to adjust to tern
perature changes. 

KEEPING GATES AND VALVES CLOSED 
By keeping gates and valves closed, exce

ssive rusting and pitting of seals is avoided. 



CHAPTER 8 

Problems with Concrete Pipelines 

Generally, most concrete pipeline system 

will operate without giving any trouble. But 

there are always a few failures, generally of the 

following types 

1. 	 Development of longitudinal cracks in 

the pipe, principally in the top or in 

both top and bottom. 

2. Telescoping of sections. 

4. 	 Development of circumferential cracks, 

5. 	 Surging or intermittent flow or water, 

The first four types of failure are closely 

related. The cause of most failures (types 1, 

2, and 3), and the prevention of some (type 4) 

stem from the fact that concrete expands when 

wet, and contracts when drying. Concrete 

also is affected by temperatures it expands 
when heated, and contracts when cooled. 

Circumferential cracks are caused by a 

drop in the water or soil temperatures, or by 

drying out of the pipe. The primary cause 
is low water temperature of surface supplies in 

winter and early spring. Well vaters seldom 
give trouble. Such cracks may be partially 
prevented by prestressiag the pipe longitudi-
nally. Fortunately this prestressing tends to 

occur automatically when the pipe, which is 

laid dry, expands on becoming wet. Longitu
dinal stress from wetting expansion does not 

normally remain high for more than a few 

months to a year, but it continues to offer some 
protection. 

The axial stress set up in pipe by the natu

ral restraint of longitudinal expansion is a 
partial cause of longitudinal ripping, and also 

the cause of telescoping and pushing of pipe 
into structures. The longitudinal rips normally 

occur within a few days to a week after pipe is 

laid. Other wetting stresses can occur as a 
result of change in moisture gradient through 
a pipe wall, or frem a wetter condition around 
the bottom than around the top of a pipe. Also, 
stresses can develop as a result of air circulation 

through a pipe, causing thermal expansion or 

contraction. Ripping results from a combina

tion of circumfercntial stresses and longitudinal 
restraint. The solution to the problem of 

occasional failures lies not in eliminating wett. 

ing expansion, but in keeping it from becoming 

excessive, and in minimizing moisture gradients 
around the shell. 

Failure from the above causes can be avoided 
proper laying procedure. First, it involves the 

by use of moist soil for the initial backfill after 
laying the pipe. This procedure minimizes the 

circumferential moisture stresseses and takes any 
excessive peak from longitudinal stress. Another 

recommended, but seldom practiced, precaution 
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is to minimize air circulation through a line as it overpo",rs tile lip into the downstreamwhen laying pipe and when the fine is not in portion of tile overflow stand. This intimate use. On flat grades this is automatically mixtr-e of air and water is carried down intoaccomplished because water stands in the the reach of pipe dovwstream from the stand,lines. On steeper grades the same thing can and, because of the turbulence of tile flow, theaccomplished by having covers over the stands ; tendency for tile air to separate out is minimi
and/or by dhesigning overflow stands so that the zed. 'hereflre, after a short interval, thepipe is always submerged for a short distance upstream portion-sometimes of' this reach ofabove such stands. Covers should be free to water becomes lighter than the downstreamlift up, like a flap valve, if pressures in the stand portion-sometimes causing a reversal ofexceed atmospheric, and should not be absol- hydraulic gradient until the vater withtely airtight. entrained air flows back to the stand and the 

air is dissipated. Thus, forward flow is onlyAs an added precaution against failure, do in cycles. The pipeline functions at only anot lay pipe in extremely hot, extremely cold, fiaction of its capacity, and the water is difficult or in wet weather. to htandle. The following observations have 
been madec with regard to surging: 

If pipe should push into structures, this is 
generally not serious, since it can be remortared 1. Most trouble occurs at lov flows becauseto the stand. Procedure is specified so that at near capacity flows there is little, ifthe pipe can move into !he stand and not crush any, fall of water over the baffles.it. It may not, however, be possible to 

MAKING REPAIRS open up to full flow because of the 
surge. 

Longitudinal compression helps prevent cir
cumferential cracks resulting from temperature 2. Vhen the reach of' pipe immediatelydrop. If, in making repairs, one or more downstream fom the overflow standsections of pipe must be removed, this longitu- causing the entrainment has sufficientdinal compression can be lost because the two grade, the air appears to accumulate
ends of pipe will move together slightly. This gradually along the ciown of the pipecan be partially prevented if the line is allowed and to blow back upstream to the 
to dry out as nimch as possible fbr several days stand. Also, tile pipes are often 
to a week before repairs are made. To facili- flowing only part full. Thus, in this 
tate dryinig out, remove all water from the line, case, surges do not develop. As yet it 
and open all possible hydrants, gates, and cannot be stated wether or not there 
stands to facilitate air circulation. Also, be is a minimum grade above which all 
sure that the sections of pipe used in making air vill blow back and prevent

repairs are thoroughly dry when they are trouble.
 
installed. Backfill 
with moist soil around the 3. Relief is obtained by placing gate 
pipe. valves in tile baffle walls (or between

SURGES IN PIPELINES the upstream and downstream portions) 
of overflow stands and closing theseAs indicated, surging is one of the common gates only enough to create the pressuredisadvantages of open type system with overflow necessary for operation of upstreamstands. Air becomes entrained in the water hydrants or laterals. This changes the 
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hydraulic characteristics of the system. 

With a straight overflow stand system, 

each stand keeps upstream heads quite 

constant so that there is no appreciable 

upstream change in deliveries (into 

laterals or out of hydrants). Any water 

that spills over the baffle is surplus from 

the upstream deliveries. Thus the 

far end of a sy-tem may have a surplus 

or a deficiency of water if flow into the 

system is not ex.ctly correct. Where 

there are gate valves in the overflow 

stands baffles, the water levels in the 

stands will vary with the flow, Thus, 

upstream deliveries and flow through 
the baffle gate valves will vary some-
what, and any "errors" in flow into 
the system will tend to be proportioned 
throughout. '1his eases the problem 
of regulation, but deliveries may not 
be constant. whether this is an advan-
tage or a disadvantage depends upon 

individual circumstances. 

4. 	 Relief is obtained by placing an airtight 

cover over the overflow stand in ques-

tion. This method tends to create a 

vacuum in the stand, thus inhabiting 
the entrainment of air. This vacuum 

affects the hydraulic gradient to the 

extent that discharge into hydrants 

and 	 laterals upstream is decreased. 

The airtight cover may act like a flap 

valve-seal when there is a vacuum in 

the stand, but lift for relief if positive 

pressure should be created. This type 

system is largely experimental, with 

breather pipes from the lids extending 

into the water upstream from the 

baffles to provide more constant 

upstream deliveries. It is not recom

mended as yet. 

5. 	 Use of and overflow stand, with a 
relatively large cross-3ectional area of 
the downpour section, may minimize 
the trouble. The downward velocity 
is low, and most of the air may be 
released before the water gets into the 
pipe line. 

6. 	 Sometimes surge gradually builds up 

in flowing downstream from reach to 

reach of pipe. Surge can be dampened 
by certain irregular spacing of overflow 
stands. The idea is not, however, 
generally applicable to farm systems. 



CHAPTER 9 

Suggested Standards for Concrete Irrigation Pipe
 

Presently, most of the concrete pipe used 
by the State Governments is of the reinforced 
type. This pipe is more expensive than non-
reinforced concrete pipe. Thereby, it is 
desirable to use nonreinforced type of' pipe for 
irrigation lines. A knowledge of certain pro-
perties of nonreinforced pipe is useful to the 
user as an aid in designing better systems. 

CHARACTERISTICS OF NON-

REINFORCED PIPE 


Concrete has peculiarities, as a structural 
material, that should be recognized. It is 

strong when a load tends to compress it (t 
takes high compressive stress). But it is weak 
when the load tends to pull it apart (tensile 
stress). Where concrete must withstand 
appreciable tensile stress, steel reinforcing is 
embedded in it to take the stress. The pressure 
of water in concrete pipe creates tensile stress 
in the shell. External loading, from backfill 
earth and vehicular traffic over the pipe, 
creates both compressive and tensile stresses. 
Therefore, plain concrete irrigation pipe, which 
contains no reinforcing must be carefully 
desio-ned and placed so that tensile stresses are 
never excessive. One might ask-why not use 
reinforced concrete pipe with steel its a pre-
caution against failure ? Such pipe is made 
by centrifugal or by vibrating processes that 
result in an especially dense and strong pro-

duct. This type is excellent, but considered 
to be too costly for farm distribution systems in 
the Uni. d States. 

In the Ull --; States, concrete pipe for irri
gation is in.de by the packer head method 
that produces it quickly, cheaply, and in quaii
tity. Using this pipe, systems can be designed 
which operate simply and with good satislhc
tion. They will withstand considerable abuse 
when in operation. These facts explain wly 
thousands of kilometers of nonreinforced con
crete pipe have been used in the United States 
A result, it suggested that such pipe e ado
ptect for use in India. The following Standard 
is b.ecd on AST.M C14, ASTM C118, and 
AS-'M C5051/ specifications for concrete pipe. 

SUGGESTED PIPE STANDARD FOR 
NONREINFORCED PIPE 

Te follont re s 

SCOPE 

This standard applies to nonreinforced con
crete pipe to be used for conveyance of irriga
tion water under low heads, with a tongue and 
groove joint, socket and spigot joint, or rubber 
gasket. joint. 

1 See Appendix Efor title of specifications 
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MATERIALS 
CEME NT 

Cement, used should conform to IS:269 
Ordinary, Rapid-I-ardeningftorSpecification 

and Low Ileat portland Cement or IS :455 

Specification for Portland ljlastf',triai:, Slag 

Cement. 

AG(RiGATI'S 


lsed should conform to IS :''83Aggregates 

Specification f'or ( ase and Fine Aggregates 
fro1m1 Natural Sour-ces for Concrete, except the orgra 
reqitirenteits for gra(latioli (h0nOt apply 

re(nienensmin o otap lyIS 

ADMIX'IlUBRS 

Slag, hoz/aill, fly insh an1d nalural pozza

an call be addhd to the collcrele iluieeded. 

CON(CRI'lT IdlX'lURE 

The concrete shiold consist of Pottlad 

cement, aggregates amud walter'. 

Admixttires canl ie added !o replace sortie 

of the cemirent 

The aggregates shotild lie so sized, graded.,proportionei, and tltorotghly mixed >itIsuh 
prportionf ee a rind atr si it t ce 
portions of ceme'nt and wvater so ;Isto podce 

a homogeneous mixttire of a quality that will 
produce . a pipe that will rneet the specified testretfiiremtits ta 
atid design (if is stdardof 

GASK ETS 

The ruber type compound used in tie 
mianuifacture of the gskets should e comipi-

ded fronr inatural ruibber, synthetic rtibber 
or a mixture tif thlie t' , fabricated as prescrib-

ed in the part tt "Gasket Design and M'ant-
facttt'itg R(jireiiients"

' 


PIPE DISI;N AND MANUFACTURING 

REGUIREIM!,ENT'S 

DESIGN 

The minimum standard dimensions should 

be as given inTable 13 for tongtic and groove 

pipe, Table 14 for socket and spigot pipe and 

Table 15 for rui)1 er gasket joint pipe. 

)N
 

Pipe lilli.slhiold le initinlfac(ttred with 

tmale and fiale type joints olra design that 

will provide proper joinling. 

Tongue and Groove. - Design of joint 

should he as pt't Figure 50. (Page 91) 

Socket and Sl igot. -- 1)esign joint as per 

: -158, Slpecific:1iolls for" (Concrete'Pipes 

(\Aiti and Withoit Reinlorcemetit) for 

Meteric Units or lal-le 1l ad Figiure 51 
(Pa(r(s 97 () i II T,,*Uits.1-t sI 

Rubber Gasket. --- hle design of the joint 

can he as follows: The slope ot ,the conic 
sutrl'a(es Itthe gasket seat on tlie inside of the 

female (socket) portion aild (f tire ottside of 

tot Ibe morettemale (spigot) portion sholld 
than 3-1/2) nmeasttred riim a longitdinal trace 

on the inside sul-face of itepipe, The female 

and/or,' thle male portions sliold fori a proper 

gasket positiotig area or "seat'. 'ie joit
design shouild lie such that, when the joint has 
been fully closed and iso11" center stifficiently 
to cause the otiter :oncrete surface of' the male 

th e in ctace oihportionn conmtact at somefenmle plirtioti to come into 

place in the joint peripihery, the deformation 

of the gasket adjacent to that point should not 

exceed 501% of the stretched diameter for "0" 
ring gaskets, or-7.5 % of ite t iconipressed radial 

other types. At the diametithickness for all 
cally opposite side, the gasket deformation shmld 
i-not ofthe stretched d ianieter forbe less than 15%/ 

for "0" ring gaskets, oi 250/, of the utcom

pressed radial thickiless for all I Itoher types. "0" 

ring gaskets ate defiined as solid gaskets of cir

cular cross-section, Stretched gasket diame
ters ref'erred to above should be nominal dia
meters reduced by 0.5% for each 1% of stretch 

acttially used. Refer to Figure 52 for sample 

design (at page 98). 
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'The joint design should provide for the 4.76 mm (3/16 inch) or 1-i%, whichever is 
diflection of each pipe unit by opening one the greater, less thanl the nominal internal dia
side of the outside perimeter of tie joint, wider meter. 
than the frilly closed position, a distance no 
less than 12.5 nun (., incl,) without reducing lhe mifinitiit Nall thickiness at any point 
its water-tighttress. in the pipe biarrel sbotild irot be iore than 5/o 

less than tie nortinal wall thickness firnished. 
11e joiit siolid be of stcli design that it 

will withlstand witlhorn cracking or fracttring The planes formed by the ends of the pipe 
the forces calrsed by tire compression of the should not vary from the plerpendicilar to the 
gasket, and tire reqtiredl hydrostatic test pres- longitrdinal trace on tire inside aurtace of the 
sure, Ill sclue case, reinforcement is rised ill pipe by more than 4.76 mm (3/16 inch across 
the socket portion to prevent cracking or frat- the inside diameter of' tire pipe). 

GASKET DESIGN AND MANUFACTU-

All surfaces of the joint tipoi or against RING RtE.QUIRXMIIN'I'S
 
which tie gasket may bear should be smooth, FABRICATION
 
fice ofspall, cracks, or fractures, and imper
fectioics that would adversely affect perfor- Gaskets shotild be extrtided or molded and 
ma nce. cured in such a manner that they will be dense 

and ionogeneots at any cross-section, and 
TOLERANCES have tiniform dimensions. They should be free 
TONGUE AND GROOVED PIPE from porosity, blisters, pitting, and other defor-

Variation of the internal diameter should mations prescribed itl the part "Pipe Design 

not exceed plrts or mitrrs 4.76 mm (3/16 inch) and Manufactturing Reqnrirnents'. 

for 150 mm (six itch) pipe, pis or minus 6.35 PHYSICAL PROPERTIES OFGASKETS
 
nn (j' inch) for pipe having diameters larger
 
than 150 mm (six inci*) btit not more than 450 When tested in accordance with applicable
 
nm (18 inch), and plus or miiris 7.93 mm standards, the rubber from which the gaskets
 
(5/16 inch) for larger pipe. The shell (wall) are fabricated should have the following physi
thickness at any point should not be less than cal properties:
 
the miinimrn specified in Table 13 by more
 
than 1.59 mtn (1/16 inch) for pipe having art Ultimate elongation at break,
 
internal diameter of 300 mi (12 inches) or percent mininmm ............ 350
 
less, 2.38 rum (3/32 inch) for pipe having gre- Ultimate elonation at break,
 
ater than 300 mn (12 inci) diameters but not
 
more tian 450 ini (18 incles), and 3.175 mm after aging, percent of
1li8 ic) for larger pipe. elongation before aging,

minimim ... .... ....... 
 .... ... 80 
Socket and Spigot pipe.- Permissible 

variations from the dimensions prescribccd in hardness, It(ternational rubter 
Table 16 shourld not exceed those stated in hardness deg (see Note) ... 40 to 60 
Table. Compression set, percent, 

maximumil ... ... ... ... ... ... 25 
Pipe for Rubber Gaskets.- The internal 
diameter at any point should not be nore than Water Absorption, percent ......... 10 
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Note: 	 Allowable variation =L five from 
manufacturer's specified hardness. 

STRENGTH OF SPLICI, 

If a splice is used in 1w manufacture of' 
gasket, the strength sloihld be such that the 

gasket should withstand 1000 /, stretch over the 
area including the splice with ,no visible sepa
ration or pe'ling. 

STORAGE 

The gasket should be store( in a cool, clean, 
and shaded place, preferably at 21IC (70'F.) 
or less and in no case should the gaskets be 
exposed to direct rays of the sun for more than 
72 hours, 

CURING OF PIPE 

The pipe should be subjected to either one 
of the two methods of curing described in the 
following paragraphs or to some other method 
or combination of methods approved by the 
purchaser that will give satislactory results. 
The pipe should be cured for a long enough 
time so that the concrete will develope the 
specified strength requirement in 28 days or 
less. 

STEAM CURING 

After the pipe has been made, it sbould be 

placed 	in a curing chamber, free from outside 

drafts, and fured in a moist atmosphere main-

taned 	 by the injection of saturated steam 
vapor 	 for such time and such temperature as 
may be needed to allow the pipe to meet the 
test requirements. File curing ch.anber should 
be construcred so as to allow the steam to allow 
the stam to circulate around the pipe. 

WATER CURING 

Pipe may be water cured by covering with 
water saturated material or by a system of sprin
klers perforated pipe, porous hose, or by any 
other method that will keep the pipe moist inside 

and outsied for the time necessary to allow the 
pipe to meet the test requirements. 

PHYSICAL 'EST REQUIIREM.E*IINTS 

Test Specimens: Refer to Indian Standard 
IS 458-1961, Clause 8, pages 17 and 18 and 

Claus 9. pages 18 and 19. 

Hydrostatic Test Requirements: Maximum 
hydrostatic test pressures should be as given in 
Tables 13, 14, and 15, and should be made in 
accordance with the procedure given in the 
part on "rest Methods''. There should be 
no leakage of' pipe or joints at this pressure 
when pipes are in straight alignment or in 
maximum deflected position for rubber gasket 

jointed pipe. Moisture app-'aring on the sur
face of the pipe in the form of patches, or 

beads of' water that result in minor dripping, 
and slight pinhole spurts, which can be proven 
to seal and dry up within one week when kept 
continuously under the prescribed ten-minute 
test pressure should be considered acceptable. 

EXTERNAL LOAD CRUSHING 
STRENGTH 

Test Requirement : External load crushing 
strength should be as given in Tables 13, 14, 

and 15, and should be made in accordance 
with procedure specified in the part of "Test 
Methods". 

Test Acceptance : Refer to Indian Standard 

S5 458-1961, Clause 9.3, page 19. 

MARKING 
Refer to Indian Standard IS : 458-1961, 

Clause 10, page 20. 

FINISH 

Refer to Indian Standard IS: 458-1961, 
Clause 7, page 17. 



INSPECTION AND REJECTION working pressure 1or up to seven days prior to 
test. 

AGE FOR SHIPMENT 
For rubber gasket jointed pipe, test should 

Pipe and gaskets should be considered ready be made on two or moe units of pipe, with 

for acceptance when fithey conform to the test gaskets in place, in straight alignment between 

requirements anld the inspection prescril)ed in lblk heads, and secondly on the same units of 
these standards, pipe with the joint between them deflected to 

INSPECTION creat a position 12.5 mm (I inch) wider than 

the fully closed position on one side of the out-

The (1uality of all naterials and tile finished side perimeter of each joint. No mortar or 

pipe and gaskets should be subject to inspec- concrete coatings, fillings or packingother than 
tion and approval by the purchaser or his the gasket itself should be placed in the joint 
representative. dring or prior to, either part of the test. 

REJECTION OF PIPE For other types of pipe ihe test should be 
done in the same manner except only one unit 

Pipe should he sulject to rejection on of' pipe needs to be tested at one time. 
account of thilitre to conform to any of the 

specification requirements or oi accotnt of Provision should be made to fill the pipe 
fractures or cracks passing through tile shell units or unit with water to the exclusion of air. 
(wall) of the pipe or end cracks, fractures, A standardized pressure guage should be 

and blisters that might interfere with proper connected close to the specimens, and the 

jointing or seating of the rubber gasket. water pressure brought up to a value of 
1/3 the required hydrostatic test pressure for 

REJECTION OF RUBBER GASKETS rubber gasket jointed pipe and 0.70 kg/cm2 

(ten pounds per square inch) for the other types
Gaskets which do not conformu to the stan- of pipe, in about one minute and held at that 

which show surface cracking pe fo t n minute Pe r hld then 
ards specified or pressure for tell minutes. Pressure should then 

weathering, or other deterioration prior to ins- be increased until the required hydrostatic test 
tallation should be rejected. All gaskets should pressure is reached and held at that pressure 
be subjected to inspection, for a period of time not to exceed one minute. 

TEST METHODS There should be no leakage from pipe or gaskets 

when this procedure is followed. 
HYDROSTATIC TEST THREE-EDGE BEARING TEST 

The hydrostatic test should be made on 
specimens selected as specified. At the option Refer to Indian Standard IS : 458-1961, 

of the manufacturer, the pipe (1) may be sur- Appendix B, page 22. 

face dry, (2) may have been completely immer- ABSORPTION TEST 
sed in water for seven days, or (3) may have 

been completely soaked from the inside at the This test is not required for irrigation pipe. 



TABLE 13 

Physical and Dimensional Requirements for Tongue and Groove, Concrete Irrigation Pipe 

Test Requirements 

Iternal Minimum 

Minimum Hydrostatic Working 
Internal Shell (wall) Pressure on Three-Edge- Pressure 
Diameter Thickness Individual units Bearing Load Head' 

mm inches mm inches Kg/cm2 psi Kg/linear lbs/linear Meters Feet 

meter foot 

152.4 6 19.050 3/4 3.5 50 1934 1300 8.5 28 

203.2 8 22.225 718 3.5 50 2008 1350 8.5 28 

254.0 10 25.400 1 3.5 50 2083 1400 8.5 28 

304.8 12 28.575 1-1/8 3.2 45 2232 1500 7.9 26 

355.6 14 31.750 1-1/4 3.2 45 2380 1600 7.9 26 

381.0 15 34.925 1-3/8 3.2 45 2455 1650 7.9 26 

406.4 16 34.925 1-3/8 3.2 45 2529 1700 7.9 26 

457.2 18 38.100 1-1/2 3.2 45 2678 1800 7.9 26 

508.0 20 47.625 1-7/8 2.8 40 2752 1850 7.0 23 

533.4 21 50.800 2 2.8 40 2827 1900 7.0 23 

609.6 24 53.975 2-1/8 2.8 40 2976 2000 7.0 23 

I 	 Higher pressures may be used up to a maximum of 12.2 meters (40 feet) for 152.4-nd 203.2 mm (six 
and eight inch) diameters, and 10.7 meters (35 feet) for 254.0 and 304.8 mm (ten and 12 inch) diameters, 
and 9.1 meters (30 feet) for 355.6 through 609.6 mm (14 through 24 inch) diameters. In these cases 'he 
strength of the pipe shall be increased to give minimum internal hydrostatic pressures of at least four 
times the design working pressure when tested as specified in Section. 
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TABLE 14
 

Physical and Dimensional Requirements
 
for Socket and Spigot, Concrete Irrigation Pipe 112/
 

Minimum Inside Diameter
 
Taper of' at Mouth of )epth of
 

Inte tial Diameter Thickness of Socket 4 '1's Socket 3 D, 
 Socket, L,
 
mm inches Wall, T mm 
 inches mm inches 

152.4 6 19.050 3/4 1:20 215.900 8-1/2 50.1100 2 
2,13.2 8 22.225 7/1p all 279.400 11 57.150 2-1/4
254.0 10 25.400 1 sizes 336.550 13-1;14 63.500 2-1/2
304.8 12 28.575 l-lji -144.500 15-1/2 63.500 2-1/2 
381.0 15 34.925 1-3,8 482.600 19 69.850 2-3/4
476.2 18 38.100 1-1/2 :65. 150 22-1/4 69. 850 2-3/4 
533.4 21 50.1300 2 660.400 26 69.850 2-3/4
609.6 24 53.975 2-1/8 749.300 29-1/2 76.200 3 

Minimua 'Tihree- Minimum internal Hydrostatic
ldge:- Beareing Thickness Pressure on Individual Working Pressure, 

Load of Sockets4 Units Head 
Kg/li.:ear lbs/linear Kg/cml Psi meters feet 

meter foot 

1934 1300 3T/4 503.5 8.5 28
 
2008 1350 all 
 3.5 50 8.5 28
 
2083 1400 sizes 3.5 50 8.5 
 28
 
2232 1500 
 3.2 45 7.9 26
 
2455 1650 3.2 45 7.9 
 26
 
2578 1800 
 3.2 45 7.9 26
 
2327 1900 
 2.8 40 7.0 23
 
2976 2000 
 2.8 40 7.0 23 

1 See Figure 51 also.
 
2 Suoject to tolerances in Table 16.
 

" When pipe are furnished having an increase in wall thickness. T, then the diameter at the 
inside of the socket shall be increased by an amount equal to twice the increase of 
the wall. 

4 This measurement should be taken 6.35 mm (I h.ch) from the outer end of the socket. 



TABLE 15
 

Physical and Dimensional Requirements for
 

Rubber Gasket, Concrete IrrigationPipe
 

Internal 

Minimum Working Hydrostatic Minimum 

Internal 
Diameter 

Shell (AVall) 
Thickness' 

Pressure 
Head 2 

Pressure on 
Individual 

Mhree-Edge-
Bearing Load 

Units 

Kg/liner lb/liner 

mm inches mm inches meters feet Kg/cm 2 psi meter foot 

40 1934 1300152.4 	 6 19.050 3/4 9.1 30 2.8 

40 2008 1350203.2 8 25.400 1 9.1 30 2.8 

2.8 40 2083 1400254.0 10 31.750 1-1/4 9.1 30 

2.8 40 2232 1500304.8 	 12 38.100 1-1/2 9.1 30 

40 2455 1650381.0 15 47.625 1-7/8 9.1 30 2.8 

2.8 40 2678 1800457.2 	 18 57.150 2-1/4 9.1 30 

40 2827 1900533.4 	 21 66.670 2-5/8 9.1 30 2.8 

40 2976 2000609.6 24 76.200 3 9.1 30 2.8 

length, but the thickness of such1 	 Thinner walls may be used on pipe units not over 1.22 meters (four feet in 

walls shall not be less than the internal diameter divided hy ten. 

(21- and 24-inch) pipe, higher pressures may be used up to a2 With the exception of 533.4-and 609.6-mm 
metersmaximumn of 15.2 meters (50 feet) for 152.4-through 304.8-mm (6-through 12-inch) diameters, and 12.2 

(40 feet) for 381.0-through 457.2-mm (15-through 18-inch) diameters. In these cases the strength of the pipe 

shall be incrcascd to give minimum internal hydrostatic pressures of at least three times the design working 

pressure when tested as specified in Section 10. 



TABLE 16
 

Permissible Variation in Dimensions for Socket and Spigot Pipe
 

Limits of Pe-missible \Tariation in: 

Nominal Size 
Internal 

Diameter 
Length in 

Length of two 
opposite 

sides 

Internal 
Diameter pipe 

or socket 
Depth of 
Scoket 

Thickness 
barrel 

of 

mm inches mmt inches' mm inches mm1! 2 inchest /2 mm/12 inches1/2 mm i inches' 

152.4 6 6.35 1/4 6.35 1/4 4.76 3/16 6.35 1/4 1.59 1/16 
203.2 8 6.35 1/4 7.94 5/16 6.35 1/4 6.35 1/4 1.59 1/16 
254.0 10 5.35 1/4 9.52 3/8 6.35 1/4 6.35 1/4 1.59 1/16 

304.8 12 6.35 1/4 9.52 3/8 6.35 1/4 6.35 1/4 1.59 1/16 
381.0 

457.2 

15 

18 

6.35 

6.35 

1/4 

1/4 

11.11 

12.70 

7/56 

1/2 

6.35 

6.35 

1/4 

1/4 

6.35 

6.35 

1/4 

1/4 

2.31 

2.38 

3/32 

3/32 
533.4 21 6.35 1/4 14.29 9/16 7.94 5/16 6.35 1/4 3.17 1/8 
609.6 24 9.52 3/8 14.29 9/16 7.94 5/16 6.35 1/4 3.!7 1/8 

The minus sign (-) alone indicates that the plus variation is not limited 
in both excess and deficiency in dimension. 

; the plus and rrinus sign indicate variation 

2 Socket variation applies to standard strength socket and spigot pipe only. (M 
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FIGURE 50
 

TONGUE AND GROOVE DESIGN 

Iton guoe
p
g ro o ve 


ROUND CORNERS
H 
TT
 

IN FIELD0.MORTARED 

Where: 

T = Wall thickness
 

L = hT
 
P =LL
 

=2 !T
H 
Varies with pipe diameter -0.794 mm (1/32 inch) for 

G = 

(1/8 inch) for

152.4 -mm (6 inch) diameter to 3.175mm 

609.6-mm (24 inch) diameter pipe. 

A 10 degrees
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TABLE 17
 

Dimensions for Rubber Gasket Joint
 

Pipe D i m e n s i o n s (inches) 
Diameter Gasket 

Cross. 
(inches) A B C 1) " F G H Section 

4 4-5/16 2-11/16 5/16 1-35/64 0.301 0.875 2 1-21/32 15/32 
0.298 0.938 
0.296 1.000 

6 4-13/32 2-7/8 6/16 1-21/32 0.321 0.875 2-1/8 1-3/4 1/2 
0.319 0.938 
0.316 1.000 
0.314 1.063 

8 4-15/32 3-1/2 13/32 2 0.401 0.938 2-21/32 1-27/32 5/8 
0.399 1.000 
0.396 1.063 
0.394 1.125 

10 4-9/16 3-1/2 13/32 2 0.402 0.910 2-21/32 1-15/16 5/8
0.399 1.000 
0.395 1.125 
0.392 1.250 

12 4-5/8 3-1/2 13/32 2 0.402 1.066 2-21/32 2 5/8 
0.399 1.125 
0.395 1.250 
0.392 1.375 

15 4-3/4 3-1/2 13/32 2 0.402 1.375 2-3/8 2-1/8 5/8 
0.399 1.500 
0.397 1.625 
0.394 1.750 

18 4-15/16 3-1/2 13/32 2 0.402 1.500 2-3/8 2-3/16 5/8 
0.400 1.625 
0.397 1.750 
0.395 1.875 
0.393 2.000 

21 5-5/16 3-1/2 13/32 2 0.399 1.500 2-3/8 2-1/4 5/8
0.395 1.750 
0.391 2.000 

24 5-9/16 3-1/2 13/32 2 0.399 1.500 2-3/8 2-15/32 5/8
0.396 1.750 
0.392 2.000 



CHArTER 10 

Scope for Introducing New Manufacturing Techniques for
 

Concrete Pipe
 

In India the primary method used in mak-
ing concrete pipe is the centrifugal process. 
This method was developed prin(ipally for 
making reinforced concrete pipe. It has been 
shown, in India, that this method is adaptable 

to making nonreinforced pipe, tongue and gro-
ove, and socket and spigot pipe. 

This process is rather slow, taking about 

20 minutes per unit of pipe for the smaller sizes, 
which are generally 1.8 meters (six feet) long. 
Generally up to four sections of pipe per unit 
can be made at one time. This depends on 
the r umber of spaces available. As a result, 
it is difficult to estimate how many meters of 
pipe can be produced per day. Generally, a 
figure of 80 units per eight hour-day, of any 

one size, was given as a production rate. This 
gives 146.3 meters (480 feet) per lay, with the 
length of pipe being 1.8 meters (six feet). At 
present, it appears that there is sufficient pipe 
being made to meet the demand. It takes ap-
proximately ten men to make and handle the 
pipe from one spinning unit. This iactor, 

along with a rather slow prcluction rate and 
the reinforcement makes for a rather costly 
pipe. By the eliminationi of reinflorcement, 
cost of pipe can be reduced. According to 

most manufacturers, 1/3 of' the material cost 
is in the reinforcement. If the reinforcement 

is deletecl, some of the cost savings will be ab
sorbed by the increase in cement content, need
ed to improve the quality of the pipe. 

The pipe length should be shorter. A len

gth of one meter (3.28 feet) would be a very 

desirable length. This will mean two times 
as many joints but improved joint design sho
nld compensate for this. With an experienced 

mason and three helpers 91.4 to 121.9 meters 
(300 to 400 feet) of the smaller diameter pipe 
can be installed per day. The shorter length 
pipe should be easier to handle when laying the 
pipeline' with less labor required. With the 
problem of carrying pipe across fields, a shorter 
pipe will be an additional advantage. 

In Chapter 9, Suggested Standards for Con
crete Irrigation pipe, several joint designs are 
being used in the United States and could be 
also used in India. It is doubtful whether a 
joint for rubber gaskets can le manufactured 
with present forms, with the centrifigal methoLi. 
This type of joint has to be made with rather 

close tolerances and with a smooth finish to 
the concrete. This type of joint would be big
lily desirable in the expansive soils of South 
India such as the Black Cotton Soil, because 

of the high shrink-swell problem which can 
cause cracking of the mortar joint. In India, 
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approximate cost of "0" ring rubber gaskets are as follows for various diameters 

1)iameter Cost each )iameter Cost each 

mm incies Rs. 1 mm in(ches Rs. 

50 1.97 0.12 150 5.91 0.48 
80 3.15 0.27 200 7.87 0.75 

100 3.94 0.31 250 9.84 1.10 
125 4.92 0.41 300 11.81 1.30 

Rs. 7.50=SI.00 (1970) 

These gaskets are being used witi the an idea of wlw t some or'the rates of production 
couplers for :sbestos cement pipe. A similar are 
gasket can be used for rubber gasket joints in 
concrete pipe. In order to impIlenient soine of' 
these chan ges it would e necessary to intro- l)iameter Time per pipe 

duce more modern methods for makinrg (!oi- mm irches minutes 
crete pipe. This would require developing 152.4 6 0.5 to 0.58 
equipment ill collaboration witi some foreign 304.8 12 1.25 to 1.50 
firms or bringing from outside sources and 457.2 18) 2 
then fabricated in the country. 609.6 24 2.75 to 3.00 

It would be desirable to introduce the 4-foot (1.22 meter) lengths 
new type of equipment on a limited basis in 152.4 6 0.66 
areas where a special pipe is needed, such as 3oot (0.91 meter) lengths 
rubber gasket joints in the Black Cotton Soil 
areas, or where there is a high demand for Diameter Time per pipe unit 
pipe. The initial cost of such equipment could mm inches minutes 
be quite high. 152.4 6 0.33 

203.2 8 0.33 
In the United States, the process used 254.0 10 0.43 

most fr'equently for manufacturing concrete 304.8 12 0.50 
irrigation pipe is the packerhead method. 355.6 14 0.52 
Other methods being used are the tamping and 381.0 15 0.52 
vibrator methods which are somewhat slower 
and are used primarily in the manufacture of Table 18 following pagel05, gives a concept 
reinforced or large diameter non-reinforced of production cost using a packerhead machine 
concrete pipe. and the unit cost per foot of pipe. The figures 

represent national averages in the United States
The packerhead method has a high rate as closely as could be determined. Table 19 

of production rates will vary with different gives production cost of two different manu
designs of machine. The following table gives factut'ers who use packerhead machines. 

http:7.50=SI.00
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TABLE 19 

Production Cost of two Manufacturers in the United States 

(:,lifi)rti
klaintfacturiir in i,U.S.A. 

Tongue and Groove Pipe, Costs per foot 

Pipe dia- N\la4 hille Overhead, 
meter, and Office and Selling 
inches Aggregate Cen'ent Labor Other Cost 

6 $ 0.036 S 0.054 S 0.09 S 0.09 $ 0.27 
8 0.050 0.076 0.127 0.127 0.38 

10 0.069 0.104 0.173 0.17- 0.52 
12 0.080 0.120 0.20 0.20 0.60 

t $1.00=Rs 7.50 (1970). 

Maitifacturer in Texas, U.S.A. 

Tongue and Groove Pipe, Costs per foot 

Pipe dia- TotalI 
meter, production 
inches Aggregate Cement Lal)or Overhead2 cost3 

12 $0.071 $ 0.099 $ 0.051 S 0.145 $ 0.366 
15 0.092 0.127 0.072 0.197 0.488 
18 0.098 0.234 0.080 0.306 0.718 

2 	Thi- i3equipment depreciation
 
Administrative cost isnot inclUded
 

Rubber Gasket Pipe, Costs per Foot 

Pipe dia- Total 
meter Steel Over- production 
inches Aggregate Cement Wire Labor head 2 Gasket' cost

10 $ 0.0914 S 0.126 S 0.009 $ 0.052 $ 0.147 $ 0.083 $ 0.508 
12 0.116 0.161 0.010 0.063 0.178 0.100 0.628 
15 0.159 0.221 0.012 0.093 G.256 0.118 0.859 
18 0.184 0.296 0.028 0.118 0.284 0.148 1.058 

Cost of rubl)er 
Size gasket 

Dollars4 
inches 

10 	 0.495 each 
12 	 0.600 each 
15 	 0.715 each 
18 	 0.885 each 

1 Gasket cost.
 
2 This isequipment depreciation.
 
a Administrative cost is not included.
 
' S.00=Rs 7.50 (1970).
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In the United States, as well as in other ble and will depend on the range of diameters 
foreign countries, a variety of pipe making and length of pipe are to be inatfactured. 
machines are avaiia)l. The cost of such Listed below are some approximate costs 
equiptment in the United States, is quite varia- ['or eqtipment used to produce concrete pipe 

PACKERHEAD MACHINES: 

Range of diameters Range of Lengths 
mm inches meters feet 

101.6 to 381.0 4 to 15 0.61 to 1.07 2 to 3.5 
101.6 to 31.0 4 to 15 0.61 to 3.05 2 to 10 
101.6 to 685.8 4 to 27 0.91 to 2..15 3 to 8 
254.0 te 1524.0 10 to 60 1.22 to 2.45 4 to 8 

Approximate Cost 

Rupees Dollars 

96,000 12,800 
221,250 29,500 
257,250 34,300 
394,500 52,600 

TAMPING MACHINES: 

Range of diameters Range of Lengths 
mm inches meters feet 

101.6 to 457.2 4 to 18 upto 1.22 upto 4 
101.6 to 762.0 4 to 30 upto 1.22 upto 4 
203.2 to 944.4 
304.8 to 1219.2 

8 to 36 
12 to 48 

upto 1.83 
upto 2.44 

upto 6 
upto 8 

Approximate Cost 

Rupees Dollars 

110,250 14,700 
127,500 17,000 
150,000 20,000 
177,750 23,700 

VIBRATOR (ONE STATION): 

304 to 1828.8 12 to 72 upto 2.44 upto 8 
212,250 28,300 
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In addition to the pipe making machines, jacket. This stick is made from a 

flexible wood and will vary in 
some attachments and accessories are needed. 	 hard, 

depend length dependent oil 	the size 
The type of attachments needed will size and 

upon the particular machine. The type and of machine and pipe being manufac

on The tamp 	 shoe is a steel cast
number of accessories needed will depend 	 tured. 

ing that is attached to the tamping ends 
the type, size, length, and nulber of pipe to be 

stick direct contract 
produced. Sonic of the major accessories needed 	 of the and is in 

with the concrete between the jacket 
are as follows 

and the core. 

1. Cores. The core or inier-IOrm is a 

cylindrical tube made of cast iron or 5. Pallets. The pallets (usually cast iron) 

fbricated steel that forms the inside are those units which form the male 

diameter of the pipe. The cores are (spigot or tongue) or female (socket or 

available in various diameters, lengths groove) end of the pipe depending on 

and materials to meet pipe requirement. the design of the equipment. They 

These are used with the tamped, wet fit and are held within the jacket dur

cast, or vibrator processes. 	 ing the pipe making process and when 

the jacket is removed, support the pipe 

2. Jackets. The jackets or outer-focmn are 	 and remain under the pipe during the 

the determining agent for the external initial curing period. It is important 

design and shape of pipe and will to note that the production rate is 

determine the wall thickness. They related to the number of pallets on 

are made in either one or two pieces hand. 

depending on the type of pipe and 

manufacturing pocess. These pieces In addition, there is another pallet 

are latched together during the manu-that is called the master top pallet 
concretefacturing and unlatched and stripped which fastens to the pan of 

(removed) from the pipe in the curing the packerhead machine. This pallet 

area, brought back to the machine and forms the ends of the groove or socket 

used again. These are used with all of the pipe. In conjuction, a trowel 

processes. is used 	 to give the ends a good finish. 

The trowel is shaped to fit the particular
3. 	 Bell Shoes or Bell Cores. These aresoktrgove
 

the inside
 
machined castings that form 

shape of the female end of the concrete 

the machine 6. Spigot or Tongue Forming Rings.pipe. These are used in 

tamping process and are attached to These are used to form the male end 

of the pipe so that the end is dimenthe cores. 
sionally accurate for proper seating of 

4. 	 Tamp Sticks and Tamp Shoes. The gaskets. The rings may be equipped 

with a snap ring to form a groove fortamp stick physically does the mechani-
some types of rubber gaskets joints.cal tamping between the core and 
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The total cost of the accessories needed will nual supply of concrete so as to meet the out
vary as to type of manufacturing process, num- put capacity of the pipe making equipment. 
ber of different sizes to be made, and the pro- In Appendix F, there is a list of some of 
duction rate. Generally, the cost vill range the manufacturers who produce pipe making 
from Rs. 75,000/- to Rs. 112,500/- ($10,000 to equipment in the United States. In addition, 
$15,000). there are several companies listed who manu

facture mixers, conveyors or elevators and 
In addition, mixers, conveyors or elevators, skip hoists which can be used with pipe making 

and skip hoists are needed to provide a conti- equipment. 



TABLE 18
 

Production Cost With Packerhead Machines
 

Tongue and Groove Pipe Socket and Spigot Pipe 

Diameter of pipe, inches 6 8 10 12 15 6 8 10 12 
Vall thickness, inches 3/4 7/8 1 1-1/8 1-3/8 3/4 7/8 1 1-1/8 

Physical Factors: 

Weight per foot, pouids 15.9 24.4 34.5 46.3 70.9 28.4 43.6 61.8 81.2 
Feet per ton 1 
Feet per hour2 

126 
190 

82 
190 

58 
13; 

43 
120 

28 
115 

70 
190 

46 
190 

32 
135 

24 
120 

Feet per 8 hour day 1520 1250 1080 960 920 1520 1520 1080 960 
Feet per 8 hour day 12.1 18.5 18.6 22.3 32.8 21.7 33.0 33.8 40.0 

Labor : 
Employees Required 4 4 4 4 4 4 4 4 4 
Labor @$2.004 hour/day 

dollars 64.00 64.00 64.00 64.00 64.00 64.00 64.00 64.00 64.00 
Labor per ton, dollars 5.29 3.46 3.44 2.8? 1.95 2.95 1.94 1.90 1.50 
Labor benefits-20% 

dollars 1.05 0.69 0.69 0.57 0.39 0.59 0.39 0.38 0.30 
Total labor per ton, 

dollars 6.34 4.15 4.13 3.44 2.34 3.54 2.33 2.28 1.80 
Total Costs : 

Concrete 3 ton, dollars4 7.88 7.88 7.88 7.88 7.88 7.88 7.88 7.88 7.88 
Labor, dollars 6.34 4.15 4.13 3.44 2.34 3.54 2.33 2.28 1.80 
Wearing parts, dollars 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0 50 
Cost per ton, dollars 14.62 12.53 12.51 11.82 10.72 11.92 10.71 10.66 10.18 
Cost per foot, dollars 0.115 0.15 0.215 0.275 0"3825 0.17 0.235 0.33 0.425 

1 1 ton equals 2000 pounds Basic Costs : Materials Costs per Ton' 
Cement per 94 pounds $1.20 Cement 500 pounds $6.38 

2 Based on 3-foot length Sand per 2000 pounds 12.00 Sand 1500 pounds 1.50 
Labor per hour $2.00 2000 pounds S7.83 

Cement 1 part 
Sand 3 parts 

4 $1.00=Rs. 7.50 (1970) NOTE : Figures represent national averages, in the United States, 
as closely as could be determined. 



[107 

FIGURE 53 

VARIOUS JOINT DESIGNS 

2/,
T&G Mortar Joint Modified R&S Mortar Joint 

A~A 416 

T&G Fiat Gasket Joint Modified B&S Fiat Gasket Joint 

A 4
 

4AA
 

A 

T&G 0-Gasket Joint M.'dified B&s 0-Gasket Joint 

Straight T&G Mortar Joint Modified T&G Mortar Joint 

4. 

A4 

S4 4 

A 

1_'Tongue and Groove
 

2/ Bell and Spigot or Socket and Spigot
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FIGURE 53 (Cont'd) 

VARIOUS JOINT DESIGNS (Cont'd) 

1/
 
Full Bell Mortar Joint 

A44 

A& AA 

Full Bell Flat Gasket Joint 

A-DC 
A, 

Full Bell O-Gasket Joint 

A 

Non Reinforced B&S Mortarz2Joint 

AA
 

£A 

1/ or Socket 

21 Bell and Spigot or Socket and Spigot 



CHAPTER I I 

Design Criteria, Construction Guide, 
and Material Standards 

FOR 

PLASTIC TAPE COATED ALUMINUM PIPE,
 
ASBESTOS CEMENT PIPE,
 
HIGH PRESSURE UNDERGROUND PLASTIC PIPE,
 
LOW HEAD UNDERGROUND PLASTIC PIPE, and
 
STEEL PIPE
 

The following material was adapted from engineering standards prepared by the 
U.S. department of Agr.:culture, Soil Conservation Service for its work. In general, 
this material should be applicable to Indian conditions. Most of the design criteria for 
concrete pipelines, for various structures, are applicable in other low head irrigation 
systems. 



Plastic Tape Coated Aluminum Pipe
 

SCOPE 

This standard applies only to buried alumi

num pipelines, coated with plastic tape on the 
exterior surface. 

This standard covers (1) the specifications for 

the aluminum tubing and plastic wrapping to be 
used, (2) the design criteria, and (3) the mini-
mum installation requirements for the pipeline. 

DESIGN CRITERIA 
WORKING PRESSURE 

The maximum permissible working pressure 
in the line should be determined by the follow
ing equation: 

2St 
="-d 


Where 

S=527.3 kg/cm2 (7500 pounds per square 
inch) 

P= Maximum working pressure in kg/cm 
(pounds per square inch) 

d-Inside diameter of tube in millimeters 
(inches) 

t=Tube nominal wall thickness in milli-
meters (inches) 

CAPACITY 

Design capacity should be based on the 
following, whichever is greater : 

I. 	 The capacity should be sufficient to 
deliver the volume of water required 

to meet tl-e peak consumptive use of 
the 	crop. 

2. 	 The capacity should be sufficient to 
provide an adequate irrigation stream 
for all methods of irrigation planned. 

For design purposes, the value of "in" in 
Manning's formula should b considered to be 
0.01, except where joints, connections, cor.di
tion of the pipe, etc. indicate that a higher
value is required. 

STANDS FOR LOW PRESSURE LINES 
OPEN TO THE ATMOSPHERE 

Stands should be used whereever water 
enters the pipeline, to avoid entrapment of 
air, to prevent surge-pressures, collapse due to 
vacuum failure, and prevent pressure from 
exceeding the design working stress of the pipe. 
Tie stand should be designed to : 

1. 	 Allow a minimum of 0.30 meters (one 

foot) of freeboard. The stand height 
maximum above the centerline of the 

pipeline should not exceed the maxi
mum working head of the pipe. 

2. 	 Have the top of each stand at least 1.22 
meters (4 feet) above the ground sur

face except for surface gravity inlets 
which should be equipped with trash 
racks and covers. 

3. 	 Have downwvard wvater velocities in 

excess of 0.61 meters per second (2 
feet pet second). In no case should 
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the inside diameter of the stand be 1. Have a minimum freeboard of 0.30 
less than the inside diameter of the meters (1 foot) above the hydraulic
pipeline. grade line. The maximum height of 

the vent above the centerline of theThe cross sectional area of stands may be pipeline should not exceed the maxi
reduced above a point 0.30 meters (1 foot) mum working ]ead of the pipe.
above the top of the upper inlet but in no case
 
should the reduced cross section be such that 2. 
 Have a cross sectional area at least one
it would produce an average velocity of more half the cross sectional area of the pipe
than 3.05 meters per second (10 feet per second) line (both inside measurements) for a
if the entire flow were discharging through it. distance of at least one pipeline dia

meter up from the centerline of theWhen tie water velocity of an inlet pipe pipeline. Above this elevation the 
exceeds three times the velocity of the outlet, vent may be reduced to 50.8 mm (2
the centerline of the inlet should have mini-a inches) in diameter. 
mum vertical ofset firom the centerline of the 
outlet at least equal to the sum of the diameters 3. An air-vacuum release valve may be 
of the inlet and outlet pipes. used in lieu of an open vent. It should 

have 50.8 mm (2-inch) minimumSand traps, when combined with a stand, diameter. 50.8 mm (2-inch) valves 
should have a minimum inside dimension of should be used for lines 152.4 mm
762.0 mm (30 inches) and should be construc- (6-inch) diameter or less, 76.2 mm 
ted so that the bottom is at least 609.6 mm (24 (3-inch) valves for diameters from
inches) below the invert of the outlet pipeline. 177.8 mm (7 inches) through 2540 mm 
The downward velocity of flow of the water (10 inches), and 101.6 mm (4-inch)
in a sand trap should not exceed 0.076 meters valves for 304.8 mm (12-inch) pipe 
per second (0.25 feet per second). Suitable 4. Vents should be located 
provisions for cleaning sand traps should be 
provided. Gate stands should be of sufficient a. At the downstream end of each 
dimensions to accommodate the gate or gates lateral. 
required and should be large enough to make 
the gates accessible for repair. b. At summits in the line. 

Float valve stands should be of sufficient c. At points where there are changes
size to provide accessibility for maintenance in grade in a downward direction 
and to dampen s-irge. of flow of more than 10 degrees. 

Construction should be such as to insure d. Immediately below the pump
that vibration from the pump discharge pipe stand if the downward velocity 
is not carried to the stand. in the stand exceeds 0.30 meters 

per second (1 foot per second). 
VENTS FOR LOW PRESSURE LINES OUTLETS 

OPEN TO THE ATMOSPHERE 
Appurtenances to deliver water from a pipeVents should be designed into the system system to the land, a ditch, or any surface 

to provide for the removal of air and preven- pipe system should be known as outlets. Out
tion of vacuum collapse. They should : lets should have a capacity to deliver the 
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required flow, (1) to the hydraulic grade line 

of a pipe or ditch, or (2) to a point at least 

(6 inches) above the field surface.152.4 mm 

DRAIN REQUIREMENTS 

con-aluminum pipe isStagnant water in 

ducive to corrosion, therefore provisions should 

the pipeline.be made to completely drain 

Drainage outlets should be provided at all low 
may either dischargepoints in the system and 

into a dry well or to a point of lower eleva-

If these cannot be provided, provisionstion. 
the line by pum-should be made to empty 

ping. 

ACUUM RELEASE,PRESSURE RELIEF, 
CHECK VALVESAIR RELEASIE. AND 

FOR HIGH PR SSURE CLOSEI) 
SYSTEMS 

A check valve should be installed between 

nd thle pipeline wherethe pump discharge 
nad occur.detrimental backlow 

valve should be installedA pressure relief 

at the pump location when excessive pressures 

can be developed by operating with all valves 

closed. Also in closed systems where the line 

is protected from reversal of flow by a check 

valve and excessive surge pressures could be 

developed, a surge chamber or pressure relief 

valve should be installed. Pressure relief valves 

should be no smaller than 6.35 mm nominal 

size for each 25.4 mm of diameter (1/4-inch 

nominal size for each diameter inch) of tie 

should he set at a maximum ofpipeline, and 
0.35prssr~si. rating

0.35 kg/cm2 (55 p.s.i.) above the pressure rating 

of the pipe. 

or surge chambersvalves 
of the pipeline 

Pressure relief 

should be installed at tie end 

when needed to relieve surge. 

release/valveAir release and/or vacuum 

should be placed at all summits in the pipeline 

the end of the line when needed to pro-and at 
or escape.vide a positive means of air release 

Air release and vacuum release valve outlets 

of at least 12.70 mm (1/2-inch) nominal dia

of 101.6 mmmeter should be used in lines 

or less in diameter, at least 25.4 mm(4-inches) 

(1-inch) outlets should be used in lines 127.0

(5-8 inches) in diameter, and at
203.2 mm 

least 50.8 mm (2-inch) outlets in lines 254-0

406.4 mm (10-16 inches) in diameter. 

JOINTS AND CONNECTL'IONS 

should be constructed toAll connections 

withstand the working pressures of the line 

without leakage and leave the inside of the 

line free of any obstruction which would 

require
reduce the line capacity below design 

ments. All fittings such as risers, ells, tees, 

couplings, and reducers should preferably be 

of similar metal. However, ii dissimilar metals 

are used, proper protection against galvanic 

such as separating dissimilar metals
corrosion, 

with a rubber or plastic insulator, should be
 

ction between the pump
taken. The coin' 
discharge pipe and the aluminum line should be 

made with a suitable insulating material 

such as rubber or plastic. 

QUALITY OF WATER 
Water quality tests should be made of all 

aluminum pipeline installations. Copper con

tent in excess of 0.02 p.p.m. will produce 

nodular pitting 2nd rapid deterioration of the 

if water is allowed to remain stagnant. 

pips dt 

CONSTRUCTION GUIDE 

HANDLING OF PLASTIC COATED
UBING 

Tubing should be handled in a manner so 

during
as to prevent abrasion to the coating 

and handling. It should not be
transportation 

or rolled on the ground.dropped, dragged, 
the pipe longi-If it becomes necessary to move 

tudinally on the ground or in the ditch it should 

a as not to injure thebedone in such manner 

tubing or coating. When stock-piled the 



[113 
coated tubing should be carefully piled and with water taking care to bleed the air andblocked so as to prevent damage to the coating. slowly build up the pressure to the maximumPLACEMENT working pressure, The pipeline should he 

walked and all leaks repaired before proceed-
All pipe should be placed deep enough ing with bac.fill. Pipelilles should be tested

below the land surface toprotect it form hazards at the working pressure.
imposed by traflic crossings, farm operations, It should be demonstrated that all pipelinesfreezing temperatures, or soil cracking. 0.61 funcion properly at design capacity. At ormeters (two feet) minimumn cover should be below design capacity there should be no
providod exccpt in soils subject to deep crack- ojectionable surge or water hammer. To be
ing, where tle cover should be it minimum of objectionable there will be either (1) continu0.91 meters (3 1i'et). Extra ill may be placed ing, usteadv delivery of water, (2) damage
over the pipeline to provide the minimum to the system, or (3) detrimental overflow from
depth of cover ifthe top width of tle trench ve ts or
 
should be at leist 
152.4 mm (6 inches) greater

than the diameter of the pipe being installed. BACKFILLING
 
When trencle. are excavated in soils containing

rock or other hard materials which might 
 The iiitial backfill should be of selected
damage tile pipe coating in:ttri:ils, they should material free from rocks, stones or hard clods.be excavated dee)er thin required, and This fill bethen initial should compacted firmlybackfillkd to grade with selected fine earth or around the pipe to achieve a soil density equalsand. to or exceeding the natural density of the 

undisturbed sidewallsINSTALLATION of the trench. Caremust be taken to avoid deformation or displac • 
The line may he a;sembled ment of the pipe during this phase of the opeabove ground ration.
 

or in the ditch taking care to align the joints

at time )f placement. At each joint, which When water packing is used the pipeline
will be obsetved during testing for leakage, should be of sufficient depth to insure complete
scoop out sutflicient 
 dirt to allow for final coat- coverage of the pipe after consolidation has
ing and taping. Every care should be taken taken place.
 
to pie'ent impact scufling against the sides
 
Of ':. ,Iench. 
 When water packing is used the pipeline 

Depending on should be filled with water. The initial backthe type of joint used bet- fill, before wetting, should be of sufficient ween lengths ef ilubing it may be necessary to completedepth to insure coverage of the pipe
partially backfill the ditch to hold the tubing after consolidation has taken place.
in place during testing. if this is done the
partial backfill should be on the body of the tub- Water packing is accomplished by addinging, btt not at the joints. Thrust blocks or water in such quantity to thoroughly saturate
anchors should be used at line ends or bends the initial backfill without inundation. Afterin the line where necessary. saturation, the valves should be closed and the 

pipeline should remain fill untill final backfillTESTING is made. 

Testing the pipe should be accomplished The wetted fill should be allowed to drybefore backfilling. The pipe should be filled until firm before final backfill is begun. 
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Final backfill material should be free of 

large rocks or boulders, and should be added 

to the trench in a manner that will leave thefillat roudsetliig.Contourslvel fte 
fill at ground level after settling. 

Any special requirements of the pipe manu-

facturer should be strictly observed, 

CORROSION PROTECTION 

All alumim tuing installed under tstion". 
guide should be wrapped with a plastic tape 

for corrosion protection in accordance with the 

following standard : 

1. 	 Tubing exterior-surfaceprotection. 
The surface of the tubing to be coated 
should he cleatised of all foreign mate-

rial such as oil, grease, dirt, mud, etc. 
Any knurls, burrs, or other sharp 

points should be removed by filing, 
peening, or wire brushing. 

2. 	 Coating. The coating that is applied 
to the tubing should be of a plastic or 

rubber type material, or both, capable 
of withstanding the moisture and soil 

conditions to which it will be subjected 
on buried aluminiun tubing. 

The plastic tape, or combination of 
plastic tape and other materials used 
to aid in protecting the tuhing and 

bonding the plastic tape to the tubing 
should have the minimum physical 
and electrical properties listed under 
"Quality of Tape and Bonding Agent," 

Table 21. 

PLASTIC COATING OF FITTINGS AND 
CONNECTIONS 

Where possible, fittig should be coated at 
a fabricating shop in such a manner as to 

provide a uniform intimately bonded coating 
of 	 coatingvoids or bridgingallowing no 

to metal surface. The surface preparation and 

the coating materials employed should conform 

to the minimums set forth under "Corrosion 

Protection." 

or offsets occurring inl pipe or 
fittings of such a magnitude so as to cause 

"bridging" of the tape coating should be 

prepared in the following manner : 

1. 	 Clean and prepare metal surface as 

specified under "Corrosion Protec

2. 	 Prime entire surface to be coated 

allowing no skips or voids. 

3. 	 Wrap with molding or filler tape in 
manner prescribed by manufacturer 
of such tape or apply a filler corn

pound to the irregular surface and 
overwrap with tape. In all cases, 
primer, molding tape, and filler com

pound should be compatible and 

recommended by those manufacturers 
with whose products they are employed. 

FIELD WRAPPING OF JOINTS 

Clean and prepare metal surface as pres

cribed. Remove sufficient overwrap to allow 

of 50.8 mm (2-inch) overlapfor a minimmn 
onto the "inplace" coating. Remove any scu-' 
fled or loosely bonded coating material. 

Prime entire surface to be coated includ
ing the 50.8 mm (2-inch) area of "inplace" 
coating 

Beginning with a "square" or perpendicu
lar wrap, spirally wrap the entire primed area 
maintaining firm tension and overlap as recom
mended by the manufacturer. In any case, 

overlap should not be less than 12.70 mm (1/2
inch) ending with a "square" or perpendicu
lar wrap. Tape should he applied fr'ee of voils, 

folds, or wrinkles. 

Where irreclular contours or offsets are en

countered that are condusive to "bridging" of 
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the coating to the metal, thereby preventing symbol or name, size of pipe, wail thickness 
an intimate voidfree bond, the techniques set and working pressure or class. 
forth under "Plastic Coating of Fittings and 
Connections" should apply. 	 MATERIAL STANDARDS 

INSPECTION QUALITY OF ALUMINUM TUBING 

After final assembly of the line and taping The tubing should be rigid and composed
of the joints and connections, the entire system of aluminum alloys that contain properties and 
should be visually inspected for breaks or rup- characteristics tbund suitable for irrigation ser
tures in the plastic coating. All breaks or rup- vice by the Sprinkler Irrigation Association 
lures should be marked and repaired in the (SIA) and the American Society of Agricul
following manner tural Engineers (ASAI'), "MNlinimum Stan

1. Remove overwvrap (if necessary) fr'om19. dards for Irrigation lEquipment," approved 

the area adjacent to the damage. January 1957. 

2. 	 TPrim off sctl'ed or broken material All alloys used for buried irrigation lines 
and brush onl a thin film of primer should be clad oti the inside of the tubing with 
over damaged area and about 50.8 an alloy wlich is anodic to the base alloy to

onto the unda- a thickness of at least five percent of tile nonieyon, 


maged tape. Apply a patch cut to fit
 

the entire primed 


mm (-inces) 	 ual wall thickness of the tubing. 

area. Smooth into Tubing with nominal wall thickness as lis
place without wrinkles, ted in column A of Table 20 should be ac-

The continuity of the plastic coating should ceptable for all installations where the operat
be of such quality that all tubing, joints and ing pressure does not exceed 150 psi (10.55 kg/
fitting, after assembly should be capable of cms). The minimum permissible wall thickness 	of the tubing and the associated maximum 
passing an inspection test conducted with a 
spark discharge holiday detector at 1500 permissible working pressures are given in 
volts. Column B of Table 20. Should tubing be 

used with wall thickness between the range 
MARKING listed for the pipe size, the maximum working 

pressure should not exceed that obtained by the
Each pipe section should be plainly mark- equation as shown under Working Pressure 

ed, after wrapping, with the manufacturer's on page 116. 
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TABLE 20 

Cohimn A 	 Column B 

Tube Diameter Nominal Vall Thickness, inches Min. Wal 'hickness 
Inches Acceptable All Installations & Assoc. Maximum 

to 150 psi working pressure Working Pressure 

Inches Psi 

2 	 .050 .05 150 
3 	 .050 .05 150 
4 	 .050 .05 150 

5 	 .052 .05 150 
6 	 .058 .05 125 
7 	 .064 .05 108 

8 	 .072 .05 94 
9 	 .082 .058 97
 

10 	 .094 .058 87 

12 	 .110 .058 73 

In cases where tubing six inches and larger in diameter having a wall thickness less
 
than specified in Column A of Table 20 is buried the installer should take all necez,

sary precautions for proper bedding and backfilling of the tubing, as specified in the
 
section on "Back-filling" to prevent damage and partial or complete collapsing of the
 

tubing. In addition adequate safeguards should be taken to prevent negative pres
sures from causing collapse of the tube under normal service conditions. 

TABLE 21 

Quality of Tape and Bonding Agent 

Minimum Physical Properties 

For the Applied Thickness of Plastic Corrosion Preventive Tape 

Test Description 	 Test Method 

1. 	 Minimum plastic or plastic and bonding
 
adhesive agent, applied thickness,
 
inches - 0.010 ASTM D1000
 

2. Breaking strength, lb/in width - 20 	 ASTM D1000 

3. 	 Elongation of plastic coating at break
 
percent - 50 - 300 ASTM D1000
 

Continued 
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4. 	 Adhesion to aluminum, oz/in - 22 ASTM D1000 

5. 	 Tear test 
Machine direction, lbs. - 4 ASTM D1004 
Cross direction - lbs. - 4 ASTM D1004 

6. 	 I)ielectric Breakdown 
After standard conditions, volts - 7000 ASTM D1000 
After water immersion, volts - 6000 ASTM DI000 

7. 	 Resistance to impact, cm. - 60 See page 432-A-11 

8. 	 Puncture resistance, lbs. - 8.0 See page 432-A-11 

9. 	 Salt water resistivity, obm/ft - 2 x 1011 See page 432-A-12 

10. 	 Resistance to abrasion, milligrams 

max. 300 See page 432-A-12 

Test Methods tic solution shall be applied to the indentation 
and one of the probes of the ohmeter placed 

RESISTANCE TO IMPACT in the solution and the other probe on the 

Apparatus-The following apparatus shall steel plate. A puncture occurs if the ohmeter 
be required : reads 50 mcgohms or less. Six of ten ball drops

must not puncture at specified drop heights in1. 	 A steel ball ihearinig with a diameter of odrt asti et 

1-3/8 inches weighing 173.5 41.0 grams 	 o 

2. 	 A suitable device to release the ball in PUNCTURE RESISTANCE 
free-fall. Apparatus-The following apparatus shall 

3. 	 A solid steel plate at least 2 inches by be required : 
2 inches by 1/2 inch on which the 1. A cross-head type testing machine 
specimen is placed. which conforms to Section 35a of 

4. 	 A steel roller (See ASTM-D1OOO, Sec- ASTM D-1000 and is capable of a 
tion 35 (c). speed of two inches per minute. 

5. 	 An ohmeter. 2. A test fixture shown in Figure 54. 
of (at page 119)

6. 	 An electrolytic (saturated) solution 

cupric chloride in butyl-cellosolve. TEST PROCEDURE AND RESULTS 
Five 1-inch by 3-inch specimens shall be 

prepared from each 1-inch roll. The testing 
A-2-inch by 2-inch specimen shall be placed machine shall be zeroed to compensate for the 

adhesive side down on the steel plate and the weight and frictional drag of the test fixture. 
roller passed over it once in each direction at The specimen shall he placed adhesive side 
a rate of approximately 2 inches per second, down over the hole in the lower fixture and 
The steel ball shall be droped from 60 cm. on securely clamped vith the clamping device 
the 10 mil specimens and from 145 cm. on the provided. The driven jaw shall move at a 
20 mil specimens. A few drops of the electroly- rate of two inches per minute. The force 
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required to puncture. the specimen shall be 
recorded in pounds. The average of five 
tests shall be reported as the puncture resistance. 

SALT WATER RESISTIVITY 

Aparequse fcan 
be required : 

1. A 10-inch by 13-inch sheet of #20 

gage sheet metal. 

2. 	 Six pint cans with covers-L.D. Appro-

ximately 3.25 inches. 

3. Four 1 1/2 volt #6 dry cells. 

4. 	 A short circuit jack box containing six 
circuit jacks. 

5. 	 One and one-half pints saturated NaCI 
solution. 

An electrometer withappropirate shunt6. 

to measure 10- 3 to 10-1 amps. 


7. 	 Roller, sealing material, and miscella-

neous wire, solder, etc. 

TEST PROCEDURE AND RESULTS 

Two 4-inch by 13-inch specimens shall be 
placed adhesive side down on the 10-inch by 
13 inch sheet. A roller shall be passed over 
the specimens untill all air is excluded. The 
bottoms shall be removed from the pint cans. 
Three cans shall be evenly spaced bottom side 
down on each specimen and sealed to the sur-
face of the specimen. '[he fbur dry cells shall 
be connected in series. The 10-inch by 13-
inch sheet shall be connected to the negative 
terminal of the battery bank. Each pint can 
shall be connected to the positive terminal of 
the battery bank through a short circuit jack 
so that an ammeter can be inserted into each 
individual circuit without interrupting the 
current flow. Each can shall then be filled 
1/4 full with saturated salt solution and the 

can cover placed on the can to prevent evapo
ration. The resistivity of the coating in ohms
ft. shall be determined after 15 weeks by mea
suring the current flowing to each can. The 

current shall be measured by inserting the 
electrometer and shunt into the circuit for each 

using the short circuit jacks. The resistivity
of each sample shall be calculated according to 

the following formula: 

Resistivity (ohm-ft.) 

_ (Voltage applied in volts) (Area in ft. 2) 

(Current in amperes) (Thickness in ft.) 

The average of the six determinations shall 

be reported as the salt water resistivity. 
RESISTANCE TO ABRASION 

Apparatus-The following apparatus shall 
le required 

I. 	 Taber abraser, model 140, and parts or 

equivalent. 

2. 	 Analytical balance. 

3. 	 A steel roller (See ASTM D-1000, 
Section 35 (c).. 

TEST PROCEDURE AND RESULTS 
An approximate 4-inch by 4 inch 2-ply 

specimen shall be placed adhesive side down 
to cover the flat specimen plate and the steel 
roller passed over it once in each direction at a 
rate of approximately two inches per second. 
The specimen plate with the attached 2-ply 
specimen s,all be weighed on an analytical 
balance to the nearest milligram and then 
placed in the Taber abraser. The abraser 
wheels covered with fresh NEMA sandpaper 
strips and loaded at 1000 grams per wheel, 
shall abrade the specimen for 400 cycles. The 
specimen plate shall be reweighed to the 
nearest milligram. The weight loss in milligrams 
shall be reported as Abrasion Resistance. 
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Asbestos Cement Pipe
 

SCOPE 
asbestos-to buriedappliesThis standard 

cement pipelines wvith rubber gasket joints. 

DESIGN CRITERIA 

PRESSURE 

The maximum design working pressure 
of no lessshould be based on a safety factor 

than 3.0 applied to the certified hydtostatic 

proof pressure. Hydrostatic test pressures for 

standard working pressure classifications should 

be as specified in Table 22. 
pressure 

The minimum acceptable working 

(15 p. s.i.)classification should be 1.05 kg/cm2 

22, 23, and 24 for minimum(Refer to Tables 

physical requirements for Class 151 pipe.) 


LOAD LIMITEXTERNAL 

A safety factor of at least 1.50 should be 

applied to the certified 3-edge bearing test in 

computing allowable heights of fill over the 
pipe. 

CAPACITY 

on theDesign capacity should be based 


following, whichever is greater : 


1. 	 The capacity should be sufficient to 

of water needed todeliver the volume 

States classes of asbestos1. These are United 
is being

cenfent pipe. Presently, no equivalent pipe 


made in India. 


meet the peak consumptive use of the 

crop.
 

2. The capacity should be sufficient to 

provide an adequate irrigation stream 

for all planned methods of irrigation. 

FRICTION LOSS 

For design purposes, the pipeline friction 

loss should be no less than that computed by 
coeffithe Hazen-Williams using a roughness 

cient, C1 , of 140. 

PRESSURE RELIEF, 	VACUUM RELEASE 
AIR RELEASE, AND 	CHECK VALVES 

A check valve should be installed between 

the pump discharge and the pipeline where 

detrimental backflow may occur. 

A pressure relief valve should be installed at 

the pump location when excessive pressures can 

with all valvesbe developed by operating 
Also in closed systems where the lineclosed. 

flow by a checkis protected from reversal of 
valve and excessive surge pressures could be 

a surge chamber or pressure relief
developed, 
valve should be installed. 

be no smallerPressure relief valves should 
each 25.4 mm 

than 6.35 mm nominal 	size for 
for eachof diameter (1/4 inch nominal size 

diameter inch) of the pipeline, and should be 

set at a maximum of 0.35 kg/cm2 (5 p. s. i) 

above the pressure rating of the pipe. 

surge chambersPressure relief valves 	 or 
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should be installed at the end of the pipeline system to the land, a ditch, or any surface pipe
when needed to relieve surge. system shall be known as outlets. Outletsshould 

have a capacity to deliver the required flow :Air release and/or vacuum release valves 
should he placed at all summits in the pipeline 1. To the hydraulic gradeline of a pipe or
 
and at the end of the line when needed to pro- ditch.
 
vide a positive means of air entrance or escape.
 2. To a point at least 152.41 mm (6 inches) 

Air release and vacuum release valve out- above the field surface. 
lets of at least 12.7 mm (1.1/2 inch) nominal 
diameter should be used in lines of 101.6 mm 
(4 inch) diameter or less, at least 25.4 mm line at the design operating pressure of 
(1-inch) outlets ini lines of 127-0 to 203-2 the sprinkler or lateral line as the case 
mm (5 to 8 inch) diameter, and at least 50.8 may be. 
mm (2-inch) outlets in lines of 254.0 to 406.4 
mm (10 to 16 inch) diameter. Where open THRUST CONTROL 
stands or vents are used in lieu of valves, the Abrupt changes in pipeline grade, horizon
criteria for these structures as specified for non- tal alignment, or reduction in size require an 
reinfiorced concrece irrigation pipelines should anchor or thrust blocks to absorb any axial 
be applied, thrust of the pipeline. 

All pipeline systems using class 15 pipe Where thrust blocks or anchors are used,
should be open to the atmosphere. they should be constructed of concrete or soil 

DRAININGNI AND FLUSHING REQU--RE- cemcnt with at least one part cement to 12 partsD Asoil of sandy loam or coarser texture. Thrust 
MENTS blocks should fill the space between the pipe 

Provisions should be made for draining the and the undisturbed earth at the side of the 
pipeline completely where a hazard is imposed trench on the outside of bends to the full height 
by freezing temperatures or drainage is specified of the outside diameter of the pipe, should have 
for the job. a minimum thickness of 152.4 mm (6-inches) 

and a length in meters (feet) perpendicular to 
Where provisions for drainage are required, the direction, of thrust equal to 

drainage outlets should be located at all low 
places in the line. These outlets may drain into (98 HD Sin 1/2 a)/B-British Units 
dry wells or to points of lower elevation. If (1595 HD Sin 1/2 a)/B-Metric Units 
drainage cannot be thus provided by gravity, 
provisions should be made to empty the line by Where
pumping. H=maximum working head in meters (feet) 

A suitable valve should be installed at the D=inside diameter of the pipe in meters 
distal end of the line when flushing to remove (feet) 
sediment is required. 

B=allowable passive pressure of the soil in 
OUTLETS kg/im (pounds per square foot), and 

Appurtenances to deliver water from a pipe a=deflection angle of the pipe bend 
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CONSTRUCTION GUIDE 

PLACEMENT 

All pipe should be placed deep enough 

below the land surface to protect it from 

hazards imposed by traffic crossings, farm 

operations, freezing temperatures, or soil crack

ing. 0.61 meters (two feet) minimum cover 

should be provided except in soils subject to 

deep cracking where the cover should be a 
feet). Extraminimum of 0.91 meters (three 

fill may be placed over the pipeline to provide 

the minimum depth of cover if the top width 

of fill is not less than 3.05 meters (ten feet) and 

the side slopes are not steeper than six to one. 

Where trenches are excavated in soils con-

taiming rock or other hard materials, where soils 

are subject to appreciable swelling and shrink-

ing on wetting and drying, or where the 

trench bottom is unstable, the trenches 
should be over-excavated and backfil-

led with selected materials as needed to pro-
vide a suitable base. If water is in the trench, 
that water should he drained away, and laying 
the pipe postponed tintill a suitable base has 
been obtained. 

The pipe trench should be reasonably 
straight. The maximum deflection in any one 
coupling should not exceed five degrees for 
pipe sizes up to 304.8 mm (12-inches) and three 

degrees for larger sizes. Short radius curves 
may be introduced into the alignment by using 

short sections of pipe and giving each coupling 
no more than the maximum allowable deflec-
tion. 

All class 15 pipelines should have a mini-
mum cover of earth of 0.76 meters (two and 

a half feet) and a maximun cover of 1.22 

meters (4-feet). The trench width for installa-

tions involving class 13 pipe should be no 

wider than the pipe diameter plus 457.2 mm 

(18-inches). 

TESTING 

Pipelines should be tested for leaks by ob
serving their normal operation any time after 

tile contractor has installed all appurtenances 

oil tile pipeline and indicated the pipeline as 

ready for testing. 

The line should be inspected in its entirety 

while the maximum working pressure is main

tained. All visible leaks should be promptly 

repaired and the line re-tested. 

It should be demonstrated by testing that 

the pipeline will function properly at design 

capacity. At or below design capacity there 

should be no objectionable surge or water 

hammer. To 1)e o)jectionable there will be 

continuing unsteady delivery of water, damage 

to the pipeline, or detrimental discharge from 

control valves. 

MATERIALS STANDARD 

PIPE AND COUPLINGS 

Asbestos-cement irrigation pipe should be 
composed of an intimate mixture of Portland 
Cement or of Portland Blast Furnace Slag 

Cement or of Portland-Pozzolan Cement, 
silica and asbestos fiber and should be formed 
under pressure and thoroughly cured to produce 
pipe meeting the requirements of these stan
dards. 

Coupling sleeves should be made of asbestos 

cement and should be machined with rubber 

ring retaining grooves so that when the joint is 

asssembled a water-tight seal is provided. 
Assembly of pipe and coupling should provide 
necessary end separation. 

Asbestos cement pressure pipe (ASTM C 296) 

in the United States, is classified in accordance 
with its pressure class, e. g. 100, 150 and 

200. Asbestos-cement irrigation pipe is classi

fied in accordance with its allowable maximum 
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operating pressure. The four pressure class 
designations are 15, 25, 75, and 125. 

Each standard, random, or short length of 

pipe and coupling sleeve should by hydrostati-
cally tested by the manufacturer prior to ship-
ment and should have sutflicient strength tto 
withstand the internal hydrostatic presst 
prescribed in Table 22 when tested in accor

dance •ita Section 4 of' ASTIM C 500 or a 

equiva!eit standard. 

Each length of pipe in sizes three inches 
(65.2 mm) through eight inches (203.2 ram) 
should have sulficient flexural strength to with-
stand, without failure, the total load prescribed 
in Table 23, when tested in accordance with 
Section 7, ASTM C 500 or ain equivalent stan-
dard. 

Asbestos cement pipe should have a nuni

muin crushing strength as indicated in Table 
24, when tested inaccordance with the crush-
ing test as specified in Section 10 of' ASTM 
C 500 or an equivalent standard. Each length 
of pipe should be marked with the manufac-
turer's identification, nominal size, maximum 
working pressure, and date of manufcture. 
Each coupling should be marked with the 

manufacturer's identification, nominal size, 
and letter "'T" to indicate that it has been 

hydrostatically tested. 

GASKETS 
The rubber ig gaskts required fr proper 

assembly of pipe and coupling should conform 
ouse 

rances. They should equal or exceed the 

specifications for gaskets in ASTM D 1869 or 
equivalent standards. 
ACCESSORIES 

The valves, asbestos-cement or metal fittings 
etc., should he of adequate capacity and suit
able quality to withstand the design pressures 
and should he installed in accordance with 
the manufacturer's recommendation to meet 
the service requirements of the pipeline. 

CER'IIFICA'FION AND GUARANTEE 
All materials should conformn to these mini

intui requirements and to the tests prescribed 
in the applicable ASTM Specification or equi
valents standard. 

The pipe should be certified by the manu
facturer for compliance with this standard. 

TABLE 22
 

Applied Hydrostatic Proof Pressures
 

Working Pressure Applied Size 
Classification Pressure 

p.s.m. p.s.i. Inches 

15#: I.P.* 45 3-16 
25# I.P.* 75 3-36 
75# I.P.* 225 3-36

125# I.P.* 375 3-36 
Class 100 350 3-36 
Class 150 525 3-36 
Class 200 700 3-36 

*I.P.-Irrigation Pipe 



124] 

TABLE 23 

Minimum Flexural Strength 

Total Applied Load Lbs. 

Nominal Working Pressure Classification 

Size Irrigation pipe 
Class Class Class 

Inches 15 25 75 125 100 150 200 

3 500 300 500 750 755 835 915
 

4 1000 600 1000 1300 1200 1460 1860
 
5 1500 900 1500 2000
 
6 2000 1300 2000 3300 2800 3700 4900
 
8 3000 2500 3700 6009 5330 7600 10130
 

Note: Based on 9-foot span for all sizes - See ASTM C 500, Section 7 

TABLE 24 

Minimum Crushing Strength 

Lbs. Per Lineal Foot 

Nominal Working Pressure Classification 

Size Irrigation pipe Class Class Class 
Inches 15 25 75 125 100 150 200 

3 1500 1500 2300 4400 4600 6700 8800 
4 1100 1100 1900 4200 4100 5400 8700 
5 1000 1000 1650 4000 
6 1000 1000 1400 . 3700 4000 5400 9000 
8 1200 1300 1650 4000 4000 5500 9300 
10 1200 1500 1900 4300 4400 7000 11000
 
12 1200 1500 2200 4600 5200 7600 11800
 
14 1200 1500 2600 5000 5200 8600 13500
 
16 1400 1500 2750 5400 5800 9200 15400
 
18 1500 1800 2900 5800 6500 10100 17400
 
20 1800 2000 3100 6500 7100 10900 19400
 
24 2000 2400 3500 7500 8100 12700 22600
 
30 2400 3000 4100 9000 9700 15900 28400
 
36 3000 3600 500 10500 11200 19600 33800
 

Note Required loads for other than standard pressure clas.,s can be inter
polated. 



High Pressure Underground Plastic Pipe
 

SCOPE 	 be based on which ever of the following criteria 

This standard applies to underground pipe-

lines constructed of thermoplastic pipe that are 
closed to the atmosphere, and are subject to 
internal pressures up to 22 1 kg/cm2 (315 
pounds per square inch). This standard covers 
the design criteria for high pressure irrigation 
pipelines, the minimum installation require-
ments for plastic pipelines 25.40 o 304.8 mm 
(one to 12 inches) in diameter and the stand
ards for the thermoplastic pipe to be used. 

DESIGN CRITERIA 

WORKING PRESSURE 

designed in such a
The pipeline should be 

manner that the maximum working pressure 
in the line does not exceed the water pressure 
rating shown in Table 25 for the type and 
grade of compound used in manufacture of the 
pipe and for the selected standard dimension 
ratio (SDR). Pipe having a water pressure 
rating less than 3.52 kg/cm 2 (50 pounds per 
square inch) should not be used. 
SOLVENT WELDED JOINTS 

The maximum standard dimension ratio 
for solvent welded thermoplastic pipe should 
be SDR 26 for 63.50 mm (2 1/2 inch) diameters 
and smaller, and for larger sizes the mini-
mum wall thickness should be 24.89 mm (0.098 
inch). 

CAPACITY 

The 	design capacity of the pipeline should 

is the greater 

1. 	 The capacity should be sufficient to 
deliver the volume of water reqmiired 
to meet the peak-period consumptive 
use of the crop or crops to be irrlgated. 

2. 	 Tue capacity should he sufficient to 
provide an adequate irrigation stream 
for all methods of irrigation planned. 

FRICTION LOSSES 

For design purposes, friction head losses 
should be no less than those computed by the 
Hazen-Williams equation using a roughness
co-efficient, CT, equal to 150. 

OUTLETS 
Such appurtenances as are required to 

deliver water from the pipeline to an indivi
dual sprinkler or to a lateral line of sprinklers 
or surface pipe located oa the ground surface 
shall be known as outlets. Outlets should 
have a capacity adequate to deliver the 
design flow to an individual sprinkler, or 
to a surface lateral line of sprinklers or 
surface pipe at the design 'operating pressure 
of the sprinkler or lateral line or surface pipe 
as the case may be. 

CHECK VALVES, PRESSURE RELIEF, 
VACUUM RELEASE, AND AIR RELEASE 
DEVICES 

A check valve should be installed between 
the pump discharge and the pipeline where 

detrimental backflow may occur. 



126] 

A pressure relief valve should be installed 
between the pump discharge and the pipeline 
when excessive pressures can be developed by 
operating with all valves closed. Also in 
closed systems %%here the line is protected 
from reversal of low by a check valve and 
excessive surge pressures could be developed, a 
surge chamber or a pressure relief vlve should 
be installed, 

Pressure relief valves or surge chambers 
should be installed at the end ofthe pipeline 
when needed to relieve surge at the end of the 
line. Pressure relief valves should be no 
smaller than 6.35 mn nominal size for each 
25.4 mn of diameter (1 1/4 inch nominal size 
for each diameter inch) of the pipeline, and 
should be set at a maximum of 0.35 kg/cm,(five psi) above tie pressure rating of the 

(fivts psi)itprequirements.fthabovw 
pipe. Air release and/or vacuum release valves 
should be placed at all summits in the pipeline 
and at the end of the line when needed to pro-
vide a positive means for air entrance or airescape.material
escape. 

Air release and vacuum release valve outlets 
of at least 12.70 mm (1/2 inch) nominal dia
meter shall be used in lines of 101.6 mm (four 
inch) diameter or less, at least 25.4 mm (one 
inch) outlets should be used in lines of 127.0 to 
203.2 min (five to eight inch) diameter, and no 
smaller than 50.8 mm (two inch) outlets should 
be used in lines of 254.0 to 304.8 mm (ten to 12 
inch) diameter. 

DRAINING AND FLUSHING 

REQUIREMENTS 

be for draining theProvisions should made 

pipeline completely where a hazard is imposed 
by freezing temperatures, drainage is recom-
mend by the manufacturer of the pipe, or 
drainage of the line is specified for the job for 
any reason. \\hiere provisions for drainage 
are required, drainage outlets should be located 
at all low places in the line and air inlets pro- 
vided at summits- to prevent the development 

of negative pressures. These outlets may drain 
into dry wells or to points of lower elevation. 
If drainage cannot be thus provided by gravity, 
provisions should be made to empty the line by 
pumping. 

Where provisions are needed to flush the 
line free of sediment, a suitable valve should 
be installed at the distal end of the pipeline. 

CONSTRUCTION GUIDE 

JOINTS AND CONNECTIONS 

All joints and connections should be cons-
Iructed to withstand the design maximum 
working pressure for the pipeline without 
leakage and should leave the inside of the line 
free of any obstruction that may tend to reducedesig 
its capacity below design requirements. 

All fittings, such as couplings, reducers, 
bends, tees and crossings should be made of 

that is reconlinenided for use with pipe
and should be installed in accordance with the 

recommendations of the pipe manufacturer. 

Where fittings made of steel or other metals 
subject to corrosion arc used in the line, they 
should be adequately protected by wrapping 
with plastic tape or coating with high quality 
corrosion preventatives. \Vhere plastic tape 
is used all surfaces to be wrapped should be 
thoroughly cleaned and then coated with a 
primer compatible with the tape prior to 
wrapping. 

INSTALLATION REQUIREMENTS 

The pipe should be allowed to come to 
within a fiew degrees of the temperature that 
it will have after complete covering prior to 
any backilling beyond shading. The pipeline 
should be installed at sufficient depth below the 
ground surlace to provide protection from 
hazards imposed by traffic crossing, tarming 
operations, freezing temperatures, or soil 
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cracking. ThIe minimum '.depth- of cover the pipe sections and leaving all joints and con
should be nections uncovered for inspection purposes.' 

L. 457.2, mm (18 inches) fbr pipes 25.4 Itshould be demonstrated by testing that 
to 63 mm (one io2, 1/2 inches) in the pipeline will function properly at design 
edameter. capacity. At or below design capacity, there 

2. 	 609.5 mm (24 ne,) for pipes 76.2, should be no objectionable surge or -water 
88.9, and 101.6 n' (3, 3 1/2, and 4 hammer. To be objectionable, there will beinches) in diameter, continuing unsteady delivery of water, damageto the pipeline, or detrimental! overflow from 

,3. 762.0 mm (30 inches) for pipes 127 mm control valves. 
(five ii ches) indiameter or larger. 

low laceonBACKFILLING 
At low ph,.,es on the ground surtace, extra 

fill may be placed over the pipeli-,c to provide The pipe should be uniformly and continu
the 	mninimum depth of cover. In such cases, ously supported. Blocking or mounding not 
the top width of the fill should be no less than be used to bring the pipe to final grade. The 
3.05 meters (ten feet) and the side slopes no initial backfill should be of' selected material 
steeper than six lorizontal to one vertical, free from rocks, stones, or clods greater than 

Soay approximately 12.7 mm (t inch) in diameter. 
-vlhierock, hardpan, boulders or any The initial fill should be compacted firmly

othe: material which might damage the pipe around and above the pipe to achieve a soil 
are encountc:..:d, the trench should be undercut density equal to or exceeding the natural 
a minimum of ifl.6 mm (four ".,Eches) below density of the undisturbed sidewalls of the 
final grade. Tie; material used to establish trench. Care should be taken to avoid defor
final grade shn,.Id be sad or fine graded stable mation or displacement of the pipe during 
soi,. this phase of the operations. 

TESTING 
When water packing is used, pipeline should 

The piplivie should be thoroughly and be of sufficient depth to insure complete cove
completely tested for pressure strength and rage of the pipe after consolidation has taken 
leakage before backfill operations are under- place. Water packing is accomplished by 
taken. The line should be filled with water, adding water in such quantity as to thoroughly 
taking care to bleed all entrapped air in the saturate the initial backfill without inundation. 
process. The pressure should be slowly built After saturation, the valves should be closed 
up to the maximum design working pressure. and the pipeline should remain full untill final 
The line should be inspected in its entirety backfill is made. The wetted fill should be 
while the maximum working pressure is main- allowed to dry until firm before final backfill 
tained. Where leaks are discovered they should is begun. 
be promptly repaired and the line should be 
retested. In some cases it may be necessary to The remainder of the backfill should be 
partially backfill the line before testing in order placed and spread in approximately uniform 
to hold the line in place. Where such is the layers in such a manner as to completely fill the 
case, the partial bckfill should be undertaken trench so that there will be no unfilled spaces 
in accordance with the provisions specified in the backfill. Final backfill material should 
under Backfilling, covering only the body of be free of rocks or boulders greatethan 76.2 
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mm (three inches) in diameter and should be 
added and compated in a manner that will 

leave the fill at ground level after settlement 
has taken place. Rolling equipment should 
not be used untill a minimum of 45.7.2 mm (18 
inches) of backfill material has been placed 
over the top of the pipe. 

All special requirements of the manufacturer 
should be strictly observed. 

Material Standards 

The compound used in manufacturing the 
pipe should meet the requirements of one ofthe 
following materials : 

1. 	 Polyvinyl Chloride (PVC) as specified 
in ASTM D 1784. Type I, Grade I; 
Type I, Grade 2 ; Type II, Grade I or 
other equivalent standards. 

2. 	 Acrylonitrile - ButadieneStyrene 
(ABS) as specified in ASTM D 1788. 
Type I, Grade 2 : Type II, Grade 1 or 
other equivalent standards. 

3. 	 Polyethylene (PE) as specified in ASTM 
D 1248. Type II, Grade 3 ; Type III,
Grade 2 ; Type III, grade 3 or other 
equivalent standards. 

The pipe should be homogeneous through-

out and free from visible cracks, holes, foreign 

inclusion or other defects. The pipe should be 
as uniform as commercially practicable in 
color, opacity, density and other physical pro
perties. 

PIPE REQUIREMENTS 

The wall thickness should be as determined 

by the standard dimension ratio (SDR) for a 

given allowable working pressure applicable to 

the type and grade of compound used in the 
manufacture of the pipe, as given in Table 25. 

The pipe should meet the following require
mnents: 

1. 	 For IPS't sized pipe, all the applicable 
dimensional and quality requirements 
given in the Commercial Standards and/ 
or ASTM specification listed in Table 
26 or other equivalent standards. 

2. 	 PIP'! sized pipe, the dimensional 
requirements given in Table 27 and 28, 
and the requirements, with the excep
tion of those concerned with outside 
diameters and wall thickness, of the 
applicable Commercial Standards and/ 
or ASTM specifications listed in Table 
26 or other equivalent standards. 

Table 25 and 26 should be considered revi
sed to delete or to include additional plastic 
pipe materials as they are deleted or added 
to the applicable Commercial Standards and/or 

ASTM specifications listed in Table 26 or other 
equivalent standards. 

Fittings for IPS-sized pipe should meet all 
the dimensional and quality requirements given 
in the following applicable ASTM specifications 

or other equivalent standards : 

ASTM D 2464-PVC Fittings Threaded,
Slhdl 80 

ASTM D 2465-ABS Fitings Threaded, 
Schedule 80 

ASTM D 2466-PVC Fittings Socket, 

Schedule 40 

ASTM D 2467-PVC Fittings Socket, 
Schedule 80 

1 Outside diameter same as "Iron pipe sizes" (IPS) 
2 Plastic Irrigation Pipe 
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ASTM D 2468-ABS Fittings Socket, or the designation PIP for pipe in

Schedule 40 this size system ; e.g., CS 256 or PIP. 

ASTM D 2469-ABS Fittings Socket, 5. The manufacturer's name (or trade-
Schedule 80 mark) and code. 

MARKING BASIS OF ACCEPTANCE
 
The pipe should be adequately marked. 
 The acceptability of the pipeline should beMarking should include the following : determined by inspections to check compliance 

1. Tht nominal pipe size and the size sys- with all the provisions of the standard with 
tem that applies (IPS or PIP): e.g., 4_ respect to the design of the line, the pipe and 
IPS or 4-PIP. appurtenances used, and the minimum installa

tion requirements. 
2. The type of plastic pipe material in 

accordance with the designation code; CERTIFICATION AND GUARANTEE 
e.g., PVC 1120. All material should conform to these mini

mum requirements and to the tests prescribed in8. The pressure rating in p.s.i. for water the applicable Commercial Standard or ASTM 
at 73.4 degrees F ; e. g., 200 p.s.i. specification or other equivalent standards. 

4. The commercial Standard or ASTM The pipe should be certified by a qualispecification designation with which fled testing laboratory for compliance withthe pipe complies for IPS-sized pipe, this Material Standard or equivalent standard. 

SUPPLEMENT I 

Requirements in addition to those in CS-256 or ASTM D 2241 for IPS-OD (outside
diameter) pipe. 

Wal! thicknesses and tolerances for SDR 51 PVC plastic pipe. 

Nominal SDR 51 
Pipe Size Minimum Wall Tolerance 
Inches 
 Inch 
 Inch
 
5 0.109 +0.020 
6 0.130 +0.020 
8 0.169 +0.020 

10 0.211 +0.025 
12 0.250 +0.030 

Sustained pressure test conditions for water at 23 degrees C (73 degrees F) for SDR 51 
PVC plastic pipe. 
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Pressure' required for test 

Standard PVC 1120
 
Dimension PVC 1220
 

PVC 2110PVC 2116 PVC 2112Ratio PVC 2120 

psi psipsi psi 
SDR 51 170 135 115 


1 The fiber stresses used to derive these test pressures are as follows 

PVC 2116 - 3360 psiPVC 1120 - 4200 psi 

PVC 2112 - 2800 psiPVC 1220 - 4200 psi 

PVC 2120 - 4200 psi PVC 2110 - 2300 psi 

Some minor adjustments have been made to keep the test pressures uniform to simplify 

testing. 

CBurst pressure requirements for water at 23 degrees (73 degrees F) for SDR 51 PVC 

plastic pipe. 

Minimum burst pressures1 

PVC 2116PVC 1120Standard 
PVC 2112PVC 1220Dimension 
PVC 2110PVC 2120Ratio 

psipsi 
200260SDR 51 

The fiber stresses used to derive these test pressures are as follows 

PVC 2116 - 5000 psiPVC 1120 - 6400 psi 

PVC 2112 - 5000 psiPVC 1220 - 6400 psi 
PVC 2110 - 5000 psiPVC 2120 - 6400 psi 

pressures uniform so simplify
Some minor adjustments have been made to keep the test 

testing.
 



TABLE 25 

Water pressure rating in psi for various types, grades, and standard dimension ratios 
of non-threaded plastic pipes. 

PVC Materials ABS Materials PE Materials 

SDR 1 PVC PVC PVC PVC ABS ABS ABS PE PE PE 
1120 2116 2112 2110 1316 1210 1208 3206 2306 2305 
1120 3306 
2120 

7.0 125 

9.0 125 125 100 

11.5 100 100 80
 

13.5 315 250 200 160 250 160 125 80 S0 63
 

17.0 250 200 160 125 200 125 100 63 63 50
 

21.0 200 160 125 100 160 100 zo 50 50
 

26.0 160 125 100 80 125 80 63
 

32,5 125 100 80 63 100 63 50
 

41.0 100 80 63 50 80 50
 

51.0 80 63 50 63
 

1SDR=Standard dimension ratio 

SDR=Average outside diameter (inches) for PVC and ABS pipe 
Minimum wall ihickness (inches) 

For solvent welded joints the following limitadons will apply 

SDR 32.5 to be used only for 3-inch diameter or larger 
SDR 41.0 to be used only for 3, inch diameter or larger 
SDR 51.0 to be used only for 5-inch diameter or larger 

SDR= Average inside diameter (inches) for PE pipe 
Minimum wall thickness (inches) 
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TABLE 26 

(1) 	 (2) (3) (4) (5) (6) (7) 
IPS -sized pipe 

Hydrostatic Commercial ASTM 
Compound Type Grade Design Stress Designation Standard No. 

PVC I 1 2000 p.s.i. PVC 1120 256 D 2241 
PVC I 2 2000 p.s.i. PVC 1220 256 D 2241 
PVC II 1 1000 p.s.i. PVC 2110 256 D 2241 
PVC II 1 1250 p.s.i. PVC 2112 256 D 2241 
PVC II 1 1600 p.s.i. PVC 2116 256 D 2241 
PVC II 1 2000 p.s.i. PVC 2120 256 D 2241 
ABS I 2 1000 p.s.i. ABS 1210 254 D 2282 
ABS I 3 1600 p.s.i. ABS 1316 254 D 2282 
ABS I 2 800 p.s.i. ABS 1208 254 D 2282 
ABS II 1 1250 p.s.i. ABS 2112 254 D 2282 

PE II 3 500 p.s.i. PE 2305 255 D 2239 
PE II 3 630 p.s.i. PE 2306 255 D 2239 
PE III 2 630 p.s.i. PE 3206 255 D 2239 
PE III 3 630 p.s.i. PE 3306 255 D 2239 

TABLE 27 

Outside Diameters of Plastic Irrigation Pipe (PIP)
 

For ABS and PVC Pipe
 

Tolerance
 

For maximum and minimum 

PIP Outside For Average SDR 51, 41, 32.5 SDR 17 
Size Diameter Measurements 26, and 21 and 13.5 

inches inches inches inches inches 

4 4.130 - 0.009 	 =-0.050 .-0.015 
6 6.140 E-0.011 	 4i0.050 -0.030 
8 8.160 +-0.015 -0.070 +0.042 

10 10.200 - 0.015 - 0.075 =i:0.050 
12 12.240 =E:0.015 =b 0.075 -0.060 



[133 

TABLE 28 

Wall Thickness of Plastic Irrigation Pipe (PIP) 

Wall Thickness l 

PIP SDR 51 SDR 41 SDR 32.5
 
Size minimum Toleranc6 Minimum Tolerance Minimum 
 Tolerance 

inches inches inches inches inches inches inches 
4  - 0.101 +0.020 0.127 +0.020 
6 0.120 -1-0.020 0.150 +0.020 0.189 +0.023 
8 0.160 +0.020 0.199 +0.024 0.251 +0.031 

10 0.200 +0.024 0.249 +0.030 0.314 +0.031
12 0.240 +0.029 0.299 +0.036 0.377 +0.045 

IThe minimum is the least wall thickness of the pipe at any cross section. All tolerances 
are on the plus side of the minimum requirements. 

Wall Thickness 

PIP SDR 26 SDR 21 SDR 17 SDR 13.5
Size Min Tol. Min. Tol. Min. Tol. Min. Tol.inches inches inches inches inches inches inches inches inches 

4 0.159 +0.020 0.197 +0.024 0.243 +0.029 0.306 -- 0.037 
6 0.236 +0.028 0.292 +0.035 0.361 +0.043 0.455 +0.054
8 0.314 +0.038 0.389 +0.047 0.480 +0.058 0.604 +0.072 

10 0.392 +0.047 0.486 +0.058 0.600 +0.072 0.756 +0.091 
12 0.471 +0.056 0.583 +0.070 0.720 0.907+0.086 +0.109 



Low Head Uniderground' Plastic Pipe
 

:SCOPE 

This standard, applies to underground pipe 
pipe thatlines constructed...of thermoplastic 

are open to the atmosphere, and are subject to 
internal head pressures between 0 and 15.2 

meters (0 and 50 feet) of water. 

This standard covers the design criteria for 

low head thermoplastic irrigation pipelines, the 

minimum installation requirements for plastic 

pipelines 101.6 to 381.0 mm (4 to 15 inches) 

in diameter, and the standards for the thermo-
plastic pipe to be used. 

DESIGN CRITERIA 

WORKING PRESSURE 

The pipeline should be designed in such a 

irianner that the maximum working head in 

the line does not exceed 15.24 meters (50 feet) 

f water. 

JOINTS 

Any type of joining system that produces a 

watertight joint having adequate strength for 

satisfactory service may be used. There should 
be a minimum of 101.6 mm (4 inches) of over

lap between the joint sleeve and the pipe or 

fittings for clamp type joints. Solvent welded 

joints should be made with fittings or bells 

with tapered type sockets. Bell (socket) end 

pipe or plastic fittings made from the same 

general type of plastic as the pipe should be 

used. The minimum overlap for solvent 

cemented bell end joints shall be 50 percent of 
the inside diameter of the pipe or 75.2 mm (3 

inches), whichever is greater. 

CAPACITY 
The design capacity of the pipeline should 

be based on whichever of the following criteria 
is the greater 

1. 	 The capacity should be sufficient to 
deliver the volume of water required 
to meet the peak-period consumptive 
use of the crop or crops to be irri
gated. 

should be sufficient to
2. 	 The capacity 

provide an adequate irrigation stream 
for all methods of irrigation planned. 

FRICTION LOSSES 

For design purposes, friction head losses 

than those computed by theshould be no less 
equation using a roughnessHazen-Williams 

coefficient, Cc, equal to 150. 

OUTLETS 

Appurtenances to deliver water from the 

pipe system to the land, to a ditch, or to any 

system shall be known as outlets.surface pipe 
Outlets should have a capacity to deliver the 

required flow to the hydraulic grade line of a 

pipe or ditch or to a point at least 152.4 mm (6 

inches) above the field surface. 



[ 135 
STANDS inches) below the invert of the outlet pipeline. 

The downward velocity of flow of the waterStandsin a sand rap should not exceed 0.076 meters 
enters the pipeline to avoid entrapment of air, 
to prevent surge-pressures, to avoid collapse per second (0.25 feet per second). Suitable 
due to vacuum failure, and to prevent pressure provisions for cleaning sand traps should be 
from exceeding t.ie design working stress of provided, Gate stands should be of sufficient 
the pipe. Stands should be designed to: dimensions to accomodate the gate or gates

required and w-ll be large enough to make the
1. 	 Allow a rn.nirnum of 0.30 meter (1 gates accessible for repair.


foot' of freeboard. The 
 stand height Float valve 	 stands should be of sufficient max imum above the centerline of the Fotvlesad hudb fsfiinmaxelim u dovethecenerlined 	 the size to provide accesibility for maintenancepipeline should not exceed the maxi- adt apnsre 

mum working head of the pipe. 

Construction should be such as to insure2. 	 Have the top of each stand at least that vibration from the pump discharge pipe
1.22 meters (4 feet) above the ground is not carried to the stand.
 
surface except for surface gravity inlets
 
which should be equipped with trash VENTS AND AIR-VACUUM RELEASE 
racks and covers. VALVES 

3. 	 Have downward water velocities in Open vents and/or air-vacuum release
stands not in excess of 0.61 meters per valves should be designed into the system to
second (2 feet per second). In no case provide fur the removal of air and to prevent
should the inside diameter of the stand vacuum collapse.

be less than the inside diameter of the Open vents should have a minimum free
pipeline, 
 board of 0.30 meters (one foot) 	above the hyd-

The cross sectional area of stands may be raulic grade line. The maximum height of 
reduced above a point 0.30 meters the vent above the of the(1 foot) centerline pipeline
above the top of the upper inlet but in no case should not exceed the maximum working head
 
should the reduced cross section be such that it 
 of the pipe in millimeters (feet). These vents
 
would produce an average velocity of more should have a cross-sectional area at least one
than 3.05 meters par second (10 feet per second) half the cross-sectional area of the pipeline

if the entire flow were discharging through it. 	 (both inside measurements) for a distance of at 

least one pipeline diameter up from the center-
When the water velocity of an inlet pipe line of the pipeline. Above this elevation the

exceeds three times the velocity of the outlet, vent may be reduced to 50.8 mm (2 inches) in
the 	centerline of the inlet should have a mini- diameter. Air-vacuum release valves should 
mum vertical offset from the centerline of the be sized as follows
outlet at least equal to the sum of the diameters 
of the inlet and outlet pps. Valve outlet size, minimum 	 Pipeline size 

Sand traps, when combined with a stand, mm inches mm inches
should have a minimum inside dimension of 50.8 2 101.6-152.4 4-6
762.0 mm (30 inches) and should be construc- 76.2 3 177.8-254.0 7-10
ted 	so that the bottom is at least 609.6 mm (24 4101.6 304.8-381.0 12-15 
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Open vents and/or air-vacuum release 

valves should be located 

1. 	 At the downstream end of each late

ral. 
2. 	 At the suimmits in the line, 

3. 	 At points where there are increases in 

grade in direction of flow of more than 
ten degrees. 

4. 	 Immediately below the pump stand if 
the downward velocity in the stand 
exceeds 0.30 meters (one foot) per 
second. 


RAI INA S H 

REQUIREMENTS 

Provisions should be made for draining the 

pipeline completely where a hazard is imposed 
by freezing temperatures, drainage is recom

mended by the manufacturer of the pipe, or 

drainage of the line is specified for the job for 

any reason. Where provisions for drainage 

are required, drainage outlets should be located 

at all low places in the line. These outlets may 

drain into dry wells or to points of low eleva-

tion. If drainage cannot be thus provided by 

gravity, provisions should be made to empty 

the line by pumping. 

Where provisions are needed to flush the 

line free of sediment, a suitable valve should be 

installed at the distal end of the pipeline. The 

pump discharge pipe should be equipped with 

a check valve where detrimental backflow can 
occur, or the pump discharge to the stand pipe 

should be at an elevation above the highest dis-
charge point in the system. 

CONSTRUCTION GUIDE 

JOINTS AND CONNECTIONS 

All joints and connections should be cons-
tructed to withstand the design maximum 
working pressure for the pipeline without 

leakage and should leave the inside of the line 

free of any obstruction that may tend to reduce 

its capacity below design requirements. 

All fittings, such as couplings, reducers, 

bends, tees and crossings should be made of 

the material recommended for use with the 

pipe and should be installed in accordance 
with the recommendations of the pipe manu

facturer. 

Where fittings made of steel or other metals 
subject to corrosion are used in the line, they 
should be adequately protected by wrapping 

with plastic tape or coating with high quality 

corrosion preventatives. Where plastic tape 
is used, all surfaces to be wrapped should be 

thoroughly cleaned and then coated with a 

primer compatible with the tape prior to 

wrapping. 

INSTALLATION REQUIREMENTS 

The pipeline should be installed at sufficient 

depth below the ground surface to provide 

protection from hazards imposed bytraffic cross

ing, farming operations, freezing temperatures, 

or soil cracking. 762.0 mm (30 inches) mini

mum cover should be provided except in soils 

subject to deep cracking where the cover should 

be a minimum of 944.4 mm (36 inchcs). The 

maximum depth of cover for all pipe sizes 

should be 1.22 meters (4 feet). At low places 
on the ground surface, extra fill may be placed 

over 	the pipeline to provide the minimum 
depth of cover. In such cases the top width 
of the fill should be no less than 3.05 meters 

(10 	 feet) and the side slopes no steeper than six 
horizontal to one vertical. 

The 	width of the trench at any point below 

the top of the pipe should be no wider than is 

necessary to lay, join and backfill the pipe, and 

and in no event be more than 609.6 mm 

(24 inches) wider than the nominal diameter 
of the pipe. 
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Where rock, hardpan; boulders or any other ing should not be used to bring the pipe to 
material which might damage the pipe ace final grade. The initial backfill should be of 
encountered, the trench should be undercut a selected material free from rocks, stones, or 
minimum of 101.6 mm (4 inches) below clods approximately greater than 12.7 mm 
final grade. The material used to establish final (1 inch) diameter. Water packing should be 
grade should be sand or fine graded stable soil. used whenever possible. In instances where 

water packing is not possible, the initial fill 
TESTING should be compacted firmly around and above 

The pipeline should be thoroughly and com- the pipe to achieve a soil density equal to or 

pletely tested fur pressure strength and leakage exceeding the natural density of dhe undistur
before backfill operations are undertaken. The bed sidewalls of' the trench. Care should be 
line should be filled with water taking care to taken to avoid deformation or displacement of 
bleed all entr'ap~ped air in the l),'o('ess. The the pipe during this lhase of the operation. 

pressure should slowly build up to the maxi- When water packing is used, the pipeline 
mum design working head of the system. The should be filled with water. The initial back
line should be inspected iil its entirety while fill, before wetting, should be of sufficient 
the maximum working head of the system is depth to insure complete coverage of the pipe 
maintained. Vhere leaks are discovered they after consolidation has taken place. Water 
should be promltly repaired and tile line packing is accomplished by adding water in 
should be re-tested. All leaks should be repai- such (JItutity as to thoroughly saturate the 
red before proceeding vith backfill. In some initial backfill without inundation. After 
cases, it may be necessary to partially bCdkfill saturation, the valves should be closed and the 
tile line befbre testing in order to hold the line pipeline shall remain full until final backfill is 
iii place. W\here such is tihe ease, the partial made. The wetted fill should be allowed to 
backfill should be undertaken in accordance dry until firm enough to walk on beflore final 
with the provisions specified tnder Backfilling, backfill is begun. 
covering only the body of the pipe sectionsand leaving all joints and connections tincove- The remaiiider of the backfill should be 

id purposes.leainspection placed and spread in approximately uniformred flayers 
is such a manner as to completely fill 

It should be demonstrated by testing that the trench so that there will be no unfilled 
the pipeline will function properly at system spaces in the backfill. Final backfill material 
design capacity. At or below design capacity, should be free of rocks or boulders qreater 
there should be no objectionable surge or than 76.2 mm (3 inches) in diameter and 
water hammer. To be objectionable, there should be added and compacted in manner 
will be continuing unsteady delivery of water, that will leave the fill at ground level after 
damage to the pipeline, or detrimental over- settlement has taken place. Rolling equipment 
flow from vents or stands. should not be used until a minimum of 762.0 

mm (30 inches) of backfill material has been 
BACKFILLING placed over the top of the pipe. 

The pipeline and stand pipes should be MATERIAL STANDARD 
filled and maintained at the system design 
head pressures during ,the complete backfilling PLASTIC PIPE 

operation. The pipe should be uniformly and The materials used to make the pipe should 
continuously supported. Blocking or mound- meet all the requirements of the following 
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applicable material specifications or other equi-
valent siandards 

Polyethylene Plastic (PE)-AST1[DI21. 

Type III, Grade 2, and Type III, 

Grade 3. 

Polyvinyl Chloride Plastic PVC)-AS-

TmI D1784 Type I, Grade I; Type I, Grade 

2 ; and ''ype II, Grade I 

Acrylonitrile-Butadiene-Styrene Plas-
tic (ABS) - ASTM D1788. Type I, Grade 

I, and Type I, Grade 2. 

The pipe should meet the applicable dinmen

sional requirements in Table 29 on the basis of 

the material selected. 

In addition to the above, PVC pipe should 

meet the requirements of Sections 3(e), 5(a), 

5(e), 5(f), 6(a), 6(b), 6(c), 6 (g), and 6(h) of 

ASTM D224 or other equivalent standards 

where not in conflict with any of the require

ments of this low head irrigation piping stan-

dard. The dimensions and tolerances should 

be measured in accordance with the procedures 

given in ASTM D2122 or other equivalent 

standards, 

In addition to the above, PE pipe should 

meet the requirements of Sections 3(e), 5(a), 

5(b), 5(d), 5(e), 6(a), 6(b), 6(c), 6(d), 6(e) and 

6(f) of ASTM D2239 or other equivalent 
standards where not in conflict with any of 

the requirements of this low head irrigation 

piping standard. 

In addition to the above, ABS pipe should 
meet the requirements of Sections 3(e), 5(a), 
5(e), 6(a), 6(b), 6(c), and 6(g) of ASTM 
L2282 of the equivalent standards where not 

in conflict with any of the requirements of this 

low head irrigation piping standard. The 

dimensions and tolerances shall be measured 

in accordance with proceduse given in ASTM 

D2122 or other equivalent standards. 

MARKING 

The pipe should be marKed with the 

following. 

1. Type and grade of plastic material. 

2. Nominal pipe size. 

3. 15.24 meters (50 feet) head. 

BASIS OF ACCEPTANCE. 

The acceptability of the pipeline should be 

determined by inspections to check confor

mance with all the provisions of this standard 

with respect to the design of the line, the pipe 

and appurtenances used, and the minimum 

installation requirements. 

CERTIFICATION AND GUARANTEE 

The pipe shall be certified by the manufac

turer for compliance with this standard. 
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Table 29 

Dimensions of Low Head Plastic Irrigation Pipe 

LH - PIP 
Nominal 
Size 

Inside 

Minimum 

Diameter 

Tolerance 

Wall Thickness, 
ABS and 

PVC Materials 

Minimum 
PE 

Materials 

inch inch inch inch inch 

4 4.000 4.O.020 0.065 0.085 
6 
8 

10 
12 
15 

6.000 
8.000 

10.000 
12.000 
15.000 

=b 0.025 
A-0.040 
-4-0.040 
-0.040 

=-0.040 

0.070 
0.080 
0.100 
0.120 
0.150 

0.095 
0.120 
0.135 
0.155 
0.200 



Steel 

SCOPE 

This standard covers the design and instal-

lation of buried steel irrigation pipelines and 

steel irrigation pipelines permanently installed 

on above-the-ground supports. It is restricted 

to pipelines not greater than 1219.2 mm (48 

inches) in diameter, and does not apply to short 

pipes used in structures such as siphons, outlets 

from canals, and culverts under roadways. 

DESIGN CRITERIA 

WORKING PRESSURE 
to meet all 

The pipeline should be designed 

service requirements without the use of a work-

ing pressure which will produce tensile stresses 

in the pipe greater than a design stress equal to 
50 percent of yield point stress. Design 

stresses for commonly used steel and steel 

pipe classes are shown in column two of 

Table 30. 

Table 30 

Design StressSpecification 
and 	Grade 50% Yield 

of Steel 	 Point - psi 

ASTM A 283 13,500 
Grade B 15,000 

16,500Grade C 

Grade D 


ASTM A 570 
Grade A 12,500 
Grade B 15,000 
Grade C 16,000 

Pipe 

Grade D 	 20,000 

Grade E 21,000 

AWWA 0202 
Furnace 
butt weld 12,500 

Grade A 15,000 

Grade B 17,500 

Grade X42 21,000 

NOTE : Equivalent standards can be 

used. 

In computed tensile stresses in steel pipe, 
the following items should be considered: 

1. 	 The pressure in feet to be delivered at 

the end of the pipeline. 

2. 	 The friction head loss in meters (feet). 

3. 	 The elevation differential between the 

outlet and the inlet of the pipe in 

meters (feet). 

water hammer or4. 	 Any pressure due to 
surge which may be created by the 

closure of a valve in the pipeline. 

FLOW CAPACITY 
The design capacity should be based upon 

the following, whichever is greater 

1. 	 Capacity to deliver sufficient water to 

meet the weighted peak consumptive 

use rate of the crops to be grown. 

2. 	 Capacity sufficient to provide an ade
quate irrigation stream for the methods 
of irrigation to be used. 
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MINIMUM WALL THICKNESS 	 is protected from reversal of flow by a check 
valve and excessive surge pressures could be 

Minimum pipe wall thickness should be as developed, a surge chamber or pressure relief 
follows: valve should he installed close to the check 

101.6 through 304 8 mm nominal valve on the side away from the pump. PIes
diameter -1.8817 mm less 12.50% (4" sure relief v'alves should be no smaller than 
through 2" nominal diameter -14 gauge 6.35 mm nominal size Ior each 25.4 mrn of 
less 12.50/) diameter (1/4 inch nominal size for each 

diameter inch) of the pipeline, and should be 
355.6 through 457.2 nim nominal dia- set at a maximum of' 0.35 kg/cm2 (5 psi) above 
meter - 2.657 m" less 12.5% (14" the safe working pressure of' the pipeline. 
through 18" nominal diameter - 12 
gauge less 12.5,) A pressure relief valve or surge chamber 

508.0 thbrouigh 609.6 mm nominal should be installed at the end of the pipeline 

diameter - 3.416 mm less 12.5%, (20" when needed to relieve surge.
 
through 24" nominal diameter - 10 Air release t,:dior vacuum release valves
 
gauge less 12.5%) should be placed at all sumits in the pipeline,
 

660.4 through 914.4 mm nominal dia- at the end of the line, and between the pump 
meter - 4.762 mm less 12.5% (26" and check valve when needed to provide a 
through 36" nominal diameter - 3/16 positive means of air entrance or escape. 

inch less 12.5%) 	 Air release and vacuum release valve out

965.2 through 1219.2 mm nominal lets should be at least 12.7 mn (.1 inch) tuomi
diameter - 6.350 mm less 12.5% (38" nal diameter when specified tr liles of 101.6 
through 48" nominal diameter -1/4 mm (4 inch) diameter or less al least 25.4 nim 
inch less 12.5%) (one inch) outlets fbir lines of 127.0 to 203.2 

mm (five to eight inch) diameter, at least 50.8
 
FRICTION LO.3S 
 nim (two inch) outlets for lines of 254.0 to 

For design purposes the pipeline friction 406.4 mm (ten to 16 inch) diameter, at least 
loss should be based on that computed with 101.6 mm (four inch) outlets for lines of 457.2 
Manning's formula with "n" equal to no less to 711.2 mm 18 to 28 inch) diameter, at least 
than 0.012 for unlined pipe and no less than 152.4 mm (six inch) outlets fbr lines of 762.0 
0.010 for lined pipe. 	 to 914.4 mmn (30 to 36 inch) diameter, and at 

least 203.2 (eight inch) outlets for lines of 965.2 
CHECK VALVES, PRESSURES REIEF, to 1219.2 mm (38 to48 inch) diameter. For pipe-
VACUUM RELEASE, AND AIR RELEASE lines larger than 406.4 mm (16 inch) diameter, 
VALVES 50.8 mm (two inch) air release valves may be used 

Where cletrimentl backflow may occur, a in place of the sizes indicated above if they are 

check valve should be installed between the supplemented with vacuumn release valves that 

pump discharge and the pipeline. will provide vacuum release capacity equal to 
the sizes shown. 

A pressure relief valve should be installed 
at the pump location when excessive pressure DANIN 
can be developed by operating with all valves MENTS 
closed. Also, in losed systems where the line Provisions should be made for draining the 
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pipeline completely where a hazard is imposed 
by freezing temperatures or drainage is specified 
for the job. 

Where provisions for drainage are required, 
drainage outlets should be located at all low 
places in the line. These outlets may drain 
into dry wells or to points of lower elevation, 
If drainage cannot be provided by gravity, 
provisions should be made to empty the line by 
pumping. 

OUTLETS 

Appurtenances to deliver water from a pipe 
system to the land, to a ditch, or to a surface 
pipe system shall be known as outlets. Out
lets should have capacity to deliver the requi-
red flow : 

1. 	 To a point at least 152.4 mm (six inches) 

above the field surface. 

2. 	 To the hydraulic gradeline of a pipe or 
ditch. 

3. 	 To an individual sprinkler, lateral 

line, or other sprinkler line at the design 

operating pressure of the sprinkler or 

line, as the case may be. 

PIPE SUPPORTS 

above groundIrrigation pipelines placed 

should be supported by suitably built concrete 
or timber saddles shaped to support the pipe 
throughout the arch of contact, which should 
be not less than 900 nor more than 120' as 
measured at the central angle of the pipe. Where 
needed to prevent overstressing, ring girdertype supports should be used. Support spacing 

should be such that neither the maximum 
beam stresses in the pipe span nor the maxi-
mum stress at the saddle will result in stresses 
exceeding the design stress valves, 

ANCHORS, THRUSTBLOCKS, AND 
EXPANSION JOINTS 

For above-ground pipelines with welded 

joints, anchor blocks and expansion joints 
should be installed at spacings that will limit 
pipe movement due to expansion or contrac
tion to a maximum of 40 percent of the sleeve 
length of the expansion coupling to be used. The 
maximum length of pipeline without expansion 
joint should be 152.4 meters (500 feet). Above
ground pipelines with rubber gasket type joints 
should have the movement of each pipe length 
restrained by steel hold down straps at the pipe 
supports or by anchor blocks in lieu of normal 

pipe supports. 

Anchor blocks usually will not be required 
on buried pipelines. 

Expansion joints should be installed as 

needed to limit stresses in the pipeline to the 
design values. 

Thrust blocks should be required on both 
buried and above ground pipelines at all points 
of abrupt changes in grade, horizontal align

ment, reduction in size. The blocks must be 

of sufficient size to withstand the forces tending 

to move the pipe, including those ofmomentum 

and pressure as well as forces due to expansion 
and 	contraction. 

JOINTS AND CONNECTIONS 

All connections should be designed and 
constructed to withstand the working pressure 
of the line without leakage and leave the inside 
of the pipeline free of any obstruction that 
would reduce the line capacity below design 
requirements. On sloping lines, expansion
joints should be placed adjacent to and down
hill from anchors or thrust blocks. Where 
cathodic protection is required, high resistance 
joints shall be bridged to insure continuous 
flow of current. 

A dielectric connection should be placed 
between the pump and the pipeline and 

between pipes with different coatings. 
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CORROSION PROTECTION a. 	 The total cathode current required can 

Pipe Interior-Interior protective coatings be computed from the formula 
should be provided where the pH of the water It= C At - 2 + -Al 

conveyed is 6.5 or lower. R,.> R± Rex,
Where: It~total current requirement

Pipe Exterior-Underground Lines- in ma 
All pipe exteriors should be provided with full 
protection against corrosion. Pipe-to-soil poten- Asurface area of pipe in feet 
tials from minus 0.85 volt to minus 1.00 volt R,=soil resistivity in ohm/cm 3 

referred to a copper/copper-sulfate reference C=a constant for a given pipe
electrode should be acceptable evidence of such coating 
protection. To meet protection requirements, 
all pipe should be coated and should be provi- Foi tesign purposes this constant 
ded with supplementary cathodic protection as should be considered to be not 
specified in Item 2 below, less than 32 for Class A coatings 

and not less than 60 for Class B 
I. 	 Criteria for Determiniug Class of coatings.
 

Coating 
 b. The kind of galvanic anode to be used 
Class A protection coating should be is dependent upon the resistivity of the 
provided when the soil resistivity sur- anode bed is : 
vey shows either (1) twenty percent or (a) less than 2000 ohm/in3 use either 
more of the total surface area of the zinc anodes 
pipeline will be in soil which has a 
resistivity of 1500 o~i/cm3 or less ; or (b) between 2000 and 3000 ohm/cnl use 
(2) 	 ten percent or more of the total either zinc or magnesium anodes; 
surface area of'the pipeline will be in 
soil which has a resistivity of 750 ohm/ (c) between 3000 and 10000 ohm/cm3 use 

3cm or less. Class B coating should be magnesium anodes 
provided for all other soil conditions. Anodes are not required on pipelines where 

soil resistivity is greater than 10000 
2. 	 Cathodic Protection Requirements ohm/cm. 

Supplementary cathodic protection 
should be provided when the soil resis- (c) The number of anodes needed to pro
tivity survey shown any portion of the tect the pipeline can be computed by
pipeline will be in soil whoseresistivity is dividing tse total cathode current 
less than 10000 ohm/CM 3 and galvani- requirements of the pipeline by the 
zed pipe is not used. The initial anode 
installation should be sufficient to pro- Thus : NIt/I and I.--k/R
vide protection for a minimum of 15 Where: N~number of anodes needed 
years. The total current required, the 
kind and number of anodes needed, It..total current requirement 
and the expected life of the protec- in ma 
tion can be determined as shown Im=maximum anode current out
below : put in ma 
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K= constant for a given 

R=soil resistivity 

bed in ohn/cni 3 

anode 

of the anod-

d. The 
on th
year 
amp
follows 

expected life of an 

e use of 17 pounds 

for magnesiuni and 

ere year for zinc, can 

: 

anode, based 

per ampere 
26 )ound per 

be computed 

Magnesium 
Zinc 

Y 
Y 

f8.8\V/Io 
38.2W/Io 

lifeli 
NV=weight of anode in pounds 

life yearsW~here :YexpectecY--acphte in 

0 aused
IDdesign aniode current in ma. 

Note 	 If resistors are used to reduce 

anode current output in order 

to increase service life, the nun-

ber of anodes required should be 

based on the regulated output of 

the anode rather than the maxi-

mum output, 1, . 

3. 	 Soil Resistivity Determinations. 

Preliminary soil resistivity measure-
ments to determine coating require

ments and the approximate amount of 

of cathodic protection needed may lie 

made before the trench is excavated, 
For this purt)0oe, field resistivity inca-

surements can be made, or samples for 

laboratory analysis can be taken, at 

least every 121.9 meters (.100 feet) 

along the proposed pipeline and at 

points wiere there is a visible change 

in soil characteristics. \W:here-ever at 

reading differs markedly from a pre-

ceding one, additional measurements 

should b takeii to locate the point of 

change. Resistivity determinations 
should be made at two or more depths 

in the 	 soil profile at each sampling
be 	 tilelowest depth to

station, the 

strata in which the pipe will lie laid: 

The lowest value of soii resistivity 

found at each sampling station should 

be used as the design value for that 

station. 

After the pipe trench is excavated, a 

detailed soil resistivity survey chould 

be made as a basis for final design of 

the coating and the required cathodic 

protection. At this time resistivity 
measurements should be made in each 
exposed soil horizon at intervals not 

exceeding 60.910 meters (200 feet). 

atre stain shoudrs 
at each sampling station should le 
'The lowest value of soil resist ivity found 

as the 	 design value for that sta
to.Weedsgixaie 	 o d 
tion. \Whe,'e design -,allies for ad

jacentstations dittersignificantly, addi

tional intermediate ineastrements 

should be made. 

Pipe Exterior-Above Ground Lines-
All pipe installed above ground should lie 

or should be protected with a suitgalvanized 
able protective paint coating, including a 

primer coat and two or more final coatings. 

CONSTRUCTION GUIDE 

PLACEMENT-BURIE) PIPELINES 

Pipe should be laid to the lines and grades 

as shown on the drawings and/or as staked in 

the field, and should be placed deep enough 

below tile land surface to protect it fr-om tile 

hazards imposed by traffic crossings, farm 

operations, freezitig temperatures or soil crack

ing. 0.61 meters (two feet) minimum cover 

should be provided except in soils subject to 

deep cracking where the cover should be a 

ninimum of' 0.91 mcters (tliree feet). Where 

necessary to place the 1)ipe at lesser depth, ade

quate protection should be 1)rovided by means 

of the placement of extra fill over tile pipeline, 

Iy the use ofa fence or other surface harrier, 

or by the use of extra heavy gauge pipe. 

Where trenches are excavated in soils con

taining rock or other hard material 'hat might 
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damage pipe or coating material, the trenches 
should be excavated slightly deeper than re-
quired and then filled to grade with sand or
fine earth. 

Coated p~ipe shol be hianled~so as to 

prevent abrasion of the coating dilling tratllS-Sof ti i 
Fortation antd hiandlinig and (Ilrinig p)) lacemienit 
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soldered copper wire not smaller than 4/0 
gauge of a diameter of 10.0 mn in size. If 
coated pipe is field welded, special care should
be taken to avoid burning the protective coat
tig. After the joints haveshioild he covered been welded, theywuithi a doatitig equal in 
sol ecvrdwt tcaib qaquality to that specified fi the pipe. Dielectric 
co-nliections should be placed as specified ott 

and backfilling of the pipeline. No pipe should l the drawings. 
be dropped fr(olii cais or trcks or allowed to 
roll down skids withoit proper restrainingli, 
ropes. Each section of' pipe should be deli\ered 
in the field as near as practicable to the place 
w here it is to be installed. \ heii stockpiled 
it shotild be neatly piled and blocked with 
strips between tiers. Vhere it is necessary to 
move the pipe longitudinally along the trench, 
it should be dolie illsuch it manliner as tinot to 
injure the pipe or coatilg. Pipe should not be 
rolled or dragged on the grouid. If the pipe 
is sti)ported, as for weldiig, supports should be 
of' stifficient width and nnilnber, aad padded if 
necessary, to prevent daniage to tie coating. 

PLACEMEINT-ABOVE GROUND PIPE-
LINES 

Conicrete, timber 0 other pipe supports and 
anchor and thrust blocks should be constructed 
at the locations and to the dimensions as shown 
on the drawings and/or as staked in the field, 
Saddles should be shaped to firmly support 
the pipe throughout the full arch of contact. 
At least two layers of felt strips should be placed 
between the pipe and its support. The felt 
should cover the entire area of contact between 
the pipe and the saddle. A graphite lubricant 
should be placed betwcen the felt st.ips before 
the pipe is placed in the saddle. 

JOIN 1'S AND CONNEC'rIONS 

Special field joints should be installed in 
strict accordance with the manufactucer's 

TESTING 
U dergroun d ipelies so ld be tested 
Uefoebackfill has been olacedover the field 

.ete. bckf i n ln e ove tested 
joitS. Alove griiil liies may be tested at 
any time after they are ready for operation. 

The pipelines should be filled with water, 
taking care to bleed air and prevent water 
hiatiiner. Vheln the line is full, all valves 
shsoldd he closed and the lineshoild be brought 
up to full design working pressure. All joints 
should then be carefully inspected fbr leakage 
and aty visible leaks should be relaired. 

It should be demonstrated by testing that 
all valves, vents, surge chambers and other 

appurtenances function properly when the 
pipelie is operated at design capacity. Objec
tionable surge, water hammer, unsteady 
delivery of' water, damage to the pipeline, and
detrimental discharge fi'om control valves areevidence of malfunction. 

MATERIAL STANDARDS 

PIPE 
Pipe should equal or exceed the specifica

tions of the American Water Works Association 
for "Fabricated Electrically Welded Steel Water 

Pipe," "Designation AWIVA C201, or "Mill-Type Steel WVater Pipe," Designation AWWA 

C202 or other equivalent standards. 
STRUCTURAL STEEL 

recommendations. On buried pipelines, high
resistance joints between pipe lengi ths shoutd be Steel supports and saddles should be
electrically bridged with a welded, brazed, or faibricated from steel meeting the requirements 
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of ASTM Specifications A36 or equivalent Class A Coatings-When it Class A 

standard. coating is required, the coating should 
meet the requirements of one of the follow-

APPURTENANCES 	 ing : 

Standard fittings For the pipe should be used. 1. Coal-Tar Enamel-The outside of 
Elbows, tees, crosses, reducers, gate valves, the pipe should receive a coat of coal
check valves, air and vacuum release valves, tar primer Followed ly a hot coat of 
pressure relief valves, and pressure regulators coal-tar enamel into which should be 

should be of the size and type of material speci- bonded an asbestos felt wrapper and 

fled and/or shown on the drawings. finished with a Kraft paper or one 

coat of water-resistant whitewash. AllCORROSION PROTECTION 
materials and application should he in 

INTERIOR COATINGS accordance with American water Works 

When an interior coating is specified, the Association Specification C203 or with 

coating should meet the requirements of one other equivalent standards. 

of the following : 2. Epoxy Resin-Epoxy resin coatings 

1. 	 Coal-Tar Enamel-The interior of the should have physical characteristics 

pipe should receive a coat of coal-tar and be applied as follows : 
primer followedppledby aithrhot coatb of coal- Pipe should be cleaned of alltarenael mauala. 
tar enamel applied either by manual contaminants such as laquer, wax, 
or' mechanical means. All material (oal-tar, asphalt, oil or grease. 
and application should be in accor
dance with applicablepartsofAmerican 1. Pipe should be shot blasted to 
Water Works Association Specification white metal in accordance with 

C203 pertaining to interior coatings or steel structure Painting Council 
an equivalent standard. Specification SPPC-SP5-63 using 

S-170 shot or equivalent or 	 an2. 	 Cement Mortar-Cement mortar 
nrotective coatings may be used when equivalent standard can be used. 

the water to be conveyed has a pH of c. After blasting the pipe surface 
5.5 or higher and a sulfate content of should be power wire brushed.
 
150 ppm or less. Materials and work
manship should be equal to American d. The coating should be applied to
 
Water Works Association Specification the clean preheated (2 3 2 .2' +
 

' C205 or an equivalent standard. 246.1'C or 450 +475°') pipe, 

resin interior using best comnmercial practice,3. 	 Epoxy Resin-Epoxy 
coatings should meet the requirements to a miniiunu thickness of 0.178 

mm (seven mils). The thickness
given in a following section 	 of these 

exterior can be determined by using a
s;pecifications for epoxy resin 
coatings. 	 magnetic thickness gauge. The

heat source should not leave a 

EXTERIOR COATINGS residue on the pipe surface. 

Exterior coatings should be Class A, Class e. The coated pipe should be 

B, or paint as specified for the job. maintained at or above 218,300 
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(425°F) for a minimum of 20 2. Coal-Tar Enamel -The outside of the 
seconds for full cure. At the end pipe should receive a coat of coal-tar 
of this time the pipe should be primer followed by a hot coat of coal
water quenched before a support- tar enamel and finished with a Kraft 
ing roller comes in contact with paper or one coat of water-resistant 
the coated surface, whitewash. All materials and appli

cation should be in accordance with 
All epoxy resin coated pipe should Americana Water Works Association 
be electrically inspected for holi- Specification C203 or aii equivalent 
days using a wet electrode to apply standard, except that the asbestos felt 
1000 volts, D. C. across the coat
ing. All imperfections should be 
repaired. 3. Coal-Tar Enamel with Asbestos Felt 

g. 	 The epoxy resin coating should Wrap -The outside of the pipe should 
meet the physical requirements as receive a coat of coal-tar primer follow
indicated in the table entitled ed by a hot coat of coal-tar enamel into 
"Physical Requirements of Class which should he bonded an asbestos 
A Cured Epoxy Resin Coating." felt wrapper and finished with a Kraft 

paper or one coat of water-resistant 
Physical Requirements of Class A Cured whitewash. All materialsand application 

Epoxy Resin Coating 	 should be in accordance with American 

Avg. of Specified Tolerance 
Test Description Units Determinations of Average 

Hardness Barcol 10 	 Min. 

Mechanical Shock
 
(Gardner Machines) Inch lbs. 120 
 Min.
 

Therman Shock Cycles 10 Min.
 

Heat Resistance
 
100 hour @ 180'C Percent 4.5 Mill.
 

Adhesion Lbs/sq. inch 2000 Mill.
 

Salt Water Resisti
vity ohm-ft. I x 10o Min.
 

Class B Coatings-When a Class B coat- Water Works Association C203 or 
ing is required, the coating should meet the equivalent standard, except that the 
requirements of one of the following : minimum thickness of hot coal-tar ena

mel applied by pouring and spread
1. 	 Galvanizing-Pipe should have a zinc ing may be 0.794 mm (1/32 inch).

coating equal to that specified in the 
ASTM Designation A 120 or equiva- 4. Coal-Tar, Hot Applied Tape and 
lent standard. Primer-All materials and workman
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ship should be in accordance with 

Federal Specification HHT-30a, August 

2, 1967, Tape, Pipe Coating, Coal 
Tar, Hot Applied, and Primer or an 

equivalent standard. 

5. 	 Plastic Tape-Plastic tape coating 
should be capable of with-standing the 
moisture and soil conditions to which 

it will be subjected. All material should 

be in accordance with Interim Federal 

Specification L-T-001512 for Type I, 

standard thickness tape or an equival-

ent standard, except that the tape 

coating may be of either rubber materi-

al or the specified plastic materials. 

Application should be as follows 

a. 	 The surface of the pipe to be 
coated should be cleansed of all 
foreign material such as oil, grease, 
dirt, mud, etc. Any knurls, burrs, 
or other sharp points should be 
removed by filing, peening, or 
wire brushing. 

b. 	 The continuity of the applied 

plastic coating should be of such 

quality that all pipe joints, and 

fittings, after assembly should be 

capable of passing an inspection 

test conducted with a spark dis-

charge holiday detector at 1500 

volts. 

Paint-Unless otherwise specified, all above 
as followsground pipelines should be painted 

1. 	 All grease and oil should be removed 
from the pipe surface by steam clean
ing or by solvent cleaning and all dirt, 
surface rust, and loose scale should beremoved hy me so iebuhnsolidly 
emoedl umeans of wire brushing, 

flame cleaning, use of rotarytools or by light sand-blasting. abrading 
n g 

2. 	 To the cleaned pipe there should be 

applied one priming coat ofred lead base 

paint conforming to the requirements 

of Federal Specification TT-p-86e, 
Type I, II or III, or one priming coat 
of synthetic printer conforming to the 
requirements of' Federal Specification 

TT-p-636c (I). An equivalent stand
ard can be used. 

3. 	 The painting should be completed by 

the application of two coats of atumi

num paint. The aluminum paint 

should be prepared by mixing alumi

num paste conforming to Federal Speci

fication TT-P-320b (1), Type II, Class 

B with mixing varnish conforming to 

the requirements of Federal Specifica
tion TT-V-81d, Type II, Class B, at 
the rate of two pounds of aluminum 
paste per gallon of varnish. The 
paint should be mixed at the time of 
use. An equivalent standard can be 
used. 

CATHODIC PROTECTION 

Buried steel pipelines, except those construc

ted with galvanized steel, should be protected 

with sacrificial galvanic anodes where speci
provided byfled to supplement the protection 

the pipe coating. The anodes should be of 

the kind and number as specified for the job 

and/or as shown on the drawings. 

Anode Materials-Anodes can be comme

rcially made magnesium or zinc. Materials 
toand worksmanship should be equal ASTM 

Specification B418, or equivalent standard, for 

zinc. 

Each anode should have a full length core 

with a single stand of insulated copper wirebeattached to it. The wire shoutld 
No. 12 or a diameter of 2. 68mm or larger. 
if a header wvireiei is used, tile gaugeag lieIahae sd h 	 mustutb 

with nosufficient to carry the design current 

more than a 20 millivolt I-R, drop. 



(149 

All anodes should be commercially packag- clay loam, silt, or silt loam materials. In 
ed and the packaged backfill mix should be of sandy and gravelly areas fine material should 
the following proportions by weight. be imported for bedding and for covering the 

anodes to a depth of 152. 4 mm (six inches).Zinc - 20 to 30% bentonite, The packaged anodes and the fine textured soil 
70 to 800/ gypsum used for bedding and backfill should be thorou-

Magnesium- 20 to 250/ bentonite, ghly wetted. 

70 to 75% gypsum, Attachment of Anode to Pipe-The lead 
•5',/ sodium sultaIte , owire from the anode, or the header wire for 

Anode Installation-Anodes may be placed multiple anode installation, should be attached 
either horizontally or vertically. Vhen placed to the pipeline by cadwelding, thermowelding, 
horizontally, they should be at or below the or other process of equal ability. The area of 
bottom elevation of the pipeline. Vertically damaged pioe coating and the weld should 
placed anodes should have a minimum distance then be covered with a coating equal in 
to 0. 91 meters (three feet) between the ground quality to the specified original pipe coating. 
surface and the top of the anode. Anodes 
should not be placed in fill areas and Testing Stations-Testing station facilities 
magnesium anodes should be placed a mini- should be located and installed its specified for 
mum distance of 3. 05 minters (ten feet) from the job and/or as shown on the drawings. 
the pipeline. Wires at testing mations should be attached to 

the pipe as specified above for anode lead 
Anodes should be bedded in moist fine clay, wires. 



CHAPTER 12 

Suggested Studies or Evaluations 

Studies should be conducted on the following 3. Further development is needed on 

items in order to better facilitate water irrigation accessories. This includes 

alfalfa valves and possibly orchardmanagement: 

Studies are needed on installed concrete valves and slide or screw gates for 
1. 

stands that will not leak under certain
pipelines in order to assist in making 

heads. Additional designsnecessary improvements to obtain the 	 given 
should be developed for porta)blenecessary quality. 

are used with bothhydrants, which 
2. Field and laboratory studies are needed 

plain and gated surface pipe. This 
on the structural and hydraulic char-

will give further flexibility to pipeline
acteristics of all nonreinforced concrete 

pipe in order to establish necessary systems and can reduce the use of 

open channels.standards. 



APPENDIX A 

Agency Representatives and Others Contacted 
by The Consultant 

Central Government 

Ministry of Food, Agriculture, Community Development & Cooperation 

J.K. Jain, Joint Commissioner, Minor Irrigation 
C.G. Desai, Deputy Commissioner, Minor Irrigation 
J.S. Bali, Deputy Commissioner, Soil Conservation (Engineering) 

Industrial Development, Internal Trade & Company Affairs 

Directorate General of Technical Development : 
C.D. Anand, Development Officer, Plastic & Plastic Chemical 
N.G. Basak, Development Officer, Cement & Asbestos Products 

STATES
 

GUJARAT 

Government of Gujarat 

V.M. Dave, Chief Engineer (Irrigation) & Joint Secretary 
S.L. Patel, Executive Engineer, District Panchayat, Ahmedabad 
K.V. Shah, Executive Engineer, Gujarat Tubewell Division II Ahmedabad 
S.M. Patel, Professor Agro-Economic Indian Institute of Management, Ahmedabad 
A.L. Patel, Executive Engineer, District Panchayat, Masana 
K.P. Patel, Deputy Engineer, Mechanical Tubewells 
J.R. Vohra, Under Secretary, Irrigation Dept., Ahmedabad 
S.A. Mod, Junior Engineer, Office of the Supdt. Engineer, Mechanical 
C.H. Vakil, Deputy Engineer, Masana 
M.P. Patel, Civil Supervisor 
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States (Contd.) 

Private Sector 

Rama Shashan, General Manager, Technical 

Shri Digvijay Cement Co., Ltd.-Asbestos Products Division, Ahmedabad 

J. J. Shaw, Sales Manager, Co., Ltd.,-Abestos Products Division, Ahmedabad 

D.P. Shah, Proprietor AlCock Cement & Pipe Concrete Works, Ahmedabad 

Natvw ala P. Shah, AlCock Cement & Pipe Concrete Works, Ahmedabad 

Devi Chand Ghulab Das Patel, Suvarnkar Cement and Allied Products, Patan, Dist. 

Masana 
Harilal M. Zaveri, Bharat Pipe Industries, Sidhpur Road, Paian, District Masana 

Nathalal 1). Zaveri. Bharat Pipe Industries. Sidlipur Road, Patan, District Masana 

Krishalal M. Mistry, Bhaiat Pipe Industries, Sidhpur Road, Patan, District Masana 

Jainti Bhai Thakkar, NIukesh Cement Works, Sidlipur, Dist. Masana 

Mrs. Sharda Bhain Thakkar, Mukesh Cement Works, Sidhpur, Dist. Masana 

HARYANA 

Government of Haryana 

A.C. 	Sharma, Joint Director of Agriculture (Soil Conservation & Minor Irrigation), 

Chandigarh 
B.S. Gulhati, Divisional Soil Conservation Officer, Gurgaon 

A.K. Malhotra, EIxecutive Engineer, Exploratory Tubewell, Karnal 

R.N. Sharma, Asst. Soil Conservation Officer, Narnaul 

R.K. Agarwal, Section Officer, Irrigation, Naraingarh, Dist. Ambala
 

Arjun Singh, Asst. Soil Conservation Officer, Narnaul
 

Private Sector 

Bhagwant Singh, Managing Director, Spun Pipe (India) Pvt. Ltd. Faridabad 

R.S. MaTmik, Director, Spun Pipe (India) Pvt. Ltd. Faridabad 

D.D. Aggarwal, Sales Manager, Hyderabad Asbestos, Ballabgarh
 

Vidur Bhaskar, B.N. Bhaskar & Sons, Faridabad
 
S.S. Soni, B.N. Bliaskar & Sons, Faridabad 

MAHARASHTRA 

Private Sector 

N.M. Dhuldhyoa, Commercial Manager, Polyolefins Industries, Ltd., Bombay 

Harshad Patel, Asst. Sales Manager Polyolefins Industries, Ltd., Bombay 

M.S. Khakhar Production Manager, Polyolefins Industries, Ltd., Bombay 

K. 	Ganapathy, Polyolefins Industries Ltd. Bombay 
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States (Contd.) 

H.T. 	Bhavnani, General Manager, Calico Chemicals Plastic Division, Anik, Chembur, 
Bombay 

U.U. 	Shenoy, Production Engineer, Calico Chemicals Plastic Division, Anik, Chembur 
Bombay 

S. Mitra, Technical Officer, Calico Chemicals Plastic Division, Anik Chembur, Bombay
S.G. 	Sharma, Planning & Development Officer, Calico Chemicals Plastic Division, Anik, 

Chembar, Bombay 

MYSORE 

Government of Mysore 

N.P. 	Jahagirdar, Dy. Director of Agriculture & Project Officer, Regional Pilot Project
for Soil & Water Management, Bellary 

H. 	Seshagiri Rao, Agr. Development Officer, Engineering, Bellary 

Private Sector 

Y.M. 	Basha, Production Executive, Sri Venkataswara Spun Concrete Pipe Company 
Bisalahalli, Bellary 

PUNJAB 

Government of Punjab 

G.S. Dhillon, Chief Conservator, Soils, Chandigarh
 
Karnail Singh, Divisional Soil Conservation Officer, Chandigarh
 

J.S. Gill, Divisional Soil Conservation Officer, Jullundar
 
Gurdeep Singh, Asst. Soil Conservation Officer, Chandigarh
 
Hazara Singh, Asst. Soil Conservation Officer, Moga
 
J.N. 	Sharma, Dy. Director of Agricultural & Project Officer Regional Pilot Project for 

Soil & Water Management, Patiala 
Gurbachan Singh, Agricultural Development Officer, Engineering, Patiala 
Kulbir Singh, Manager, Punjab State Cooperative Marketing Federation Ltd., 

Chandigarh 
Tirlochan Singh, Manager, Punjab State Cooperative Marketing Federation Ltd., 

Chandigarh 
Laijeet Singh, Processing Expert, Punjab State ,Cooperative Marketing Federation Ltd., 

Chandigarh 

Punjab Agriculture University, Ludhiana 

Y.C. Arya, Associate Professor of Agricultural Engineering 
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States (Conid.) 

Private Sector 

H.S. Mamik, Chandigarh Spun Pipe Co., Chandigarh 

D.K. Sharma, 'PRECTO' Chandigarh
 

Mohinder & Co., Allied Industries, Kurali
 

C.L. Gupta, Rama Pipe Industries, Sangrur
 

Vinod Murgai, Landlord, Ferozepur Cant.
 

TAMIL NADU 

Government of Tamil Nadu 

N. Sankara Narayana Reddy, Joint Director of Agriculture (Engineering), Madras 

P.K. Radhakanth, Divisional Engineer (Agriculture), Madras
 

Gopal Krishnan, Divisional Engineer (Agriculture), Madras
 

K. Thandayutham, Divisional Engineer, Thanjavur 

S. Savadamuthu, Divisional Engineer (Agriculture), Trichy 

C.R. Shanmugham, Divisional Engineer (Agriculture), Coimbatore 

R.K. Sivanappan, Professor of Agr. Engineering, Coimbatore 

V. Panchapakesan, Asst. Agricultural Engineer, Thanjavur 

M.V. Ramanathanam, Asst. Agricultural Engineer, Thanjavur
 

Srinivasan, Agricultural Supervisor, Vendalur
 

Dorairaj, Asst. Engineer, Agriculture, Madras
 

G. Doraisawami, Asst. Agricultural Engineer, Coimbatore 

K.M. Nachappan, Asst. Professor, Agr. Engineering, Coimbatore 

Private Sector 

A. Ramabhadran, General Manager, Waven India, Ltd., Madras 

N. Venkataraman, Commercial Manager, Waven India, Ltd., Madras 

Albert Van Costen, Engineer, Manager India, Ltd., Madras 

A.S. Govindaswamy, Jothi Cement Pipe Works, Madra-


Sundramurti, Manager, Jothi Cement Pipe Works, Madras
 

Krishnamurti, Manager, Jothi Cement Pipe Works, Madras
 

T. Subramanium, Spun Pipe Company, Thanjavur 

M.A. Jamal Mohideen Pappa, Villar, Thanjavur 

P.K. Chari, Indian Hume Pipe Co., Srirangam, Trichy 

J. Macrae, Sales Manager, Asbestos Cement Company Ltd., Podanur, ,",oimbatore 

V. Sitaram, Works Manager Asbestos Cement Co. Ltd. Podanur, Coimbatore 

C.M. Arunachalam, Ajanta Tiles, Coimbatore
 

Bala Krishnan, P.S.G.B. Sons Estate, Vedapatti, Coimbatore
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States (Conid.) 

UTTAR PRADESH 

Goi-ernment of Uttar Pradesh 

S.P. Singh, Director, Tubewell Directorate, Lucknow 
P.C. Pramanik, Superin tending Engineer, Tubewells, Moradab id
 
B.D" Rathi, Superintending Engineer, Tubewells, Faizabad
 
S.P. Garg, Director, Irrigation Research Institute & Reseaech Farm, Roorkee 
Amar Singh, Joint Director, Agriculture (Soil Conservation), Lucknow 
J.P. Gupta, P.A. to the Director, Tubewell Directorate, Lucknow 
A.D.K. Jain, Executive Fngineer, Tubewells, Moradabad 
Shyam Narain, Executive Engineer, Tubewell Construction, Moradabad 
B. P. Hajeley, Executive Enginee,-, Tubewells, Chandausi 
B S. Rai, Executive Engineer, Tubewells, Moradabad
 
Jia LaiJain, Executive Engineer, Tubewo'lls, Meerut
 
Inder Sain, Executive Engineer, Tubewells, Bareilly
 
Harikrishanlal Dewan, Asst. Engineer, III Tubewells, Meerut
 
B N. Agarwal, Asst. Engineer, Tubewells, Meerut
 
Jaswant Singh, Asst. Engineer, Tubewells, Meerut
 
M.C. Gupta, Asst. Engineer, Tubewells, Meerut 
S.C. Verma, Asst. Engineer, Bareilly
 
Shaukat Ali, Asst. Engineer, Tubewells, Bareilly
 
R.D. Singh, Project Officer, Regional Pilot Project for Soil & Water Management, 

Dohrighat 
B. Tripathi, Agricultural Development Officer (Soils), Dohrighat 
R. Shahi, Agricultural Development Officer (Eng.) Dohrighat 
K.K. Saxena, Agricultural Development Officer (Agronomy), Dhorighat 

U. P. Agricultural Univ'arsity, Pant Nagar 

D.P. Singh, Vice Chancellor, U.P. Agricultural University 
V.S. Raju, Dean, Pant College of Technology
 
Jaswant Singh, Head of Agricultural Engineering Department
 
M.S. Misra, Her.d of Civil Engineering Department 
H.S. Chauhan, Professor of Agricultural Engineering 
R.A. Rastogi, Associate Professor of Agricultural Engineering 
G.B. Johri, Dy, Director, Land Water Development Scheme 
C.S. Jaiswal, Asst. Professor
 
Madan Lal, A%:st. Engineer
 
G.K. Goel, Overseer 
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States Contd.) 

Private Sector 

Arvind Sharina, Proprietor, Socketed Spun Pipe Co., Rudarpur 

Gurbax Singh, Partner, Gurbachan Singh Chadlia & Co., RCC Factory, Haldwani 

R.B. Patel, Manager, Khurpia Farm of the Kesar Sugar Works, Ltd., Kichha 

B.D. Gupta, Proprietor, Himalaya Spun Pipe Manufacturing Co., Meeit 

D.D. Gupta, Himalaya Spun Manufacturing Co., Meerut 

Mukhtar Hussaii , Proprietor, C.C. I Pipe Manufacturing Center, Deengarpur, 

Moradabad 
Akhtar 	 Hussain, Proprietor, C.C. Pipe Manufacturing Center, Deengarpur, 

Moradabad 
K.N. Sharma, Proprietor, Rohilkhand Cement Pipes, Pvt. Ltd., Bareilley 

WEST BENGAL 

Government of West Bengal 

M.C. Mukherjee, Commissioner & Secretary, Agriculture, Calcutta 

B.N. Sen, Chief Engineer (Agriculture), Calcutta 

B.K. Bhattacharjee, Superintending Engineer, Agricultural Irrigation, Calcutta 

P.K. Bhattacharya, Superintending Engineer, Agr. Mechanical, Calcutta 

D.M. Das, Technical Asst. to Superintending Engineer, Agr. Irrigation, Calcutta 

T.K. Chakravarty, Technical Assistant to Suptd. Engineer, Agi. Mechanical, Calcutta 

B.K. Banerjee, Executive Engineer, Agr. Irrigation, Calcutta 

B. Goswvami, Asst. Engineer, 2-1 Parganas, North I 

B. Chakarvarti, Asst. Engineer, Ranaghat 
S. Sen, Asst. Engineer, Hooghly I 

S. Ghosh, Asst. Engineer, Agr. Mechanical, Chinsara 

Private Sector 

M. J. Pook, General Manager & Chief Technical Advisor, Premier Irrigation Equip

ment Ltd., Calcutta 

R. Mukerjee, Engineer, Premier Irrigation Equipment Ltd., Calcutta. 

S.K. Sur, Sur Industries Corporation, Doltala-Varasat 

B. Dutta, B. Dutta & Co., Mithapukar, P.O. Adccongen, Dist. Hoogly 

DELHI UNION TERRITORY 

Private Sector 

N.H. Mirchandani, Manager, Indian Hume Pipe Company, New Delii 

J.P. Desai, Engineer, Indian Hume Pipe Co., Najafgarh 
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States (Contd.) 

N.M. Thakur, Manager, Indian Hume Pipe Co., Najafgarh 
P.C. Rawal, Manager, Indian Hume Pipe Co., Sarai Rohilla 
K.K. Chopra, Engineer, Indian Hume Pipe Co., Sarai Rohilla 
N.C. Duggal, Assistant Engineer, Concrele Association of India, New Delhi 
P.L. Gulhati, Assistant Engineer, Concrete Association of India, New Delhi 

U.S. 	AGENCY FOR INTERNATIONAL DEVELOPM ENT
 
NEW DELHI
 

LeonardJ Saccio, Director 
John H. Funari, Dy. Director 
Russall 0. Olson, Assistant Director, Agricultural Development 
Oliver A. Bauman, Dy. Assistansf Director, Agricultural Development 

John T. Phelan, Chief, Soil & Water Management Division 
EugeneJ. Pope, Agricultural Irrigation Engineer 

James R. Coover, Soils Advisor 
Francis M. Roberts, Resource Inventory Specialist 
Donald F. Jones, Agricultural Economist 
Glenn L. Ellithorpe, Tubewell Specialist 
Stanley Remington, Water Resource Engineer 
Ronald I-1. Pollock, Dy. Chief, Agricultural University Development 
A.R. Downie, Chief, Agricultural Production Division 
U.S. Madan, Agronomist, Soil & Water Management Division 

AHMEDABAD 

E.V. Miller, Team Leader, Agricultural Production Project 

BANGALORE 

Murray P. Cox, Water Management Specialist 

BELLARY 

D.W. Haslem, Agricultural Engineer 
Gerald Kester, Soil Scientist
 
Eugene W. Shaw, Irrigation Specialist
 

CHANDIGARH 

E. 	 Pershing Vance, Water Management Specialist 
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States (Contd.) 

PATIALA 

H.Y. Cott, Agricultural Engineer 

H.1. Ivory, Agronomist 
K.E. Larson, Soil Scientist
 

LUCKNOW
 

C.W. Townsend, Water Management Specialist
 

JABALPUR
 

Donald J. Minehart, Research Farm Development Advisor
 

PANT NAGAR
 

Ralph C. Hay, Agricultural Engineer, Extension
 

Richard Matsurra, Agronomy Advisor
 

DOHRIGHAT
 

A. J. Andresen, Agronomist 
C.W. Stewart. Agricultural Engineer 

H.R. Sketchlay, Soil Scientist 

OTHER AGENCIES
 
FORD FOUNDATION
 

D.A. Williams, Program Advisor, Water Management & Developmnent 

Tyler Quackenbush, Water Conservation Consultant, New Delhi 

Byron. L. Bondurant, Agricultural Engineer, Ludhiana 

ROCKEFALLER FOUNDATION 

C.R. Pomeroy, Experiment Station Operation Specialist 



APPENDIX B 

Chronology of Conferences and Travel by the
 
Consultant,
 

with principal conferess and field advisors from 
January 7 to May 6, 1970. See Appendix A for 

complete listing of persons contacted. 

Note : Mr. John T. Phelan, Chief, Soil and Water Management Division, USAID.,
accompanied the consultant in all tile major conferences ill New Delhi.
Mr. U.S. Madan, Agronomist, Soil Waterand Management Division,
accompanied the consultant in the conferences in New Delhi, Chandigarh,
Bombay, Ahmedabad, Madras, Calcutta and Lucknow and toured with him 
on all field inspections in Poiijab, Haryana, Gujarat, Tamil Nadn, Mysore,
West Bengal and Uttar Pradesh States. 

January 7, Wednesday 

Arrived in New Delhi. Met at the airport by John T. Phelan. 

January 8, Thursday 

Briefings by Dr. Russell 0. Olson, O.A. Bauman,John T. Phelan and 
U.S. Madan of USAID. 

Meeting with J.K. Jain, Jt. Commissioner (Minor Irrigation), Ministry
of Foodl, Agriculture, Community Development & Cooperation. J.S.
Bali, Dy. Commissioner, Soil Conservation (Engineering) participated 
in the meeting. 

Visited Tyler Qunckenlush, Ford Foundation. 

January 9, Friday 

Met with J.K. .Jain, and C.G. Desai, Dy. Commissioners (Minor Irriga
tion), Ministry of Food, Agriculture, Community Development and 
Cooperation. 
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Visited C.R. Pomeroy, Rockefaller Foundation. 

Met 	with C.D. Anand and N.G. Basak, Development Officers, Office of 

Director General of Technical Development. Mr. Mirchandani, 

Manager, India Hume Pipe Company was present. 

January 12, Monday 

Visited irrigation and pipeline system at the Research Farm of Indian 

Agricultural R(scarch Institute and Water Management Research 

Laboratory along with Mr. Pomeroy. 

January 13, Tuesday 

Visited Hume Pipe Company factories at Najafgarh and Sarai Rohilla 

along with Mr. Mirchandani of India Hume Pipe Company. Also 
K.K. Chopra,had discussions with Messrs. J.P. Desai, Engineer, 

Engineer and N.M. Thakur, Manager. 

January 14, Wednesday 

New Delhi to Chandigarh. 

Met Mr. E. Pershing Vance, USAID and Messrs. G.S. Dhillon, Chief 

Punjab, Karnail Singh and J.S. Gill, DivisionalConservator (Soils), 
Soil Conservation Officers, Punjab, and Mr. A.C. Sharma,Joint 

Director of Agriculture (Soil Conservation and Minor Irrigation), 

Haryana. 

January 15, Thursday 

At 	 Chandigarh. Accompanied by Messrs. Karnail Singh, and G.S. 

Dhillon, visited Chandigarh Spun Pipe Co., and had discussions 

with Mr. H.S. Mamik, Managing Partner. Also visited 'PRECTO' 

Factory and had discussions with Mr. D.K. Sharma, Proprietor. 

Visited tubewells and iriigation pipeline layout at Sadanpur in Narain

garh Telisil of Ambala District. 

Also visited governmert pipe inanufacturing unit III at Patwi. Met Messrs. 

A. K. Malhotra, Executive Engineer (Irrigation), Haryana and P. K. 

Agarwal, Section Officer. Mr. A. C. Sharma, Joint Director accom

panied. 

January 16, Friday 

Chiandigarh to Ropar and Kurali and back. 

Visited N. R. C. C. Pipe Factory of Cooperative Sector at Ropar and 

Mohinder & Co. Allied Industries at Kurali. 
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Visited N. R. C. C. pipeline layout for irrigation in village Makauri, 
Tehsil Ropar and R. C. C. Pipeline layout in Kurali village. Had 
discussions with Mr. Kulbir Singh, lanager Piunjab State Cooperative 
Marketing Federation Ltd. Met Girideep Sinigh, Assistant Soil Con
servation Officer. 

Messrs. G. S. Dhillon and Karnail Siugh accompanied. 

January 17, Saturday 

Chandigarh to Patiala via Sangrur. 

Visited Rama Pipe Industries (A. C. Pipe factory) and had discussions with 
C. L. Gupta, Proprietor. Karnail Singh, Divisional Soil Conservation 
Officer accompanied. 

Met H. Y. Cott, H. M. Ivory and K. E. Larson of USAID. 

January 18, Sunday 

At Patiala. 

Visited the Regional Soil and Water Management Pilot Project at Patiala 
and had discussions with USAID team members and the state officials. 
Met 	 Messrs. J. N. Sharma, Project Officer and Gurbachan Singh, 
Assistant Agricultural Officer (Engineering). 

January 19, Monday 

Patiala to Ludhiana. 

Met 	Mr. Y. C. Arya, Associate Professor, Agricultural Engineering, Punjab 
Agricultural University and Mr. Byron L. Bondurant, Ford Founda
tion. 

January 20, Tuesday 

At Ludhiana 

Visited irrigation and pipeline layout system at Punjab Agricultural 
University farm and had discussions with Professor Arya. 

January21, Wednesday 

Ludhiana to Ferozepur and back 

Visited N. R. R. C. Pipe Factory at M'oga enroute (of Cooperative Sector). 
Met Mr. Tirlochan Singh, Manager of Cooperative Pipeline factories 
and Hazara Singh, Assistant Soil Conservation Officer. 
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Ferozepur and irrigation andVisited the farm of Mr. Vinod Murgai at 

pipeline system at the farm and had discussions with him. r. Quacksn-

A. P. Joseph, MFA., Karnail Singh andJ. S. Gill accompanied.bush, 

January22, Thursday 

Ludhiana to New Delhi. 

January 27, Tuesday 

At New Delhi 

Meeting with J. K. Jain and C. G. Desai. 

January 28, Wednesday 

New Delhi to Gurgaon, Pataudi, Rewari, Narnaul, Mahendragarh, Dadri, 

Bhiwani and Rohtak and back. 

Visited government tubewells at villages Kanya, Lutafpur and Faizabad 

and layout of pipeline. Also visited Cooperative Spun Pipe Factory at 

Narnaul and proposed lift irrigation on Jui Canal near Bhiwani. 

Messrs. B. S. Gulhati, Divisional Soil Conservation Officer and R. N. 

Sharma and Arian Singh, Assistant Conservation officers accompanied. 

February 1, Sunday 

New Delhi to Bombay 

February 2, Monday 

At Bombay. Visited Polyolefin Industries Ltd. factory at Thana and Calico 

Chemicals Plastics factory at Chambur. 

Met Messrs. N. M. Dhuldhoya, Commercial Manager, Harshad Patel, 

Assistant Sales Manager, M. S. Khakhar, Production Manager and 

K. Ganapathy of Polyolefins Industries Ltd., and Messrs. H. T. 

Bhavnani, General Manager, C. S. Shaw, Commercial Manager and 

U. U. Shanoy, Production Engineer of Calico Chemicals Plastics 

Division and had discussions with them. 

Fetraary 3, Tuesday 

Visited iviufat Lal Gagal Bai farm Borivillai and the sprinkler irrigation 

system using P. V. C. Pipeline. M. S. Khakhar, Production Manager 

of Polyolefin Industries accompanied. 
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Afternoon-Bombay to Ahmedabad. Met by Messrs. S. L. Patel and K. V. 
Shah, Executive Engineers and J. R. Vohra, Under Secretary, Irriga
tion at the airport. Had discussions with S. L. Patel, K. V. Shah and 
S. M. Patel, Professor of Agro-Economic Faculty, Indian Institute of 
Management, Ahmedabad. 

Met Dr. Elif V. Miller, USAID., and had discussions with him. 

February 4, Wednesday 

Ahmedabad to Patan, Dist. Masana and back. 
Visited R. C. C. Pipeline factories-Survarrkar Cement and Allied 
Products and Bharat Pipe Industries, Patan, and R.C.C. and N.R.C.C. 
Mukesh Cement Works at Sidhpur. Met A. L. Patel, Executive Engi
neer, Dist. Panchyat, S. A. Mod, Junior Engineer. Also met Devi 
Chand Gulab I)as Patel, Harilal NI. Zaveri, Nathlal D. Zaveri, 
Krishalal NI. Mistry, Vasindei C. Padhya, Jainti Bhai Thakkar and 
Mrs. Sharda Bhain Thakkar and discussions with them. 

Also visited state tubewell at Moti doi and met C. H. Vakil, Dy. Engineer 
and M. P. Patel, Civil Supervisor. Messrs. S. L. Patel and K. V. 
Shah accompanied. 

February 5, Thursday 

At Ahmedabad 

Visited Shri Digvijay Cement Factory Asbestos Products and met Rama 
Shashan, General Manager (Technical) andJ.J. Shaw, Sales Manager. 
Also visited AlCock Cement and Pipe Concrete Works and met D. P. 
Shah, Proprietor and Natwva Lal P. Shah. Also visited state titbewells 
at villages Sarkhay and Bopal. S. L. Patel, K.V. Shah and K.P. Patel, 
Dy. Engineer, Mechanical Tubewell accompanied. 

February 6, Friday 

At Ahmedabad 

Meeting iwith V. M. Dave, Chief Engineer (Irrigation), and joint 
Secretary. K.V. Shah and S. M. Patel were also present. 

Visited Shreinjivi Sarvodaya Samudayik Cooperative Farming Society and 
inspected farms irrigation and pipeline system. This farm had used 

N. R. C. C. Pipes. 

February 7, Saturday 

Ahmedabad to New Delhi 
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February 9, Monday 

New Delhi to Madras. Met by P. K. Radhakanth and Gopala Krishnan, 

Divisional Engineers (Agriculture) and Dorairaj, Assistant Engineer 

(Agriculture). 

Visited Jothi Cement Pipe Works at Vendalur. Met Mr. Sundramurti, 

Manager and had discussions. Messrs. P. K. Radhakanth, Gopala 

Krishnan and Dorairaj accompanied. 

February 10, Tuesday 

At Madras. Visited Jothi Cement Pipe Works and A. C. Factory at 

Madras. Met A. S. Govindaswamy, Proprietor and Krishnamurti, 

Manager and had discussions with them. 

Also visited Waven India Ltd. Amattur Industrial Estate. Met Rama

bhadran, General Manager, N. Venkataraman, Commercial Engineer 

and had discussions with them. Had a meeting with N. Sankara

narayana Reddy, Joint Director of Agriculture (Engineering) where 

P. K. Radhakanth, Gopala Krislnan and Dorairaj were also present. 

February 11, Wednesday 

Madras tn Thanjavur via Trichy. Were met by S. Savadamuthu, 

Divisional Engineer, Trichy and K. Thamdayuthan, Divisional 

Engineer, Thanjavur. Visited Spun Pipe Cbmpany at Thanjavur 

and met T. Subramanium, Proprietor and had discussions with him. 

Also visited farm of M. A. Jamal Mohideen Pappa at Vilar village to 

see the irrigation and pipeline layout system. 

Visited handmade pipe factory "Ambrose Fatima R. C. C. Works" at 

Thanjavur who make hand made N. R. C. C. pipes. 

P. K. Radhakanth accompanied. 

February 12, Thursday 

Thanjavur to Coimbatore via Trichy and Karur. 

Visited Indian Hume Pipe Company at Srirangam, Dist. Trichy and 

met P. K. Chari, Manager. Also visited Kanda Vilas Concrete 

Works, Karur, Dist. Trichy, who make N. R. C. C. Pipes for irriga

tion. 
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Met by C. 
Doraisv

panied. 

R. 
ami, 

Shanimugham, 
Assistant Agr. 

Divisional 
Engineer. 

Engineer 
P. K. R

(Agr.) 
adhakanth 

and G. 
accom-

February 13, Friday 

At Coimbatore. Met R. K. Sivnaplpan, Professor, Agricultural Engineer
ing and discussed about pipeline and irrigation distribution system in 
the District. Ac,.:mapanied us to P. S. G. R. Sons' Estate at 
Vedapatti, Dist. Coimbatore where we met Bala Krishnan and went 
round their irn to see irrigation distribution system. 

Visited Asbestos Cement Company Ltd. factory and metJ. Macrae, Sales 
Manager and V. Sitaram, Works Manager. 

Also visited 'Ajanta Tiles' factory who make hand made pipes. Met C.M. 
Arunachalam, Proprietor. Also met K. M Nachappan, Assistant 
Professor, Agr. Engineering, a 1969 parltcipant to U. S. 

February 14, Saturday 

Coim')atore to Bangalore. Met by M.P. Cox, USAID. 

February 15, Sunday 

At Bangalore. 

February 16, Monday 

Bangalore to Ballary. -Mr. M.P. Cox accompanied. 

Met with N.P. Jahagirdar, Deputy Director of Agriculture and Pro. 
ject Officer, Seshagiri Rao, Agricultural Development Officer, 
Engineering, D.V. Haslem, Gerald Kestar of USAID. 

Visited Venkateswara Spun Concrete Pipe Company at Bisalahalli-
Bellary. Met Y.M. Basha, Production Executive. 

February 17, Tuesday 

Bellary to Hospet and back. Visited demonstration areas of Regional 
Pilot project for Soil and Water Management relating to water 
distribution, leveling, etc. 

Also visited Indian Hume Pipe Company, Hospet. 
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Febru2ry 18, Wednesday 

Bellary to New Delhi. 

February 20, Friday 

Meeting with J.K. Jain and C.G. Desai, MFA. 

February 23, Monday 

New Delhi to Calcutta. Met by D.M. Das, Technical Assistant to 

Superintending Engineer (Agriculture-Irrigation). 

Accompanied by M.J. Pook, General Manager and Chief Technical 

Advisor, visited the factory of Premier Irrigation Equipment Ltd., 

and discussed about gated pipes and water distribution systems. 

Also met R. Mukerjee, Engineer of the factory. 

February 24, Tuesday 

Calcutta to Kalyani and back. 

Visited Sur Industries, Corporation Doltala (Varaset) R.C.C. Pipe. 

Met S.K. Sur, Proprietor of the factory and discussed manufacture of 

pipe. 

Visited state tubewell at Geokhali and layout of pipeline for irriga

tion. Met B. Goswami and B. Chakarvarti, Assistant Engineers. 

Messrs. B.K. Bhattacharjee, Superintending Engineer, Agriculture-

Irrigation, D.M. Das and B.K. Banerjee, Executive Engineer 

accompanied. 

February25, Wednesday 

Calcutta to Chinsurah and b-,ck. 

Visited state tubewell at Ilchhoba and laying of R.C.C. pipeline. 

Visited Messrs. B. Dutta and Co. (Pipe Company) at Mithapukur, 

Adcconagar, Dist. Hooghly and Met B. Datta, Proprietor and had 

discussions with him. 

B.K. Bhattacharjee, D.M. Das and S. Sen, Assistant Engineer 

accompanied. 

February 26, Thursday 

Calcutta to Supuria (Ganges River), Dist. Hooghly and back. Visited 
water lift system from Ganges River and water distribution for 
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irrigation and discussed the improvements in the system. P.K. 
Bhattacharya, Superintending Engineer, Agriculture, Mechanical, 

T.K. Chakarvarty, Technical Assistant and S., Ghosh, Assistant 
Engineer accompanied. 

February 27, Friday 

At Calcutta. 

Met M.C. Mukherjee, Commi:tsioner and Secretary, Agriculture and 
discussed improvement in water distribution system. 

At this meeting S.N. Sen, Chief Engineer, Agriculture, b.K. Bhattacharya, 
D.M. Das, T.K. Chakarvarty and B.K: Banerjee were present. 
Technical conference was held after the above meeting with the 

Chief Engineer and his stafr in Chief Engineer's room. 

February 28, Saturday 

Calcutta to New Delhi. 

March 3, Tuesday 

New Delhi to Faridabad and Ballabgarh and back. 

Visited Spun Pipe (India) Private Ltd., Faridabad (R.C.C. and 
N.R.C.C. Pipe factory). Met Bhagwant Singh, Managing Director, 
R.S. Mamik, Direct-,, of the factory and discussed about manu

facture of R.C.C. and N.R.C.C. pipes. Also visited Hyderabad 
Asbestos factory at Ballabgarh, Met D.D. Aggarwal, Sales 
Manager and A.K. Gupta, Works Manager. Also visited B.N. 
Bhaskar and Sons factory at Faridabad. Met Vidur Bhaskar and 
S.S. Soni, Proprietors of the factory and had discussions with 

them. 

March 5, Thursday 

Meeting with N.C. Duggal, Assistant Engineer and P.L. Gbihati of 
Concrete Association of India and had detailed discussions regar
ding manufacture of N.R.C.C. pipe and their program. 

March 8, Sunday 

New Delhi to Pant Nagar. Met Ralph C. Hay and Richard Matsurra 

of US,. ID, and Jaswant Singh and H.S. Chauhan of U.P. Agricul
tural University, Pant Naga r. 
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March 9, Monday 

At Pant Nagar. Had meeting with V.S . Raju, Dean, Pant College of 

Technology where Jaswant Singh, H.S. Ch.tuhan, A.A. Rastogi, 

G.B.Johri of Agriculture Department and R.C. Hay were also present. 

After the meeting visited laying of pipeline and other structures 

in the field and also visited Gurbachan Singh Chadha & Co. R.C.C. 

factory, Haldwani, accompanied by G.B. Johri. 

March 10, Tuesday 

Visited pipeline system in the Khurpia farm of the Kesar Sugar Works 

Ltd., Kichha. G.B. Johri accompanied. 

Meeting with officers of Agricultural Engineering College. 

Also had a meeting with the Vice-Chancellor, U.P. 

Agricultural University, Pant Nagar where Jaswant Singh and H.S. 
Chauhan were also present. 

Marc.h 11, Wednesday 

Pant Nagar to Lucknow. Met by Amar Singh, Joint Director, Agriculture 
(Soil Conservation) and T.N. Srivastava, Chief Conservator of forests, 

U.P.
 

March 12, Thursday 

Lucknow to Dohrighat. Met C.W. Townsend, USAID enroute to Dohri
ghat. Had meeting with Messrs. Stewart, Andresen, and Sketchley 

of USAID. 

Mai ch 13, Friday 

Meeting with Messrs. Stewart, Andresen and Sketchley. 

R.D. Singh, B. Tripathi, R. Shahi and K.K. Saxena of the Regional Pilot 
Project for Soil and Water Management participated in the discussion. 

Visited Village Level Workers' Training Center proposed as a demon
stration plot. Also visited tubewell 113 and its distribution system. 

In the afternoon visited tubewell No. 8, Kauri Ram Group, Dist. Gorakh

pur and also R.C.C. open channel. Messrs. Stewart, Andresen, R.D. 

Singh and Shahi accompanied on field visits. 

March 14, Saturday 

Dohrighat to New Delhi. 
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March 16, Monday 

New Delhi to Moradabad via Meerut. 

P.C. 	 Pramanik, Superintending Engineer joined at New Delhi and 
accompanied on visits to Himalayan Spun Pipe Manufacturing Co., 
Meerut, Departmental P.C.C. Pipe Manufacturing Plant at Meerut, 
Tubewell No. 13, Main Canal Group and R.C.C. Channel. 

March 17, Tuesday 

At Moradabad. 

Visited C.C. Slab Manufacturing Plant at Chandausi, Tubewells 68 and 
74 of Shalhbad group and their water distribution system. Also 
visited Tubewell No. 83 of Shahbad group where underground 
pipeline had been laid and also bricklined channel. Tubewell No. 84 
of Shahbad group was also visited which was under construction and 

laying of underground pipeline was in progress. 

Had a meeting with Pramanik, Superintending Engineer and his Execu
tive Engineers who accompanied on field visits at Bellary. 

In the evening visited P.C.C. pipe manufacturing center, Deengarpur 
(Moradabad). 

March 18, Wednesday 

Moradabad to Lucknow via Bareilly. Mr. Parmanik accompanied. 
Inder Sain, Executive Engineer and S.C. Verma and Shaukat Ali, 
Assistant Engineers met at Bareilly. Visited Rohilkhand Cement 
Pipes Pvt. Ltd. Bareilley and Tubewell 23 of Bareilly group at 
village Hyderabad and R.C.C. semicircular pipe laid for water 

distribution. 

March 19, Thursday 

At Lucknow-local holiday. 

Had meeting with S.P. Singh, Director. Tubewell Directorate, U.P., Mr. 
Pramanik., Mr. Rathi, Superintending Engineer, Faizabad, Mr. S.P. 
Garg, Director, Irrigation Research Institute, Roorkee and J.P. 
Gupta, P.A. to the Director participated in the discussions. Mr. C.W. 
Townsend of USAID was also present at themeeting. 

March 209 Friday 

Lucknow to New Delhi. 
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APPENDIX E 

Specification List 

A list of specifications are listed below for various pipe material that have been 

mentioned in the report or that are applicable. 

The specifications from tle following organizations are listed ; ASTM (American 

Society for Testing and Materials), CS (Commercial Standards, prepared by the U. S. Depart

ment of CommerCe, National Bureau of Standards), IS (Indian Standards Institution), DIN 

(Standards prepared by West Gernmany), AN\WWA (American Water Works Association), SSPC 

(Painting Council Specifications, USA), and U. S. Government Federal Specifications. 

Aluminum Pipe 

Minimum Standards for Irrigation Equipment, by the American Society of Agricultural 

Engineers, approved January 1957, gives specifications for aluminum pipe. 

Standards have also been developed by the Sprinkler Irrigation Association in the 

United States. 

ASTM: 

D 1COO Testing Pressure Sensitive Adhesive Coated Tapes Used for Electrical Insulation 

D 1004 Test for Tear Resistance of Plastic Film and Sheeting 

Asbestos Cement Pipe 

ASTM: 

C 296 Specifications for Asbestos Cement Pressure Pipe 

C 500 'Iesting Asbestos-Cement Pipe 

ASTM: 

D 1869 Specifications for Rubber Rings for Asbestos-Cement Pipe 
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IS: 

1592, Specifications for Asbestos-Cement Pressure Pipe
 

1626, Specifications for Asbestoz-Cement Building Pipe 
 Gutters and Fittings (Spigot and 
Socket type) 

Concrete Pipe
 

C 14, Standard Specifications for Concrete Sewer, Storm Drain and 
 Culvert Pipe, 
(Socket and Spigot) 

C 33 Specifications for Concrete Aggregates 

C 76 Specifications for Reinforced Concrete Culvert, Storm Drain, and Sewer Pipe 

C i 18 Specifications for Concrete Pipe for Irrigation or Drainage, (Tongue and Groove) 

C 497 Methods of Test for Determining Physical Properties of Concrete Pipe or Tile 

Note : A new procedure has been developed for making absorption test. This 
procedure gives more reliable results and is given in Appendix H. 

C 505 Specifications for Non-reinforced Concrete Irrigation Pipe with Rubber Gasket 
joints. 

IS : 

269 Specifications for Ordinary, Rapid-Hardening and Low Heat Portland Cement 

383 Specifications for Coarse and Fine Aggregates from Natural Sources for Concrete 

455 Specifications for Portland Blast Furnace Slag Cement 

458 Specifications for Concrete Pipes (With and Without Reinforcement) 

IS : 

483 Code of Practices for Laying of Concrete Pipes 

Plastic Pipe 

ASTM: 

D 1248 Specifications for Polyethylene Plastics Molding and Extrusion Materials 

D 1784 Specifications for Rigid Poly (Vinyl Chloride) Compounds and Chlorinated Poly 
(Vinyl Chloride) Compounds 
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Specifications for Rigid Acrylon itrile-Butadieric-Styrene (ABs) Plastics 
D 1788 

Determining Dimensions of Thermoplastic PipeD 2122 

D 2239 	 Specifications for Polyethylene (PE) Plastic Pipe (SDR-PR) 

D 2241 Specifications for Polyvinyl Chloride (PVC) Plastic Pipe (SDR-PR and Class T) 

(ABS) Plastic Pipe (SDR-PR and 
D 2282 Specifications for Acrylonitrile-Btadiene-Styrene 

Class T) 

Chloride) (PVC) Plastic Pipe Fittings,
D 2464 	 SpecificationS for Threaded Poly (Vinyl 


Schedule 80
 

Specifications flor Threaded Acrylonitrilc-ButadielcoStyrenle (ABS) Plastic Pipe Fittings, 
D 2465 

Schedule 80 

Plastic Pipe Fittings,
for Poly (Vinyl Chloride) (PVC)

D 2466 Specifications Socket-Type 

Schedule -t0 

(PVC) Plastic Pipe Fittings,Poly 	 (Vinyl Chloride)D 2467 Specifications for Socket-Type 

Schedule 10 
(ABS) Plastic PipeAcrylonitrilc.Butadiic-StyreneD 2468 Specifications for Socket-Type 

Fittings, Schedule 40 

(ABS) Plastic Pipe
for Socket-Type Acrylonitrilc-Butadienc-StyreneD 2469 	 Specifications 


Fittings, Scledule 130
 

CS: 

254 Acryloitrile-1ttadice-Styrene (ABS) Plastic Pipe (SDR-PR and Class T) 

Pipe (SDP.-PR)255 Polyethylene (PL) Plastic 

256 Polyvinyl Chloride (PVC) Plastic Pipe (SDR-PR and Class T) 

IS: 
water 	supplies

4985 	 Specifications lbr Unplasticized PVC Pipes for Portable 


I High-Density Polyethylene Pipe.
 

DIN : 

8074/8075 (Specification deals with high-density polyethylene pipe) 

Steel Pipe
 

ASTM:
 

A 36 Standard Specifications for Structural Steel
 

are being developed by the Indian Standards Institute
1 Specifications 



[ 175 
A 120 Specifications for Black and Hot Dipped Zinc-Coated (Galvinized) Welded and 

Seamless Steel Pipe for Ordinary Uses 

B 418 Specifications for Cast and Wrought Galvanic Zinc Anodes for Use in Saline Electro
lytes 

AWWA; 

C 201 Fabricated Electrically Welded Steel Water Pipe
 

C 202 Mill-Type Steel Water Pipe
 

C 203 Coal-Tar Enamel Protective Coatings for Steel Water Pipe
 

C 205 Cement-Mortar Protective Lining and Coating for Steel Water Pipe. 

Painting Council Specifications: 

SSPC-SP 5-63 Steel Structures Painting Council Surface Preparation Specifications 

Federal Specifications : 

HHT-30a Tape, Pipe Coating, Coal Tar, Hot Applied : and Primer 

L-T-001512 Tape, Pressure Sensitive Adhesive, Pipe Wrapping 

TT-P-86e Paint Red-Lead-Base, Ready Mixed 

TT-P-320c Pigment, Aluminum ; Powder and Paste for Paint 

TT-P-636c (1) Primer Coating, Alkyd, Wood and Ferrous Metal 

TT-V-81d Varnish ; Mixing, for Aluminum Paint 



APPENDIX F 

Manufacturers of Pipe Making and Mixing Equipment 

Type of EquipnentManufacturer 

W. E. Dunn Mfg. Company Holland, Packerhead and Mixing 

Michigan 49423 

Packerhead, and MixingHydrotile Machinery Company Nashua, 


Iowa 50658
 

Mixing and ElevatingPraschak Machine Co., 

P. 0. Box 368 Marshfield, Wisconsin
 
5449
 

Quinn Machinery Division of Zeidlers, 	 Packerhead, Tamper and Cast, 

hand madeInc. 

Waterloo, Iowa 50705 or Boone, Iowa
 

50036
 

Services 500 North Centrifugal and Dri-Cast andConcrete Products 
Wet Cast (vibrator)Stanwood Road, Columbus, Ohio 


43209
 

Tamper and MixingTurmac Inc. 

687 North Thompson Street Portland,
 
Oregon 97227
 

Hawkeye Concrete Products Co., Vibrator 

Mediapolis,.Iowva 52637 

Packerhead and VibratorMcCracken Concrete Pipe Machinery 


Co., P. 0. Box 1708
 

Sioux City, Iowa 51102
 



APPENDIX G 

Manufacturers of Accessories for Irrigation
 
Pipelines, in India
 

Mohinder & Co. Allied Industries Kurali (District Ropar), Punjab-Manufacturers of 
Alfalfa Valves, with iron or brass screw (spindle) and in sizes ranging from 4 to 
15 inches-slide gates for gate stands are also being made. 

1 Industrial Services and Engineers 

57 S. P. Mukherjee Road 

Calcutta-26 

and 

1 Commercial & Engineering Corporation 

138 Canning Street 

Calcutta-1. 

I Both these firms manufacture Tamper ProofIrrigation Valves in various sizes. 



APPENDIX H 

Supplement to ASTM C497 

The suggested revision of Paragraph 14, 

Procedure for Boiling Absorption Test, ASTM 

Specification C497, Tests for Physical Proper

ties of Concrete Pipe, is as follows : 

Paragraph 14 (a) Drying Specimens : 

be dried in a ventilatedSpecimens shall 
at a temperaturemechanical convection oven 

of 105 to 115°C (221-2390F) until two suc-

cessive weighings at intervals of not less than 

(6 hours) show an i:tcrement of loss not greater 

than 0.10 percent of the last oven-dry weight 

of the specimen. Specimens with a wall thick-

a mirni-ness of 1-1/2" or less shall be dried for 

mum of 24 hours ; specimens with a wall thick-

ness of 1-1/2" to 3" shall be dried for a minimum 

of 48 hours ; specimens with a wall thickness 

a minimum ofexceeding 3" shall be dried for 
minimum72 hours. The last 6 hours of the 

drying time may be used to determine whether 

or not the sample had obtained the proper 

dried weight. 

Dried Speci-Paragraph 14 (b) Weighivg 

mens 

The oven dried specimens shall be weighed 

immediately upon removal from the oven where 

the drying temperature was 1050 to 115 0C. 

Paragraph 14. (c) Immersion and Boiling 

The dried specimen that has been weighed 

shall, within 24 hours, be carefully placed (in 

a suitable receptable that contains clean water 

at a temperature of 500 to 75'F). Clean water 

or tapshall be distilled water, rain water, 

water that is known to have no effect on test 

heated to boilingresults. The water shall be 

in not less than 1 hour and not more than two 

Live steam shall not be applied to thehours. 

water to shorten the pre-boil period until one 

hour of heating by gas or electricity has been 

completed. The boiling shall continue for five 

hours. At the end of the 5 hoursboiling period, 

the heat shall be turned off, and the specinvn 

room temperaallowed to cool in the water to 

ture by natural loss of heat for not less than 

14 hours or rr ore than 24 hours. 

Paragraph 14 (d) Reweighing Wet Speci

mens: 

The vater cooled specimens shall be remov

ed from the water, placed on an open drain 
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rack, and allowed to drain for one minute. ing more than 1000 grams shall be weighed to 
The remaining superficial water shall be remo- an accuracy of (one) gram). 
ved by quickly blotting the specimen with a 
dry absorbent cloth or paper. The specimen Paragraph 14 (f) Calculations and Re
shall be immediately weighed following blott- porting : 
ing. Tie increase in weight of the boiled speci-

Paragraph 14 (e) Scale Sensitivity : men over its dry weight shall be taken as the 
absorption of the specimen and shall be expres

(Specimens weighing less than 1000 grams sed as a percentage of the dry weight The 
shall be weighed to an accuracy of (0.10) per- results shall be reported separately for each 
cent of the specimen weight. Specimens weigh- specimen. 



APPENDIX I 

Methods of Measuring Pipe Flow 

This section is from the National Engineering Hland-book, Section 15. 
Chapter 9, Measurement of h rigation Water, U. S. Department of 
Agriculture, Soil Conservation Service. It should be noted that giten ratesof 
flow are in U.S. gallons. 

Pipe Orifices 

Pipe Orifices are usually circular orifices 

placed within or at the end of a horizontal 
pipe. The head on the orifice is measured with 
a manometer, 

Where the orifice is placed in the pipe, the 
discharge will not be free, and the head must 
be measured at points both upstream and down-
stream from the orifice. For a further discus-
sion of this type of -,rltice, the reader is referred 
to King's Handboo' of Hydraulics. 

The pipe orifice more commonly used in 

measuring irrigation water and the discharge 
from wells within a range of 50 to 2,000 U. S. 
gallons per minute has the circular orifice loca- 
ted at the end of the pipe (fig. 1-1). The pipe 
must be level and the manometer, a glass tube, 
is placed about 24 inches upstream from the 
orifice. No elbows, valves, or other fittings 
should be closer than 4 feet upstream from the 
manometer. The ratio of the orifice liameter 
to the pipe diameter should be no less than 0.50 
nor greater than 0.83. The ratio to be selected, 
however, must cause the pipe to flow full. The 
head ismeasured with an ordinary carpenter's 

Discharge through the orifice is computed 

by use of the frmula 

Q= Cav'gfi 

where Qorifice discharge in U.S. gallons 
per minute 

C=coefficient which varies with the 
ratio of the orifice diameter to the 
pipe diameters as well as with all 
the other factors affecting flow in 
orifices. The value of the coeffici
ent (C) may be taken from figure 

1-2. 

a=cross-sectional area of the orifice in 
square inches 

g=acceleration due to gravity=32.2 
feet per second. 

h=head on the orifice in inches mea
sured above its center. 

For example, find the discharge from a 
5 inch orifice at the end of an 8-inch pipe ope
rating under a head of 25 inches. 

Ratio of orifice diameter to pipe diameter 
=5/8=0.625 

rule. C from figure 1-2-0.63 

http:1-2-0.63


--
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RULER -> --GLASS TUBE
 
-- RUBBER TUBE ,
 

FEET 4 FEET OR MORE 
THIS DISCHARGE PIPE MUST BE LEVEL 

RULER---). 

HEAD OF WATER 
IN TUBE 

A PIPE CAP MACHINED 
THIS WAY MAY BE USED 

ORC PAS THE ORIFICE PLATE---ORIFICE PLATE i THICK 

WITH HOLE OF EXACT SIZE 

Fig. 1-I Details of a circular pipe orifice located at the discharge end of the pipe 

0.60 

.65 
z
 

U 
U-
LU
0 70 

U. 

0 
UJ 

_J
 

,80 

0.50 .55 .60 .65 .70 .75 .80 
ORIFICE DIAMETER 

PIPE DIAMETER 
Fig. 1-2 Values of the coefficient C for measuring flow from circular 

pipe orifices based on Q=CA 1/2gh 
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TABLE I-I
 

Discharge from circular pipe orifices with free discharge
 

3-in 4-in 5-in 6-in 7-in 8-in 

orifice orifice orifice orifice orifice orifice 
Head 

(inches) 4-in. 6-in. 6-in. 8-in. 6-in. 8-in. 8-in. 10-in. lO-in. 10-in. 

pipe pipe pipe pipe pipe pipe pipe pipe pipe pipe 

U.S. U.S. U.S. U.S. U.S. U.S. U.S. U.S. U.S. U.S. 
G.p.m. G.p.m. G.p.n. G.p.,. G.p.m. G.p.m. ;.p.m. G.p.m. G.p.m. G.p.m. 

6 108 82 160 150 305 240 408 345 
8 122 94 185 170 350 280 4158 395 600 935 

10 133 104 205 190 393 316 508 44.5 666 1040 
12 146 114 225 208 430 316 556 490 728 1120 
14 157 123 2413 224 465 376 599 530 785 1194 
16 167 132 257 238 495 402 636 568 838 1266 
18 178 1'10 271 252 524 426 672 604. 887 1336 
20 187 148 285 266 548 449 708 636 933 1404 
22 197 156 299 279 572 470 7,14 664 979 1471 
24 205 164 310 291 596 488 776 692 1022 1529 
26 214 171 323 303 620 504 805 720 1064 1585 
28 222 177 335 314 644 520 831 747 1104 1641 
30 230 183 346 325 668 536 857 773 1143 1697 
32 239 189 357 335 692 552 882 799 1181 1753 
34 246 195 369 345 715 568 907 824 1218 1809 
36 254 200 380 354 737 584 931 847 1251 1865 
38 260 205 390 363 759 600 955 867 1281
 
-10 266 210 401 371 781 616 979 887 1311
 
42 272 214 411 380 800 631 1001 906 1341
 
44 278 219 4.20 388 820 645 1023 .925 1371
 
46 284 224 429 396 837 659 1045 944 1101
 
48 290 229 4,10 405 855 672 1067 963 1431
 
50 296 234 4,18 413 872 686 1089 982 1461
 
52 302 238 457 421 888 700 1110 1000 1491
 
54 307 243 465 429 904 714 1130 1018 1520
 
56 313 248 472 437 919 727 1150 1036 1548
 
58 317 252 4110 415 934 739 1170 1052 1574
 
60 323 257 489 453 948 751 1190 1068 1598
 
62 328 262 496 461 961 763 1209 1081
 
64 333 266 504 '169 974 775 1227 1099
 
66 338 271 513 475 988 787 1245 1113
 
68 343 275 520 483 1012 799 1263 1127
 
70 349 280 525 491 1016 811 1280 1140
 

I From "Layne Well Water Systems, "Layne and Bowler, Inc., Memphis Tenn., 1951. 



[ 183 

a= 19.63 square inches short, straight, cylindrical part of the meter has 
the same inside diameter as the pipeline and 

.Q=CaV/h has a side hole drilled through the wall where a 

=0.63 x 19.63 X V2 x22.2 ×25 piezometer tube is connected for measuring the 
static pressure. Following this straight section 

=496 U. S. gallons per minute a conical entrance section leads to the short 
constricted section or cylindrical throat. This

gies coneTabl I- ischrge~a~es rom entrance has an angle of about 210. 
various comb inat ions of pipe sizes and orificeenrceoeas; ngefabu21'Te Thle 

p es 
sizes for heads up to 70 inches. a side hole for attaching a piezometer tdbe. 
sios ombnadns tof sinc o cylindrical throat section is also provided with 

VEGTURI METERS The diameter of the throat is one-fourth to one
half the diameter of the pipeline, A conical 

The Venturi meter measures the flow of exit section with an angle of 50 to 70 follows 
water in pipes under pressure. It utilizes the the throat section and ends at a flange in the 
Venturi principle in that the flow passing pipeline. This long exit cone decelerates the 
through a constricted section of pipe is acceler- flow as smoothly as possible and restoreas 
ted and its pressure head is lowered. The normal pressure in the line. A piezometer 
cross-sectional areas of the pipe and the const- tube is sometimes connected in the line immed
ricteds ection being known, the flow is determ- iately below the exit section to measure the 
ined by measuring the drop in presssure head. overall loss of head through the meter ; howe-

A cross section of a Venturi meter showing ver, this measurement is not used in computing 

its component parts is shown in figure 1-3. the rate o;" flow through the meter. A loss of 
The meter is usually inserted between two head through the meter of 10 to 20 percent 
flanges in a pipeline. At the upstream end the may be expected. 

HEAD LOST 

l 

I- CYLINDER 

Fig. 1-3 Diagram of a Venturi tube 



184] 

above the axis of the meter at
The rate of flow through the meter is com-

the straight entrance section
puted from the formula 

11,= pressure lead in feet measure 

Q,= CK~d2 ,/ hi -h above the axis of the meter at0 

where Q= rate of flow in cubic feet per the throat. 

second K = factor corresponding to the 

C = empirical discharge coefficient ratio of the throat diameter to 

that may be taken from table 1-2 diameter of the entrance sec

tion.
d, = diameter of the entrance section 

K= 1 V /- 2g 
in feet 

1_ ( -dd2 = diameter of the throat section4 
Kdin feet 

h, = pressure head in feet measured Values of K may be taken from table 1-3 

Table 1-2 

Coefficients of discharge (C) for Venturi meters 

Throat velocity (feet per second)Diameter 
Iof throat 

10 15 20 30 40 50(inches) 3 4 5 

.945 .949 .958 .963 .966 .969 .970 .9721 .935 
2 .939 .948 .953 .965 .970 .973 .974 .975 .977 

4 .943 .952 .957 .973 .975 .977 .978 .979 .980 

8 .948 .957 .962 .974 .978 .980 .981 .982 .983 
.978 .981 .982 .983 .984 .98512 .955 .962 .966 

.969 .973 .981 .983 .984 .995 .986 .98618 .963 
48 .970 .977 .980 .984 .985 .986 .987 .988 .988 
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TABLE 1-3 

Values of K in formula for Venturi meters 

d2 K d2 K Ld K 
ddidi Kd, 

.20 6.31 .33 6.34 .46 6.45 .59 6.72 .72 7.37 
.21 6.31 .34 6.34 .47 6.46 .60 6.75 .73 7.45
.22 6.31 .35 6.35 .48 6.47 .61 6.79 .74 7.53 
.23 6.31 .36 6.35 .49 6.49 .62 6.82 .75 7.62 
.24 6.31 .37 6.36 .50 6.51 .63 6.86 .76 7.72 
.25 6.31 .38 6.37 .51 6.52 .64 6.91 .77 7.82 
.26 6.31 .39 6.37 .52 6.54 .65 6.95 .78 7.94 
.27 6.32 .40 6.38 .53 6.56 .66 7.00 .79 8.06 
.28 6.32 .41 6.39 .54 6.59 .67 7.05 .80 8.20 
.29 6.32 .42 6.40 .55 6.61 .6; 7.11 .81 8.35 
.30 6.33 .43 6.41 .56 6.64. .69 7 17 .82 8.51 
.31 6.33 .44 6.42 .57 6.66 .70 1 :' .83 8.69 
.32 6.33 .45 6.43 .58 6.69 .71 7. ,O .84 8.89 

As an example of the use of this formula, Using this velocity, the value of C from 
assume a 24-inch pipe diameter, and 8-inch table 1-2 is 0.9805. Thus Q=0.9805x8.603 
throat diameter, and a drcp in pressure head =8.435 cubic feet per second. 
between the entrance and the throat (hi-h) 
of 9.3 feet. vla uf'acturers of commercial Venturi 

meters ;-)ald be requested to furnish dis-The ratio of the throat diameter (d2) to the charge tables or charts for all meters pur
entrance diameter (dj) = 8/24 = 0.33. Using c tasd. 

this ratio in table 1-3, find the ualue of K :o 
be 6.34. IRRIGATION METERS 

Then 
Meters most commonly used to measure 

Q= CKd. 2 -/h, - h2 irrigation water are of the velocity type and 

= C x 6.34 x 0. 6672 x %/9.30 are installed in canals, flumes, or streams or 
= C x 8.603 cubic feet per second contained within pipes or conduits up to 6 

feet :n diamcter. When the meters are ins-
Since the value of C will be near unity, the talled in open channels, the flow must be 

approximate velocity through the throat may be brought through a pipe or conduit of known 
computed as follows : cross-seotional area. This pipe or conduit is 

V= Q 8.603_ called a meter tube. The meter placed within 
A i*x0.333- =24.6 feet persecond the discharge end of this tuihe. 
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Irigation meters essentially cotsist of a 

conical propeller connected to a registering 

head by a gear train. They are operated by 

the kinetic energy of the tloN ing water. The 

propeller is suspende,1, frlcig tile cet1,r oI 

flow, ill the pipt., titbe, or cotduit and is 

rotated by the flow of ater. Tlie speed of 
the propeller (r.p.m.) is proportional to the 
avere 

tit i,11;avg velocity of flow with the 

sec.), and since tie cross-siclioital area of 

the tube is knownm and rernaitts co, stlit, the 

propeller speed is piopo-tiolial to the late 0 

rotatinig prpelloer 'ctiates the regis-
teringThe head throtgh the gent traii. 'his 

head registers total flow ()n a counter-type 
clock. The total flow is recorded directly int 

as gallons,standard volunetric units such 

cubic feet acre.-feet, miler's inch-days, or 

others. 

There are two basic requirements for 
(1) The tiubeaccurate operat ions of the meter: 

must flow fuil at all times, and (2) the rate of 

flow must exceed the miiiinim for t elrated 

range. Meters are given a volumetric calib'a-

tion test at the fi-ctory, and Adjustiment or 

ii tihe field is not normallyrecalibration 

required. 


Irrigation meters of' the types descried 

have a number of advantages over other 

methods of water measutremflent. Registration 
tlie line pre-is independent of variations ill 

ssure or in the rate of flow within the rated 

range, thus eliniminating frequent readings and 

Since the meters total flow directly,checks. 
are involved,no time-consuming comnptutations 

arid Ittiran, errors are eliminated. Auto-

matic toializer-,,cordiig devices at( avai-

lable which may he used with contitutiits 
charts aud provide permanem t records of 

Tie princilal disadvantages of thesewater use. 
meters are their susceptibility to clmggimig with 

vandalism whetn installed perma-moss aid to 

neritly. 


Three basic types of irrigation meters are 

discussed in succeeding paragraphs. These 

are (I) low-pressure line meters, (21 open-flow 

meters, and (3) verical-flow o," hvdra,,.t-type 

inelers. 

Meter valves cmbine into a single colet 

ntilittht finctionsof irrigationi hydrants with 
those ofvertical flow-meters. 

Low-pressire-iiie nicters. 'iese are used 

distilutewherever pipelines u11'esd to 

irrigation water. They may be installed 

in new or existing coicrete, steel or aslestos
cement pipelimes vithitn a range of 
diameters of 4 to 72 inches. Portal e sections 
of steel pipe withinmter installed are avai

lable, thus permitting the mneastmenient of 

oe 

'Ihe principal use for low-pressurc-line nictecs 
is the metering of' water deliveced to indivi

dual farms from lateral liesof'an i-rigation 

enterprise. Ill the smaller sizes. these meters 

can be used effectively ol :a individual farm 

to measure accltrately the amount of' water 

applied to a given area, thereby permitting 

increased efficiency of wateri use. Figure 

I-4 shows a low-pressure-ltie meter installed in 

pipe. Note the straighten

wate at several foetiotms with imcter. 

a section of steel 
ahead of the propeller to

ing vanes installed 
eliminate ttrnhilence. 

similar toOpen-flow imeters. 'l'hese are 
in constructiontlme lw-lpresslire-line meters 
in open cliant and are used to meter the flow 

Theels gravity-flow, closed-cotiduit systems. 
simpleineter is suspended from at wall or 
a fltillsupport struicture into l lhe ceter of 

flowing submerged discharge eidf of a pipe, 
serves as the meterculvert, or sipio, which 

tithe. Tile metered section may he round 
oir reetaigtlar. Coicrete pipe, corrumgated 

metal pipe, or even long woodel:-box Struc

tures are satisfactory as meter'uttlies. Open

flow meters may be installed permanently or 

may be moved from one location to another 
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Fig. 1-4. A Low-pressure line meter installed in a section of Steel pipe 

without interrupting the normal flow of of meters, the only difference being die posi
water. tion of the propellvi, N\ ich is Vertical. Water 

flow 1!nre-stricted in an iipward direction 
The principal use of the smaller-size iete,'s tlrongli the meter tiloe, acetuates the propeller, 

up to about 42 inches in diameter is to meter and is tlhenI dCelhctt(d downward by a bonnet 
the flow at farm turnouts (fig. I-5). The luger or" (over to the oultsi(e of the tue. The 
sizes are used to meter large volume flow from bonnet is designed to provide adequate area 
reservoirs and in main canals and large lateral for the Inaxirniini discharge and to prevent 
ditches. tampering with the propeller. 

Vertical-flow meters.- These are used to The principal use fc,r vertical flow meters 
meter the flow of water in vertical pipes is the metering of individual farm deliveries 
(fig. 1-6). Their operating principles are where such deliveries are made in gravity flow 
identical with those of the other two types pipelines and through pipe turnoats. 
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Fig. 1-5-An open flow meter istall.ton 
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Fig. 1.6-Typical-vertical-flow meter instullation 
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Meter valves--Provision is made in these discussion ,,f flow from pipe in an angular 
valves for total flow registration at al rates position. 
of flow above the iniiimnurn rate of' flow and 
for flow control from Vull capacity to collil'te Coordinate methods are used to measure 
shutoff. The rate (of flow cat, be acc",ratelv the flow 1"1o11 flowing wells (discharging verti
set to that de:-red by rotatillg the mteter-head cally) and from small purmping plants (dis
assembly. \eter ale lportable ('lrging horizout,ilv. These metl'ods havevalves hll 
can tilns be used on aliv %tuln)er of thvdrants limnited accurjcv i iviili to the difliculty ill 
or pipe turnouts of like diameter N th 12 - nriking accurate ncai renieiuts of' the coordi
ches. They may be plactd iin the (,', eud nates of the eiJet.'['iey should he used only
of any vertical risr isharge ~pie. whNere failities fi0 inaking more accurate 

lueat.'ilelrielilW i)i€tht'r flethods are uni)t awaila-

COORDINATE METHODS ble and where an errol' of ulp to 10 percent is 

Ii the coordinate lmtliod, coordinates of permissible. 

the jet issuing fi ro tle end of a pipe are 'o Ineas Ie t ',, 1o fr- ln pipes d ischarg
measured. Tihe flow front pipes ifay be Iiea- it,(, vertically li)ward, it is only necessary 
sured whether the pipe is d ischargitlg veri- to measure the inside diameter of the pipe 
cally upward, horizontally, orn at some angle (D) and the height of the jet above the pipe 
with the horizontal. Since the discharge pipe outlet (1-) (fig 1-7). Table 1-4 gives dis
can be set ill a horizontal positiol for ineaslirt- charge values for pipe diameters tip to 12 in
ment purposes, there is no need]here for a ches and jet heights up to 40 inches. 

l' l1 1 II/t "\ I 

Fig. 1-7-Required measureiaents to obtain 
flow from vertical pipes 
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TABLE 1-4 

Flow from vertical pipest 

Diameter of p)ipe (inches) 
-jet- 5 6 8 10 12hieght 2 3 4 

( 2
 lStd . Std. O.D.3 Std. O.D. Std. 0.1). Std O.D. Std. 
 O.D. Std, O.D. Std. 

U.S. U.S. U.S. U.S. U.S. U.S. U.S.U.S. 
G.p.m. G.p.m. G. p. vi. G. p. rn.G.p.r. G.p.m G.p.m. G.p.m. 

215 265 285 330 3352...... 28 57 75 86 103 115 137 150 200 
182 205 275 290 357 385 450 4802J..... 31 69 95 108 132 50 

3 34 78 112 128 160 183 225 250 340 367 450 490 570 610 
293 405 440 555 610 705 75531 ...... 37 86 124 145 183 210 262 


4 40 92 135 160 205 235 295 330 465 510 660 725 845 910
 
760 845 990 10604J ...... 42 98 1.44 173 225 257 320 365 520 570 

575 630 840 940 1120 12005 ...... 45 104 15.4 184 240 275 345 395 
266 306 385 445 670 730 1000 1125 1370 15006 ...... 50 115 169 205 

820 1150 1275 1600 17307 ..... 54 125 186 233 293 336 420 485 750 
520 810 890 1270 1420 1775 19508 ...... 58 134 202 239 315 360 4150 

254 335 383 480 550 870 955 1360 1550 1930 21409 ...... 62 143 215 
1015 1450 1650 2070 228010 ...... u6 152 227 268 356 405 510 585 925 

450 565 650 1010 1120 1600 1830 2300 255012 ...... 72 167 255 295 390 
182 275 320 420 '185 610 705 1101 1220 1730 2000 2530 280014 ...... 78 

1180 130 1870 2140 2720 300016 ...... 83 195 295 345 455 520 655 755 
700 800 1265 1400 2000 2280 290018 ...... 89 208 315 367 '180 .55 

333 388 51(1 590 7-10 850 1335 1480 2100 242020 ...... 94 220 
25 ...... 107 2,18 377 440 580 665 1130 960 1520 1670 2380 2720 

30 ...... 117 275 420 '88 640 740 925 1050 1691 1870 2650 3000 

35 ...... 127 3(0 455 525 695 806 1000 1150 1821) 2020 2850 
40 ..... 137 320 490 565 745 865 1075 1230 1970 2160 

I Table prepared tr.n discharge curves in Utah Engin, Expt. Sta. Bul. 5, "Measurement of 

Irrigation Water," Jme 1955. 

5 Standard pipc. 

I Outside diameter of well casing. 

To measure the flow from pipes discharging x 

horizontally, it is necessary to measure both a 

horizontal and a vertical distance from some _ 

point on the end of the pipe to a similar point -

in the jet. For convenience, these coordinate are 

measured from the top of the inside of the pipe Y 
to a point on the top of the jet (fig. 1-8). These -... ... 

horizontal and vertical distmices are called N 

X and Y ordinates, respectively. 

Fig. 1.8--Required measurements to obtain 
flow from horizontal pipes 
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For reasonably accurate results, the dis- inches. For pipes flowing less than 0.8 full at 
charge pipe must be level and long enough to the end, the vertical distance Y can be 
permit the water to flow smoothly as it issues measured at the end of the pipe where X=O. 
from the pipe. 'fable 1-5 gives discharge Table I-5 is used to obtain the discharge. 
values for pipe diameters up to 6 inches where Table 1-5 is also applicable either to conditions 
the ordinate X is iclected to be 0, 6, 12, or 18 of full flow or partial flow. 

TABLE I-5 

Flow from horizontal pipesl 

WHEN X=0 

Size of pipe (nominal diameter)
Y 

(inches) 
2-inch 3-inch 4-inch 5-inch 6-inch 

U.S. U.S. U.S. U.S. U.S.
G.pxz. G.pnm. G.lxi. G.pxt. G.p.m. 

0.20 67.7 180 308 
.30 66.5 175 303 530 
.40 65.1 171 298 518 
.50 63.6 166 293 506 
.60 18.3 62.0 161 287 494 
.70 17.6 60.4 156 282 482 
.80 16.7 58.4 150 277 470 
.90 15.4 55.7 145 271 458 

1.00 13.7 53.1 139 265 446 
1.20 9.4 46.9 128 251 422 
1.40 6.0 40.5 115 237 398 
1.60 31.9 102 221 373 
1.80 24.0 90 205 347 
2.00 17.3 77 187 321 
2.20 11.8 64 167 295 
2.40 7.3 52 147 270 
2.60 41 127 246 
2.80 32 108 223 
3.00 24 90 200 
3.30 13 65 167 
3.60 45 137 
3.90 29 111 
4.20 86 
4.50 64 
4.80 45 

See fbotnote at end of table. 1 
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TABLE 1-5 

Flow from horizontal pipes'-Continued 
WHEN X=6 INCHES 

Y 
Size of pipe (nominal diameter) 

(inches) 
2-inch 3-inch 4-inch 5-inch 6-inch 

U.S.G~pnm. U.S.G.p.ni. U.S.G.p. i. U.S.G.pam. U.S.G.p.. 

0.24 177 310 548 
.36 146 274 503 969 1243 
.48 126 247 462 857 1113 
.60 111 229 435 772 1019 
.72 100 215 404 705 947 
.84 92 202 377 646 889 
.96 85 193 355 606 844 
1.08 79 184 337 574 808 
1.20 75 175 319 543 772 
1.80 60 139 265 449 660 
2.40 51 119 229 390 583 
3.00 45 105 206 350 525 
3.60 40 94 188 31+ 476 
4.20 37 16 169 278 431 
4.80 35 79 151 238 386 
5.40 32 71 133 193 332 
6.00 30 63 116 150 247 
6.60 27 50 99 112 
7.20 25 38 83 
7.80 23 29 69 
8.40 20 

WHEN X= 12 INCHES 

.96 157 319 570 1014 
1.08 148 305 518 975 1315 
1.20 139 292 530 925 1257 
1.80 114 247 444 763 1055 
2.40 99 215 395 655 929 
3.00 87 193 359 583 844 
3.60 79 176 332 530 772 
4.20 73 161 305 489 718 
4.80 68 149 287 458 673 
5.40 63 140 269 426 633 
6.00 60 132 256 404 597 
6.60 57 126 242 386 574 
7.20 54 120 233 368 548 
7.80 52 114 224 355 525 

See footnote at end of table.I 
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TABLE 1-5 

Flow from horizontal pipe- Continued
 

WHEN X=18 INCHES
 

Y Size of pipe (nominal diameter) 
(inches) 

2-inches 3-inches 4-Inches 5-Inches 6-Inches 

U.S. U.S. U.S. U.S. U.S. 
G.p.nm. G.p.m. G.p.m. G.p.m. G.p.m. 

1.80 166 3,46 624 1014 1400 
2.40 1'14 305 557 907 1261 
3.00 129 274 503 826 1153 
3.60 117 251 -162 754 1068 
4.20 109 233 431 700 992 
4.80 101 220 404 655 934 
5.40 95 206 382 615 884 
6.00 89 197 364 579 839 
6.60 84 187 346 548 799 
7.20 81 180 332 521 763 
7.80 77 172 319 498 732 
8.40 75 166 305 476 705 

I Table for standard steel pipe prepared from data resulting from actual experiments 
conducted at Purdue Univ. and reported in Purdue Engin. Expt. Sta. Rol!. 52, 
"Measurement of Pipe Flow by the Coordinate Method, "August 1928. 
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CONCRETE PIPE FOR IRRIGATION
 

flundrcds of thousands of acres of dry, desolate land Permitsclose control of wrater distribution.With con
are productive today because of irrigation. This land, crete irrigation pipe, water can be delivered to any field
 
though naturally rich in plant food elements, could not or any part of a field and the flow can be controlled to
 
be profital)ly farmed without supplemental water, the exact amiount desired. No part need get too little
 

For centuries irrigation water was conveyed in open or too much water.
 
ditches, usually unlined. In the late 1800's several far- Requires little maintenance. A properly installed con
sighted farmers installed concrete pipe irrigation sys- crete irrigation pipe system greatly reduces maintenance
 
temns. Performance, of these systems has been extraordi- costs and weed control problems encountered in open
 
nary and concrete has become by far the most widely ditches. Concrete is a strong, durable material-ideal
 
used material for underground pipe systems. Thousands for water conveyance.
 
upon thousands of miles of concrete pipelines serve
 
farme,rs and ranchers in virtually all irrigated regions WATER SUPPLY AND DISTRIBUTION
 
inNorth America. 
 Water for irrigation may come from surface supl)lies
 
ADVANTAGES OF CONCRETE IRRIGATION PIPE originating on the farm or delivered to the farm or from
groundwater sources. Surface water sul)plies available 

An irrigation systemi must be dependable, moderate in at one location on the farm can be either directly di
cost, and long-livid with little maintenance. Concrete verted or lumped into a concrete pipe system to dis

fulfills allI hlese requirements. The advantages 

concrete wire known to the ancient Romans. They built Groundwater supplies developed from wells oilthe
 
their aqueducts of concrete and some sections are still farm may be pumped into a concrete pipe system. With
 
calable of carrying water. An enviable performance a concrete pipe system, wells do not need to be located
 
record, at the high point of the farm but may be at the location
 

Many (con(ret, pipe systems have been in service for that provides the best water supply.
 
over half a century. The time-tested performance of Methods of applying the water to cropland vary with
 
concrete i)il)is denionstrated in the many irrigated the type of crops grown, the slope of the land, the soil
 
areas of the United States. Concrete irrigation pipe type, and the available water supply. A study of these 
manufactured to ASTM specifications results in a high- factors will provide selection of the most economical 
quality concrete. The concrete, placed underground irrigation methods and will enable the irrigator to g,.t 
with constant moisture and ideal temperature condi- maximum benefit from the water supply available. 
lions, is subjected to a most favorable environment. 
Provides efficiency, economy, convenience. Time and 
labor costs are greatly reduced with concrete l)ipe sys- 

tens. Owners report that one man often can do the ' '.....
work required for a concrete pipe irrigation system, 
whereas three or four men would be needed to handle 
an open-ditch system for the same acreage. Hard shovel 
work is virtually eliminated. ..! 

Open ditches often take 3 to 4 percent of the land 
area out, of cultivation. Concrete pipelines permit pro
ductive use of almost all the land. In addition, each 
field is completely accessible to machinery; fieids are 
not isolated by open ditches. 
Makes possible irrigationof hilly land. Water delivery 
to hard-to-reach areas is easier with a concrete pipeline.
 
Pipe can be laid over hills and across valleys, permitting
 
delivery of irrigation water to lands not accessible by
 
open ditches. ,,
 

Prevents costly water losses. Irrigating with concrete .
 

pipe cuts water losses to a minimum. Loss of water r ,
 
from unlined canals and ditches by seepage and evapo- - "
 
ration can amount to as much as 60 percent; average ., .,.
 
loss is around 35 percent, according to the U.S. Depart- _ 4, 

ment of Agriculture. In areas of limited water supplies,
 
reductions of these losses permit irrigation of additional Concrete pipe can deliver water on slopes that could not be
 
acres. irrigated by an open ditch system.
 

l)il)V of tribute water to all the cropland to be irrigated.
 

©Portland Cement Association 1969 
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Furrow irrigation. Underground concrete pipe supplies water 
to grated surface pipe. 

S,--Concrete pipe lateral 
i hy nBorder ..L ............................. .. . . . . ... =
i ................ ............. 

". Distributing hydrant Strip 

Gate stand, vent, and hydrants of concrete irrigation system.
 
Virtually all the land is productive when irrigated by an under- Varies 200'to 1,320'
 
ground concrete pipe system. .ord.r. h
 

[ Border 

... V- SECTION A-A ~-q.

-:. =,,S:. 4 - ) " "' .. .d' " "" Fig. 1.Typical border and strip layout showing dimensions. 

. .. :" .., -'."' - '" -'! . -" .{ the water. Basins are rectangular areas formed by levees 
,L.?',,,z"L. ::G"* ...=:.'______ ___ on four sides and"_ t . ' are generally used for orchard irriga

tion. When an orchard is laid out, the land is leveled 

Date palm orchard with basins prepared fr irrigation, and the basins formed before the trees are set. 
Border irrigation is most commonly used to irrigate 

alfalfa, small grain, or similar crops. In border irriga-
Three broad classifications of irrigation are (1) flood- tion, a sheet of water flows downslope between parallel 

ing method, (2) furrow method, and (3) sprinkler levees or borders spaced 20 ft. or more apart. (The
method. borders may be closer than 20 ft. for irrigation of pasture 

land.) They are usually parallel to the side of the field 
Flooding method to avoid irregular lengths and corner areas. The land 
Irrigation by looding involves flowing or ponding a between borders is called a strip. Watelr is delivered to 
sheet of water over the land. Water is delivered to each each strip through a concrete ie riser and alfalfa 
border or basin area through a concrete pipe lateral and valve.
 
riser equipped with an, alfalfa valve. Flooding is con- Border irrigation can be used to advantage when
 
troiled by either borders or basins to contain or pond crops requiring flooding, such as alfalfa and small grains,
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are grown in rotation with row crops. Furrows should 
run in the same direction as the slope to hell) preserve 
grading done for the border layout. 

Borders are made only high enough to prevent over-
flowing (Fig. 1). A settled height of 6 to 10 in. is usually
sufficient. Borders for alfalfa irrigation are made 5 to 
8 ft. wide at the base. Wide borders with sloping sides 
l)ermit farm machinery to cross over them readily. For
irrigated pastures the borders are narrower-usually 
about 2 ft. wide. Crops can be grown on the borders 
since water flowingdown the slopesoaks into the borders. 

Furrow method 

Furrow irrigation is widely used for row crops. It is also 
used where flooding would cause the soil to bake and 
crust or would require heads of water larger than avail-
able. Water is absorbed by the land as it flows down 
small ditches or furrows ranging in length from 100 to 
1,500 ft. On tight soils the length of run may be , 
mile or slightly more. Furrows in sandy or loose soils 
may be as short as 150 ft. 

' Three rules should be observed for good furrow irriga-
tion: (1) Space furrows close enough so that wet areas 
meet. (2) Provide sufficient water for the desired pene-
tration. (3, Limit furrows to a length that will minimize 
inequalities in water penetration between the upper
and lower ends of the field, 

Sprinkler method 
Sprinkler irrigation has become quite popular because 
it is suitable for a wide range of topographic conditions 
and does not require land leveling. However, a detailed 
economic analysis of the equipment and labor costs, 
efficient water usage, and land leveling costs should be 
made. When an underground concrete pipeline operat-
ing by gravity flow is used to sul)ply water, a booster 
pump is incorporated into the system to provide the 
pressure needed for operation of the sprinkler system.
A sprinkler system is also used when soils are too porous
for good distribution by surface methods or when the 
witer supply is too small to distribute water efficiently 

by surface methods. 


IRRIGATION WATER REQUIREMENTS 

Both the designing engineer and the farmer should know 
how much water wi!l be required for the production of 
crops to be grown under irrigation and how much and
how often water must be applied. The engineer needs 
this information to determine the flow of water re
quired at various points in the system. The farmer needs
it as a guide to apply the correct, amount of water at 
the proper time. A system designed with inadequate
capacity to meet peak crop water demands will result 
in a reduction of crop yields. 

Total water requirements 
Irrigation requirements vary with the region of the 
country, the type of crops grown, the local climatic
conditions, and the efficiency of application. 

In the arid regions, irrigation crop requirements will 
be several times the rvquireimenis for crops grown in 
semiarid and more humid regions. losses from eval)ora
tion and plant transpiration are much greater during
hot, dry weather and in areas of low humidity. Under 
such conditions, some cro)s may use 2 in. or more of 
water per week. Annual water requirements for small 
grain crops will he less than for crops like cotton and 
sugar beets that require a longer period to mature. 

Although irrigation water re(juiretments may vary
from less than a foot to more than 5 ft. per year, 
depending on the region and the crops grown, 2 to 
3 '2 ft. will be enough for most crops. 
Frequency and amounts of application 

The frequency and amounts of irrigation water applied 
depend on type of crop, stage of growth, soil tyl)e, and 
climatic conditions. Some crops, such as )asture, re
quire frequent applications during the entire growing 
season. On the other hand, water should not be applied 
to crops such as cereals and legumes during ripening
when grown for seed stock. Root characterist ics of crops
also are an important factor in determining how often 
crops need irrigation. Shallow-rooted crops such as 
vegetables need frequent light applications to maintain 
moisture in the upper 1 or 2 ft. of soil. Deep-rooted 
crops such as alfalfa, sugar beets, and cotton require 
less frequent applications but need more water at each 
irrigation. 

The water-holding capacity of the soil is an importantfactor in determining amount and frequency of applica
tion. Coarse-textured soils have low moisture-storage 
capacity. Clay soilshave high moisture-storage capacity.
Therefore, smaller and more frequent applications of 
water must be made to crops grown on coarse soils 
than on finer-textured soils. If more water is applied
than the soil will hold, waste will occur through runoff 
and deep percolation. 

Table 1 gives the average amount of water needed 
at each application for various soil and crop conditions. 
Quantities shown are for average conditions and are 
based on applications made shortly before crops start 
to suffer from lack of water. In determining the quan
tities shown, allowance was made for loss due to evapo
ration and deep percolation, but not for runoff. 

..... ..
 
TABLE 1. Recommended Amount of Water to be Applied*
 

Root Zone 
Sandy soil, 

in. 
Loamy soil, 

in. 
Clayey soil, 

in. 
I 

Shallow (less than 2 it.) I to 2 2 to 3 3 to 4 

Medium (2 to 3 ft.) 2 to 3 4to 6 6 to 8 

Deep (4t06 ft.) 4t06 8to10 10t011 

*USDA Bulletin No. 1922, Practical Irrigation 
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Border irrigation. Parallel, graded borders confine water to increase 

Much h(elpful information on water requirements of
 
different crops ht froin 'olheg t
caitn obtaintd bulletins
 
and textbooks. Sev selt(,d refrein'es at bark of this
 
book.) CountV agrictl tural agents, latt colleg e xten
sion specialists and Soil (onsi-rvation S.rvice offices
 

(an also furnish hli tiul in'orijiaion on farm irrigation
 

water requireinents.
 

INSTALLATION AND OPERATION OF 

CONCRETE PIPELINES 


A concrete pipe irrigation systen ri )rtstnts a substan-
tial investment. l'tor best results, the systei should be 

designed by someone experienced in irrigation design. 
SonIw pipe producers design anL construtt irrigationl 
systenms. They furnish all labor, materials, and acc-s-
sorits to colaplete the systemn according to contract and 
si)ecifications. Other manufacturers work solly through 

contractors. 
High-quality pil)o should be Us(d in conslruction of 

irrigation syst ems. The American Society for Testing 
and Materials, 1916 Rate St., Il hiladel phia, Pa., has 

developed standard specifications for concrete pipe for 
irrigation: Specifications for Concrete Pipte for Irriga-

tion or Drainage, ASTM C1 18, and Sliecitications for 
Nonreinforced Con'retv, Irrigation Pt ipe, with Rubber 

Joints, ASTM C505. All concrete pilie used in buildi ng 
irrigation systemsshould meet the requirementsoft hese 

specifications. The American Society of Agrictiltural 
Engineers has developed a standard entitled Design 

Discharge pipe 

Flexible 


Pur coupling Pump ;nd 

Alfailfo valve Ground line 

irrigation efficiency. 

- . 

' 

Wk.'.1:. 
: " :""."" 

.... 
. 

Off-season irrigation by furrow method can prove Invaluable 
during the growing season. 

and Installation of Nonrvinfforced (Concrete Irrigation 
Pipe Systems, ASAE S2(;1.3. Copies of this standard 

are available fron ASAIE, St. ,Joseplh, Mich. .19085. The 
Anlorican Concrete Pipe Associ at ion, 1501 Wilson 
Boulevard, Arlington, Va. 22209, has excellent informa
tion available on design, construction, and installation 

of concrete irri gation systems. Many concrete pipe 
manufacturers have available collies of these specifica-

Lions and standards as well as spiecific infornmation on 
Lheir products. 

[Vent 

- control lateral) I otc e ors rII I [ C~to --Gae stand II Portable hydrant 

eattaches to riser) 

Cooling jacket Riser _Concrete irrigation pipe Gated pipe End of ling 

Fig. 2. Elements of an underground concrete pipe irrigation system. 
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Pipe is distributed even before trench is made when a trencher .
 
is used. .. 

Installation 
l'rrlcir icoistril:i(iieii
el r lil , eiitr, il ejliii'H H li .. 
k.t- l' lriieil,-ri.,..-,rv ,, ilb sl ld I)(, 'oroll V'ulrl 
 A straight, well-graded trench ready for pipe installation. Line 

1n a'Li-11r;e l ,r ,%iiii 111iiii-1i lr d,. 'I'li' and grade of trench should be carefully planned. 
ho l ,,II (di Ih , I. lot It -ll l It,,Sitiero,li , .-li IllyI I lloist, 
and frim, %,.iih F:rr. .-tr, - . c h irr,,1iil;irt i,.s,,r r 
rile .ei.d. I i 1:i, r ,tIficI S,I 'Cr i avy h!r' phlta-i ,'iisiirIrrlr ir i iistalla the pipe.i in and lidding of 
in Ii W'llt' ,1 1(,il1i1 Atn iiddiii Ire- 't dej ihd,; ,iIldso l liocal soI! and cliiatic con

i 111 t lr i n'Orill l 
1'r Ot, i,il, ditions. Ie ginrial, a cov,.r t' 2 Ii. ()r inore over the top 

.ilt-n its , ;la i l laidrin ril ,
iil, 
 pruno, k . lilt, uf'ill,I c 1 iha rs cd sallstaritirry; in ill ir'ea as cover 
Irbm'h shiil ,. l xI:wV;it,-el to gr'alu-
irnu r,-till-el 
 Isshallow ;islS ill.iiling i.ied succssully. 1,'ortE-tox
%\itllfili l ,,r.-;trLt l' fillh ile I N- ir ic, oill- ilIy If is advi, a e tiover 

i 
ii(- t) ke,1 Ipilo to a inininiuni . 

lliliillfl 
W i .nit il,. il,5 1, i, 1 .l''ph . ills ! unti l i 

ttII r,,hl ,t;ilir:i, ill rnc l noi(Lell. S;it11 i, ii viveriiav lit-d ilerinin (lby atialysis 
lt s itl, ilt the- H ; t ific Soil condi i Ilu , ifil) Sizl, an i set'tiOn 

tilt. trii cl c'ectiil I, et -r,ex( il',il itdid l:irlkfilhi lto leiigtli. '-il 2 giv,,s s ie,valio s for lads transniifted 
grid,. , ilh l ;,el, ceii -e ls th a gr.-,nvi,. toI i Flil.liin %\itli vairius (l-lilis oi cov'ruslii-d the 
 r. Thie iin
i'oi-k. ri Ilc l i 1,1r)%'til , ,I - .lld'. l,,ddl 1g)r Ill,, part bl'lor F, shulild Iw consil(' rt.-dfor SHjC'ific con
pFilw,', ,.a ii,.r (Ir,.i ti iild':x,, ss c ii h slir 1 . r lilr:)vcd io dif ons. 

TABLE 2. Loads Transmitted to Pipe from 8,.000-Lb. Wheel Load, Pounds per Foot of Length 

Cover over 
3-ft. pipe length 4-ft. pipe length ti-ft. pipe length 

top ofpipe, ft. Pipe diameter Pipe diareter Pipe diameter 
12 in. 15 in. l in. 12 in. 15 in. 18 inl. 12 in. 15 in. 18 in. 

I 1.121 1.2'2 1,535 894 1,029 1,300 625 720 865 
2.0 71; 916 1,140 6n6 '791 961 476 556 700 
J0 17 504 645 3814 44/ 559 304 357 458 
,1.0 260 315 404 238 293 37F 140 248 319 

ASIM C-11 allowalle I,F0 1.650 1,8,50l500 1,6.0 1,1800 1.500 1,650 1,800 

Ref: CaIculatiors rrxirlu! usitle formula arld tables in Highway Research Board Proceedings, Vol. 26, 1946, page 179. 

Formula: 	Wp 1FICtPo 

Wfp pressur- on conduit due to SUrface loads ierpourds per linear foot 
L lerigth of condict section 
Ct coefficierit froryc tables by N.M. Newmark (1935) X 4 
Ft impact factor assumnedt as 1.0 ir above tabl roay vary from 1.5 to 2.0 for movirg, heavy loads 

'Po weight of concentrated surface load, 8,000 lb. used as raXlrtlum wheel loat il above table 
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The rubber gasket is placed on the spigot just prior to installa
tion of the pipe. Rubber gasket joint pipe saves labor and 
equipment. 

Rubber gasket pipe joints 
or rubberConcrete pipe joints are sealed with mortar 

gaskets. Fhexible joints should be sp)eCified in areas wvith 

utistable Soil or where extreme water tepleratures oc-

cur. Ruber gaskets have perforited extremely well 

with titinimmIuM leakage. 
rubberCst of Manubftetur,- is slightly higher for 

gasket joint pipe due primarily to the closer tolerances 
The added cost of rubberthat must he maintained. 

gasket joints is partially offset by reduced labor costs 
bcauSe the joints do not need groutilig and require less 

eCquipnient to install. 
For details on specificattimm and installation recom-

mendations for rubber gasketed pipe, refer to ASTM 
(505, Nonreinforced (onicrete I rrigat ion Pipe with Rub-
br ,Joints, American Sociiety of Agricultural Engineers 
or American ('oicrct, Iplj , Association statdards, or 

' consult local cotcri.te IietmnanUf'aturters. Rfubber gas-
kets are ava ihIalfe in various shap es, 

When rubber gasket joint pipe is installed, the gasket 
is ilaced on the spigot end of' Ilit ipe just before the 

4( 

Installation of mortar joint irrigation pipeline. Truck-mounted 
mixer and mortar box are convenient to the laying crew. 

pipe is placed in the trench. Gasket exl)osure to sunlight 

should be kept to a minimum. The gasket, and the bell 

end of the pipe are then oakt, with a special gasket 

soap usually made from flaxsed) to lubricate the joint 

for easy assembly and to helip seal it. TIme pipe and 

gasket tnantif'acturers recommendations for installation 
shout be followed. 

Alortar joints 

Anyone observing an (xlperienced cmnstruCtion crew in 
action is impressed with their speed and accuracy in 

laying concrete pipe with mortar joit ts. A general tech
li(lte of installation has been developed that is followed 
with slight modification by most exi~erienced pipe con
tractors. 

The sect ions of contrele pipie are first strung along 
the trench and then tilted into the trench, groove end 
ul. The tongue or spigot end of the fi. st section of pipe 
is cleat ed and wette(l with a brush. Sufficient mortar 
to fornm the lower section of' the outside band or collar 
is placed in depressioti at lower side of' pipe join[. 
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Approx 4-in 

-Mortar band
 
Cutside surface
 
of pipe--,,
 

o o 
, 0 .... , " 

633 

Inside surface of pipe J 

Fig. 3. Details of a mortar joint. The outside mortar band is
 
approximately 4 in. wide. The inside is brushed smooth.
 

* . t. 

.,A . .4 

Before backfilling, the bands are wrapped with curing paper
 
or sprayed with curing compound to assure proper curing of"
the mortar. 

The groove or bell end of the next section of pile iS .
 
wetted and filh'd vith mortar. This section is then ' . - . .
 
tipped over carefully so as not to dislodge the inorlar
 
and is'howcd into place to make a snug, tight Joint "
 
(Fig. :3). Excess mortar '. ill be squeezed out of the joint ' ,
 
on both the inSide and outside of the pipe. Because • - .. ,
 

"extruded mortar would reduce flow and increase fric- " Q 0 
tion1, the in1sidU of tile pipe is bruslied slooth of any "' . • 
surplus mortar with a long-hiandled brush. This is done ' " " . . 
as soon as the lite is placed true to liine and grade 
since any nloVeIent of the pipe thereafter inight result Backfilling is an efficient operation when done with a small 
in leaky joints. Another worknian places the external dozer.
 
band of' mortar around the pipe 2 to 5 joints behind
 
the cruw laying the, pipe. 
 Where necessary, the trenches may be con)letely

As soon as the joint is completed, it is covered vith backfilled within one hour after initial bachkfill or while 
curing conmlound or a layer of tine, moist, earth to niortar band and joint. is still plastic. If backfilling is 
pernmi t curing of' tl ilmortar. If a fine soil covering is not done while Joint mortar is plastic, it should be post.used, care should be exercised to not. disturb the fresh poned for at. least 2.1 hours after the pipe are laid. 
mortar. All opelnings in tile Ipileline are covered to Water should not be turned into ihe pipelines until 
prevent air circulating within the line and drying the backfilling is comlpleted. Nor should water be pernit tedinterior of the joints too rapidly. rnh, openings are to flood open trenches as it inight raise or float, the
similarly sealed at the end of each day's vork. empty pipeline and cause failure of the joints. 
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Control structures 

The vertical struCtures along the line (pumep stands, 

division boxes, risers, air release vents, etc.) generally 

are built of' concrete pipe. The pipeline inlet structure 

develops the full-flow capacity, protects the pipeline 
trashfrom excessive pressure and surge, and filters ou 

(Figs. 4 and 5). The stands (can also function as air 
release vents and division boxes. 

Vibration from the pUil) must not be transmitted 
into the pipeline. Pumlped water should enter the inlet 

stand through a flexible coupling. The larger capacity 

of the stand permits dissipation of tile high velocity 

stream and release of entrapped air before the water 

enters the pipeline. 
When water enters the piplline ftrom an oun ditch, 

the inlet should be equipped with a trash guard (Fig. 11). 

The tops of the stands, for unilped or ditch water, 

should be covered, both i. a safety measure and to 

keel) trash from blowing into the pipeline when it is 

not in use. A sand trap may also be incorporated into 

the inlet structure if a large quantity of sand is carried 

in the water. 

Vents 

Vents are required at all high points in the line, at any 

abrupt change in grade or direction of the line, directly 

downstream from any structure that may entrap air, 

and at the end of the pil)eline. Vents are generally 

installed at points about 500 ft. apart on straight runs. 
A typical vent is shown in Fig. 12. 

Minimum height of the vents should be 4 ft. above 

the ground surface. At the other extreme, the vent 

WWaterConcrete surface 

pipe --- Mortar fillet 

Flexible
 
coupling 

Flow 
Flap gat 

Field Pump
surfacedischarge pipe 

Mortar 
fillet 

Concrete 
Concrete pipe base 

Fig. 4. Detailed section of a pump stand. 

should be as high as necessary to prevent overflow 

when the pipeline is operating at normal capacity. An 

air release valve may be substituted for vents in line

not subject to high-pressure surges. 

Stands 

Several different types of stands are used for flow 
control. Gate stands, shown in Fig. 8, are used to 
control the flow of water into laterals or as shutoff 
gates to increase pressure upstream. These stands may 

also function as vents and surge chambers. In some 

installations, in-line gates may be used for the same 

purpose as the gate stands. 

Overflow stands, shown in Fig. 9, should be installed 

in p ipelines down steel) grades to prevent excessive 

pressures in the lower reaches of the lines. 

The coiimionly accepted limit of operating head for 

irrigation pipelines is 50 ft. for 8-, 10-, and 12-in.

dianeter rubber gasket joint pipelines; 40 ft. for 15

and 18-in -diameter rubber gasket, joint pipelines; and 

25 ft. for mortar joint pipelines. 

Gates and vah'es 

The slide gate in the stand sho\vn in Fig. 9 permits 

straight-through flow when upstream pressure is not 

required. 
A somewhat automatic pressure control by float 

valve, as shown in Fig. 6, can well be used in some 

situations. If pressure is increased downstream, the 
float closes the valve to prevent the passage of un

needed water and thus eliminate the danger of exces

sive pressure downstream in the pipeline. Float stands 

ater surfacein freeboard 

Steel stand 

Mortar fillet 

Concrete pipe Flow 

Field surface Flexible 

-coupling 

lConcrete-

FFow 

Conret base 
Fig. 5. Detailed section of a high-head tapered pump stand 

similar to that shown in Fig. 4. 
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Field 
-Water surface AlfalfaA valve -surfaceFreboard 


l'nin. 

7-

Float 

18" min.
 
CField surface 

Mortar fillet Cpipecee Mortar 

Concrete pipe V Concrete pipe fillet 

Float valve
 

Flow Flow
 

Fig. 6. Section of float valve stand. Pressure and flow are Fig. 7. Section of a typical alfalfa valve installation.
 
regulated by the float valve.
 

are usually spaced at intervals of 10 ft. of drop in the Alfalfa valves are fitted with hydrants to deliver
 
pipeline. 'This typ~e of stand is esp~ecially useful inl water into gated pipe. Ani alfalfa valve and riser may

controlling pressure in lines dowvn steel) slop~es. also be '.dapted to provide delivery into the bottom of
 

Outlet structures are necessary to provide controlled a concrote-lined ditch. Siphon tubes may thenl be used
 
delivery of wvater to t he desired locations. The miost to distribute the wvater into turro\\ . or Ibordors.
 
common outlets are risers of concrete pipe in the same Where lesser flowv is accept abl, andl turlbu-lence and
 
diameter as the main line that are fitted with gates or scouring are important factors, orchard valves may be
 
valves to regulate flow from the pPpeline (Fig 7). substituted for the ialfalfa valves. Orchard valves are
 

Wala, syMax.water 
Freeboard 

bsu rface 7 I' mi. 
Operating-Freeiyr water surface . 

Concrete 
opipe 

Concrete pipe nee Field 
aks urfre 

A0 

Slide stand 
gate (frame
noasOpratng Mortar 

not .~ow).~fillet 

:.:~:~ ~.:s:. ~ . low Flow _ 

Flow 

Concrete\-Concrete base 
Fig. 9. Section showing details of a concrete pipe overflow gate
 

Fig. 8. Detail of a concrete gate stand for diversion to laterals. stand.
 

/ 
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Pumping recovered water directly fro-t collection pit into re-
turn line. Note the flexible coupling on the pump discharge. 
This isessenti.l to keep pump vibrations from pumpstand and 
pipeline. 

usually instalh'd just below ,-round surface as shown in 
Fig. 10. A hydrant also may be attached to this in
stallation to direct flow into furrows or borders. 

Fertilizer application through pipelines 

If commercial fertilizers are used in concrete irrigation 

lines, instructions for l)rotection of the concrete should 
be secnred from the fertilizer manufacturer and followed. 
Anhydrous ammonia has a softening effect on hard 
water and causes a precipitation of calciuni -';.bonate; 
therefore, a phosphate material should b- added to 
countera.- this action. After fertilizer has Leen applied, 
the irrigation lines should be flushed with water. 

If ammoniium sulfate is used, concentrations should 
never exceed 0.1 percent and the lines should be flushed 
immnediately after using. 

The apl)lication of commercial fertilizers through the 
medium of the irrigation water has become quite corn-
mon. However, the above steps should be taken for the 
protection of concrete irrigation lines. 

Water re-use systems 
A system for recovring runoff water or tailwater for 
re-use can be vry practical and economical. Typically, 
re-use system ccsts are about 25 to 30 percent of the 
cost of puumping water out of wells, 

Concrete pipelines are used for returning the re-
covered water to thu head of the system for redistri-
bution over the field A small storage reservoir to 
collect waste water runoff' can be built and the water 
punped back through a pipeline into the irrigation 
system as the runoff occurs. Often, irrigated land is too 
valuable to use for irrigation water storage and a sump-
type recovery system collects and re-uses the water 
innediately as runoff occurs, 

View of small storage reservoir, sump, screen, and pump into 
return line. 

. Metal slide gates 

0 

O 

40 
Riser 

Fig. 10. Section of an open-pot hydrant with orchard valve and 
slide gate control. 

A pit-type system is shown in Fig. 13. The runoff 
flows into a catch basin, is pumped into the stand, and 
returned to the head of the irrigation system via the 
concrete pipeline for re-use. For best performance, the 
return system should be equipped with some method of 
screening or filtering the water to keel) the pipelines 
free of silt and debris. Capacity of the return system 
can be only one-third of the capacity of the main 
irrigation system. The cost of a water recovery system 
will be offset in a very few years by the value of the 
water saved. 
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Close-up of a portable hydrant connection to an alfalfa valve,
with gated pipe connected for surface distribution. 

Riser is grouted onto the lateral pipeline. -	 x" A 
Ap r d r0 p 

'r tir i 

YAJ 'Y, 

Afoulin methldent surfae stri abutn adpie withnAn alfalfa valve frame is carefully set on top of the riser and faurroascktoureduesinMane ncadoprtngrouted in place. The valve screws into the frame to complete Manencadoeatn 
the installation. 

- . 

Orchard irrigation from 

-N 

Proper operation and maintenance are important. The 
following excellent suggestions have been made by one 

~ .- ~ianufacturer: 
S "Operate your pi)eline carefully. Do not open the 

,v . gate and let the line fill with a 'bang.' If possible, the 
evening b~efore you contemp~late using the line, 'crack' 

.... the valve and let the line fill slowly. This gives the 
"line more time to adjust itself to temperature change. 

- . On a hot day, to turn a full head of cool water into a 
.. 	 pipeline is poor practice and will lead to trouble later on. 

Fill your lines slowly. 
:, ' ,... "Don't l)ump directly into your pipeline-the vibra

. tion may cause joint failure; pump into a surge chamber 
, " ""or standpipe. If the water carriis amounts of sand, make 

- Y., ;7 provisions for settling it-and removing the sand. 
"Your pipeline must have air vents and surge cham

. bers properly installed to protect it from excess pres
sures. Operate your line under the lowest., pressure 

-- N- .. . - -,. possible. Air vents are an absolute necessity on the 
- -. -.- high points in a line to avoid the building up of excess 

an open-pot hydrant as in Fig. 10. pressures due to entrapped air. 
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Top of concrete Freeboard I' min. 
lined ditch for open vent 

Removable wood cove _ _ 

Max. waterE. i -- surface 

-".;. Trash screen . s 

Air relief valveFieldsurface _\X1%
Water surface6' 

Ditch bottom Steel pipe 

".. Field surface -

A 

Concrete . Mortar 
pipe 7 . -Precast concrete 

Concrete pipe reducer 

Flow iMortar I '~ 

fillet 
E 

.... J__.__--- _.' 

I..*, . . t .......A - . ..' .... 

Fig. 11. Section of an inle t structure where water source is a
 
surface ditch or canal. Fig. 12. Section of a typical vent for underground pipelines.
 

"Open and close all valves and gates gridually to control structures so that the operating pressures are 
avoid excessive l)r(Vssur' and blowouts. much lower than the internal bursting pressures of the 
"Keep valves and gates securely closed when not Test requirentns for internal hydrostatic presI)il)e. 

in use. Do not allow then to stand ol)en. Excessive sures are higher for small )il)ethan for )il)e of larger 
rasting and pitting of seals is the result of their remain- diameters. The engineer takes this into consideration 
ing open. Whether or not you are irrigating, your in designing pipelines. Thus when using rubber gasket 
valves and gates should be operated-all of them-at joint pipe having an 8-in. internal diameter, he may 
least once a month." design a line with a working head as high as 50 ft. On 

lines using mortar joint pipe of 18-in. internal diameter, 
he would not permit working heads of more than 25 ft. 
and would attempt to limit the working head to 20 ft. 

DESIGNING CONCRETE PIPE Usually, the designer slpecifies working heads in the 
IRRIGATION SYSTEMS pipelines that are not more than one-quarter to one-

A concrete pipe irrigation system must be properly fifth the internal bursting pressures of the pipe, as 
designed to handle efliciently the required flow through- required in the ASTM specifications. When it is neces
out the system. If pipelines are too small in diameter, sary to design pipelines with higher heads, concrete 
puml)ing costs are increased and the capacity of the pressure pipe is specified. It is seldom necessary to 
system may be seriously limited. On the other hand, design systems with heads of more than 12 ft. except 
pil)elines larger than necessary add to the cost of the when the source of water cannot be located at the 
system and may cause uneven flow. Control stands high point on the farm. Systems are commonly built to 
must be high enough to all.w sufficient operating head operate at heads of 5 to 10 ft. 
for the pipeline. Stands higher than necessary compli- Before the designer can determine pipeline sizes, he 
cate valve ol)eration and may permit high heads of must know the flow required at diversion points and 
water to build up, leading to excessive line pressures outlets. This is discussed above under "Irrigation Water 
(Fig. 14). Requirements." He must know also the head available 

Design, not guesswork, must govern the selection of at each section of pipeline. This depends largely on the 
pipeline sizes and gradients. It is important to calculate lay of the land as determined by a topographic survey. 
pipeline sizes and stand heights to give balanced distri- Another factor that must be taken into account is 
bution and hell) assure trouble-free, economical op- friction between the flowing water and the walls of 
eration. Much valuable assistance can often be obtained the pipeline. This friction resists flow and causes a loss 
from the companies manufacturing concrete pipe. of head. Table 3 shows the feet of head lost due to 

In designing concrete pipelines for irrigation systems, friction per thousand feet of rubber gasket joint pipe
the designer provides a reasonable factor of safety to line for a number of pipe diameters and rates of flow. 
protect the system against unexpected conditions. He Table 4 shows the losses due to friction in mortar joint 
lays out the system, selects l)ipe sizes, and designs pipelines. 
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6" vent 

Air vent flange access valve 
G lin for vents over 20 high 

3Grun
36"scceen -

lineee 
_,-Air vent cone 36"capstand . 

Sump inIe Farmed discharged connection 10"flap valve' 
36"catch basin 8"gate valve for drain slip-on type 

Connection line 36" pump well, depth varies as to sump depth 

Fig. 13. Elements of a tailwater recovery and water re-use system. 

Note: Open stands limit pressure in pipelines. 

* Operating water surface 

Fig. 14. Profile of a typical open-stand pipe system showing operation of baffle stands. 

1,280' __ 1,790' 545' 1,120' 

Flexible I I__ .....-,..... 
,co u plin g . " ' - - - i L Ele v.1 0 9. o0 

/IJGround surface,, L. .. . 

Stand E 

Fig. 15. Profile diagram of a concrete irrigation pipeline in hilly land. Pipe sizes, stand and vent heights, etc., are determined in 
Examples 1through 5. 

The following examples, based on data from Fig. 15 
and Table 3, illustrate how irrigation p~ipeline systems 
are designed. Note that the friction loss values in these 
examples are taken from the table for rubber gasket 
joint pipe. For mortar joint pipe design. use Table 4. 

The hydraulic gradient in Fig. 15 shows the height
to which water will rise in open standpipes er vents 
any place along the line for a given flow. The hydraulic 
gradient is usually considered to be a iline con-straight 

nletLing the free water s urfaces at each end of a uniform 
section of pipeline lsetwveen diversion points. Changes 
in slope, sharp bends, and other factors wvill cause a 
shift in the hydraulic gradient and should be considered. 
The designer should plan the system so that the pipeline 

flows full and the hydraulic gradient remains above the
pipeline to prevent surges and trouble due to entrapped 
air. Definitions of t, rms used in the following examples 
are given on page 21. 
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TABLE 3. Friction Loss in Rubber Gasket Joint Concrete Pipe in Feet per 1,000 Ft. 

Flow Pipe diameter, in. (d) 

Cubic feet Gallons 
per per 6 8 10 12 15 18 21 24 30 36 

second minute 

0.1 45 0.2 
0.2 90 0.8 0.2 
0.3 135 1.8 0.4 0.1 
0.4 180 3.2 0.7 0.2 
0.5 225 5.0 1.1 0.3 0.1" 
0.6 270 7.2 1.6 0.5 0.2 
0.7 315 9.9 2.2 0.7 0.3 
0.8 360 12.9 2.8 0.9 0.3 0.1 
0.9 405 16.3 3.5 1.1 0.4 0.1 
1.0 449 20.1 4.4 1.4 0.5 0.2 
1.2 b39 29.0 6.4 2.0 0.8 0.2 
1.4 628 39.5 8.7 2.7 1.0 0.3 0.1 
1.6 718 51.5 11.4 3.5 1.4 0.4 0.2 
1.8 808 65.2 14.4 4.5 1.7 0.5 0.2 
2.0 898 80.5 17.8 5.5 2.1 0.7 0.3 0.1 
2.2 987 97.4 21.5 6.7 2.6 0.8 0.3 0.1 
2.4 1,077 115.9 25.6 7.9 3.0 0.9 0.4 0.2 
2.6 1,167 136.1 30.1 9.3 3.6 1.1 0.4 0.2 
2.8 1,257 157.8 34.9 10.8 4.1 1.3 0.5 0.2 0.1 
3.0 1,346 181.2 40.0 12.4 4.8 1.5 0.6 0.3 0.1 
3.2 1,436 45.5 14.1 5.4 1.7 0.6 0.3 0.1 
3.4 1,526 51.4 15.9 6.1 1.9 0.7 0.3 0.2 
3.6 1,616 57.6 17.9 6.9 2.1 0.8 0.4 0.2 
3.8 1,706 64.2 19.9 7.6 2.4 0.9 0.4 0.2 
4.0 1,795 71.1 22.0 8.5 2.6 1.0 0.4 0.2 
4.5 2,020 90.0 27.9 10.7 3.3 1.3 0.6 0.3 
5.0 2,244 111.2 34.5 13.2 4.1 1.6 0.7 0.3 0.1 
5.5 2,469 41.7 16.0 5.0 1.9 0.8 0.4 0.1 
6.0 2,693 49.6 19.1 5.9 2.3 1.0 0.5 0.2 
6.5 2,917 58.2 22.4 6.9 2.7 1.2 0.6 0.2 
7.0 3,142 67.5 25.9 8.0 3.1 1.4 0.7 0.2 
7.5 3,366 77.5 29.8 9.2 3.5 1.6 0.8 0.2 
8.0 3,591 88.7 33.9 10.5 4.0 1.8 0.9 0.3 0.1 
8.5 3,815 99.5 38.2 11.9 4.5 2.0 1.0 0.3 0.1 
9.0 4,039 111.6 42.9 13.3 5.1 2.3 1.1 0.3 0.1 
9.5 4,264 47.8 14.8 5.7 2.5 1.3 0.4 0.1 

10.0 4,488 52.9 16.4 6.3 2.8 1.4 0.4 0.2 
11.0 4,937 64.0 19.8 7.6 3.4 1.7 0.5 0.2 
12.0 5,386 76.2 23.6 9.1 4.0 2.0 0.6 0.2 
13.0 5,835 89.4 27.7 10.7 4.7 2.4 0.7 0.3 
14.0 6,284 103.7 32.1 12.3 5.5 2.7 0.8 0.3 
15.0 6,732 119.1 36.9 14.2 6.3 3.1 1.0 0.4 
16.0 7,181 42.0 16.3 7.2 3.6 1.1 0.4 
17.0 7,630 47.4 18.2 8.1 4.0 1.2 0.5 
18.0 8,079 53.1 20.4 9.1 4.5 1.4 0.5 
19.0 8,528 59.2 22.7 10.1 5.0 1.6 0.6 
20.0 8,977 65.6 25.2 11.2 5.6 1.7 0.7 
22.0 9,874 79.4 30.5 13.6 6.7 2.1 0.8 
24.0 10,772 94.5 36.3 16.1 8.0 2.5 1.0 
26.0 11,669 110.8 42.6 18.9 9.4 2.9 1.1 
28.0 12,567 49.4 22.0 10.9 3.4 1.3 
30.0 13,465 56.7 25.2 12.5 3.9 1.5 
32.0 14,363 64.5 28.7 14.2 4.4 1.7 
34.0 15,260 72.8 32.4 16.1 5.0 1.9 
36.0 16,158 81.6 36.3 18.0 5.6 2.1 

33,610 Q1 
Computed by Scobey's formula: H = - 219" 

C, = 0.370; d = diameter in inches; and il= friction loss in feet per 1,000 ft. 
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TABLE 4. Friction Loss in Mortar Joint Concvete Irrigation Pipe in Feet per 1,000 Ft. 

Flow Pipe diameter, in. (d) 

Cubic feet per 
second 

Gallons 
per 

minute j 
6 8 10 12 14 15 16 18 20 21 24 30 36 

0.1 45 0.3 0.1 
0.2 
0.3 

90 
135 

1.1 
2.6 

0.2 
0.6 

0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.5 
5.0 
5.5 
6.0 
6.5 
i. 
7.5 
8.0 
8.5 
9.0 
9.5 

10.0 
11.0 
12.0 
13.0 
14.0 
15.0 
16.0 
17.0 
18.0 
20.0 
22.0 
24.0 
26.0 
28.0 
30.0 
32.0 
36.0 

180 
225 
270 
315 
360 
405 
449 
539 
628 
718 
808 
898 
987 

1,077 
1,167 
1,257 
1,346 
1,436 
1,526 
1,616 
1,706 
1,795 
2,020 
2,244 
2,59 
2,693 
2,917 
3,142 
3,366 
3,591 
3,815 
4,039 
4,264 
4,488 
4,937 
5,386 
5,835 
6,284 
6,732 
7,181 
7,630 
8,079 
8,977 
9,874 

10,772 
11,669 
12,567 
13,465 
14,363 
16,158 

4.6 
7.2 

10.4 
14.0 
18.4 
23.4 
28.8 
42.0 
56.0 
74.0 
93.0 

115.0 
140.0 
165.0 

1.0 
1.6 
2.3 
3.2 
4.1 
5.2 
6.4 
9.2 

12.5 
16.3 
20.7 
25.4 
30.8 
36.5 
43.0 
50.0 
57.3 
65.3 
73.5 
82.5 
92.2 

0.3 
0.5 
0.7 
1.0 
1.3 
1.6 
2.0 
2.8 
3.9 
5.1 
6.5 
8.0 
9.5 

11.4 
13.3 
15.5 
17.8 
20.2 
22.8 
25.6 
28.5 
31.5 
39.7 
49.1 
59.6 
70.7 
82.7 

0.3 
0.4 
0.5 
0.6 
0.8 
1.1 
1.5 
2.0 
2.4 
3.0 
37 
4.4 
5.1 
5.9 
6.8 
7.7 
8.8 
9.8 

10.8 
12.2 
15.3 
18.8 
22.8 
27.1 
31.8 
36.9 
42.2 
48.2 
54.4 
61.0 
68.0 
75.3 

0.2 
0.3 
0.4 
0.5 
0.7 
0.8 
1.1 
1.4 
1.6 
1.9 
2.3 
2.6 
3.0 
3.4 
3.9 
4.4 
4.9 
5.4 
6.8 
8.4 

10.2 
12.1 
14.2 
16.5 
18.9 
21.5 
24.3 
27.2 
30.3 
33.6 
40.7 
48.4 
56.8 
65.9 

0.2 
0.3 
0.5 
0.6 
0.8 
0.9 
1.1 
1.3 
1.6 
1.8 
2.1 
2.4 
2.7 
3.0 
3.4 
3.8 
4.7 
5.9 
7.1 
8.4 
9.9 

11.5 
13.2 
15.0 
16.9 
19.0 
21.1 
23.4 
28.3 
33.7 
39.6 
45.9 
52.6 
60.0 
67.7 

0.2 
0.3 
0.4 
0.5 
0.7 
0.8 
1.0 
1.1 
1.3 
1.5 
1.7 
1.9 
2.2 
2.4 
2.7 
3.4 
4.2 
5.0 
6.0 
7.1 
8.2 
9.4 

10.7 
12.1 
13.5 
15.1 
16.7 
20.2 
24.0 
28.2 
32.7 
37.5 
42.7 
48.2 
54.0 
66.7 
80.7 

0.2 
0.3 
0.4 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1.0 
1.2 
1.3 
1.5 
1.9 
2.3 
2.7 
3.2 
3.8 
4.4 
5.1 
5.8 
6.5 
7.3 
8.2 
9.0 

10.8 
12.9 
15.2 
17.7 
20.3 
23.0 
26.0 
29.3 
35.9 
43.3 
51.9 
60.8 
70.1 

0.2 
0.3 
0.3 
0.4 
0.4 
0.5 
0.5 
0.6 
0.7 
0.8 
0.9 
1.1 
1.3 
1.6 
1.9 
2.2 
2.5 
2.9 
3.3 
3.7 
4.2 
4.7 
5.2 
6.3 
7.4 
8.8 

10.2 
11.7 
13.2 
14.9 
16.8 
20.7 
25.1 
28.8 
34.9 
40.4 
46.2 
53.3 
67.1 

0.2 
0.3 
0.3 
0.4 
0.4 
0.5 
0.5 
0.6 
0.6 
0.8 
1.0 
1.2 
1.4 
1.7 
2.0 
2.3 
2.6 
2.9 
3.3 
3.6 
4.0 
4.8 
5.8 
6.8 
7.8 
9.0 

10.2 
11.5 
13.0 
16.0 
19.3 
23.0 
27.0 
31.4 
36.0 
41.0 
51.8 

0.2 
0.2 
0.2 
0.3 
0.3 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
1.0 
1.1 
1.3 
1.4 
1.5 
1.8 
2.0 
2.4 
2.9 
3.4 
3.9 
4.5 
5.1 
5.8 
6.5 
7.9 
9.6 

11.4 
13.4 
15.6 
17.9 
20.4 
25.7 

0.3 
0.4 
0.4 
0.5 
0.5 
0.6 
0.6 
0.7 
0.9 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.5 
3.0 
3.6 
4.1 
4.8 
5.6 
6.3 
8.0 

0.2 
0.2 
0.3 
0.3 
0.4 
0.5 
0.5 
0.6 
0.7 
0.8 
0.9 
1.1 
1.4 
1.6 
1.9 
2.1 
2.4 
3.1 

Computed by Scobey's formula. In this table Cs = 0.310. 
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Example 1: The pipeline between pump stand A and 

B is to handle 1,526 gpm (gallons per minute). The 

top of stand A is 16 ft. above the ground surface and 

must have 1 ft. of freeboard. The minimum water eleva-

tion in stand B is limited to 1 ft. above ground surface. 

What size lFn is required? 

Solution: The general procedure is to determine the 
at A and B;difference between head or water heights 


then select a pipe size with friction loss nearly equal 


to this head difference, 

Given: ground elevation at pump stand A = 100.0 ft. 


above datum; ground elevation at stand B 

= 109.0 ft. 
Find: vater surface elevation at A: 

100.0 + 16.0 (height of stand A) - 1 ft. 

(freeboard) = 115.0 ft. 
Find: water surface elevation at B: 

109.0 + 1.0 = 110.0 ft. 
Find: head difference between A and B: 

115.0 - 110.0 = 5.0 ft. (allowable friction 
loss for 1,280-ft. line). 

Find: 	 friction loss per thousand feet of line: 
1,280 = :'.9 ft per 1,000 ft. 

5.0 	 00 

column "Gallons per minute"
nderstand 3 

with the fiew of 1,526 gpni and read across to find the 

proper pipe size. The 12-in.-diameter pipe has a friction 

loss of 6.1 ft. and doe, not meet our requirement of a 

maximum allowable loss of 3.9 ft. The friction loss for 

1,000 ft., which 	is 

Ente Tabe 

15-in.-diamcter pipe is 1.9 ft. per 

well under the maximum. Therefore, in this case 15-in.-

diamete)r pipe is selected, 
to B is 1.2F X 1.9 = 2.43 ft.Frictian loss from A 

2.4 112.4 ft.Water surface elevation at A = 110.0 + 

minute at B, leaving a flow Exampleare2:di~ertcdFour hundred and oirty-nineof gallons1,077 gpmper 
and Howin the 15-in. pipeline between stands Bi D. 

ihwll the5-in, pi e betwen sta nderandiDow 
high wvill the water rise in stand ) under this flow con-

iton ite w r eft. 

in Example l? 
a 15-in. pipeline,Solution: For a ilow of 1,077 gpm in 


'fable 3 shows th2 friction loss to be 0.9 ft. per 1,000 ft. 

of line. Since the line between B and D is 1,790 ft. long, 


the total friction loss will be 1.79 X 0.9 = 1.6 ft. There-


fore, the hydraulic graditnt will drop by this amount 


and the elevation of the water surface in stand D will 


be 1.6 it. lower than in stand B, or at an elevation of 


110.0 ft. - 1.6 ft. = 108.4 tt. Since ground elevation 

at stand D is 98.0 ft., a ninimum stand height of 
108.4 - 98.0 ft. = 10.4 ft. would be required. With 1 ft. 

allowed, for freeboard, stand height requirement is 11.4 

ft. The stand would be built 12 ft. high. 

Example 3: An air vent is required at C because of the 

high point in the line. What should be the height of the 

vent pipe to prevert overflowing under the flow condi-

tions previously given? 

Soluticon: The hydraulic gradient from B to C will 

drop by an amount equal to the friction loss, or 0.9 ft. 

per 1,000 A. of line as determined in Example 2. B and 
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C are 1,100 ft. apait. Therefore, the hydraulic gradient 

at C will be 0.9 X 1.1 = 1.0 ft. lower than at B. The 

elevation of the hydraulic gradient at C will be 110.0 

ft. - 1.0 ft. = 109.0 ft. Since the top of the vent must 

be above the hydraulic gradient to prevent overflow

ing, the minimum vent height is 109.0 ft. - 105.0 ft. 

= 4.0 ft. To allow 1 ft. of freeboard, the vent should 

bQ 5 ft. high. 

Stand E is to serve both as an overflowExample 4: 

stand and a diversion point into a lateral (not shown).
 

Flow in the lateral requires a head in stand E of 9.0 ft.
 

above ground surface or a head elevation of 96.0 ft. +
 

9.0 ft. = 105.0 ft. What size pipe is required for the 

line between stands D and E if the (low from D to E 

is 1,077 gpm? 
Solution: The available head in the line between stands 

D and E is the difference between the water heights in 

the stands, or 108.4 ft. - 105.0 ft. = 3.4 ft. The friction 

loss equal to this head is 3.4 + 0.545 (distance between 

D and E) = 6.2 ft. per 1,000 ft. of line. Entering Table 

3 with a flow of 1,077 gpm and a friction loss of 6.2 ft. 

per thousand gives a required pipeline size of 12 in. 
Example 5: Seven hundred and seventeen gallons per 
minute are diverted to a lateral at E, leaving 1,077 

717 gpm = 360 gpm for the flow in the line between
E and vent F. The water elevation in stand E 

E . The lin isad 1 s 1 as n 

below ground surface. What should be the line size to 

beogrudsfa.Whthulbeheinszeo 
over the high 	point?permit full flow 

Solution: Vent F prevents siphoning. Therefore, 

the hydraulic gradient must not drop below the top of 
to occur.the pipeline at the high point if full flow is 

Since the pipe is 1.5 ft. below the ground surface, the 

elevation of the top of the pipeline at the vent is 100.4 ft. 

98.9 ft. The maximum allowable friction- 1.5 ft. = 
loss, E +to F, is =6.0therefore 105.01,000ft. ft. For the flow6.1 of- 98.9 ft. = 	 ft.,or 6.1 1.02 ft. per 
or61+.0=60ftpe1,0f.Frthflwf 
360 gpm, Table 3 shows that an 8-in. pipe is acceptable 

because it will have a head loss of only 2.8 ft. per 1,000 

A smaller pipeline would cause the hydraulic gradi

ent to drop below the high point in the line and the 

flow would be broken. 
The foregoing examples are intended to illustrate 

some of the factors that are taken into consideration 

to provide balanced flow in all parts of the line. The 
cost of pumping versus the cost of using larger pipe will 

in some cases govern the choice of pipeline sizes. It is 

generally good practice to provide a margin of safety 

in pipeline sizes in order to compensate for slight fouling 

of the pipeline 	or unforeseen increases in water re
quirements. 

The examples 	illustrate only how the proper sizes of 

pipelines and control structures are chosen. The follow

ing problems and solutions, on the other hand, illustrate 

how designers plan an entire concrete pipe irrigation 

system that is economical and efficient. 
The problems 	are based entirely on assumed condi

tions and are simplified for illustrative purposes. In 

actual practice each field to be irrigated must be de

signed to fit 	 the particular conditions of that field, 

-



Concrete irrigation pipe 
taking into account such factors as kind of crop to be Distributing hydrant
 
grown, water requirement of crop, type of soil, slope

of land, whether water is pumped or taken from ditches,
 
and so on. 

Problem I 
Design a rubber gasket joint concrete pipe irrigation
 
system for a new citrus orchard 660 ft. wide (40 rods)

and 1,980 ft. (120 rods) long. (Use Table 3 for head
 
loss due to friction in rubber gasket joint pipe.) Soil is
 
sandy and porous. The experiences of other citrus grow
ers in the locality indicate that a furrow system of irri
gation with 4 furrows for each row of trees would be
 
most practical (Fig. 16). Water is to be pumped. Maxi
mum flow of water available is 3.0 cfs (cubic feet per 3: 0
second). The orchard site has a uniform slope or fall of 
2 ft. in 660 ft., as shown on plot plan in Fig. 17. L,
 
Solution: Because of the porous nature of the soil and
 
the size of the area to be irrigated, the field will be
 
divided into 12 equal-size parcels, each 330 ft. square.

Experience in the locality indicates that a flow of 0.02 A 
 A
 
cu.ft. per second per furrow is necessary to obtain uni
form wetting when furrows are 330 ft. long. Trees are
 
set equidistantly apart in 15 rows, each row with 15
 
trees, in a 330 X330-ft. area.
 

The irrigation flow required for 15 rows of trees with
 
4 furrows each (one 330 X330-ft. field) is 0.02 X 15
 
X 4 = 1.2 cfs. Since a maximum of 3.0 cfs is available,

it would be possible to irrigate 3.0 + 1.2 = 2Y fields
 
(330X330 ft. each) at one time without working the
 
pump at the maximum. The problem, Lowever, will be 
 \- Furrows--
solved on the basis of serving two fields.
 

The size of concrete pipeline required to carry 2.4 cfs
 
is determined by trial from the following facts and from 
 Fig. 16. Furrow system of irrigation with four furrows for each
Table 3. row of trees. 

Pipeline A 
Elev. 100.0' Stand I Stand 2 Stand 3 Stand 4 Stand 5 Elev. 

,,,
Pump 330.0-50 330.0 t_ 330.0' 1stand- [ 330.0' 330.0, 

-ob T1-5ldistributing hydrants -I-I 

- .n Stand 7 Stand 8 Stand 9 Stand Stand iiI0 Elev. 

S tand 6 b" re0P p l ne B " 

Elev91,980.0' 9 

Fig. 17. Layout of area to be irrigated (Problems I and II). 
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From Fig. 17 we find: 
Fall of ground pipeline A = 3 ft. 
Fall of ground pipeline B = I ft. 
Length of line A = 1,980 ft 
Length of line B = 2,310 ft. 
Length of line A in thousands of feet 

1,980- -.. =1.98
 
1,000 


Length of line B in thousands of feet 

_ 1,310 = 2.31 
1,000 

From Table 3 we find the friction loss for three dif-

ferent sizes of pipe: 
Friction loss in 10-in. pipe = 7.9 ft. per 1,000 ft. 

7.9 x 1.98 = 15.7 ft. for pipeline A 

7.9 	 X 2.31 = 18.3 ft. For pipeline B 
= 3.0 ft. per 1,000 ft.Friction loss in 12-in. pipe 

3.0 x 1.98 = 5.9 ft. for pipeline A 
3.0 x 2.31 = 6.9 ft. for pipeline B 

Friction loss in 15-in. pipe = 0.9 ft. per 1,000 ft. 
0.9 x 1.98 = 1.8 ft. for pipeline A 
0.9 X 2.31 = 2.1 ft. for pipeline B 

Following is a summary of the facts given and figures 
calculated for determining the size of concrete pipeline 
to be used. 

Loss of head 	 Height of 
water in 

Size Fall LineA Line B pump stand 

pipe, LineA, LineB, Pipe,-1 Hydrants, Pipe, Hydrants, LineA, LineB, 
in. ft. ft. ft. ft. ft. ft. ft. ft. 

15.7 1 18.3 	 1 13.7 15.310 3 4 
12 3 4 5.9 	 1 6.9 1 3.9 3.9 
15 3 4 1.8 	 1 2.1 1 -0.2 -0.9 

= friction loss inline + loss at distributing hydrants(Height of water inpump stand 
(assume loss of 1ft.) + rise or -	 fall of pipeline.) 

It is seen that 10-in. pipeline would require rela
tively high pressures resulting in unreasonable pump-
ing costs. A 12-in. pipeline will deliver the required

amontofSIDE 
amount of water at relatively low pressure and at 

be adequate forreasonable pumping cost; and it will 

both line A and line B. 
If 15-in. pipe is used, the height of water in the pump 

stand falls below grade (indicated by the negative 

values in the above table) in both lines A and B. Unless 
additional flow or pressure head were thedab available, 
pipeline would not operate properly for this particular 

15-in. pipe is not recommended.layout; therefore 
The pump stand must be high enough to take care 

of the line with tile greatest friction loss. (In this prob
lem the height of water in the stand happens to be the 
same for both lines.) 

In determining height of the stands, I ft. ot freeboard 

is allowed. Thus the height of the pump stand must be 
at least 3.9 ft. + 1 ft. = 4.9 ft. In this case, for con-
servative design, the stand would prob.bly be built 
6 ft. high. 

The height of the stands will vary from 4 to 6 ft. 
(Fig. 18). It is not practical to make stands less than 

4 ft. high in order to keep out trash and animals. 
The system will require 12 gates-two for the pump 

stand, and one each for all the stands but stand 6, 

which requires none. 
The system will require 180 distributing hydrants, 

including 180 risers, 180 pots with 4 gates per pot, and 

180 orchard valves. 

Problem II 

Design a concrete pipe irrigation system for an orchard 
similar to the one described in Problem I, except that 
water is to be taken from a canal or lateral of fixed head. 
The surface of the water in the canal is 3 ft. above the 

surface of the ground at the pipe inlet (Figs. 17, 18, 
and 19). 

Solution: As in Problem I, the flow of water required 
is 2.4 cfs. Assume 1-ft. loss at the distributing hydrants. 

Length of line A in thousands of feet = = 1.98 
1,000 

Length of line B in thousands of feet = 2,310 = 2.31 
1,000 

Fall in line A = 3 ft. 
Fall in line B = 4 ft. 

To get the required flow from distributing hydrants. 
total loss of head must be less than the total available 
head. Total available head = head at inlet plus tie 

fall in line. 
Total available head in line A = 3 ft. + 3 ft. = 6 ft. 
Total available head in line B = 3 ft. + 4 ft. = 7 ft. 

The total loss of head loss at hydrants plus fric
tion loss in the pipeline 1 ft. + the loss in pipeline. 

If the total loss of head in line A is to be less than 
the total head, then 1 ft. plus the friction in pipeline A 

must be less than 6 ft. (available head). This means 

that loss of head by pipe friction in line A must be less 
than 5 ft. 

Elev. ft) Min practical height of 

stands above grade 4ft. 
6 -	 Free,.board 

VIEW 104- Level of woter 
}Jin stands

OFLINEA 02 
100-- 

eGal 

PS StandI Slnd2 Stnd3 
--

SPip 
---

e 
6ft 6. 5 t 4ft 4 Stand 5 ipe 

4ftt above grade 

Pump 'itondl Stand 2 Stand 3 Stand4 Stand5 

stand ' 330' I I33 30 0 Line A - 330PLAN 330--30_ 	 330'-4 
0 Line B 

Stand 6 Stand 7 Stands Stand 9 Stand 10 Stand II 

06 ----. stands above grade ftEtev.(fl) 	 Mn praoctical height of 
Free board 

Level ot water 
SIDE VIEW104 
OF LINE B 102 

-
Pn . -. . -tafrd 

-- _Gro
SStands t Stand?nd 

f 	 -- ,Grade.ft 6 . t an. Stand9 standlO Standl P 
4ft. 4f . 4ft above grade 

Fig. 18. Pipelines and stands for the sy*,tem designed in Prob
lem I. 
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Taking water from an open ditch for a concrete pipe irrigation 
system (Problem II). 

If the total loss of head in line B is to be less than 

the total available head, then 1 ft. plus the loss of head 
by friction in line B must be less than 7 ft. (available 

head). This means that the loss of head by pipe friction 
in line B must be below 6 ft. 

The maximum allowable loss of head friction ii)1,000 

ft. of pipe is obtained by dividing the total allowable 
loss of head by the length of pipeline in thousands of 
feet. Thus, the maximum allowable friction loss in 1,000 
ft. of pipe for line A = 5 + 1.98 = 2.52. 

The maximum allowable friction loss in 1,000 ft. 
of pipe for line B = 6 + 2.31 = 2.60. 

From Table 3 find the -size of pipe that will deliver 
2.4 cfs and that will have friction losses less than 2.52 ft. 
and 2.60 ft. of head for 1,000 ft. of pipeline. In both 
cases a 15-in. pipeline will be satisfactory. 

Since pressure heads at all points of the line are 3 ft. 
or less, stands 4 ft. high will give at least 1-ft. freeboard. 

The various control stands will, therefore, be 4 ft. high 
above grade. Each will have a suitable gate for a 15-in. 
pipeline. The total number of distributing hydrants 
will be the same as in Problem I. Each hydrant will 
consist of a riser pipe, an orchard valve, and a pot 
with four discharge openings with slide gates. 

Attention is called to the fact that under the condi-
tions of this problem it is not possible to increase the 
head and thereby deliver more water. The pipelines 
must be designed to carry maximum desired water for 
any crop anticipated for the field to be irrigated, based 
on an already established fixed head-in this case 3 ft. 

.Ilet ____ _ - (Grade linecanal I? 

':IInlet to pipeline 

Fig. 19. Cross-section of structure used to control water supply 
from open ditch to concrete pipe irrigation system. (Problem 

Design a concrete pipe irrigation system for a 40-acre 
tract of hind 1,320 ft.(80 rods) long by 1,320 ft.(80 
rods) wide. Border irrigation will bc i;ed since alfalfa 
will be the primary crop grown. The soil is a clay type. 
The field has a uniform slope or fall of 3 ft. in 1,320 ft., 
as shown on the plot plan in Fig. 20. The water is to 
be pumped with a pump supplying 900 gpm or 2.0 cfs. 

Solution: Since the field to be irrigated is 1,320 ft. 
,long, it will be convenient to divide it into txko equal 

areas, each 660x1,320 ft. Experi nce with similar soils 
in the locality has shown thai rips can be made 40 ft. 
wide and yet be uniformly ih~oded with water. The 40

acre tract will be laid out as shown in Fig. 20. Only one 
strip can be irrigated at ti time. 

The size of concrete pipeline required to carry 2.0 
cfs is determined by trial using the following facts ob
tained from Fig. 20: 

Rise of ground, pipeline C = 1 ft.
 
Fall of ground, pipeline D = 0.6 ft.
 
Length of line C = 1,320 ft.
 
Length of line D = 1,980 ft.
 
Length of line C in thousands of feet
 

1,320 = 1.32 
1,000 

Length of line D in thousands of feet 

- 1,980 - 1.98 
1,000 

From Table 3 we find the friction loss for three 
different sizes of pipe for flow of 2.0 cfs. 

Friction loss in 10-in. pipe = 5.5 ft. per thousand. 
1.32 X 5.5 = 7.3 ft. for pipeline C 
1.98 X 5.5 = 10.9 ft. for pipeline D 

Friction loss in 12-in. pipeline = 2.1 ft. per thou
sand. 

1.32 X 2.1 = 2.8 ft. for pipeline C 
1.98 X 2.1 = 4.2 ft. for pipeline D 

Friction loss in 15-in. pipe = 0.7 ft. per thousand. 
1.32 x 0.7 = 0.9 ft. for pipeline C 
1.98 X 0.7 = 1.4 ft. for pipeline D 

Assume a loss at distributing hydrants with alfalfa 
valve of 1 ft. 

Following is a summary of the facts given and figures 
calculated for determining the size of the concrete pipe
line to be used. 

/ 



Mm practical 

P m,/ ' D~stributinq hydrants . Pipehne C height of 

tPm sad Sad / Stond 2 Elev Oi 0' 'stands above 
P~n~p i~nd / Siw~dEle. (ft.) grade 4fre bor

1016 /Levelof water 

,ooo' I~i til SIDE VIEW 104 finstands 

OF LINE C 102- rGrade 

P. Stand I Stand 2 Pipe 
6ft 5ft 4ft above grade 

Pump 6 Stand I Stand 2 
I stand Li---

Stand tand 4 D Stand PLAN 

91 L ==,Lne D 660' 
e, 

9 8 5 ' 5' 

b9Elev.(ft.) grade 4ff. 

VE 1 '04 Level of wa ter 
OF IE D.- :J0in stands 

I P:S. r F - Pipe 

6ft. Stand 3 Stand 4 Stand 5 
eft7 5ft 4ft.above grade 

E le 97O 1320 Ele 98.0' 
. . . .... R O B L E M III. ... .... .. .. .... ...... .... . .P 


Fig. 20. Layout of area to be irrigated (Problem III). Fig. 21. Pipelines and stands for system"designed In Problem 

Ill. 

Height of Problem IV
Loss of head 

water in Suppose it is desired to apply water over the field in 
Size Rise Fall Line C Line D pmp stand Problem III to an average depth of 5 in. How much 

pipe, Line C, Line D, Pipe, Hydrants, Pipe, Hydrants, Line C, LineD, time will be required to irrigate each strip with water 
in. ft. ft. ft. ft. ft. ft. ft. ft. flowing at a rate of 2.0 cfs? 

10 1 0.5 7.3 1 10.9 1 9.3 11.4 Solution: The depth of application may be calculated 
12 1 0.5 2.8 1 4.2 1 4.8 4.7 from the equation: cfs X number of hours run = 
15 11 0.5 0.9 1 1.4 1 2.9 1.9 average depth in inches X acres. Area of one strip, 40 

(Height of water inpump stand = friction toss in line + loss at distributing hydran.s X 660 ft. = 26,400 sq.ft. = 0.605 acres; therefore, 
+ rise or - fall of pipeline.) 2.0 X number of hours run = 5 X 0.605 = 3.03. 

3.03 
The number of hours run 3.03 1.515 (approxi-A 10-in. pipeline would require relatively high pres-
mately 1.5 hours). 

sures resulting in unreasonable pumping costs. A 12-in. 


pipeline will deliver the required amount of water at
 
relatively low pressures at a reasonable pumping cost,
 
so 12-in-pipe will be used for both line C and D. A
 
detailed economic analysis might show a 15-in. pipeline
 
to be more economical in the long run than a 12-in.
 
line when factors such as savings in reduced pumping
 
costs and increased initial investment are considered.
 

The pump stand must be high enough to take care
 
of the line with the greatest head loss-in this problem,
 
line D.
 

In determining the height of the stands, 1-ft. free
board is allowed. Thus the pump stand will be 5.7 ft.
 
A stand 6 ft. high will be used. (See Fig. 21.)
 

Height of stands 1 and 4 is about 5 ft.; stands 2 and
 
5, about 4 ft.; stand 3, about 6 ft.
 

The system will require six gates: two for the pump
 
stand, and one each for all stands except stand 3, which
 
requires none.
 

The system will require 66 distributing hydrants,
 
including one riser and one alfalfa valve for each hydrant.
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DEFINITIONS OF SOME COMMON TERMS 
USED IN IRRIGATION 

Acre-foot. A measurement of water volume. One acre-

foot equals the volume of water required to cover 

an area of 1 acre to a depth of 1 ft. A rule of thumb 

often used states that I cfs running for a period of 

12 hours is equal to 1 acre-ft. 

Alfalfa valve. A valve to control flow from risers. The 

opening is equal to the inside diameter of the riser, 

A ring on the outside of the frame provides a seat 

and seal for a portable hydrant. See photo and Fig. 7 

on pages 9 and 11. 

Cfs. Abbreviation for cubic foot per second, which is a 

measure of the flow of water. One cfs is equal to 449 
gal. per minute or, if allowed to flow for 1 hour, 1 cfs 
would cover 1 acre to a depth of approximately 1 in. 

Coefficient of roughness (n or Cs). A factor used in 

hydraulic formulas to express the relative roughness 

of the interior of the pipe as it affects the flow of 
water through the pipe (capacity). 

Deep percolation loss. Water that percolates down-
ward through the soil beyond the reach of plant 
roots as a result of inefficient irrigation practices. 

Freeboard. The vertical distance above the water sur-
face in vents and stands at operating head provided 
to allow for unusual or emergency conditions without 
topping the strficture. One-foot freeboard is usually 
allowed in design of vents and stands. 

Head. The difference in elevation between water sur
faces at two points along the pipeline or at the source 

and at the outlet. Energy required to overcome 
be exfriction in the pipe, bends, and valves can 

pressed in feet of head. 

Orchard valve. Similar to alfalfa valve in that a hori

zontal disc is screwed down onto a seat to control 

flow. The orchard valve is mounted inside the riser 

pipe and is smaller in diameter than the riser pipe. 

The flow capacity is therefore less. See Fig. 10 on 
page 10. 

Portable hydrants. Outlets used for connecting sur

face pipe to alfalfa valve outlets. See photo on page 11. 

Stand. An irrigation structure built from vertical sec
tions of pipe or cast-in-place concrete. It provides 
an opening to the pipeline into which pump, gate, 

or float valve can be installed. It may also serve as 
a vent or sand trap. 

Vents. Vertical pipe structures to release air entrapped 
in the pipeline. Entrapped air must be removed to 

permit even flow and avoid danger of water hammer. 
See photo on page 2 and Figs. 2 and 12 on pages 4 
and 12, respectively. 

Water hammer. The result of a sudden change in the 
rate of flow causing excessive momentary pressure 
buildup. Gates and valves should be opened and 
closed carefully to avoid water hammer and damage 
to the pipeline. 

Carefully stacked pipe in producer's storage area. 

1>\ 
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Quality concrete pipe being loaded for transport and delivery to Jobsite. 
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