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PREFACE

The purpose of this handbook is to pro-
vide information on small structures used
in irrigated agriculture, primarily for
selecting those structures needed to im-
prove on-farm water management. Com-
plete information on design, construction
and operation of the multitude of struc-
tures that are available is impossible to
assemble in one publication. This hand-
book is intended to emphasize the impor-
tance of adequate control and distribution
of irrigation water, enumerate some of
the successful structures that are avail-
able, give a selected amount of design in-
formation, show a limited number of ex-
amples of design procedures, and give
references where more information can be
obtained. With the exception of low
pressure underground nipeline systems,
only surface systems arc discussed.
Sprinkler and other methods of irrigation
are not covered in this handbook.

Information on small canals and struc-
tures is given for flows of less tha:: 0.14
cubic meters per second (5 cubic feet per
second). Generally the flows will be in the
0.03 to 0.06 m’/s (1-2 cfs) range. Struc-
tures that can oe constructed from local
materials and with local labor are em-
phasized. Precast structures and struc-
tures constructed from precast brick,
block and sections are also presented.

In addition to the extensive bibliogra-
phy listed for small canals and structures,
there is a section presenting standard defi-
nitions of terms used in the handbook.
Appendices given include: 1) preparation
of concrete for small jobs; 2) standard
designs of farm irrigation structures (in-
cluding metric conversion factors); 3)
standards for pipe irrigation systems; and
4) standards for plastic pipe irrigation
systems.
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FARM IRRIGATION STRUCTURES

A. R. Robinson

I. INTRODUCTION

Surface methods of irrigation are still
used on most of the 234 million hectares
(1972 data) of irrigated,cultivated lands in
the world with the remaining lands being
irrigated by sprinkler and trickle systems
(3). It has been projected that the irrigated
area will increase to about 273 million ha
by 1990. An estimated 86 million ha of the
world’s irrigated lands have systems that
now need improvement of both the main
and on-farm systems for distributing and
applying irrigation water. The United
States of America presently (1980) has
about 21 million ha of irrigated,cultivated
lands, of which 70 percent is surface ir-
rigation.

The sprinkle and trickle methods of ir-
rigation use pumps almost entirely.
Pumps require a large energy input, and
initially, the systems require a large

capital outlay. There is limited use of

gravity pressure sprinkle and trickle
systems. In the near future, the obvious
world shortage of cheap tossil fuel energy
will probably mean a return to gravity
pressure irrigation systems. The rapidly
expanding world population will den*ind
an increasing food supply which will also
require an increase in production from ir-
rigated agriculture, mostly from surface
gravity systems.

Water application efficiencies for sur-
face irrigation systems a.ound the world
typically have been quite low, 40-50 per-
cent (11). Water convevance efficiencies
can be quite low aiso, possibly in the
40-50 percent range, due to canal and
ditch secpage, leakage, and spllage.
Overall irrigation efficiencies then might
range as low as 28-35 percent indicating
that 65-72 percent of the water is lost to
the individual farm use. Overall, the effi-
ciencies can be materially increased with
canal and ditch maintenance and iining,
use and improvement of control struc-
tures, and improved on-farm water
management. Good farm irrigation water
management includes all of these con-

cerns as well as reliable water delivery and
a regulated flow rate. Improved water
control structures, properly used, van
materially improve the use and control of
irrigation water. li is possible tor many
surface irrigation svstems to have water
application efticiencies of 70 to 80 pereent
and higher.

The primary purpose ot this handbook
is to present information on small irriga-
tion channels and structures that can be
used 1o improve on-farm water manage-
ment. L.ow pressure pipe systems are also
considered. The application of this infor-
mation will result i much less waste ot ir-
rigation water wvith the resoltant merease
in water for existing crops and for ir-
rigating additional arcas. Improvement of
water management on individual farms
will result in higher crop vields also.

There has been a lack of attention to
the design and operation of the irrigation
systems at the farm level because govern-
ment custody usually ends with the secon-
dary canal systems, and farmers, cither by
organization or individually, operate the
balance of the systems. There also has
been the assumption that farm irrigation
structures  shoultd  be low  cost and
therefore, quality has been a secondary
consideration.

It is important that the systems and
structures be adapted tor use in different
countries with consideration  for
availability and existence of materials,
skills, labor, financing and customs.
Generally, the procedures and structural
designs in this handbook are described
simply. The structures are usually casy to
operate, are reliable and  give good,
positive control. Some will require more
maintenance than others. Structures and
linings that require specialized and expen-
sive equipment for installation are not
emphasized. Small, low cost structures
that can be constructed entirely with local
materials and labor are presented.



II. CHANNELS AND STRUCTURES

1. Delivery Channels and Ditches

The channels discussed here are tertiary
and quaternary canals, i.c., the canals
commonly called farm and field laterals.
They supply water to farm or field outlets
and turnouts. The larger canals (tertiary)
are called farm laterals (USA), meskas
(Egypt) and minors (Pakistan and India),
while the smaller ones (quaternary) dare
called  field laterals and  head-ditches
(USA) and muarwas (Egypty, (Figure 1),
The channels may be unlined carth or lin-
ed with concrete, masonry or asphalt,

a. Channel Design.

In order to determine the channel size
required, the maximum discharge,
together with the desired shape of the sec-
tion and an estumate of the channel
roughness, must be known. The Manning
cquation is the most commonly used refa-
tionship tor determining channel
discharge and will be used in this hand-
book.

where Q

A

= CAR''s */n (1)
discharge, (L*/T).

cross sectional area of
diteh, (L*3).

hydraulic radius--area
divided by the wetted
perimeter, (L.).

longitudinal slope, (L/L).

Manning roughness
coefficient (L'") (same
value for both metric and
English units).

1.0 when using metric
units, 1.49 for English
units.

Field

Figure 1. Surface irrigation canal system.
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The Manning roughness coefficient, »,
for canals varies from 0.010 for smooth
concrete to over 0.10 for channels with
weeds and brush. Table 1 lists values of n
for earthen and lined channels that can be
used for design. The value for » should be
chosen only after a careful study of the
field situation.

The design problem is usually to deter-
mine the width and depth required for a

Example 1

Earth canal in clay loam after weathering, clean: n

given flow with a measured slope in a
given material or with a sclected lining of
a predetermined shape. In other situations
an estimate of the discharge is required
while knowing the ditch size and slope,
with an estimate of the roughness (Mann-
ing n from Table 1). Figure 2 gives a solu-
tion for Equation I that can be used to
make estimates of the ditch shape and
flow. The following are two examples us-
ing Figure 2.

- 0.022 (Table 1).

Assume: Bottom width, B = 0.45 m (1.5 1)

Longitudinal slope, s = 0.00]

Side slope, z = 1.5 (1.5 horizontal to 1 vertical)
Discharge, Q = 0.10 m*/s (3.5 cfs)

Problem: Determine the depth of flow,

Solution: Solve for the £, in Figure 2,

E, = (Qnak)/B" " = [(0.10)0.022)/(0.032))/(0.12)
= 0.57, then D/B

From Figure 2 for z =
Since B = 0.45 m, then
D = 0.27 m (0.89 11).

1.5, E,

Example 2

Brick with vertical wall, mortar trowel finished surface, n

Assume. Bottom width, B -
Depth of section, 0.45 m (1.5 f1)
Freeboard, 0.15 m (0.5 1)
Depth of flow, D
Longitudinal slope, s - 0.001

Side slope, 7~ 0
Problem: Determine the discharge.

Solution: From Figure 2, for D/B =
E = (OQnas)/8 or

m

Q=L ¥B 'n.

m

Q = 0083 m'ss (2.93 ¢fs}

0.57
- 0.60.

= 0.013 (Table 1).

0.45 m (1.5 ft)

- 0.30m (1.0 fu)

G.67 and 2z = O then Em = ().28

(0.28)(0.032)(0.12)70.013
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Table 1. Values of Manning roughness coefficient, n, for earthen and lined channels (30).

Roughness coetficient n

Type of Channel and Description Minimum  Normal  Maximum

A. Excavated carthen channels
a. Straight and uniform

1. Clean. recently completed 0.016 0.018 0.020
2. Clean, after weathering 0.018 0.022 0.025
3. Gravel, nnitorm seetion, clean 0.022 0.025 0.030
4. With short grass, few weeds 0.022 0.027 0.033
S. With long grass and weeds 0.030 0.040 0.045
b. Winding and shuggish

1. No vegetation 0.023 0.025 0.030
2. Grass, some weeds 0.025 0.030 0.033
3. Dense weeds or aguatie plants

in deep channels 0.030 0.03¢ 0.040
4. barth bottom and rubble sides 0.028 0.030 0.035
5. Stony bottom and weedy banks 0.025 0.035 0.040
6. Cobble bottom and clean sides 0.030 0.040 0.050

¢. Channels not maimtained, weeds
and brush uncut

1. Dense weeds, high as tlow depth 0.050 0.080 0.120
2. Clean bottom, brush on sides 0.040 0.050 0.080
3. Same, highest state of tlow 0.045 0.070 0.110
4. Dense brush, high stage 0.080 0.100 0.140

B. Lined or built-up channels
a. Cement

1. Neat, smooth surface 0.010 0.011 0.013

2. Mortar 0.011 0.013 0.015
h. Concrete

1. Trowel finish 0.011 0.013 0.015

2. Float tinish 0.013 0.015 0.016

3. Finished, with gravel on

bottom 0.015 0.017 0.020

4. Untinished 0.014 0.017 0.020
¢. Brick

1. Glazed 0.011 0.013 0.015

2. In cement mortar 0.012 0.015 0.018
d. Masonry

1. Cemented rubble 0.017 0.023 0.030

2. Dry rubble 0.023 0.032 0.035
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Figure 2. Manning equation solution for determining canal design {30).



Note that the amount of flow is inverse-
ly proportional to the roughness, n; i.c.,
an increase in roughness decreases the
discharge in direct proportion; with
shape, slope and depth remaining the
same. If the discharge remains constant
and the roughness increases (such as from
growing vegetation), then the depth of
flow must increase.

So that the ditch is not overtopped,
there should be a firechoard (distance
from the maximum water surface to the
top of the banks) of at least 15 ¢m (6 in.)
for the small canals. The banks tend to
lower with seasoning, aging of the canal,
and use of the banks by tratfic.

b. Earth Ditches.

Unlined earth ditches are the most com-
mon means of conveying irrigation water
to the farm fields. Unlined ditches are
preferred by many farmers because they
can be built cheaply and easily, and main-
tained with farm equipment. Also, unlin-
ed ditches provide flexibility - it is easy to
change the layout, increase capacity, or
even eliminate them after a rotation and
rebuild them the next season. However,
they have many disadvantages that make
them less desirable than lined ditches or
underground pipe.

1. They occupy more land than lined
ditches.

2. They usually lose more water due to
seepage, leakage and spillage.

3. Rodents can cause leakage.

4. If weed growth is a problem, fre-
quent cleaning is needed.

5. Earth ditches c¢an ecrode and

meander, creating problems in
maintaining straight and proper
alignment.

The slope for an earth ditch may be as
low as 0.00018. (Egyptian irrigation
canals generally have slopes ranging from
0.00018 to 0.00020.) However, small
slopes result in slow flow velocities, large
cross sections, and possible sediment
deposition on the bed.

It is customary to use a gradient of
0.001 in many arecas. The slope of the
ditch should be such that the bed does not
crode and the water tlows at a self-
cleaning velocity; i.e., there is no deposi-
tion. A heavy clay soil will allow fairly
high velociiie, without eroding, (Table 2).
At times it is necessary to nsest drops into
the ditch to reduce velocities and prevent
scour and erosion. For soils that are nor-
mally encountered, the maximum
velocities given in Table 2 should not be
exceeded. For bBxample 1, the average
velocity for an carth canal in clay loam is
0.43 m/s (1.4 v s), For BExample 2 and
lined ditch, the velocity 18 0.61 m/s (2.0
ft/s). Both ot these velocities are in the
safe range. For unlined ditch side slopes,
the lower value (steeper slopevy given in
Table 2 should be usea for cuts and the
higher value (flatter slopes) for canals ex-
cavated i a hill section,

The approximate sizing of carth ditches
with a side slope of 1722 (2 1.5) is
given in Table 3 and can be used for
preliminary design. With an estimate of
slope, roughness  factor and  desired
discharge, several possible ditch sizes can
be determined. Conversely, with a known
ditch shape (bottom width), roughness
and discharge, the required depth and
slope can be estimated. By using the Man-
ning Lquation (1), tables can be
developed similar to Table 3 for other
ditch shapes, roughness and slopes.

Ditch locations should be carefully
planned 1o adequately serve the irrigated
area. If adjacent fields are being leveled,
any needed fill material for the ditch can
be easily obtained. Earth ditches can be
formed manually or with pulled ditchers.
The animal powered V-ditcher shown in
Figure 3 can be used to form the ditch.
The V-ditcher is run in furrows opened by
a moldboard-type plow. Two furrows are
made adjacent to cach other with the fur-
row slice thrown in opposite directions.
The V-ditcher then moves the soil to form
a berin on each side. Usually it is
necessary to plow a second or third time
to obtain more ecarth for the banks.



Table 2. Suggested maximum flow velocities and side slopes for lined

and unlined channels (5).

Maximum Flow

Velocities Side Slopes
Type of Surface m/sec ft/sec Range (z)*
Unlined Ditches, seasoned
Sand 0.3-0.7 1.0 - 2.3 3
Sandy loam 0.5-0.7 1.6 - 2.3 2-2Y
Clay loam 0.6-0.9 20-3.0 113-2 #»
Clays 09-1.5 3.0-5.0 -2 #»
Gravel 09-1.5 3.0-5.0 1-1V4
Rock 1.2-1.8 4.0-6.0 Va-1
Lined Ditches
Concrete
Cast-in-place 1.5-2.5 5.0-8.2¢ Ya-1V2
Precast 1.5-2.0 5.0 -6.5 0-1 1t
Brick 1.2-1.8 4.0-6.0 0-1%2 t+
Asphalt
Concrete 1.2-1.8 4.0-6.0 1-1%2
Exposed membrane 0.9-1.5 30-5.0 1/2-2
Buried membrane ¢ 0.7-1.0 1.6 - 3.3 2
Plastic
Buried membrane 0.6-0.9 2.0-3.0 2Ys

* Zis the horizontal unit to one (1) vertical unit.
** Side slopes of 1:1 for small canals in clay end clay loam are common.
T Flows in this velocity range may be superceritical (see definitions) and difficult to con-
trol. They are not recommended except for special uses.
1 Small precast and brick channels may have vertical walls (2 = 0).
1 Maximum flow velocities will depend on the cover over the membrane.

Tractor drawn ditchers may be obtain-
ed in many different designs and sizes,
Figure 4. They may be adjusted manually
or hydraulically. Generally the *‘nose”
clement is at an angle with the *‘wings’’ so
that when tilted, a somewhat flat bottom
is obtained. The wings are adjustable for
different widths. By combining tilt with
wing spread, depth and top width can be

varied. In use, the first pass is not at full
depth unless the earth is reasonably soft.
On the second pass the tractor wheels or
tracks will compact the earth moved out
on the first pass. This will reduce seepage
and stabilize the banks. Compaction of
the banks and bed by manual or machine
tamping or rolling is desirable.
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Table 3. Earth irrigation diich sizes for different slopes, roughness and discharges (33).

Flat bed before ditch is formed

Finished ditch section

s = 0.0008 s = 0.001 s = 0.002 s = 0.003
n = 0.03 n o= 0.04 n =003 n=00 n = 0.03 n =004 n = 0.03 n =004
B D F W T A < Q Q Q Q
m ft m ft m f m ft m f m* ft? m f1 m’. ft'.s m' <« ft m’/s  fU's mYss ftUsy m'ss ft s mMs /s omtss /s m'/s ft'/s
0.15 0.5 0.30 1.0 0.15 0.5 0.30 100 26 8.5 019 2,00 015 049 0.04 1.4 0.03 1.0 .03 1.9 0.04 1.5 0.08 2.7 0.06 2.1 0.16 3.4 0.07 2.5
0.30 1.0 0.30 1.0 0.15 0.5 0.46 .50 3.0 10,0 0.22 2,50 0.16 0.54 005 1.8 .04 i.4 0.07 2.6 0.06 2.0 0.10 3.7 008 28 0.13 4. 0.10 3.4
0.46 1.5 0.30 1.0 0.15 0.5 0.61 200 3.8 1.5 0.28 00 018 u.sY 0.V 22 008 17 a9 33 0.07 2.5 0.1} 4.7 0.10 3.5 0.16 5.7 0.12 43
0.61 2.0 0.30 1.0 0158 0.5 076 250 4.0 13.0  9.33 3500 019 062 008 2@ 0.6 2.1 (VAN 4.0 0.08 3.0 0.16 5.6 0.12 4.2 0.i5 5.2
030 1.0 0.37 1.2 0.21 0.7 0.38 1.2 3.4 1.} 0% 36 019 0.63 008 27 g.06 2.0 0.11 39 0.08 29 0.16 5.5 0.12 4.} 0.14 S50
0.46 1.5 0.37 12 .21 0.7 0.46 1.50 37 123 02" 396 .21 068 D100 34 0n7 2.8 0.14 4.8 0.10 3.6 0.14 5.1 0.18 6.2
0.61 2.0 0.37 1.2 n21 0.7 0.61 200 42 13.8 042 456 022 072 012 4.1 0.08 11 0.16 7 0.12 43 c.17 6.1
0.46 i.5 0.41 123 024 038 0.53 1.7 4.1 136 043 465 023 074 012 4.2 009 32 0.13 45
0.61 2.0 0.41 1.33  0.24 0.8 0.61 200 4.5 14.6 049 531 024 078 014 49 0.11 iy 0.15 5.3
0.61 2.0 046 1.5 0.30 1.0 0.46 1.50 47 155 059 638 026 086 0.18 6.4 .14 48
0.91 3.0 0.46 1.5 0.30 1.0 0.61 200 53 17.5  0.73 788 0.29  0.94 0.18 6.3
A - cross sectional area
R - hydraulic radius
n - Manning’s roughness coefficient
0.03 - soil with gravel
0.04 - soil with grass
's - slope
Q - ditch flow capacity
7 | T | { T
7% Cut or Fill Bed Made to Elev. Compacted Fill  water l w
CZ,, Design Water Surface Surface
LOANSNS /NN

NEA VSN
N
-\0

Flat Bed before Ditch is Formed

Finished Ditch Section







Many old ditches become eroded and
deteriorated and it is better to remove the
old ditches and form new ones. Figure S
gives a procedure for doing this that will
result in a new, more stable channel that
will lose less water than the old one. The
compaction and torming of the new chan-
nel can be done manually or with a
machine. Soil which has a high percentage
of silt and clay will form the best channel
from all standpoints.

The importance of good construction
for earth channels depends a great deal on
expected ditch usage. Some ditches, such
as those run on a contour for grain and

11

rice, are used only one season and then
filled in. Other ditches are relatively per-
manent and should be constructed with
more effort and care. Ditches intended
for furrow or border irrigation directly
from the ditch need substantial banks;
and the banks might be higher tor using
spiles and siphon tubes than for open
ditch bank cuts. In this case the top of the
banks should be a minimum of 25 ¢m (10
in.) above the surrounding field surface.
Banks must be high enough to allow the
water level to be increased by checks if
needed. If seepage is excessive, compac-
tion of the banks or deposition of a clay
bianket can be tried.

|) Remove the Old Banks and Pile the Organic, Vegetation Filled Bank
Soil away from the New Channel Site.

2) Build a Pad of Clean, Moist Soil on the New Channel Site and Compact

the Pad in 10-15cm (4-6in) Layers.

——

3) Pull the Ditch in Stages, Compacting the Bank Soil between each
Excavation In 10-15¢cm (4-6in ) Layers

4) Continue Enlarging the Channel and Comipacting the Moist Soil

Deposited on the Banks in Layers.

5) Trim and Shape the New Compacted Banks to the DesignCross

Section

Figure 5. Suggested procedure for mechanical reconstruction of earthen
channels with a tractor-drawn scraper, ditcher, and

compactor (30).



c. Lined Ditches.

Often farm ditches are lined to reduce
water loss and maintenance and to im-
prove walter control. Lining can reduce
the amount of seepage loss, control weed
growth and prevent the ditch  from
eroding.  Lined ditches  with sloping
sidewalls must have adequate support
from carthen banks that should be con-
structed to an clevation of 10 to 15 ¢m
(4-6 in.) above the top of the lining. These
banks must be maintained to protect the
lining from damage. Linings also reduce
the amount of land occupiced by the dit-
ches and may provide some control
against damage by rodents or burrowing
animals. However, improved water con-
trolis the major benefit of lining. There is
a reduction in water storage and ponding
and water moves through the system at a
Faster rate.

The most common types of lining for
larger canals are concrete and conerete
with masonry. Asphaltic linings and com-
pacted soil materials are also being used.
Limited use has been made of chemical
sealants and plastic membranes. For small
canals and ditches, brick or rock masonry
linings are common in some arcas. The
selection and construction of a lining is
governed by: 1)the availability of the
material, 2) equipment and labor required
for installation, 3) size of diteh, and 4)
chimatic and soil conditions. Chemical
composition of the water may be a factor.
Many times the initial cost governs the
type of ditch lining chosen. However, the
avatlability and need tor water should
also be considered. Fluctuating  water
tables and intermittent streams of water
can damage linings. Tile drains can be us-
ed to lower the water table below the bot-
tom of the canal to prevent damage to the
lining.

Livestock can damage some linings
and, if necessary, special provisions
should be made for livestock watering at
suitable locations. Washing of clothes and
utensils should be anticipated and provid-
ed for in some areas. Vegetation can
damage some linings unless steps are
taken to control growth. Figure 6 shows
some types of small channel linings.

1. Concrete Lining. Concrete linings
have many fine qualities. When properly
constructed, and where site conditions are
favorable, the linings will give long service
with minimum repair and maintenance
cost. They will withstand high water
velocities and are resistant 1o damage
from animals, machines and man.
Sulphate resistant cement should be used
when irrigation water or the soil contains
high concentrations of sulphates. Instruc-
tions for preparation and mixing of the
concrete are given in Appendix 1.

Concrete lining can be placed in many
ways:

I. handplaced by plastering on sides
and bottom;

2. using forms and pouring alternate
panels;

3. pneumatically blown;

4. precast concrete box or part sec-
tions; and

5.slipform using heavy equipment
(Figure 7u, b).

The slipform method requires very careful
scheduling of operations and a large
amount of equipment, including a transit
mixer for the concrete. For small canals,
reinforcing steel is generally not necessary
and the concrete linings are usually placed
without it.

In some arcas, particularly India,
Turkey and Egypt, precast sections are
placed manually in the small farm ditches.
Figure 8 shows forms for casting small,
rectangular sections. Precast concrete sec-
tions are usually manufactured at a cen-
tral place and hauled to the job site
(22, 36). Precast sections may be made
box-shaped, semicircular, trapezoidal-
shaped or half-parabolic. The semicir-
cular sections are usually made by pipe
companies, 1-2 (3.3-6.6 f1) in length,
46-61 cm (18-24 in.) in diameter. The sec-
tions can be placed above the ground sur-
face, supported on cradle-type pedestals
when needed to cross low areas. Parabolic
sections 20-30 ¢cm (8-12 in.) wide are made
in halves in Egypt, and when installed and
mortared, can result in lined ditches with
a range of top widths. This feature is
desirable since the same precast sections
can be used for a narrow range of ditch
sizes by varying the top width.









When the concrete lining is hand placed
and the diteh is not over 0.6 m (2 f1) deep,
the side slopes can be as steep as s
horizontal to | vertical. Care must be ex-
ercised with the concreie miy ~o 1t does
not slump tfrom the steep sides. When
steeper slopes or vertical sidewalls are us-
ed, torms are necessary to hold the con-
crete i place unul it sets. Nonremtoreed
conerete hnmings with vertical sides can be
used for depths up o 0.5 (1.6 1), The
bottom and sides should have @ ovickness
of at Teast 15 ¢y (6 m) and expansion-
contraction joints are needed.

The alternate panel method can be used
for forming  ~mall parabolic and
trapesotdal ditches and canals (8, 36). For
these sections, guide torms are used and
the sections are poured alternaiely with
the finished sections vsed tor torming the
intersvening  ones  (bigwre 7o) Joints
(preformed cracks) spaced at intervals of
.S to 3 m (S-1o oy are needed tor the ex-
pansion and contraction ol the nonrein-
forced concrete. These cracks are filled
with flexible, asphalie matenial to prevent
watler leakage.

To save concerete and to facthitate torm-
ing, the sotl subgrade should be overes-
cavated and  compacted 1o the exadt
shape, grade and alignment of the under-
side ol the himme. A tractor or anmmal
drawn ducher can do a sufficiently ac-

curate excavation job with a minumum of

hand work required. Carcetul attention
must be pard to the foundation of uany
ditch lining especially when fills are in-
voelved  The (il should be caretully made,
compacied and wetted prior 1o placement
of concrete. The top of the dike or berm
on cither side of the ditch should have a
minimum width of 0.4-0.5 m (1. 3-1.6 {1).
The berm should be seeded to grass after
construction if possible.

2. Asphaltic Concrete. The asphaltic
concrete lining has had only limited use. It

is similar in installation to ceiment con-
crete but has a shorter service hife expec-
tancy  since it is  more  subject o
mechanical  and  animal damage.
However, this type ot lining when proper-
bvoinstalled  and maintained  can give
satistfactory performance (28). It can be
placed by the ship-torm method or hand
placed in manners similar to cement con-
crete. However, the subgrade must be
sterifized 1o prevent  vegetation  tfrom
damaging the lininge,

3. Muasonry. Single laver brick, tile or
stone may be used for satisfactory lining
of field inigation channels (23). The
bricks, tiles or stones are laid flat on the
compacted sides and bhottom  of  the
trapezoidal channel and the joints are til-
ed with ~ement mortar. Tor a rectangular
channel, the bottom may be concerete or
masonry with vertical masonry  walls.
Wall height should be himited 1o 5-6
courses for brick. Usually the water side
of the masonry structure is plastered, par-
ticularly 1f the bricks are not of good
quality.  The mortar should have a
cement-sand ratio of 14, The choice of
brick, tile or stone depends mainly on its
availability and cost. Masonry channels
are successtully used i many areas of the
world. In some areas, only the sides of the
channels are lined, but this is usually not
recomimended since the bottom may crode
and cause the sides to fail.

A Asphalt, Plastic and  Rubber-tike
Sheeting. These Iiming materials have been
used but have not been successtul in some
areas. Weathering, particuiarly exposure
to the sun, has been a problem. Subgrades
must be sterilized with chemicals to pre-
vent vegetative damage. Mechanical and
animal  damage  have  contributed  to
failures. However, plastic sheeting used
underneath precast or poured concrete
sections has been successful in reducing
water losses.
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5. Chemical Sealants. Chemical
sealants have been used to reduce seepage
losses from canals only to a limited ex-
tent. Some have been used successfully,
but othors have failed after a short life.

6. Earthen Materials. Orne of the oldest
methods for reducing seepage losses and
improving ditches is to remove the porous
earth and replace it with clay material.
When impervious earthen maternal is
found near the ditch, it may be used to
solve the problem. If the material is slight-
ly moist, and if it is placed in 10-15 cm
(4-6 in.) layers and rolled and/or com-
pacted, the effectiveness of the lining will
be greatly increased. However, some clays
are subject to excessive shrinking and
cracking upon drying and should not be
placed as lining material.

Bentonite clay is sometimes used to line
ditches. This material swells greatly when
wel and is best adapted to ditches that are
not subject to frequent wetting and dry-
ing. It is usually mixed with the surface
layer of soil with a disk or spike-tooth
harrow. It may also be placed as a blanket
on the ditch bottom and covered for pro-
tection with about 5 ¢m (2 in) of soil or
gravel.

2. Controi Structures

Small irrigation structures must be
adapted for use in particular arcas depen-
ding on the availability and cost of
materials and labor. The irrigation
methods, customs in the area and the ir-
rigation water delivery schedule are fac-
tors also. Small, low cost structures that
can be buv.lt and installed with local labor
and materials are desired. Centrol struc-
tures must be easy to operate, relatively
leak proof and give good, positive con-
trol. Both permanent and temporary-
portable ;tructures are discussed.

Physical layout, operational features,
and socioeconomic factors should be con-
sidered when selecting small, irrigation
control struc:ures. The important deci-
sion considerations of the physical system
of divisors, drops, checks and turnouts in-
clude:
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1. availability of water requiring divi-
sion, equitable delivery, and mini-
mizing leakage, spillage and
seepage,

2. topography of the area and available
hydraulic head for the system,

3. size of area served by each canal,
lateral and turnout,

4. amount of titne each canal is used
and number of times each turnout is
used,

5. number of turnouts and the amount
of regulation for each,

6. need for regulating flow depths in
the system requiring permanent
and/or temporary checking,

7. importance of minimizing head loss
in the system,

8. need for flow measurement, and

9. availability of materials and labor.

Social and economic considerations are
very important for the improved system
and includec:

1. availability of skills and cost of

labor for construction and irri-
gation,

2. cost of materials,

3. marginal cost or value of water,

4, availability of capital 1o finance the
improved svstem,

5. organization, or lack thereof, of the

water users,

6. level of experience and understan-
ding of the users,

. cooperative nature of the users,

. pride in ownership, and

. potential theft problems of the
structures and materials for other
uses.

D OO

In some arcas domestic 1ses (washing and
bathing) and animal access must be con-
sidered also.

The layout of a small canal systern with
different structures is given in Figure 9. It
is diff*cult to separate small irrigation
structures into distinct categories since
division structures may also serve as
checks and/cr turnouts. For this publica-
tion the primary function of the structures
has been used to categorize the structures.
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a. Division Structures.

Divisors (diversion structures) are used
to separate a flow into two or more parts.
These structures simply divide the tlow in
a ditch inte the desired measured or pro-
portional parts. Ideally, water levels and
flow in the divisors are carctully conrroll-
cd and measured. The dimensions of the
openings are not necessartly an the same
proportions as the desired division of
discharge because ot the flow sitaation.
The opening. mav be made ngid or
variable dependiny on the need tor tles-
ibihity. However, to be oeftective oy i
divisor, the upstream and  downstream
flow condinons ~houtd be ko and

standard. Frigure 1O shoses o toved divisor

used to divide the tlow between two dit-
ches, Freare VD oas o devasor tor four dinvi
vrons where the outer two sections are fix-
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ed and the middle divisor is movable for
adjusting the flow between the middle
channe!s. The divisor shown in Figure 10
does not always accurately divide the flow
due to the Targe pier and the low velocity
ot flow. Divisors that give accurate pro-
portions divide the flow at a control sec-
tion where supereriticai flow (see defini-
ton ot terms) esists ~uch as that shown in
Figure 11 Flow can be accurately divided
without supercritical tTow 1f: 1) there is a
long straight approach upstream; 2) there
15 no backwater effect in the downstream
channels, and ) the tlow sections have
untform roughness (). The divisor shown
m - Figure H, although effective as
divider, has the distinet disadvantage of a
large hydraulic head Joss. NMost small ir-
rigation systems need o conserve head
and minimize loss, so the divisor in Figure
I is venerally not recommended.,

Figure 10. Divisor to distribute the flow between two ditches (4).
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Figure 11. Division box for flow to four ditches (SCS Photo).

In some arcas, the amount of water
delivered to a svstem may vary, but al!
deliveries within the system are to remain
proportional to the gross  amount
delivered.  This insures @ somewhat
equitable distribution without providing
control deviee at cach individual turnout
for periodic reculation (29). In o arcas
where deliveries are based on crop acreage
or on land irrigated, cquitable distribu-
tion of available water to users has been
attempted.  For instance, in o India,
Pakistan and  Eevpt, measurement iy

made at the head of the tertiary canal and
cqguitable distribution serves as a basis for
delivery. This method requires that the
tertiary canal bhe desiened so that the
water level s essentially the same for cach
turnout (which commonly have no gate
control). Thiv water level is ditficult 1o
maintain, particularly Tor the turnouts at
the end of the tertiary system. For a
svstem where there are several turnouts,
there should be adequate inflow to insure
that all water users get their allotted
share.



The semimodular turnout shown in
Figure 12 delivers equitable amounts
recasonably well. The entrance is shaped so
that an equitable share of the flow is ex-
tracted. Exit conditions are such that
changes in downstreanm water devels do
not significantly change the discharge
over a range of downstreain  depths,
However, the discharge 1 reduced when
the downstream depth exceeds this range.
This divisor turnout can be used alvo as a
water measuring deviee,

Thereare severad tvpes o harrel or pipe
vpe divesor turnowes that serve the pur-
pose of cagiitable division ot water based
on delivery to the svstem. Figure 13 shows
the pipe outlets that presently are used in
Leypt, Pakistan and India. In Beypt, pipe
dimeters are determined depending on
the arca to bearrigated and assumed water

Max WS
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duty or use. A constant water depth of 25
c¢m is assumed to exist on the upstream
side for all divisor turnouts in the in-
dividual system. Submergence on  the
downstream end of the pipe is assumed
but rarely occurs, resulting in flow varia-
tons due to depths of flow at the outlet
below the top of the pipe.

An cdjustabie divisor used in southern
Furope and north Atfrica v shown in
Figure 14, The dividing blade s ad-
justable and calibrations have been made
so that the flow may be proportioned ac-
curately between two channels (6). The
desten assures that downstream tlow con-
dittions do not change the amount and
division of flow over a wide range since
the flow normally pas.es to supercritical
flow over a crest. This divisor is quite ex-
pensive to build.
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Semimodule divisor used in India and Pakistan (29).
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A simple tvpe of proportional divisor is
shown in Figure 1S and has an adjustaole
divisor board. This divisor can be made
semiportable (movable) from wood or
metal and permanent from concrete or
masonry. Ity usefulness is limited except
as a means for temporarily dividing the
flow. The device requires calibration for
different settings of the divisor board and
different tlow conditions. Another design
for an adjustable divisor is shown in Plate
I, Appendiy 2.

Several designs tor owo and three way
small divisors are shown in Figures 16-18.
These structures can be constructed i
place to the inside dimensions shown us-
ing concrete, concrete blocks, brick, or
rock. The designs have been modified to
provide tor an overtlow section ibove the
gate or stop log slots to assure that the
water will not overtlow onto the diteh
banks, but that excess tlow will spill into
the downstream ditch, They are most
often used to divert the full incoming tlow
into one ditch or another.

In some arcas, structures with formed
gate slots ana shding gates are a source of
problems. The slots become chipped and
broken. Gates and stop logs become lost
or stolen. When in usc they jam, leak and
become clogged with sediment and debris.
An alternative to the formed gate slots is
angle iron guides which are fastened to
the inner face of the structures in the same
position as the slots. Since these guides
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are fastened to the surface, the area for
flow would be reduced by the width of the
two angle iron pieces. Sheet metal liners
for tormed gate slots as shown on Plate 2,
Appendis 2, have been successtul also,

Another alternative tor structures like
Figure 18 would be to ehimimate gate stots
entirelyv and use poriable gates. These
gates would be placed motrapezoidal or
rectangular sections and would complete-
Ivoor partiadly obstruct the flow as shown
m Figure 19, The advantages are case ol
mserton and removal mothe ditches, The
disadvantiees wre lack of adyustment for
depth and posaibility of bemng removed
for other uses.,

development ot the
Bank  Cooperative  Pro-
gramme s small arrigation structures
fabricated from concrete  components
produced on  extruston  machines  (9).
Figure 20 shows a divisor constructed
trom the prefabricated sections now being
produced 1n India.  Two sizes  of
trapezoidal and rectangular sections are
being produced by extrusion. Hollow
blocks with gate grooves are also being
made.

A recent
FAO World

A combination pump outlet and divi-
sion structure is shown in Plate 3, Appen-
dix 2. The wood (or metal) baffle is
necessary to diffuse and still the flow
from the pipe.
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isor (12).
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Figure 16. Two-way concre
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Figure 17. Three-way divisor
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Figure 18. Concrete trapezoidal two-way divisor (14). (See Plate 2, Appendix 2).
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b. Drops (Grade Control Structures).

Drops are required to reduce channel
grade whenever the natural grade would
result in erosive flow velocities in unlined
earth channels. Drops are used to 1) con-
trol the upstream water velociiies to
reduce erosion, 2) drop the flow to a
lower level, 3) dissipate the excess energy,
and 4) control downstream erosion.
Drops are particularly needed for newly
constructed channels to reduce erosive
velocities. After a period of time, the
banks and bed may stabilize as the banks
become sodded with grass, and drops may
no longer be needed.

For a steeply sioping chaa-
nel, erosion can Le coitrolled
by conveying water from one
level to another in a stairstep
manner with drops (Figure
21). Drops in series are
generally spaced so that the
difference in ‘water surface
elevation at each drop is in the
range of 0.3-0.6 m (1.0-2.0 fv).
The drop spacing may need to
be modified if there a' ~irriga-
tion turnouts in the s_ries re-
quirir.g a prescribed depth of
water between two drops.

Figure 22 shows selecied
types of drop siructures that
can be constructed from con-
crete, concrete viock, brick or
stone. These structures are
quite effective but mav be
quite expensive to build, par-
ticularly from forined con-
crete. Where water is to be
diverted froin one ditch to a
lower ditch or field, a drop
like that shown in Figure 23
can be used. This structureis a
combined turnout, check and
drop. The roughness blocks
(teeth) in the downstream sec-
tion are used to accelerate the dissipation
of energy and allow use of a shorter and
shallower stilling basin. Provision for ero-
sion control in ihe earth channel tc the
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Figure 21. Drop struétures uséd for grade controbl' 4).

left of the structure must be provided. Fi-
gure 24 shows a concrete drop and check
structure under construction (a) and after
several years of operation (b). Rock
riprap can be used for a distance
downstream from the structure to prevent
bank erosion. In some areas there may be
objections to water impounding in the
downstream apron because of mosquito
breeding. An opening in the lower sill is
often provided for drainage during non-
flow periods. Plates 4, 5, and 6, Appendix
2, give designs for trapezoidal drop struc-
tures for drops ranging from 0.3-0.9 m
(1-3 ft).
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Figure 22. Examples of small drop structures.



The drop-check structure shown in
Figure 25 can be constructed of concrete,
precast concrete, or brick masonry. The
wall thickness is usually 7.5 to 10 ¢m (3-4
in). For the small irrigation ditches, a
structure with an opening of 60 ¢m (2.0 ft)
shouvld generally be used. Optional side
walls for the stilling basin are shown. The
drop and check structure can be ecasily
constructed with standard concrete block
following the dircections stated on Figure
26. The length of the stilling pool (L)
should be at least twice the tall height (F).
Rock protection is placed at the end of the
stilling  pool to compensate for the
relatively short pool.

Concrete drop structures that have been
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developed over a long period of years by
the USDA Soil Conservation Service arc
shown in Appendix 2. Trapezoidal chute
drops for ditch elevation changes of
0.30-0.91 m (1.0-3.0 ft) are given in Plates
4, 5, 6. Vertical, rectangular basin drops
arc given in Plates 7, 8, 9, 10 for ¢levation
changes of 0.15 10 0.61 m (0.5-2.0 {1). In
most cases, the smaller structures with
drops of 0.30 m (1.0 ft) or less do not re-
quire reinforcing steel for construction.
Adcquate cutoft walls are provided at
either end of the structures to prevent
seepage and leakage which might cause
the structures 1o be undermined. These
structures have many operational advan-
tages, but disadvantages include high cost
and a great amount of labor to construct.,

Figure 23. Drop structure combined with turnout.
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Figure 24a. Forms for trapezoidal drop structure ready for pouring concrete
(SCS Photo).
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Drive-thru irrigation drops made from
concrete blocks and concrete are given in
Plates 11 and 12 (Appendix 2). These
drops are termed drive-through since one
set of wheels of tractor-powered ditch
cleaning equipment can pass through the
structures. Since these structures are long
in length, wing walls are not necessary to
control the secpage path.

In those arcas where wood is available,
drop structures like that shown in Plate 13

AN

450 (1.37m)

Note: Moximum Discharge
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can be used. For long life, the wood
should be treated with a preservative,
Sheet meta! dropec can be made to the
same basic dimensions,

Drop-check structures made from the
extruded concrete sections are shown in
Figure 27 (9). The opening in the rec-
tangular check portion of the structure is
30 cm (12 in) wide and the drop does no*
usually exceed 30 cm (12 in).

Notch - 0 25'(008m) Wide
05'(015m) Deep

2 6cfs (017m3/s)

Photo).
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DIRECTIONS

- Dig down os shown by survey
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location of wall and height of sill
Pour concrete in cores of blocks - each
row separately

Pour remoining concrete for splash
ond Floor

Any steel (rewnforcing) in cores will
greotly strengthen the structure

Figure 26. Concrete block drop and check structure (21).
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Figure 27. Drop-check structure using extruded concrete sections (9).
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In a study made on the performance of
small drop-check structures (16) several

conclusions were made to aid future
designs.
I. Commercial  pretabricated  struc-

tures generally did not have ade-
quate stilling basins.

2. End sills and low tail water depth
caused excessive scour due to water
cascading over the end sills. The
scour holes should be lined with
rock or gravel.

3. Wide basins performed better for
downstream scour prevention,

4. Trapezoidal basing operated  suce-
cessfully only with high tailwater.
(Properly placed blocks in the basin
would improve operation.)

5. A nonacrated nappe (see detinition
of terms) from the drop structure
resulted in better ~tilling.

6. Headwall structure with adequate
cutoft depth and width with gravel-
lined basin or plunge pool was most
effective and most cconomical.

The structure described as a hewdwall
with gravel-lined basin was very effective
as a drop. Only the vertical wall of the
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structure shown in Figure 26 is used and
can be concrete or masonry. Precast con-
crete walls are quite common  and
ccononncal, but are very heavy and re-
quire hoists to place. For a masonry wall,
the thickness should usually be 30 ¢m (12
in.), unreinforeed concrete, 20 ¢m (8 in.)
and rantorced concrete, 10 em (4 in).
Slots, either cast it the sides of the
opening or with channel iron tastened to
the edge, are used with stop logs to adjust
clevation of the drop opening. The width
of the gravel-lined basin should be about
twice the headwall opening crest tength.,

The length ot the basin should be 2 10 3
times the diticrence i oapstream  and
downstream water levels (fatl height /4y at
normal ditch capacity . Initially the basin
can be dug to an mverted cone shape (V)
with the depth below the downstream
ditch bottom bemng about the same as the
difference moupstream and downstream
water surtaces at normal diteh discharges.
Large gravel or crushed rock up 1o 2.5 1o
S5.0cm (-2 i) m sizein a laver about 5.0
cm (2 in) thick should be used tor the still-
ing pool. During operation, the flow will
adjust the sive and shape of the pool for a
stabilized stithng pool (Figure 28).

Figure 28. Drop structure with gravel/rock stilling basin (16).



A pipe drop structure is shown in
Figure 29. Capacities range from 65 1/s
(2.3 ft*/s) for 25.4 cm (10 in.) diameter
pipe, to 154 1/s (5.5 ft*/s) for 38.1 cm (15
in.) pipe, both 3.3 m (11 ft) long operating
with a 0.3 m (1 ft) water depth. The pipe
diameter is sized specifically to maintain
an upstream water level. The change in
water surface elevation upstream to
downstream of the pipe structure ranges
from 0.30-0.91 m (1-3 ft) depending on
the design. Concrete, asbestos cement and
baked clay pipe may be used as well as
corrugated metal pipe. Riprap protection
from erosion is usually needed on the
downstream side. Disadvantages are that
the pipe entrance is easily plugyed with
debris and the pipe alternately primcc and
breaks when the flow is less than the
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It should be noted that many of the
drops can also be used as water measuring
weirs. Drops like those shown in Figures
25 and 26 can be adapted for water
measurement by carefullv measuring the
width of the opening and the upstream
water depth. This function is discussed in
the sectica on measurement of flow.

¢. Checks.

Irrigation ditch checks may be perma-
nent or temporary, portable or stationary.
They may check the entire flow or allow a
portion of it to pass. The primary purpose
of a check is to increase the ditch storage
and water surface elevation. Many times,
checks and drops are combined into one

i

)

)

ISOMETRIC VIEW OF CONCRETE SLAB

i 1 Slab Top of Ditch Bank
2.1 /

. Corrugated Metol Pipe -

Ditch —={ D |=— e e -
Bottom ( - * — ; _L_ >y
= 7 2

' \ to  Floy { f
Woterhghf Level Line Ditch Bottam
Welded Joint

SECTIONAL ELEVATION ON CENTER LINE

Figure 29. Typical pipe drop structure (3, 21, 33).

design flow, causing surging. One advi.a-
tage is that the structure can be used as a
road crossing, possibly using a somewhat
longer length of pipe. Different designs of
pipe drops are given in Plates 14, 15, and
16, Appendix 2.

Chutes as drops can be cheaply con-
structed where rock is locally available.
Chutes as shown in Figure 30 are suitable
where falls (H) of 1.5 to 3 m (5-10 ft) are
encountered. Fairly large rock, 15-20 cm
(6-8 in) in diameter can be used, placed in
two layers. The rock layer extends above
the waterline at the ditch sides. The rough
rock face of the chute assists in dissipating
the energy of the falling water. A shallow
stilling basin is desirable.

structure so that a discussion of drops
also applies to checks as indicated in the
foregoing section on drops.

A variety of checks are used in both lin-
ed and unlined ditches. The checks are fit-
ted with checkboards, slide gates or other
means for reieasing a portion of the flow
while maintaining a desired water level. It
is highly recommended that checks have
an overflow provision so that the ditch
will not be overtopped if the check is in-
advertently left closed when turnouts are
closed. This can be accomplished by pro-
viding a weir overflow section on the
check at an elevation lower than the ditch
bank.
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Figure 31. Ditch check in lined ditch with siphon tubes.



Several different types of ditch checks
utilizing various methods to control the
flow are shown in Figure 31, 32, 33 and
34. Figure 34 is a simple check structure
combined with a rurnowr. Adequate cro-
sion protection for the bypassed flow
must bhe provided downstream from a
check in the form of a basin, rock riprap,
or a paved apron. Checks may be used for
measuring irrigation flows using standard
weir or orifice relationships (6, 35). It
should be kept in mind that when checked
for irrigating, the water surface in the
ditch should typically bhe 10-15 ¢em (d4-6
in.) above the ficld ground surface
(possibly more tor spiles and siphons).
Also a freeboard for the canal bank of 15
cm (61n.) above the water suriace must be
maintained. This results in the top of
diteh banks being 25-30 ¢m (10-1. in.)
above the surrounding ground surface.

Several simple checks that can be made
from wood, sheet metal, concrete or
masonry are shown in Figure 33. The
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width is determined for the rectanaular
opening by the width of the ditch, bank
elevation, and maximum flow that the
structure will pass. However, the opening
is usually 50-60 ¢m (20-24 in.) wide with
the bottom within a few centimeters (5-10)
(2-4 in.) of the bottom of the ditch.
Checkboards in widths of 5-10 ¢m (2-4
in.) are sometimes usea to give incremen-
tal depths when required during an irriga-
tion. Checks with rectangular or circular
onenings are sized using the orifice equa-
tion (6, 35; with maximum flow and a
small difference (5-10 ecm) (2-4 in.) in the
depth upstream and downstream from the
check. Tn all cases the cutoft wall for the
checks should project to a depth below
the ditch bottom of 20 ¢cm (8 in.) for clay
soils and 30 ¢m (12 in.) for sandy soils.
The wall should extend into cach bank
20-30 ¢cm (8-12 in.) at the clevation of
maximum water level.  With careful
backfilling and compaction, the check
should not **wash out.”

Figure 32. Small concrete ditch check (21).
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(b) Center-opening Gate with Unit Slide Cover
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(c) Bottom.-opening Gate with Swinging Cover

Figure 33. Wooden ditch checks with different openings (19).
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Checks that can be made from concrete
blocks or brick masonry set on a concrete
foundation are given in Figures 35 and 36.
In both cases, the bottom of the opening
should be set at the level of the upstream
ditch bottom. The depth and widith of
structures will vary dependine on the
ditch but usually for small ditches they are
built to the dimensions given in Figures 35
and 36. The rubble or masonry spillway
basin shown in Figure 35 should be set so
that the bottom is 5-7 ¢mi (2-3 in.) below
the original ditch bottom. The gravel lin-
ed plunge pool described in the section on
drops can be used with a check like Figure
36 11 downstream erosion is a problem.
The design of permanent, cast-in-place
conerete checks o given in Plate 17, Ap-
pendix 2.
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Portable irrigation dams are checks us-
ed to raise the water level in ditches for
directirrigation. They can be made by the
irrigators or purchased. Figure 37 shows a
canvas check with a sleeve for discharging
part of the water. The sleeve can be tied
with a drawstring to control the flow to be
bypassed. A pipe or long, strong stick is
used across the top. The canvas has a long
section upstream that is anchored in the
soil and partly covered to prevent leakage.
Plastic and rubber sheeting can be used
instead of the canvas cloth as shown in
Figure 38. The overflow section can be
raised or lowered by turning and anchor-
ing the crossmember.
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Figure 35. Concrete block check with apron for erosion control (12).
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Figure 36. Concrete block check structure (14).
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Figure 38. Flexible, portable ditch check.

Rigid and flexible portable check dams
are shown in Figures 39 and 40. The rigid
dam in ¥igure 39 is made from metal and
drivenn inio the soil. Flow can then be
passed downstrearn through a gate. The
series of dams in Figure 40u are flexible
and r-ade from canvas. Siphon tubes are
veing used to irrigate the area served bet-
ween ¢~ dam. The metal dam in Figure
40b checks the fiow for discharge through
the upstrcam gate onto borders. When the
ditch is in operation, this gate is held in
place in the trapezoidal lined ditch by the
water pressure.

d. Turnout, Outlets.

When irrigation water is delivered from
the distribui.ry or secondary canal to the
tertiary canal, a gated turnout of some
design is used. Turnout structures are
sometimes simiiar to check structures but
are placed into ditch banks to permit
water to be *emoved from the ditch. A
rotation sy.tem of water delivery to the
tertiary anals 1s common where the water
is on for a prescribed number of days and
off for a period. Variable amounts of
flow are delivered during the “‘on’’ period

depending on availability. When the ter-
tiary system has been designed to deliver
equal amounts of water, divisors used as
turnouts are used as shown in Figures 12
and 13. These divisor-turnouts are com-
moniy used in Pakistan, India and Egypt.

Turnouts and outlets are also used on
the tertiary canals (farm laterals) for
water relzase to the quaternary canals
(field ditchesy. They have gates or stop
logs for individual flow control (see Plate
18, Appendix 2). These devices may also
serve as divisors as shown in Figures 17,
18 and 20; drop structures, Figures 23, 24,
25, 26 and 27; and check structures,
Figures 34, 35 and 36.

Small control structures and devices
such as gated outlets are used to deliver
the water from the field ditches (quater-
nary canals) to the farm fields. Devices
used for this purpose include siphon
tubes, spiles (straight tubes), slots in lined
canals, and bank cuts in earth canals. For
basin irrigation, regular outlet structures
like Plate 16, Appendix 2, are used to
deliver water to the field.
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Cunal or ditch gates attached to pipe
(Figure 41) are the most common type of
turnout. The gate may be attached 1o a
concrete or masonry headwall or directly
to a steel, concerete or plastic pipe which
protrudes through the ditch bank (see
Plate 19, Appendin 2). Usuallv the gate s
on the upstream side, but can be placed
on the downstream end of the pipe tor
case ol operation and  diteh cleaning.
There e many commeraralihv designed
diteh gates inuse. The movieble plate nin
be square or round and the movement can
be controlled with an adjustable rod o
hand wheel, as ~hownon Freare 41

One tvpe ol canal vaie has been used as
a turnout and measuning device o the
LS AL3S) The discharee end or the pipe
has an clbow turned upward o that the
pipe lows tull. Two ~ulhing wells with
point gages or recordersare used o deter-
mine the hvdraohic head inothe canal and
downstream trom the pipe gate. With the
difference i the two heads und the arca
ol gate opening measured by the rise

the gate stem, the amount of flow is deter-
mined based on previous calibrations.

Seall pipe vates are commonly used for
turnout control in tield outlets on lined
ditches (Figures 42¢ and 43). The gates are
mounted verteallvon rectangular shaped
concrete or masonny hned  ditehes and
along the sidewall tor trapezordal Iinings.
Giates, attached o pipe. can be mounted
cither verticallv or at an angle, and can be
used mncarth ditchies. o most cases, rock
riprap will be needed at the pipe discharge
end to contiol croston. Basic dimensions
and flow ranges are shownn Figure 43,

Outler hoxes are shown i Figures 9250,
43 and 450 These turnout are generally
made from wood but ~heet metal can be
usea. They are semiportable and may be
reset by the rrgator as needed. The tloor
should be setat or below the tield surtace-
-up to TS em below - to minimize erosion.
These boxes are parncularly adapted tor
the Targe flows needed in border and basin
irrigation.

e

Figure 4i. Gated pipe outlet,



A concrete block turnowr diteh con-
structed from extruded blocks for an
unlined ditch is shown in Figure 46 (9).
The turnout is combined with a check
structure and utilizes block with tormed
gate grooves set on a S em (2 in.) thick
concrete slab. Lrosion protection is need-
ed downstream trom the turnout.,

Nevepic orifice modules (6, 21, used
as mntakes tor secondary and  tertian
canals as well as farm turnouts are shown
i Figure 47. The module is a metering
device with movable slides which can be
opened singly or in multiples to obtain the
desired  tlow. Tvpically, the small
distributor (module) has compartments

for 5, 10, 15 and 30 | < flow for a max-
imum flow ot 60 1 s (2.1 ¢fs). FFor correct
operation,  the  parent  canal  should
operate within o preseribed depth with on-
by small fluctuation. T'o maintain the near
constant operating depth upstream from
the  module, constant upstream o1
downstream level vates are used in the
parent canal as ~hown i Fieare 47, The
advantages  of this swwtem are: 1)

automatic and relatively casy operation,
2) preset discharge amounts, and 3) not
casy to tamper with, The disadvantages
arce: by relatively expensive, 2) subject (o
clogeing with debris, and 3) requires an
almost constant deprh of water which in
turn requires depth control,

Figure 42. Commonly used turnouts for farm irrigation ditches (SCS Photo) (25).
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Trapezoidal panel outlets as used in
Spain and Pakistan (31) are shown in
Figure 48. They are precast from concrete
and easily inserted in the ditch by the
farmer. Forms are used for constructing
the panel and lid so that the two fit
together closely for a minimum of
leakage. Outlets of variable heights can be
constructed. The outlets do not have an
adjustment for variable openings and
must be operated either fully open or fully
closed. This feature is not desirable for
many systems.

Circular concrete turnouts have been
recently developed and are widely used in
Pakistan (Figures 49, 50 and 51) (31). The
outlet gates are operated fully open or
closed, which is particularly adapted to
the system. Irrigation water is rotated to
each farmer on Pakistan watercourses on
a weekly basis. Consequently, outlets
from tertiary to quaternary ditches are us-
ed frequently. The water is seldom divid-
ed, so gates do not need to regulate flows-
-only to direct it. Field sizes are small, and
thus the conveyance system is extensive,
requiring numerous outlets along the ter-
tiary channels. The turnouts are generally
used in pairs--one to check the fiow in the
ditch and the other to divert the flow. The
circular concrete turnouts also serve as
drops when cpened in series along a ter-
tiary canal.

Because cement, sand and bricks are
readily available and local craftsmen are
talented in constructing masonry struc-
tures, the outlet structures are particularly
adapted to fit local needs. The circular
panel is precast using steel molds con-
structed locally. The lid is5 cast in the panel
and then ground smooth by turning the
lid in its panel to assure a tight, relatively
leakproof fit. Most of the supporting
structures are brick masonry and are con-
structed in place as shown in Figure 50.
Another turnout design using precast con-
crete sections is shown in Figure S1. The
head losses for a range of discharges and
sizes of circular panel turnouts are given
in Figure 52 (31).

To install, the soil placed around the
structures needs to be carefully com-
pacted to prevent washouts. Soils should
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be moist when placed and compacted in
layers. A hand tamper should be used.
For some installations a cutoff wall as
shown in Figure 50 may be needed, but
for cohesive soils, the wall is probably not
needed. However, since water leakage
around structures is a major problem,
care should be exercised to prevent leaks
and possible loss of the structure.

Spiles are used to release irrigation
water from the head ditch into the field
for furrow or corrugation irrigation.
Spiles are usually short pieces of pipe in-
serted through the ditch bank. Normally,
the spiles are installed each season
although they can be left in place for
longer periods. Figure 53 gives the general
plan for using spiles and Table 4 gives the
discharge for sizes ranging from 1.0 ¢cm
(0.5 in.) to 10 cm (4.0 in.) in diameter.

Siphon tubes are widely used for fur-
row and flood irrigation from lined and
unlined head ditches, as shown in Figure
54. Aluminum and plastic tubes are quite
common and are set manually over the
ditch bank with each irrigation. Very
large siphons can be used for turnouts as
shown in Figure 5. The flow is started us-
ing a hand pump. The large siphons are
useful for irrigating large, level borders.
The discharge for individual siphon tubes
is given in Figure 56 and Table 4. Head is
the difference in elevation of the water
level in the ditch and the discharge from
the pipe if flowing free, or the water level
in the ditch and water level in the furrow
or field if the end 1s submerged.

For conventional siphon tubes, as
shown in Figure 54, therc is need to reset
or reprime afier an interruption of flow in
the supply canal. Siphon tubes are
available that hold their ‘“‘prime’’ after
flow interruption, so that flow continues
after the supply canal is refilled.
However, these tubes are quite expensive
compared to the conventional ones.

Be sure to set the di  +arge end of spiles
and siphon tubes as low as possible to
minimize erosion. If there is erosion,
cloth, sacking, plastic sheeting or
vegetative material should be place under
the discharge.
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Figure 53. Spiles used for furrow or corrugation irrigation (34).

Figure 54. Siphon tubes for furrow irrigation.
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Table 4. Flow through small spiles and siphons (5).

Pressure head (centimeters)

125 1S

Diameter
of Spile R
or Siphon 2.5 5 7.5 10
cm.
1 0.03 0.05 0.06 0.07
2 0.13 0.1y 0.23 0.26
3 0.30 0.42 0.51 0.59
4 0.53 0.75 0.9] 1.06
5 0.83 1.17 1.43 1.65
6 1.19 1.68 2.06 2.38
7 1.62 2.29 2.80 3.4
8 211 2.99 1.66 4.0
9 2.67 3.78 4.63 S.3§
10 3.30 4.67 s 6.60)

Bank or ditch curs (notches) are the
simplest method for irrigating from a
head ditch. Figure 57 is a concrete ditch
with notches and small gates spaced fre-
quently along the ditch. The least
desirable method is cuts made in the carth
canal bank with a shovel. This methodd is
probably the least costly but results in
variable flow rates and the channel bank
cuts erode. Also, the refilled cuts fre-
quently leak or wash out.

To avoid nume:rous cuts in the canal
bank in furrow ir-igation, use small, tem-
porary cef ditches. These are small ditches
running parallel to the quaternary canals.
The water is diverted from the quaternary
canal into the set ditch by one bank cut,
or preferably, by some type of turnout.
The water is then distributed by cuts in the
set ditches to 6-12 furrows, depending on
conditions. This method is better than
having a cut in the quaternary canals for
each furrow, although siphon tubes are
the most desirable method.

3. Water Measuring Structures

On-farm water measurement has
generally been ignored in many areas of
the world, but is very important for good
irrigation water management and use.
Just as it is important for the farmer to
know how much seed he plants, how
much rertilizer he applies, and how much
crop he harvests, he should know how
much water was applied to cach crop,

17.5 20
Liters per second

0.07 (.08 0.09 0.09
0.30 0.32 0.18 0.73
0.66 0.73 0.79 .84
1.18 1.29 1.40 1.49
1.85 2.02 218 2.33
2.66 2.91 Y14 1.36
1.62 3.96 4.28 4.58
4.72 S 18 S.5Y S.98
S.9K 6.55 7.07 7.56
7.3K ].09 8.73 9.34

cach field, over the entire season. Water
measurements can be made at the field
and farm level by several means (4, 6, 7,
21, 25, 27, 35 A summary of the
characteristics and limitations ot several
methods s given by Bos (6).

a., Meirs.

One method of measurement is to use
an existing drop, check or turnout strue-
ture as a rectangular weir. Structures like
Figures 24, 25, 26, 32, 34, 35 and 36 can
be adapted for measurement by detr Lan-
ing the width of the opening anst moun-
ting a staft gage upstream to ootain the
depth of flow over the base of the open-
mg. For an gccurate measurement, the
downstream water surface must he below
the base of the opening and the nappe of
the jet must be aerated underneath. The
rectangular weir equation is

O - CLh- (2)
where Q = discharge - m's (¢fs)
C = coefficient = 1.83 (metric)
3.33 (English)
I. = width of opening, m (f1)
and
h = head over the weir, m (ft).

Actually, L:quation 2 is tor a sharp edge
weir with a deep pool upstream, but using
it as suggested will not result in a signifi-
cant error in measurement provided that A
and L are determined with care.



The standard rectangular weir is easy to
construct and simple to use. It can be
made from concrete, masonry, steel or
wood but should have a metal blade (4, 6,
35), Figure 58. In the U.S.A., small rec-
tangular weirs are usually made in stan-
dard widths of 30.5, 45.7,61.0 cm (1, 1.5
and 2 ft) for which rating tables are
available. A prescribed distance must be
maintained between the tip of the weir
blade and the bottom of the ditch and bet-
ween the sides of the opening and the
ditch banks. Only the upstream measure
of water depth over the weir crest (Figure
58) and a rating table are needed to obtain
the discharge. One major drawback is the
large head loss equirement to obtain an
accurate measurement. The downstream
depth must be at some point below the
weir blade clevation tor correct measure-
ment.

The 90-degree V-notch weir (Figure 59)
has some advantages in irrigation water
measureinent (35). The water depth over
the bottom of the V is determined as with
the rectangular weir and the installation
requirements are similar. The V-notch has
the advantage of being able to accurately
measure a large range of tlows, par-
ticularly low flows. However, the head re-
quirement is even greater than the rec-
tangular weir, which can be a distinct
disadvantage.

b. Flumes.

There are several measuring flumes that
should be considered when measuring ir-
rigation flows less than 142 1/s (5 ¢fs). The
Parshali measuring flume has received
wide acceptance and is used in many areas
(Figure 60) (6, 21, 35). The 15.2 and 22.9
cm (6 and 9 in.) flumes iiave the desired
flow range and rating tables have been
prepared for them. The Parshai! flume, as
with other fiumes, can be used while
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submerged, 1.¢., when the depth of tlow
downstream relative to that upstream is
greater than approximately 70 percent.
This means that the loss of hydraulic head
can be considerably less than when using
weirs. This is a distinet advantage. Re-
quirements, rating tables and curves tor
discharge with  various  degrees  of
submergence are available (35). The Par-
shall tTume can be constructed as a perma-
nent installation with concrete, masonry,
metal and wood, or as a portable device
using metal, wood or fiberglass.

The Cutthroat measuring flume is an
acceptable tlume for irrigation uses. It
can  be constructed  from the above
materials and can be permanent or por-
table (27). The construction iy much
simpler than the Parshall flume since
there is a flat bottom throughout and the
parallel-walled throat section s
chminated (Figure 61). The flume will
operate under free-tlow or submerged
conditions, and there are tables and charts
available tor determining the flow. The 4
in. by 3 ftand 8 in. by 3 {t tlumes (27)
cover the desired range of discharges for
small gravity irrigation systems.

The  trapezoidal  flume 1s used  to
measure tlow in small svstems (26). This
flume, which has sloping sidewalls, was
initally designed to be an integral part of a
concrete-lined irrigation ditch (Figure 62).
Flume k-1 (26) has the desired flTow range
up to S cts (142 1/s). It has a flat bottom
throughout and 1:1 sloping sidewalls. The
flume can be constructed with concrete,
masonry, metal, wood and fiberglass. The
advantages are: 1) the shape fits the com-
mon ditch shape, 2) there is less head loss,
and 3) it accommodates a large range of
flows. The disadvantages are: 1) itis more
difficult to construct, and 2) the cost is
greater than other flumes.



.o

Figure 57. Concrete lined ditch with bank cuts for irrigating.



65

oint to Measure
Depth (h)

Figure 58. Rectangular weir used as a combination measuring device and drop
structure (35).

Point to Measure
Depth{h)

Figure 59. Ninety-degree V-notch weir (35).
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Figure 61. Cutthroat measuring flume (27).
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Figure 62. Trapezoidal measuring flume (26).
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Figure 63. Broad crested weir (b-c-w) measuring flume (7).



A recent development has been the
broad crested weir flume (b-c-w) (7),
which is particularly adapted for place-
ment in an ex.sting lined ditch. Details of
the flume are shown in Figure 63. The
construction is simply a concrete block
with an approach ramp placed with defin-
ed incremental heights; the correct height
being determined from a design discharge
anc corresponding normal depth of flow.
The design discharge is usually the max-
imum sustained flow in the channel.
Depth of flow through the b-c-w flume is
determined at a definitive point upstream
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adapted for measurement by determining
the area of the opening and the flow depth
on the upstream and downstream sides of
the opeiiing. Figure 52 can be used to
determine the flow rate for the circular
panel turnout (Figures 50 and 51).

For small flows, spiles and siphon tubes
(Figures 53 and 54) can be used for flow
measurement using Table 4 and Figure 56.
An accurate measurement of the pipe in-
side diameter and the hydraulic head is
necessary.

4

Figure 64. Flume for carryi'.g irrigation water across a depression (SC5 Photo).

using a staff gage or water stage recorder.
The advantages are: 1) simple coustruc-
tion, 2) adequate accuracy of measure-
ment, and 3) low head loss at design
discharge. The disadvantages may be: 1)
high head losses at flows less than design
discharge, 2) canal blockage, and 3) sedi-
ment deposition.

¢. Orifices and Other Devices.

Several of the contrel structures can be
modified to serve as orifice type measur-
ing devices also. The canal gate shown in
Figure 41 serves the purpose verv well
with the addition of wells to measure the
water depths upstream and downstream
from the gate and an elbow or obstructicn
on the downstream end so that the pipe
flows full. The gate has been calibrated
for @ range of standard sizes and ilows
(35). Other orifice type structures such as
Figures 13, 33, 34, 39 and 50 can be

4. Miscellancous Structuies

a. Culverts, Bridges, Flumes, Cross-
ings, Siphoas.

Oper. irrigation ditckes must have
crossing structures so that people and
equipment can cross. Concrete and metal
pipe is most commonly used for culverts
over irrigation ditches. Bridges made
from concrete, lumber and metal sections
are used in most areas. Bridges are
sometimes combined with check and drop
structures.

Flumes constructed of wood, metal or
concrete carry water across depressions.
These can be constructed with sub- or
super-structure to support a channel or
pipe as shown in Figure 64. The structure
must have ample strength to support the
flume when it is flowing at maximum
capacity.



Inverted siphons made from concrete
or steel pipe are useful for carrying the
flow across depressions, channels and
underneath roads. They differ from
culverts since the pipe is lower than the
water surface in the irrigation ditch. The
siphons may be more expensive than
flumes to build, but are more durable.
Figure 65 shows an inverted siphon made
from standard concrete pipe with concrete
entrance and exit structures. The earth fill
over the pipe should be a minimum of 1.0
m (3 ft) because of vehicular loads.
Designs for siphon crossing inlet and exit
structures are given in Figure 66. The
structures are made from extruded con-
crete sections (9). Designs of concrete in-
let and outlet structures for siphons of
different diameters are given on Plate 20,
Appendix 2.

b. Drainage Structures and Wasteway's.

Irrigation water that leaves the canal,
farm, or areas of application must be con-
ducted to a drainaze way. This water is
normally called waste water and may
result from several causes.

In some areas, waste water can come
from excess rainfall and leakage and
spillage from canals .nd siructures are
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possible sources. Generally, though,
waste water is from over-irrigation. One
major source oi waste is irrigation water
furnished on a 24-hour basis, which 1s on-
ly tended by the farmer during the
daviight hours. However, tor surface ir-
rigation 1t is normal for some water to
pass into drainage ways orttail”” ditches
in order that all arcas in the field, in-
cluding the ends, receive sufticient water.

Some of the same structures used to
convey irrigation water are used for
wasteways and drainage ways. In par-
ticular, drops and chutes are required and
pipe crossings are commonly used. Of
particular ce .. rnis the section where the
small open onoenters a larger main
drain. Eros.:.n will occur unlesy some
structure is used to safely convey the tlow
from the higher level to the drain level.
Many times a cantilevered pipe outlet is
used for this situation. Because of the
pipe, large scour holes and excess bank
erosion usually occur. Simple outlet strue-
tures and rock riprap can alleviate this
situation.

Whenever possible, waste water should
be diverted to a ditch or canal at a lower
elevation so it can be reused on another
field.

Ditch

\/z bank

‘Nater Surface

-

. A

Ruyried Pipe/,’

Figure 65. Inverted siphon made from concrete pipe (25).
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c. Automated Structures.

Automatic control devices have been
deveivped for underground pipe systems
and, to a limited extent, for surface
systems  (3). Many ot the automatic
devices utilize pneumaiic, radio and clec-
tronic controls. In addition to turning
water on and off, stractures and devices
have been developed 1o automatically
reduce the tlow after an initial high tlow
for “‘cut-back™ irrigation. Self-propelled,
traveling siphons have been used sue-
cessfully where a large discharge i needed
for border irrigavon,

Most of the equipment and devices for
automation are quite complicated and re-
quire a great amount o!f skill and attention
for operation. There are a limited number
of irrigation gates and checks operated by
manual timers, hvdraulic pressure (Figure
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47), sinking floats and water clock prin-
ciples that may be of limited use in
developing countrices.

d. Other Structures.

In some cases, sand traps and trash
racks (screens) can be used in areas where
there is a large amount of sedinent and
trash (3). These structures are  quite
specialized and require a great amount of
observation and maintenance for suc-
cessful operation. Thev are rarely used for
individual surface tarm  irrigation
systems. Usually the tarmers will manual-
[v remove trash and deposited sediment
from channels and structures.

Refer to the section on pipe line struc-
tures for details on trash screens and
desilting boxes that can bz adapted to the
needs of surtface systems.,



111. LOW PRESSURE PIPE SYSTEMS

There are three types of on-farm low
pressure pipe systems (3). The first is a
buried pipe system where water enters by
gravity from an irrigation ditch or pumps-
tand. Water is released directly to the tield
from risers on the buried pipeline. Buried

pipelines with risers are usually made of

concrete, asbestos -concrete, or  more
recently, rigid plastic.

The second pipe svstem 1s a combina-
tion of buried pipe and portable surtuace
pipe attached to the risers. The surface
pipe is usually gated so that water s
delivered at many points along the pipe.

The third type is completely portable
surface pipe where the water iy delivered
directly by pump or from an open diteh
turnout. The surface pipe 15 used to
deliver water from the open end or from
gated scctions along the pipe. Surface
pipeline is usually rigid aluminum  or
plastic pipe but can also be flexible plastic
and rubber-like materials.

Pipe distribution systems offer many
advantages and arce finding increasing use
in developing countries (3, 4, 20, 24, 25,
33, 36). The advantages are: 1) minimal
seepage and evaporation logses, 2) no loss
of land to ditches, 31 better weed control
through climination ot ditch banks, 4)
case of water distribution on uneven land,
5) educed maintenance, and 6) good con-
trol of irrigation water. The disadvan-
tages ace: 1y high inital cost and 2)
damage or loss from vandalism.

1. Pipe Design

a. Underground.

Ncareintorced concrete pipe has boen
uszd extensivelv for low pressure systems
with asbestos-cement, plastic, and very
recently, fibergiass pipe, also used. Most
low pressure systems operate at a head

! -
Previcus «

. -.:.;., A " '-;y
(38 Loabadoda

less than S00 em (16 f1). If pressure heads
exceed 650 ¢cm (21 fu), reinforced con-
crete, steel, asbestos-cement, plastic and
other pressure pipeis used. Low pressure
concrete pipe commonly has mortared
tongue  and  groove joints, although
rubber-gasket, tlexible-joint pipe is also
used. The pipe should be located with care
to serve the area and should be positioned
away trom heavy trattic. Experience has
shown that a minimum depth of 0.6 m (2
f1) over the top of the pipe is sate in areas
using animal-drawn vehicles and im-
plements and 1.0-1.5 m (3-5 1) in areas
using mechanical cultivation practices and
heavy  vehicular trattic. Pipe capacity
must be large enough o the maximum
water requirements. Appendix 30 gives
ASAL S261.5 tor design and insiallation
of nonreinforeed concerete irrgation pipe
systems and Appendiv 4, ASAL 5376 tor
design, installation and performance of
underground thermoplastic arrigation
pipelines.

b. Surface.

Surface pipe is used instead of an open
ditch and usually has & multitude of small
gates (gated pipe) to distribute the flow.
The pipe s usually aluminum. Common
sizes inchnde 127, 152, 203, and 254 »'m
(5, 6, 8 and 10 in ) diameter in 6-9 m
(20-30 1) lengths. In some areas, plastic
pipe (PVC) is used. Cuick couplings are
available which are refatively leakproot.

c. Pipeline Capacity.

The pipeline diameter which will deliver
the desired -mount of irrigation water
must - ve  determined. The capacity
depends on the size and rcughness of the
pipe, hydraulic losses of the entrance, ex-
it, bends, joints, valves, cte., and the dif-
ference in elevation (head) at the entrance
and exit.



There are a number of relationships
(equations) that have been developed for
determining th - friction losses (head
losses) in pipe. However, for low head,
on-farm irrigation systems, the Manning
equation adapted for pipe tTow is recom-
mended for simplicity. Because, for pipe,
the hydraulic radius, R, equals /4, and
the area, A, equalsxD:?/4,

Q-

For Equation 3, ("is 0.31 for metric and
0.46 for English units.

CD'S/n 3)

Table 5 gives the head loss for concre e
pipe with gasket joints (n = 0.011). Head
losses for other types of pipe (such as
plastic) of similar diameter can be deter-
mined by increasing or decreasing the
values in Table S for the different
roughness, n, values. As an example, if
the n value is 0.008 (plastic pipe), then the
head losses in Table S for the same
diameter and discharge should be decreas-
ed by the factor 0.00870.011 - 0.73. The
actual head loss for pipe friction (H,) is
found by dividing the length of pipe
system by 100 and multiplying by the
value found from Table S (7 - 0.011).

The total head loss in a pipeline (H,) s
the sum of the pipe friction losses and
other head losses caused by entrances,
valves, elbows, tees and structures. These
losses are accumulated depending on the
friction and head losses, thus

H, =
Q.‘

K, + K K oK)y =
(1+ .t o ¥ n)ZA:g

ac.cleration of gravity, 9.8
m/sec’ (32.2 ft/sec?). Values of the
resistance coefficient K for different
features are given in Table 6. For the
gravity cystem, the pipe discharge and size
is determined by the following steps.

where ¢ =

. Determine £, as the difference in
elevation of the water surface at the
entrance and at the point of lowest
discharge. The point of discharge

+ H, (4)
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for the low head pipe system will
probably be one or more alfalfa
type valves discharging through
hydrants.

2. From a selection of pipe diameter
and ecstimated discharge, determine
H/ from Table §.

3. Determine and sum the resistance
coefficients K ...A for the different
pipeline features, such as line
valves, elbows, tees, risers and
delivery valves.

4. Solve Equation 4 yor the discharge

0.

5. If the determined discharge Q is dif-
ferent from the estimated discharge
used in step (2), repeat the computa-
tions from step (2) using the com-
puted discharge to obtain H,. The
final computation after these trials
will give the correct discharge.

To actually design the system, it is
necessary to first have a topographic pro-
file of the system showing the ground sur-
face and pipeline elevations. Upon know-
ing the location of each pipeline feature,
such as stands, risers, valves, ete., and the
water delivery schedule, the next step is to
determine the hydraulic grade line for
cach possible schedule. The hydraulic gra-
dient at the point of delivery and the valve
characteristic determines the discharge
there.

The capacity of a gravity pipe system is
basically determined by the pipe diameter
and the difference in the elevation bet-
ween the upper water surface and that
where the lower end discharges. If the
system is supplicd by a pump, the head
can be increased. The usual practice is to
design the underground pipe system so
that the hydraulic gradient is 30 cm (1 fu)
above the ground surface at the discharg-
ing alfalfa valve. This will insure adequate
flow without excessive erosion for direct
irrigation. If rigid or flexible gated pipe is
used with a hydrant, the hydraulic gra-
dient will need tc be 61-91 cm (2-3 ft) at
the alfalfa valve level.



Table 5. Head loss in concrete pipe with concentric gasket joints* (3).

Pipe Diameter

Flow rate 203 mm 254 mm 305 mm 356 mm 381 mm 106 mm 457 mm 533 mm
(Q) (8in.) (10 in.) (12 1n.) (14in.) (151n.) (16 1n.) (18 in.) (21 1in)
L/s frss Head loss (m 100 m or tt 100 f1)
15.0 0.53 0.14
20.0 0.71 0.25 0.07
30.0 1.06 0.55 017 0.06
40.0 1.4] 0.98 0.30 0.11
S0.0 1.77 1.54 0.46 0.18 0.08
60.0 2.12 2.21 0.67 0.25 0.11 0.08
70.0 2.47 3.01 0.91 0.34 0.15 0.10 0.07
80.0 2.82 3.93 1.19 0.45 0.20 0.14 0.10 0.05
90.0 3.1 4.97 1.51 0.57 0.25 0.17 0.12 0.07
100.0 3.53 1.86 0.70 0.31 0.21 0.15 0.08
150.0 5.30 4.18 1.58 0.69 0.48 0.34 0.18 0.08

*Computed from Manning Formula, n = 0.011

SL
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Table 6. Resistance coefficient A tor use in formula H = K Q° 2A°g for fittings and valves (33).

Nominal dameter

CRenm 175 mm 2000 mm 230 mm 300 mm
Friing o valve e (7o) (8 1) (10 1) (12 1)

Standard pipe

Flbows:
Revutar tlanped 90 deprees .28 0,27 026 0.2% 0.24
{ one radios tlanged Y0 degrees PR 017 0.13 0.14 0.12
]L‘C‘
Flanged hne tTow 0.12 0.11 0. 10 0.09 0.08
Flanged branch tTow 0.60 0.58 0.36 .82 0.48
Vialves:
Globe tTanped .80 .70 .60 S50 .30
Gate tanged 0.11 0.09 AN 0.06 0.045
Swing check tTuneed 2.00 2.0 2.0 2.0 2.0
Foot 0.80 0.80 0.80 0.R0 0.80
Altalta 2me 24 2.4 2.04
Orchard (20)® 2.78 278 278
Other
Infets o1 entrances:
Inward projecung 0.78 All diameters
Sharp cornered 0.50 All diameters
Shehtly rounded 0.23 All diameters
Bell-mouth 0.04 Al diameters
g
Sudden enfargements K <1 d > where d, diameter of snuller pipe and Jd; - diameter of large pipe
- $\ |
Sudden contractions K l).7< ) where W4 diameter of smaller pipe and d, - diameter of large pipe
i /

*Where Uas the nonumal port area, poriias ever valve o 1S om0 S o and indraulic eradient < 30 em (1O 1D above valve.



2. Structures

Control structures are needed for the
low pressure underground pipe systems to
deliver the correct tlow at the desired
locations (3, 4, .0, 33). Appendiv 2 gives
design information on structures tor the
svstems.  Although  concrete pipe iy
shown, the design can be adapted to other
pipe materials.,

a. [nlet Structures.

Water may enter a pipeline by gravity
from an irrigation ditch or may be

Top of Ditch
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pumped trom a well or canal. Inlet struc-
tures are used to direct the water into the
pipe system and also may serve as a debris
and sediment trap.

Lo Gravesy Teler, When water enters @
pipeline trom an open diteh, a structure
like that ~shown i Figare 67 08 uaed.
The inler stands are construcied  of
pourced concrete, concrewe biness, brick
masonry or large dameter concrete
pinc. Thev are cquipped with o trash
rack or screen and a removabie cover.
Plates 21, 22 and 23, Appendix 2 give
designs for eravity anlets,

Removabie Wood Cover
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Figure 67. An inlet stand for taking water by gravity from a ditch into an

underground pipeline (4, 32).



2. Pump Stands. Stands are installed
to receive water from a pump and con-
vey it into a pipeline. They are open at
the top and the stand diameter is larger
than the pipeline, usually 3 to 4 times
larger. This allows the stand to act as a
surge chamber and allows entrapped air
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flexible coupling is put in the pump line
to protect the stand from pump viora-
tions. Plates 24 and 25, Appendix 2,
give designs for pump stands. Plate 26,
Apnendix 2, shows an inlet stand com-
bined with a sand trap.

b. Pressure und Flow Control Stands.

to escape. They are built high enough to
develop the head needed and are given
some frecboard. A typical stand i
shown in Figure 68, If an unusually
high stand is needed, the stand is cap-
ped and a smaller diameter steel pipe is
extended to the necessary height, A

Control structures are needed to main-
tain delivery water levels, regulate the
flow into branching lines, limit pipe
pressures, and provide for the removal of
er.rained air.

. b 9
: — Water Surface
Concrete d /1
Plpe —at _Z_ :
Mortar :1
Fillet ~. ;j e
Flexible '\ Flap K
Couplinq—\: ¥ Gate
> ST ; Field
Pump_,,( L q - Surface
Discharge Pipe g "
Wzrvrzgcm‘g'?fm; d
. )
. Mortar Co’;\i%reete
g Fillet
Concrete g
3 v
':;:.- ‘e A ':‘ :':.:‘" o

Figure 68. Typical concrete pump stand: The flexible coupling is needed to
absorb vibrations from the pump; the flap gate prevents back
flow to the pump (4, 32).



l. Gate Stands. Gate stands are
diversion structures that control the
flow into laterals. They are also used to
increase the pressure upstream, to pre-
vent high pressures, and to act as air
vents and surge chambers. The gates
are often used to control pressures as
required by upstream outlets. A single
structure is often built to function as a
gate stand and as an overflow stand as
shown in Figure 69. Plate 27, Appendix
2, gives the design of a gate stand com-
bined with an overflow stand.

2. Overflow Stands. These serve as
check and drop structures in addition to
the other functions of a stand. As a

check, the stand regulates upstream
pressures to maintain uniform flow
from outlets or into laterals. As a drop,
it limits the excess head developed by
the natural slope. It may be used with
or without the side turnout shown in
Figure 69. It has the disadvantage that
air is often entrained in the water as it
spills frcm the overflow baffle. To
minimize this, a gate which is normally
open is installed between the two
chambers in the stands. When pressure
is needed for upstream diversion, the
gate is closed sufficiently to bring the
water level to the crest with only a small
ovarflow. An overflow stand usually is
not needed in areas of flat or very slight
slopes (see Plate 27, Appendix 2).
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or for direct irrigation (4, 32).



3. Float Valve Stands. On steep
slopes, it is advantageous to install a
semiiclosed system with float valve
stands as shown in Figure 70. Design of
the stand is given on Plate 28, Appen-
dix 2. The float valve~ open when the
downstream pressure falls to a
predetermined level, and admit into the
line only as much flow as can be releas-
ed by the hydrants that are oper:.. Thus,
each valve automatically controls
pressure in the reach of pipe
downstream from it. When a pipeline is
served directly from storage, float
valves provide full control of the water
from the lower end of the line. High
overflow stands on steep slopes may be
eliminated by using float valves. A
semiclosed system is efficient, since
surplus water is not wasted at the end of
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the line as is sometimes done when
overflow stands are used. Tables giving
head loss for various size and types of
valves at diffeient openings are useful
in selecting the proper valve (24).

4. Line Gate Valves. Line gates in
each lateral are sometimes substituted
for gate stands. These valves are regular
gate valves with special hubs that are
mortared directly into the line. They
permit operation from the ground
rather than from the siand top. The
present trend is towar« increased use of
line gate valves wita adjacent, small
diameter, capped, vent stands instead
of large gate stands. Friction losses in
wide open gate valves are low and are
often expressed as equivalent lengths of
straight pipe (24).
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Figure 72. Orchard valve hydrant showing the recc:nmended installation of
the valve in the riser (4).

Figure 73. Cated surface pipe and tubing attached to portable hydrar:s fitted
cver alfalfa or orchard valves. The flow to the furrows is adjusted
from individual outlets in the pipe or tube (4).

Figure 74. Open-pot hydrant with orchard valve and slide gate control (4).



¢. Discharge Control Structures.

Outlets are necessary to deliver water
from the pipeline to the land surface or in-
to some distributing device. They consist
of risers huilt of vertical sections of pipe
into which outlet valves or gates are in-

stalied to control discharge.

1. Outlet Valves. Outlet valves are us-
ed to distribute water directly into
border strips, basins or ditches where
relatively large tlows are needed. Two
general types are nsed in the United
States of America, alfalfa valves and
orchard valves. Alfalta valves are nor-
mally grouted to the top ot a pipe riser
as shown in Figure 71 (Plate 29, Appen-
dix 2j. This is reterred to as an alfalta
valve hydrant. Orchard  valves are
smaller than altalta valves and are used
where smaller flows are acceptable.
They are usually installed inside the
riser as shown in bigure 72 (Plate 30,
Appendix 2}, Sinee water usually tlows
from an orchard valve with lower
velocities, they are commonly used 1n
place of alfalfa valves where erosion is
a problem or where the pressure in the
riser is extra high.

Portable hvdrants and sheet metal
stands can it over the valves for water
delivery into surface pipe or ditches.
The hydrants are constructed so that
the valves can be regulated with the
hydrant in place. Gated surface pipe or
tubing can be attached to the hydrant to
distribute water 1o furrows or corruga-
tions (Figure 73). Sheet metal stands are
sometimes fitted with multiple-connec-
tions so that one stand may serve
several surface pipes individually or
simultancously.

2. Pot Hydrants. There are several
types of distributing hydrants, two of
which are the alfalta and orchard type
where the water flows from the top of
the riser. Another, used for furrow ir-
rigation, consists of a riser pipe exten-
ding to the ground level with a larger
pipe, called a pot, fitted over it as
shown in Figure 74. The pot has open-
ings fitted with slide gates through
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which water is distributed to the tur-
rows. The slide gates are placed on the
inside of the open pot to minimize ero-
sion. The water level in the hydrant is
regulated with an orchard valve. When
line pressures are low enough, the valve
in the riser may be omitted with control
at the shide gates.

In installations where the hydraulic
gradient is not more than 30 to 60 cm (1
to 2 1) above the ground, the pot may
be capped and the orchard valve
eliminated. In this case, the shde gates
are installed and operated from the out-
side of the riser. The ow is controlled
by adjustiment of line pressures and the
gate.

Capped pot outlets have the advan-
tage of not allowing feaves or debris to
enter the riser to clog the shde pates.
However, they provide tess control ot
the flow, and crosion trom the water jet
Is more severe, The shide gates are often
replaced by speaial serew tvpe valves
which allow less croston. The use ol
capped pot outlets s usually limited 1o
orchards and permanent crops where
small tlows are distributed nto fur-
TOws.

With low fine pressures, the pot s
sometimes omitted and the shide gate
put in the sides of the riser which may
be lett open or capped. Flow ratings
and maximum  recommended  design
capacities for shde pgates have been
determined (24).

3. Surface Pipe Hyvdrane. Several dif-
ferent types of hyvdrants are used to
connect the pipelines to surtace pipe or
tubing. These are essentially variations
of those mentioned previously in which
the slide gates are replaced by nipples or
connections tor attachment of the sur-
face pipe. Unless excess pressure is i
the pipeline, the riser must extend high
enough to produce the required
pressure in the surface pipe. If the
pressure in the pipeline is more than re-
quired, the riser may be equipped with
an orchard valve to prevent it from
overflowing.



The height of an open hydrant
should equal or exceed the head loss in
the gated pipe or tubing plus freeboard.
Reierences are available which are
helpful in determining head loss in sur-
face pipe and tubing (24). Discharge in-
to the furrows is controlled by in-
dividual outlets along the pipe or tube.

d. Miscellaneous Structures.

1. Sand Traps. Sand traps are usually
built into the pipe inlet structures. Mcst
of the suspended  material may  be
removed by making the stand extra
large in diameter to insure low water
velocity and to provide a <:iining basin.
The bottom ot the sadnd iy set some
distance below 1h¢ invert of the outlet
pipes 1o~ provide space for sediment
depoition (see Plate 26, Appendix 2).

Sediment collecting in the pipeline is
minimized i a minimum velocity of 60
cm/sec (2 ft/sec), and preferably 90
cm/sec (3 1t/see), 1s maintained. Sedi-
ment deposits in the pipeline reduce the
capacity and eventually may plug the
line. It is particularly important that
sediment be removed from the water
when surface pipe and tubes are used.
Sediment deposttion in this equipment
makes che pipe very difficult to move.

2. Debris und Weed Screens. Debns
and weed screens should be provided at
every gravity inlet. Much of the dif-
ficulty caused by this material will be
climinated 1if provision is made to
remove 1t from the water before enter-
ing the pipe. Designs are given in Plates
31 and 32, Appendix 2.

3. Auir Yenrs. Vents are required on
every pipeline to release air and to pre-
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vent high surge pressures. Vents are
needed at all high points of a line,
where the pipe slope increases sharply
down grade, at sharp turns in the line,
at the end of the line, and directly
below any structure that entrains air in
the flowing water. In addition to releas-
ing air, open vents serve (0 release
pressure surges and pievent damage to
the line when gates or valves are opened
or closed. They also prevent pipe col-
iapsz from vacvtum when the line is
drained.

The cross-sectional area of the vent
riser should be at least one-half the area
of the pipeline. A typical installation is
shown in Figure 75 with design infor-
mation given on Plate 33, Appendix 2.
[t is often recommended that the small
vent pipe extend part way down into the
riser. Air trapped in the space between
the end of the pipe and the ~oncrete cap
absorbs pressure waves and tne riser
thus acts as a surge chamber. The area
of the smaller vent pipe should not be
less than one-sixticth of the main line
area and in no case less than Scm (21in.)
in diameter.

All vents should extend at least 120
cm (4 ft) above the ground or as high as
necessary to prevent overflow during
normal operation. The 120 cm (4 f1)
neight is for visibility to prevent
damage during field operavon. If an
excessively high vent stand is required,
it may be advisable to install an air-
relief valve to reduce the height as in-
dicated in Figure 75. Air-relief valves
permit air to escape or enter but do not
allow water to pass. They should not be
located where it may be necessary to
relieve momentary high pressure
surges.
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Figure 75. Air vent for underground pipelines. The vent pipe is sometimes
allowed to project into the riser to form an air pocket and surge
chamber in the top of the riser (4, 32).
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IV. CONSTRUCTION AND INSTALLATION

There is an apparent lack of concern
and understanding of the construction
and operaiion requirements of small
gravity irrigation systems and water con-
trol struciures. This partly results from
past emphasis on the cesign ot farge struc-
tures and from governmental responsibili-
ty tor irrigation systems ending at the
point where the use ol small structures
starts. The small structures and systems
require an emphasis on economy i «
struction and installation while insuring
reliable, simple operation for the farmer-
operdator of the system. There is come
stintlarity  between the small structures
and ditch hinings and the larger structires
and canals in some construction phases —
like foundations, concrete mix, backfill-
INg, Crosion prevention, eic.

Two types of construction for irrigation
structures  predominate 1in developing
countries. The most common type s
brick-masonry, which may be covered
with concrete mortar. Concreie footings
and slabs are used under the brick con-
struction. Precast concrete blocks, sec-
tions and complete structures are next in
common use. The sections may be tlat,
part circular, or parabolic for forming
masonry linings  or structures.  Metal
structures have only hmited uses and
wood, hardly at all, because of shortage,
susceptibility to tire, and need for using
the wood tor other uses. Other than canal
linintg, poured-in-place concrete has only
limited use in small irrigation control
struciures. The need tor forms, and on-
site mixing and pouring of concrete makes

these structures costly and labor intensive.

1. Ditch Construction

Small carth irrigation ditches can be
formed by hand or machine in either cut
or fill sections. The fill sections should be
well compacted in lavers 10 to 15 ¢cm (4-6
in.) deep. If the ditch section is higher
than the field, an ecarth pad should be con-
structed and the ditch formed as shown in
Figure 5. The side slcpes of an earth ditch
should not be steeper than 1:1 with
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recommended side sicpes given in Table
2. Permanent ditch banks or berms
should be at least 30 to 76 ¢m (12-391n.)
wide at the top as given in Table 3. The
banks must be high ¢nough to give a
frecboard over the maximum water level
of 15 cm (6 1n.).

A discussion of lined ditch construction
has been given in Section 11, e, For the
small ditches, masonry lining using brick,
concrete lining and precast concrete lining
are the most common. Other types of lin-
ing such as asphaltic and plastic are
almost never used in developing countries
but would be useful as lLners below
precast linings.

The ditch sections need to be overex-
cavated to accommodate the thickness of
the lining material. The soil should be
compacted using a hand tamper if a roller
or other mechanical method 1s not
available. Prior to placing the lining, tiic
soil should be sprinkled with water if it
has dried.

The concrete and mortar used for ditch
linings should follow the specifications
given in Appencix 1. It should be
thoroughly mixed, preferably by machine
and kept free of soil and debris. The local
concrzte and/or brick mason should be
relied upon to lay the brick or place the
concrete in an acceptable manner. For the
<rndl concerete ditches, it is not necessary
to .ue reinforeing steel. The thickness of
the oing should range between 5 and 10
cm (2-4 in.) depending on the ditch size
and flow velocity (13). There should be
contraction joints cut transsversely in the
wet concrete to about one-third its depth,
atout 3 m (10 fty apart. If the slope of the
ditch lining is over 0.02 (2 percent), col-
lars extending 30 ¢cm (1 f1) below and
laterally from the sides of the lining are
requirc. at each joint. The joint should be
over the collar. After a peniod of time the
joint should be filled with expansive
material like bitumen. Construction joiuts
abutting structures should contain a
suitable expansion joint material, such as
bitumen o1 rubber.



Precast concrete liners should be placed
on the earth seciions thai have been com-
pacted and shaped to the outside shape of
the liner. It is important that the liner is in
complete contact with the soil or the
plastic sheet underlying the liner. The
joints of the precast sections must be
pertectly aligned when
Misalignment will reduce the tlow capdCi-
ty of the ditch and also promote cracking
at the joint.

Brick lined channcls should be covered
with a 1 cm (0.4 in.) layer of concrete
mortar, particularly when the brick 1s not
of good quality. Tt is very important that
the soil be well compacted, moistened,
and shaped for placing the brick lining.

2. Ditch Structures

Take care to prepare the toundation tor
stractures that are to be poured trom con
crete or built trom brick. A concrete pad,
stab or footing 10 ¢m (4 in.) thick <hould
be sufficient. This is placed on the ex-
cavated soil that has been leveled and
compacted (also wetted). Tt is importane
that the soil be wetted before pouring the
concrete since a dryv soil will remove water
from the fresh concrete, reducing its final
strength.

If forms are required, they must be tied
or braced so that they cannot move, Biick
structures must be made using the best
local construction practices with the water
side covered with a thin layer of mortar.
Gate slots should be made with metal
angles or channels and fastened o the
structure rather than torming the slots in
the concrete or mortar.

The new concreie should be allowed to
cure for at least 5 days by covering it with
cloth, canvas, burlap or sand, which
should remain wet for the U day period. In
some areas, concrete curing compounds
are available. Directions for their use are
printed on the con:ainers.

mortared.
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After the concrete or brick mortar has
had time to properly cure, the structures
should be caretully backfilled. This phase
1$ very important since the most cummon
structural fatlure 1s impioper or insuffi-
cient backhllime. Backtill soil should be
moisi and compacted in 10-15 ¢cm (4-6 in.)
layers.  When  complete, the  backfill
should extend above the sidewalls of the
structure.

3. Pipe Systems

The  construcen, instaliation and
testing o low  pressure pipe svstems
should generaliy follow the specitications
given by the  American  Society  of
Agricaltural Eogineers tor nonreinforeed
conerete Irreation pipe systemes (2) (Ap-
pendix 1), and tor undergreand piastue ir-
rigation pipehines (h eAappendis 35,0 These
standaids relate the best practices for con-
struction sid anstallation. For specitica-
tions and structions on making concrete
and mortar tor the pipeline ctactures,
refer 1o Appendin .

Pipe trenches should be  excavated
deeply enough so that 0.75 to 1.20 m
(30-48 in.) of cover is placed over plastic
pipe and u minimum of 0.6 m (24 in)
cover over concrete pipe (3). The pipe
should be unitormly supported over it
entire length on tirm, stable material in
the trench. When trenches are excavated
in soils containing rock or in soils subject
to appreciable swelling or shrinkage, the
trenches should be overexcavated and
backfilled with stable materials to provide
a firm, unifoim base. Trench widths just
adequate to allow room for pipe installa-
tion provide maximum support for the
finished pipeline.

Before backfiiling, fill plastic pipe with
water and check for leaks. Keep the pipe
full of water during backfilling to prevent
collapse of the pipe. The trench is partial-
ly backfilled and water is added until the
fill is thoroughly saturated. Allow to dry
and then complete the backfilling.



For concrete pipe with mortar joints,
partially backfili the trench while the mor-
tar is still plastic. Complete backfilling
after the mortar joints have set for at least
30 hours. The pipeline should not be filled
with water berore backfilling is com-
pleted. Pipelines should be tested for
leaks by observing the trench after two
weeks of continuous water in the lines.

Connect concrets pipelines to structures
using mortar. Structures are constructed
in-a manner similar to those previously
described for concrete ditches. For pump
stands, the line from the pump must have
a flexible joeint so that vibrations are not
iransmitted to the stands.
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V. OPERATION AND MAINTENANCE

1. Operation,

The operation of farm irrigation
systems varies widely and is somewhat
dependent on the operation and water
delivery schedule of the sccondary
delivery canals (distributary canals,
Figure 1). Usually the farmers, cither by
organization or individually, operate the
balance of the system (tertiary and quater-
nary canals, Figure 1). The water dehivery
methods or schedules tor the secondary
canals can be broadly classified as de-
mand, rotation or continuous flow
systems (3). Another method classities the
system water delivery as either rigia
(predetermined) or tlexible (moditied)
schedule. In developing countries, water
delivery from the government operated
system usually follows a rigid schedule
and gives a varied amount on a fixed fre-
quency. The rigid schedule and varied
amount often supply excess water during
periods of low crop demand, resulting in
water waste and drainage problems. Con-
versely, during periods of greater crop
water demand, not enough water is
available resulting in farmer conflicts.
The above factors indicate that the flows
in a particular system vary widely and this
is usually the case.

The proper operation of an irrigation
system depends on an organizational
structure that will insure equitable
delivery to the water users. To have
equitable delivery, there must be water
measurement, good conveyance systems
and positive control, which will result
from properly Je-igned on-farm irriga-
tion systems. A fdrmer-run organization
is necessary to obtain correct water
delivery based on the right and land
holding of each individual. One in-
dividual employed or designated by the
farmer organization should be responsible
for equitable water delivery and also for
recommending maintenance of the
system.

wWe ¥ .3
P b coge e Al
8 R R | '3:} :‘ M]l @ E. :.-kg:;");.lu’:b\z

PRWIE) . R

2. Maintenance.

Good maintenance  of irrigation
systems and structures is necessary for ef-
ficient delivery and use of water. The
maintenance of small on-farm irrigation
canals and  structures should  be the
responsibility ot the culuvator and s a
continuing task.

1. Seep arcas o ditches or around
structures should  be mmmediately
repaired.

2. Remove sediment and  vegetation

from ditches, structures, and repair
features thut have been damaged or
detertorated.

3. Design structures in unfined ditches
w0 they will not intertere with diteh
cleaning when mechanical equip-
ment s used.,

4. Ditches need to he cleaned at feast
once a vear (more often where weed
growth is very rapid), and

5. the ditch should be reshaped at the
sane time.

Clean, reshaped canals have a lower
roughness value (Table 1) and  will
therefore allow the water to flow laster
with less ponding than poorly maintained
canals. Clean channels can conserve head
in arcas where gravity irrigation systems
operate with limited available head. Since
the discharge is inversely proportioral to
the roughness coetficient (Bquation 1), a
channel may carry as much as four times
the flow when clean as when containing
dense weeds (Table 1).

Low, short growing grass on the ditch
banks is recommended for stabilization,
but should not interfere with the flow
capacity of the ditch. Weeds along the
ditch  banks should be eliminated.
Rodents and nurrowing animal - are a ma-
jor cause of ditch and structure failures
and should be controlled. If rodents are
known to be 4@ majo. problem in an area,
rodent activity around an irrigation struc-
ture can be reduced by mixing coarse sand
and gravel with the backfill material when
the structure is installed.



Ditch erosion, bank scouring, weak or
low spots in the ditch bank, structure
cracking and deterioration, and crosion
around or below  structures  are  ail
maintenance ttems that must be corrected.
[ scouring or erosion is oceurring,
changes and-or additions to the ditch
structares should be made. Additional
grade control or encrgy dissipating struc-
tures may be necessary. In areas where it
is available, placing crushed rock or
coarse gravel on the diteh bank and bed
downstream from a siructure may assist
in reducing scour and crosion. Broken
concrete or brick s usetul tor this pur-
pose.

Cracks i conerete, masonrny and brick
structures should be repaired by coment
mortar or by other means. Manv cracks
are caused by temperature and moisture
changes. However, when cracking is caus-
ed by foundation settlement  and/or
backfill movement and  pressure,  the
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structure may need to be removed and
rebuilt. The structures should be installed
50 that water does not pond in the ditches
when the irrigation flow is oft. Ponding
enhances seepage, bank failure, mosquito
breeding and  contributes to structure
Fawilure. However, in some arcas ponding
s destred tor domestic purposes such as
livestock waterimy.

Metal structures and metal parts of
other structures should be protectea by
painting and-or rustproofing, Metal in
contact with the soil mav need special
treatment. Mectal parts should be kept to a
minimunt, but 1t used, must be firmly at-
tached and protected apainst vandalism or
removal for other uses.

A good muintenance program can pio-
fong the lite of canals and structures
several times over. A routine, thorough
program should be maiitained.
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VII. DEFINITION OF TERMS (17)

1. CHANNELS AND STRUCTURES
a. Delivery Channels. {Watcrcourse, tarm lateral or field laterad

Secondary canals. [Distnbutary, secondary canal.] Canals wineh take oft from main
canals or branches and supply water to munors, outlets, or turnouts,

Tertiary canals. [Farm laterals, distnibutary mmors.] Canads takime ot from secondary
Jdistributaries and supplving water to sub-nunors, ontlets or tarnouts -
laterals (USA), meshu (Bevpt), munors (India and Pakostan).

Quaternary canals, [Field faterals, sub-minor distributary ] Canals tabing ot from
minors and supphving water to outlets and o turnoars. Head-ditch
(USA), watercourse tndie and Paketany, and marwa (Fgvpr).

b. Division Structures.

Distributor, divisor, divider. Siructure built on g canal to distnibute the flow either
hetweent tac or more otftakes at the end ot a canal or between tiseld

vy

and one oo miore otitakes

Division box, proportional distributor. A tarm structure to divide the water supply

hetween tao or meore ditches,
¢. Drops, Chutes.
Drops

Drop structure, fall structure. A structure designed to Jower the water surtace
in a channel in 4@ short distance and with sate dissipation of energy.,

Ditch drop. A tarm structure built 1o absorb the excess prade when the slope
of the ditch is greater than the grade which should be used in the ditch,

Erosive velocities are reduced upstream.

Chutes. An inclined drop or tall inowhich the Towening ot the water surface 1s
achieved over a relatively short lengrh ot channel.

d, Checks.
Check, check structure. Structure built or placed soross a channe! at suitable
points to control water levels and revulate water sapply. Stop logs and
check panels are the movable cections placed i slots 1o control depths.
Check drop. Check structure combined with a drop, tor & dual purpose structure.
Check stop. A permanent or temporary struciure inserted i a diteh to partly or
whally check the flow. Used to raise the aater fevel to nermit irngation
through bank cuts, spiles or siphon tubes. May be portable.

e. Turnouts.

Offtake regulator. A structure built at the head of an offtaking distributary
channel 1o control and regulate water from the parent canal.
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Headgate. Structure at the head of a watercourse, farm lateral or field lateral which
connects with the distributing cl.annel. The turnout may be placed through

the banks of tertiary and quaternary canais for water delivery to the fields.

Turnout. Structure that releases the water from « head ditch. Can be used to allow the
water 1o pass through the banks of the head ditch onto a field, thus acting as

a check gate and a head gaie at the same time,
J. Miscellaneous Structures und Devices

Measuring structures. Weirs, measuring flumes, structures used to find depth-discharge
relationship.

Pipeline structures. Structures used with underground, low pressure irrigation pipeline
Sysiems.

Drainage structures, tail escape struetures. Structures for conveying water away from
trrigated arcas into a drainage system.

Ditch structures. Inlets, outfalls, overflow sections, checks, drops, crossings,
outlets,

Drainage tile and pipe structures. Inlets, outlels.

Desilting boxes, sund traps. Structures to reduce the flow velocities so that sand
and silt settles and can be removed.

Other devicey,
*Siphon tubes — Pipes over ditch banks.
*Spiles — Pipes through ditch banks.
*Flexible pipe and tubing — To convey flow from pipes or spiles.

2. HYDRAULICS

1. Aerated Nappe. Undersurface of water flowing over a weir-type structure that has an

(
ample supply of air

b. Critical Depth. Depth of flow in an open channel where the euergy of flow is at a
minimum value, i.e., where H + V3/Zg is at a minimum.

Friction Losses. L.oss in hydraulic head due to friction caused by the roughness of
the surfaces that are in contact with the flowing water.

~

d. Velocity Head. The average velocity (V) multiplied by itself (V?) divided by twice (2)
the gravity acceleration (g) 9.81 mvs® (32.2 ft/s%). This results in the
velocity head in meters (or feet).

Available Head. Ditterence in elevation of an upper water surface and a lower surface
such as a tield or water surface.

~

J. Hydraulic Head. Depth of water referenced to a lower elevation. Height that water
will stand in a (ube. Energy available.

Head 1.0ss. Energy lost as a result of friction, impact or turbulence. Simply, the

g
difference in two water surfaces connected by pipes or channels.
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h. Hydraulic Grade Line. In an open channel, the water surface is the hydraulic
grade line. In a closed pipe, a line joining the elevations to which
water would stand in open gage tubes.

i. Hydraulic Gradient. Slope of hydraulic grade line.
Jo Hydraulic Radivy. Arca of the flowing water divided by the wetted perimeter.
For pipes tlowing tull, this s equal to the diameter divided by four

{(4).

k. Submerged Flow. A condition of tTow through or over a structure where such flow is
affected by the depth of water on the downstream side.

L Supcreritical Flow, Velocity of tlow is greater than critical flow (see 2b). High
velocity tlow.



CONCRETE

INFORMATION

PORTLAND CEMENT FE ASSOCIATION

Concrete for Small Jobs

Concrete is a widely used building material around the farm
and home. Toundations. walls, sidewalks, patios, steps.
floors, and drivewavs are built by homeowners everywhere.
Concerete has several desirable propertios that nake ita ver-
satile und popular builaing matenal. Froshly mixed con-
crete can be tormed mto practically any shape. Handened
conerete s strone and dorable.

The lavman often contuses the words “cement™ and
“eoncrete.”

Cement is the fine powder sold by building materials
dealers i s, Teshound be catled byt more exact name,
“portland cement,” to ditferentiate 1t from other kinds ol
cements used tor other purposes. such as. tor example,
MasONTy cenent.

Concrete s the minture of two compoenenis. paste and
aggregates. Paste iy composed of porthand cement, water,
and air. Aggregates are inert minerals such as sand. gravel,
and crushied stone.

During mixing. the cement and water Torm a paste that
couats the surface of every piece of aegregate. Usually withm
two to three hours atter mixing. o chemical veaction starts
between the cement and the water. As this chemical reac-
tion progresses. thie cement paste hardens gradually and the
concrete s osaid to sers Finallv, the cement-water paste will
harden much tike due and bind the aggregates together to
form the solid mass that s conerete.

Although ready muxed concrete is widely used tor large
construction jobs. it s not alwavs practical 1o use ready
mixed concrete on small jobs. Ta come cases. the amount of
concrete vou require may be dess than 1 ocuyd.. which is
less than most ready nux producers will supply. And in
some areas there is oo ready mix plant.

It vou are fuced with one of these circumstances. making
yvour own concrete mayv be the only practical solution. This
is hurd work but it has the advantage of fow costoand the
amount of concrete mixed can be adjusted to suit yvour own
work pace.

Quuhity concrete costs no more to nmake than poor con-
crete. but is far mare economical in the long run because of

its greater durability. The rules for making good concerete
are simple:

1. Use proper ingredients.

2. Propartion the ingredients correctly.

3. Measure the ingredients accurately.
Mix the ingredients thoroughty.

iy

CHOOSING THE INGREDIENTS

Portland cement is not a brand of cement but a type. Most
portland cement is grey in color. However, white portland
cement is manafactured from special raw materials that
produce a pure white color. Tt can be used instead of the
norautl grey portland cement, but it is higher in price,
which muy rostrict its use to decorative work and other
special jobs.

You can buy portland cement in bags at yvour local
building muterials dealer. In the United Stutes, a bay weighs
94 Th. and holds T eudisin Canada, a bag weighs 80 Ih. and
holds about "= cu.ft.

Cement in bags should be stored ina dry location, pref-
crably on raised wooden platforms. Sometimes when bags
have been stored tor a long time. the cement in the fower
part of a pile develops warchouse pack. that is, the cement
appears to be hardened around the edges of the bags. You
cun usadhy correet this by rolling the bug on the floor. To
avord warehouse pack. bags should not be stacked more
than seven high.

Cement suitable for use in conerete should be free-flow-
ing. The presence of Tamps that cannot be pulverized read-
ilv: between vour thumb and finger andicates that the
cement hus absorbed moisture. Such cement should never
be used tfor important work. but when the lumps have been
screened vut thiough an ordinary hiouse sereen, it can be
used for certain minor jobs such as setting fonee posts.

Water for making concrete can be almost any naitural
water that is drinkable und has no pronounced taste or
ador. Althougl, some waters that are not suitable for drink-

© Portlund Cement Association 1971



ing will muke sutisfactory concrete, to be on the safe side.
use only water i to dank.

Atas alse an maportant ingre drent for making good con-
crete. Inthe Tate 193075 10 was discovered that air i the
form of mictoscopie bubbles evenly dispersed throughout
the concrete smproved s dwabihis and virtaally elinu-
nated scaling due to freeze-thaw and deacer salt acton,
Concrete contammne such ane bubbles s called an-entramed
congerete.

Hardened concrete isually contains sonme water. When
this warer treeses, 1t exoands, causiiy pressure that can
rupture {scaked the concere seitace. The tny air bubbles
et ds reservons or rehiet vabves tor the expanding water.
thus relieving pressere and preventing damage to the con-
crete,

A entnnnmient s st pnportant tor conerete exposed
toaltemate cveles o1 reesme and thawme o se ot de-
icers I cold chimates and even oy mnld climates that have
several cveles ot freesme and thawimg each vear. o should
be ased For all extenor conciete work, mcludmy diveway s,
sidewulks. patios.and steps,

A entramment who has other advantages, For example,
the ninsy wnr bubbles act like bail beannes i the nux, -
creasing ats workabihiy sowothe the result that ess mising
water by required.

To create the tiny wir bubbles i an-cotimed concrete,
chemicals specralhy minde Tor this purpose. alled air-entinm
ing agents, e added to the mixang water. Building niate-
rils suppliers sometime s cany air-entinnmyg avents. Ready
mix plants stock thewy tor then own use and would prob-
ably sell vou a smalt quantits . The amonnt 1o be added 1o
the mux depends on the brand of wi-entiaming agent. This
information can he obtamed from the bulding matenals
supplier or the ready mix producer.

There s another method of obtinmy wir-entraited con-
crete. To save vou the trouble of buying and measuiing an
airentraming agent fand climinating a possible error
dosage). many cement munutacturers market portland
cements that contanm an anterground mir-cintrmning agent.
The.» cements are rdecutied on the bag as “dir-entraining”
and are avadable from the same suppliers that sell regular
portland cements.

Aggregates are nunerals such as sand. gravel, and crushed
stone that nake up 60 10 80 percent of the volome or
concrete. They act s anonert tiller material to reduce the
amount of cement ~equired i conerete. Without aggregates,
conerete would be very expensive. Furthermore, without
agaregates. conerete would shrink a great deal upon drying
and this would lead 1o excessive crucking Aggregates re-
strain the shrinkage that occurs when cencrete hardens.

Aggregates are divided into two sizes, Tine and coarse.
Fine agpregate is alwavs sand. and coarse agmieyate is usu-
ally gravel or crushed stone.

Natural sund 15 the most cornmonly used fine aggrepate;
however. manotactured sand. made by crushing gravel or
stene,is alsa avinlable e some areas. Sand should have
particles ranging in size from Y. down to dusi-size par-
ticles small enough 1o pass through o Noo 100 mesh sieve
(10.000 openings 1o the square inch). Morgar sand shoutd

not he wsed tor making concrere sinee it comains ondy small
particles,

Gravel or cresiied stone are the most commonly used
comrse aggregates. They should consist of particles that are
sonnd, hard. and durable, not soft or flaky. with a mini-
murt of long. shver-hke preces. Particles should range in size
trom Poans up to the maximum size used for the job. The
CUMMON MM sizes are e ' boor i Gener-
allv. the most ccononueal nux s obtained by using the
largest-size course apgiegate that s practical or available,
Coarse aggregate up to 1'einsin sice, tor example, may be
used ina thick foundation wall or heavy footing. In walls,
the Targest pieces should never be more than one-S8th the
thickness of the finished wi 1 section. For slabs, the maxi-
mum size should not exceed one-third the thickness of th.
slab. 1t concrete is 1o be placed around reinforcing bars or
prpes. e maximun size of the aggregate should not be
more than three-tonrths of the clear space between the bars
o1 prpes. o between the torm and the pipe or bar closest to
1.

Al sizes of aggegates may not be aveilable Tocally, but
within the above hintations. Gy 1o use the larpest-size
aggregate readily avilable,

Both e and coarse sggregates Yor making conerete
must be clean and free of excessive dint. clay. silt, coar or
other orgame matter such us deaves, roots, ete. These for-
cin naterntds will preveat the cement trom properly bind-
my the apgreaate particles together, resultmg in porous con-
crete with fow stiength and durability,

Hovou suspect that the sand contams too much ex-
tremely fine materal, such as clav nd sitt. check its suita-
bitity tor use m making conerete by the so-called silt test
tFig, 1) Filan ordinary quart camuong jar or mitk bertle to

Fig. 1. Silt test deing made in a quart canning jar.




Fig. 20 Welb-graded aggregates have particles of various sizes, Shown
here s Trem. manimunsize coanse aggregate, Picces vary in size
from 'ito 10,

adepth o 20 with aorepresentative sample of the sand in

quastion. The sample should be taken from at least five
ditterent locations m the sand pile wnd thoroughly nixed
ayether. Add clean water to the sand in the jar or bottle
ant ot s about three-quartess full - Shake the containe
vigotously for about o minute, Use the Last few shake 1o
fevel ot the sand. Allow the container to stand tor an hour
Any chy and sthe present will sertde out inca layer above the
. thick. the sand s not
satistuctony unless the chay and il are removed by washing,

sands B ais Bnver s more than

Good e and course concrete aoereeates have o full
range af sizes froer the smadlest to e Treest. but no exeess
amount of any one sizes The b particles il ot the bulk
of wconerett pux and the sewller ones Gl i the spaces
between the Lireer ones. Ageregates with an even distribu-
ton ot particle vzes are saind to be well maded (Bge 2.
Such augrecates prodace the most ccononucal and workabie
concrete. Mixtures of e and comse tiken
directhy trom geael banks o stone crashers usually contam

agaregates

A exeess of sand i proportion o coarse matenal. Before
wsing this materal i concrete, 1 should be screened and
recombmed into properly graded tine and coarse aggrevates.

Buy fine and coarse spgregates separateh from a repu-
table building mavterials supplicr. 1t there is o rendy iy
producer s vour areag s preterable to purchase apgre-
vates trom b He will make sure that the aggrevates vou
by have the correct size and are sttable for makmg con-
crete.

Store agaregates on g clean hard surfuce, it possible, and
not directly on the ground. Apart from wastage of materiaf,
wround storage may cause contammation with mud and
dirt. Ttas good practice to cover agereriie piles 1o prevent
them from becoming wet i case of ran. Do not use the
bottom Luyer of an uncovered agyrewiate pile, s this part i
usually satuwrared with water and may contuin an accumubi-
ton ot dirt wishied through trom higher lavers,

PROPORTIONING THE INGREDIENTS

In concrete, the cement and water form a paste that sur-
rounds cvery piece of aggregate. Within a few hours, the

concrete sherts 1o harden due ro b dranion o chenmeal reac-
ton bosgeen cament and waters A invdranon ocenns, the
paste inds the aevesate tocether o g stone. durable,
SUIRIINING

Ll qualin or the conerete s diecthy relared to the
ity o e coment pastes Phe quabine ot the paste. m
turn s direct! celared o the mmount of water nised with
the coment T too mnch nnvany warer sosed . e paste will
be thmeand dilureds makane the conarcte weak and porous,
\othe amont o warer s educsds the soeneth ot the
paste meressesmabane e conarete strenver and more dar-
able.

Footind the correct amonnnt of nisany water. use the
proportions enen me Tables Tor 2 g sttmy pomt. These
proportions may vot abwoany s one goworkahle s waith vour
araregates. Howeverosimple adjostments mothe mix can be
made. as will be explamed we Adpestmee the Troal Bateh on
piage 7.

The values m Table 1 should be used 1 sow e meas-
tring your materals hyowereh, Mewainme by werahCrathe
that by volume s reconmmended for reasons it will he
exphoned m Measuime the Ineredients, paee -

The proportions in Fable T oare hased onuse of coarse
aggregates comisting of vnva. Gravels are mote or Jess
smoath and rownged while crushed stone wpprevates are
rougher and more anvalin Aneular particles produce nux-
tures that are a hittde more ditticalt to work than mistures
with rounded particltes. hence o hittde fess crashed materal
must oc used meocach cubic toot of concrete to obtain the
same workahilbity o Accordinely - when using crushed stone,
reduce the value for coarse agureeate in Table 1 by 31b.und
merease the value tor sand by 3 1h.

The weights of matenal @ivens i Table T owill make
[-cvtt. bateh, This s about the nght amount for hand
mixing. Foromachime mixing. multiply the vatues in Table 1
by the capacity of the mixer. For example, it vour mixer
capacity 1 3 cudt and vou are makme air-entrained con-
crete with G- maxaimimestze gravel aggregate, vou would
weigh out 25 2 3 - 75 Ib. ot wir-cnttamimyg cement, 42 X 3
= 126 b ot sand 65 7 3= 195 0h. ot viavel and 10 X 3 =
30 b, of water. It vou are using crwshied stone of the sume
sizeowergh out 3 1h. per cubic foot more sand. or 45 /4 3 =
135 db. ot sand metead of 1260and 3 b, per cubic foot less
coarse aggreyate, or 62 70 5 = RO o of crushed stone
instead of 195 [h. ot wavel.

The propertions eiven in Tuble 2 are by volume or purts
and can be gneasured in parls, cans, or any other sturdy
contumer. An ordimary salvanized steel water pail makes
convenieni batching contaimer.

Estimating quantities needed. Betore cetning down to the
job of mewsurnme and mixime, vou will need to Know just
how much cement. sand. and corse agerevate to buy for
vour project. To do tins you will first have 1o estimate the
amosnt of concrete your project will require. Use the fol-
Towrne simple formuta. which works for any square or other
rectangular-shaped area.

Width (11) 7 Length (11 X Thickness (in.) L
— T Cubic feet

\“:\\ X
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Table 1. Proportions by Weight to Make 1 Cu.Ft. of Concrete

Arr-entrained concrete

Maximuny

size Coarse
coarse Cement,  Sand,  aggregate,  Water,  Cement,

aggregate, in. Ib. It Ity ® ity b,
" 29 53 46 10 29
i 27 46 55 10 27
s 25 42 65 10 25
1 24 39 70 9 24
1 23 38 75 9 23

Concrete without air

*1f crushed stone s used, decrease coarse aqgregate by 3 Ib. and increase sand by 3 b,

Table 2. Proportions by Volume

. Arr-entramned concrete
Maximum

size ' ' ; !
coorse Coarse
aggregate, in.  Cement  Sand | aggregate Water Cement
. ' . .

Y. 1 2's 1% b 1
1 2% 2 Yy 1
Y% 1 2% 2 k) 1

1 1 2% 2% Yoo 1

1% ; 1 P ‘l 3 Yoo 1

For example. a -in-thick patio slab, 12 ftowide and 15 1.

12X A XA
feng, would require: =7+ v

= Ob ewdt. ol conerete. A

wall 31t high 10 e longcand 8 e thick would require:
IXI0OX N

20 cudr.

The amount of concrete determined by the above tfor-
muky does noi allow for osses due 1o uneven subgrade.
spillage. ctes so add S 1o 1O percent for such contingencies.
I the e of the walllthe total ainount of concrere re-
guired wounld be 2000 (010X 20) = 22 culdt.

The quantties ot nutenial to buy can be caleulated by
multiplying the number of cubie teet ot concrere (22 this
example by the weights of materials needed for Toeuti,
giverin Table 1o Assuming the wall will requite air-en-
trained conerete and the masunum size of availuble aggre-
gite to be “yin the quantities of material needed would be

as follows: Sy me . e
22025 = 5300Hh. of cement

22442 = 424 4b ot sand
2200065 = 1430 b of gravel

Stice ttis senerally ympossible 1o recover all ot the mate-
rial. @ 1O pereent allowance should be made to cover nor-
mal wastage. [ is preferable to have some material left over
than to ran the rsk of Beme short of naterial near the end
of the job.

The quanttties of mutenal needed shouald theretore he

increased to: i .
o035 Th, of cement

1.0161h. ot sand

D]

S730h ot araved

S30 (010 © 380y -
O + (0004 V24
1 430 +(0.10 7 1430) |

Since a US. bag of cement weighs 94 1h.. vou will need

. . .
Coarse
Sand, aggregate, Water,
Ity Ity * 1b.
59 46 1M
53 55 1M
47 65 10
a5 70 10
43 75 : 9
Congrete without air
! ! !
| i Coarse
. Sand  aggregate | Water
R LRI
. 2% 2 3 Ve
2% 2% : Y
i Vo oo Y i Ve
Lav .03 A
| S SR
0605 . ) .
to buy o = 0.4 or 7 bags. A Canadian bag weighs 80 th.,
. 605 - o .
s vou will need Y = 7.5 or & bags if you buy vour

cement in Canada. It aiventraming cement is not availuble.
vou will also need to obutan an air-entrmming agent.
Agaregates are sold by the ton (2000 1h.) or by the
cubic vard (27 cutty, Quantities of aegregates can be con-
verted from poweds to cubwe vards. or vice versa, by assume
g 4 vilue ol 90 b per cubic Toot Tor the weight of sund
and 10O The per cubie toor ter the werght of couarse aggre-

; 1.01¢
wate. Accordmelv, LOTO The o sand contain 90 T 1103
Lt or ll 042 cuvd.and 1573 b of gravel con-
27 ‘
[.573 - : 15. <
L ]0(/)‘- = 5.7 cudt. or 37 = 0.5% cu.yd.

MEASURING THE INGREDIENTS

Ingredients must be measured accurately to ensure produc-
tion of untform bhatches ot quality concrete. Ingredients
may be measured by weight or by volume.

Measurement by weight iy recommended because 1t s
more accurate and hence produces gieater unifonmity from
batch to hatehis Also s casier to nthe adjustiments in mix
proportions when messirioy byoweehio A common bath-
room ~cale s aceunate enougls for werehing the materials,
Fach muredient should e werghed na separate containes
Threes to five-gallon valvaized steel patls or buckets are
siitiable. Remember o vzero™ the scale with the empty
continner on it After weighine cach meredient once. matk
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the Jevel of the materiat nside the contwner. Subsequent
batches may be measwred by using thas narkh . The seale will
no loneer be required exeept to cech the marks agast the
wereht of ntenal onee o twice adav oo when the nions
ture content of the sand huas chaneed

Athough Tess aecnite s measurements may be mude by
volume 1t oo scale s avaiable s Bor example s 120 3 con-
arete miy fron Fable 2 wontd be batchied by mcasunng out
Il ot comenit, 25 pais of sand s 3 pals o coarse ageie-
sate. and Fake care when batchimg by
volume not oo ovedoad the miner This wall reduce nisang

1

pad ol watel
L'”lLI\'IIk‘\

Adjusting Tor water in the xind. Diy sand e rarely invibable
tor voncrete works Sand used onomost pobs contanms some
mcsstne whigh must be acconnted Tor as part ot the nxany
Wl

Fhe proportons aven i Fable T oare based onowed sand
(R 30 which s the condition of sand aonalhy avalable.
When squecsed e the bando wet sand torms bl and
feaves e notceabbe montare on the paime Dampr sand (g,
A0 talls apart wheno squsezed i the hands Pervower sand
e Sy torms o budb whon syneesed i the hand and feaves
voticeable mosture onthe paime This s the condition ot
atid Capesed torecentram

(o e usimye damp saesdy decrease the quanuty of
s wmven o Tabie U by Eiboand morease the quantity of
water by b I voun sad oveny wets creise the quan-
Dty ot sand by 1 and deerease the quanuiny of water by
LB

The proporaons given i Table 2 also are based cnowet
sancd, but measurenent by volume ivolves Too many iac-
curacies te sty makine corrections for the monture m
damp o very wet sands Foroexample. mosture inosand
catses i merease movolume known as bulking. The extent

of bulking depends on the amount of woisture in the sand
and ats fineness. Dy sand can bulk to 14 times its volume
when wetted. Accordingly it vou are measuring by volumie,
try to use wetl sand,

MIXING THE INGREDIENTS

Proper minmg s an essential step rmakmg goad concrete
It is not sutficient merely to terminele the ingredients.
They must be thotoughiv mee d o diat cement paste couts
rewite m the mix. Con-

every particle ol e and coanse aey
i mived.

crete may be machnne nuved or T

Machine mining. The best way 1o mex conaete s with
conerete mexer. oensures thoroueh nnnmy of the ingedi-
ents and i the only way to produce wi-entramed concrete.

Soall nuxers trom boto Gecu br capaaity can be rented
or purchised. Foroextensne wark aromnd the home, 1
might puy to purchase o mixer. For he occasional smill
b however 1 is preferable 1o rent o miser trom vour
Jocab rental service store o vand.

Mixers are powered by ovisolme or clectnany s The gaso-
fine-powered miser tomore versatile i that e can be oper-
ated anvwhere: The clectnicpowered ixer s guicter and
simpler to aperate, but requires an clectnical outlet,

Miner sizes are designaed wecordsng to the maxamum
conciere hateh o oubie feet that can be mixed etficiently.
This is usuadly o0 pereent of the total volume ol the mixer
drum. The maxunum bateh size s wsually shown on an
identification plate attached to the mixer. For proper nux-
ing, never load o muxer beyord ity maximun batch capae:
ity. The choice of miner size will depend on the extent of
vour project and the amount of concrete that you want to
handle moany one hatch, Keep m mund that to mix a -

Fig. 3 defr. Wer sand. which deseribes most sands, forms g ball when squeezed in your hand. but luaves no noticeable moisture on the
palm.  Fig. 4 Jeenters, Damp wand talls apart when you try to squeese it into a ball in your hand.  Fig. § fright). Len ol sand, which

deseribes sand exposed to a recent rain, forms a ball it squerzed in your hand and leaves maoisture on the palm.
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contmns the carrect amount ol cement

Frge 60 N workahle o
pastes sand, and coarse aggregate. Wit light rrowehing, all spaces
between coarse ageregate particles are filled with sand and cement

Paste.

cutrshateh of conciete vonwai bave G landle 14010 130
tho ot materls

For hoest vesuit, towd the moedient it the niser in
the followine sequence

FoWh the e stoppedcadd all the course ageregate

ancd Balt ot the mixme water 10an ai-cntinming aeent

posed o orewath thas part ot the mixane water.
2oStart the muxer, then add the sand. cement, and re-

g water with the noxer runnie,

After all ingredients we i the mixer. continue MINing
for at deast three munutes, or unub all materials are thor-
oughly mixed and the concrete has a unitorm color.

Concrete should be placed in the forms as soon as pos-

stble atter g 16 e concrere s ot placed withim 11
o wnd shows siens of snffemmg . renisang tor about two
mrnutes may restore s workabihty - Discard the conerete it
atter remiamy s st too sttt to he warkable Never add
wWater foconarcte it has saftenced o the poine where
rerxX e Wil peep rostor i werkabiline

Mining the trial bateh The proportons of samd and course
agmerate trom Lable b oare based on v preal venel aeere
cates T these proportons do ot ene a workable nos with
your aggegates. s adpstment waill e necessers . The so-
calfed tnial bareh will enable vou 1o make these adjust-
e,

Fist mahe o bateh of conerete using the proportions
from Table 10 Discharge o sample of concrete from the
e mto g wheelbanow or onto ashab and examine it fog
stittness and workabiliny I tis sample s o smooth, plastic,
workable mass that will place and Nnish well. proportions
wed are correct and need noadjustiment. The surtabiling of
the sample can be judged by working the concrete with
shovel and smoothmge ot with o loar or towel. A goad,
workable min shiould lool hke the sample shown in Fag. 6
The concrete should be just wet enough to stick tosetlhe
without crumbling. 1o should slide down. not run off, «
shovel B o warkable nix there s safficient cement paste
to bind the picces of geerecate toeether so that they will
notscparate when the concrete s trmsported and placed in
the forms. There should be sufTicient sand-cement paste to
ave clean, smooth surfaces ree frem rough spots (called
honeycomby when forms are stripped. In other words. there
should be just enough cement paste to completely fill the
spaces between the particles of agzerecate and to cusure &
plastic mix tht finises casily

Fig. 7. This mix is o0 wer because it contains oo little sand and coarse
aggregate for the amount of cement paste. Sueh a mix would not be
cconomical or durable and would have a strong tendency to crack.

Fig. 8. This mix is oo stiff because it contains ton much sand an

coarse aggregate. [t would be difficult to place and finish nroperly.

)
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Adjusting the trial bateh, It the tal batch s too wet oo
ST too sandy L on too stony el e necessany toadjos
the proportions ob aeresates used o the i,

fhie oy oo wet e Trot continns toe hitde aggre
cate Tor the amant of coment pastes Return the sample 1o
the troal batch, then swerel out about 5 to TO pereent more
wind ind coarse aeeresate s depending on how wet the iy
b Add Eern toohe noad bt the never and ey Tor
feast one pnute 1 the o st oo et add some moe
wind and course mreaate unnd the desieed workabiliony s
obtined. Record the tonab weehiv of added sand and coarse
gvererate. nosubsequent hatehes use the onamal quantities
ot aevrenrte. but reduce the wnount of water by T fog
every MO b o aoerewe added toothe ta bareh,

[0 the oy s too sttt (e S0 contwmes too much
averegate. Reduee the amounts ot sand and comse aggregate
manhseguent hatches wnnd the desired workabibty is ch-
tred Record the new wesehits o sand and coarse apgre-
cate, and correct the werght marks i the baieh cans accord-
mye to the adjusted werght Toosave o tnal bareh that s
ch too sttt to place. cement and water nay be added i
the proportion of 1 otbe water 1o 2 b coment. This will
mcreass the mounnt of cement paste and make the conerete
tiore workables Never wdd water alone fooa mix that Is [oo
st

I the mis s too sandy (e 990 deerease the amount of
sand by 2 Ihand add 2 1hL of course ageregate. 1t still
oo sandy L leave out some more sand and add anequal
wetgltt of conrse aggregate i the next batch. Record the
new wergitts o sand and coarse aggregate,and correct the
weight murks mthe bateh cans aceording to the adjosted
wutghits,

I the nus iy too stomy CFrg T decredse tie amount of

codise aegiesate by 2 Thoand add 2 b ot sand. v is sl
too stony . feave outsonie more coarse aggregate and add an
cqual weight ot sand i the next barch. Record the new
werthts of sand and coanse wegreeate, and correct the
weight marhs e the harelr cans aecording o the adjusted
werghts,

Your adpusted ol barch proportions are vour Tial nux
proportons and meed ot be chaneed agnn tor Tuture
Batches v fone as vom e ad coase aagrepate remain
the seme. I the mostire content of vonr sand changes., due
to i tor example, adjost the quantities of sand and water
as explned under Measuning the Tnpredients, page 4.

Hand miving Tor very smadl jobss where the voleme of
concrete tequired s Tess tha a tew cubie feeto it s sone-
fmes mote convernent, tioueh less etficient, o nix by
hand.

Hand nuxing 15 not vigorous cnongh to make an-en-
trained concrete. aegardless of  whethier an-entimning
cement or an am-enttmmng agent s used Hand mismg,
theretore. should not be used for concrete that will be
exposed to freezing-thawing or de-cers,

Hand mixing should be carried out on a clean, had suar-
face or in a mortar box ta prevent contanunation by mud
and dirt. A concrete skab o makes o pood working surtace,
The measured quantity of sand s spread out evenly on the
slab. Then the required amount of cement is dumoed on
the sand and evenly distributed. Mix the coment and el
thoroughly by turming with g short-handled. square-end
shovel until you have a unitorm color. free from streaks of
brown and grev. (Streaks indicate that the sand and cement
huve not been thoroughly mixed.) Next. spread this mix-
ture out evendy over the slab and dump the required quan-

Fig. 10, This mix is (oo rony because it contains too much

coarse aggregate and not enongh sand. 1t woutd e difficult to
place and finish properly and would result in honeycomb and
porous conurete.

“igs 9 This min iy foo sendy because it contains too much sand and not enough
oarse aggregate. [t would place and finish easily, but would not be economical, and
vould be very likely to crack.
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APPENDIX 2

STANDARD DESIGNS OF FARM IRRIGATION STRUCTURES

U.S. Department of Agriculture
Soil Conservation Service



Index - Appendix 2

Plate

—

Steel division box.

2 Congcrete trapezoidal division box.
3 Combination pump outlet and division box.
4  Trapezoidal chute drop, 0.30 m (1 °-0") drop.
S Trapezoidal chute drop, 0.61 m (2°-0") drop.
6 Trapezoidal chute drop, 0.91 m (3'-0") drop.
7 Concrete vertical drop, 0.15 m (0'-6") drop.
8 Concrete vertical drop, 0.30 m (1 '-0") drop.
9 Concrete vertical drop, 0.46 m (1 '-6") drop.
10 Concrete vertical drop, 0.61 m (2 '-0") drop.
11 Concrete block drive-through irrigation drop, 0.30 m (1 '-0") drop.
12 Concrete drive-through irrigation drop, 0.30 m (1 '-0") drop.
13 Vertical wood drop, 0.30 - 0.6] m (1 '-0" to 2°-0") drop.
14 Pipe drop, (.31 m (12") water depth.
15 Pipe drop with check inlet, 0.31 m (12") water depth.
16 Pipe drop, 0.38 m (15") water depth,
7 Concrete check.
18 Concrete turnout.
19 Pipe turnout.
20 Siphon inlet or outlet.
21 Gravity inlet for buried pipelines.
22 Gravity inlet for underground pipe.
22 [nlet structure for irrigation pipelines.
24  High head pump stand for concrete pipe.
25 Low head pump stand for concrete pipe.
26  Pipe sand trap for concrete pipeline.
27 Overflow gate stand for pipelines.
28 Float valve stands for pipelines.
29 Alfalfa valve outlet for pipelines.
30  Orchard valve outlet for pipelines.
3t lrrigation water desilting box and trash screen.
32 Irrigation water trash screein.
33 Vent for concrete pipelines.
Dimensional Conversions
—_meters (m) = 0.30times (~) ___feet (ft') = 0.025 » ___inches (in")
___centimeters {cm) = 3048 ~ ____ft = 2.54 ~ in.
—m? =0.093 » ____f¥
—m’=0.028 » ___ft'
—m' =076 » ____yd' (cubic yard) - | yard = 3 ft = 36in.

m'/s = 0.000063 ~ GPM (gallons per minute)
m*/s = 0.028 ~ cfs (cubic feet per second)



NOTES :
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Plate

Sheet metol /ner
recammzna{f7

DETAIL OF GATE SLOT

TABLE OF QUANTITES
FOR DIVISION BOXES

TYPL L STRUCTURETYPE T STRUCTURE
& Corncrete| 52/ |Corncrete] Stee’
In | Co e (Lin At | Cuy Yo (L FI
/2 /30 /7 ;29 x4
/8 /3L 205 X4 /98
24 /57 2/G /56 209

IWoles
/ Beinforcemerns ro Ve ploced 7
cornter of s/obs and wells
2 G X2 T No L0 wire mzsh oy be
vsed 1 ploce of F ow
remnlorcirng bors
I Nomericiolvre
& = glptr of woter i OvichH
8 poltom wid of slructure chonne’

CONCRETE TRAPEZOIDAL DIVISION BOX
d=12" B:12"1'-6" B 2'-0"

SECT'ONAL ELEVAT'ON A 'A U8 DEPARTMENT OF AGRICULTURL

SO, CONSERVATION SERVICHE

-z st wr P
I 1-64 50-19,00012-1




Plate 3

Gate siots
{Ses detoil)

i
gﬂ'
Fi

DETAIL OF GATE SLOT
AND BAFFLE SLOT

Wood boffle
(See detail)
< |

g7

6‘
: II >
P

6", 4'-6" 4 8" 1-6" 16" 6"
| 2"x4" Battle slot | ' F
X affle slo !
A ! l
| I
. I |
(IS 1 | /
k N | | s
: \\ \\ : 1 // , )
| NN Voo
I N C z
L \'\—’——"H—'*J‘/ )
9-¢"
SECTION A-A

P L

LUMBER L.FT {WIRE MESH|{CONCRETE
"xa" | 2"xa" Sq. Ft. Cu. Yds.
275" 76" 163 2.5
- « Without aprons
17 1.9
*In cohesive soil, when outlets are
© on opposite sides, oprons may bs
<! omitted.
o
d=Depth of flaw in ditch
t = Freaboord from woter surfoce to
'—’r top of ditch bonk
J_% d= 14"
Capccity 1050~1600 G.P M,
COMBINATION PUMP OUTLET
AND DIVISION BOX
U. 8. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
DR et 2 - - L3¢ TR
6-8-39 7-1-36-23

Note: i. Place 6"x6" No.10 wire mesh at center
of olt sections. Lap mesh 6" at all joints.

2. Thickness of concrete in apron floor
and wings to be 4.

3. If desired, top of fioor of box may
be belaw elevalion of outlets in which
cose o drain through baottom of floor
should be provided.

su"cc‘
Gote slote of
(See detail) . ‘y
s . ow
g g
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\

DETAIL OF WOOD BAFFLE
TABLE OF QUANTITIZS




Plate 4

- 7-4

SRR SO L S o1« MU I SR
~"Gate Siot

SECTIONAL ELEVATION A-A

OBLIQUE VIEW

L._' _'Q_

Gate Slot

SECTION B-B R (See Dl

- -
(DETAIL OF CHUTE BLOCK) Woter Surface | - ; B e L
NOREE W \ Hsl-0
Flaw e A‘-]; \ '
Ditchtrggggﬁm;; o[~ I l A f__Water surfoce,
v J Chmz | % MY Ditch
-SQ_ \< -1- Bock-- J . ,Boﬂom7
\__ 5]

\h b

- BT~ ' -J LC f Notch In End Sill

SECTIUNAL ELEVATION D-D

N v
bt g'_“_‘"_/ Natch in
- T Endsu Shee! Metal Liner Recommended
232t 2N y/oneet Melal Liner

3 vy LY
SECTIONAL ELEVATION cC-C S, — - ‘
e Ld ( |
T SR B

PLAN SHOWING GATE SLOT DETAIL

TABLE OF QUANTITIES HOMENT LA TURE
| ] iwount ] d - DEPTH OF wATER 1n DilH
(Comcrere [ 5.3 cu.os. | B - MEIGHT GF FALL I wATER SURFACE

Q*6.0 cts

TRAPEZOIDAL CHUTE DROP
daj2” H+-0"
U.8 DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

CENTY l-g4111 L g HORRT™

3-60 7-L-36-30
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7-4"
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2-0" . AT Ay ibic, Rods
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Gate Siot

Cod

3
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SECTION B-B
(DETAIL OF CHUTE BLOCK)

{Floor Block
NI
[\\,' ~2 2u

s T
o

Gote Slot

I g-Diu Pod
v . Ll
- A -3 Ditch Bottom—,
P

SECTION c-C
{DETAIL OF FLOOR BLOGKS)

PRI 1
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I
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(See Detail) - |
Water Surface; §
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——— il

Plate 5

-

OBLIQUE VIEW

(e A /‘—; -ia. Rods
?‘ ZA T '2"0—*{‘,/ Mozx. Spacing
41_;' E 18’

A
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}f RS »~—-4_ g : __I" - i 'of Water
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B -8 _]L_—GJ Notch in
- 4.0 end sill
SECTIONAL ELEVATION E-E
—Sheet metal liner recommended
2 WO v
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T S S B
PLAN SHOWING GATE SLOT DETAIL
ROTE: 8" 1 6° n0, 10 wI%¢ MESH
MAT 3F USED 1N PLACE OF
3/8° JIAWETER RODS.
Q:6.0 c.fs
TRAPEZOIDAL CHUTE DROP
del2" H=2'.Q"
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Lot D Ny
2y - 30" ‘ 2"1"_,,j - % dia. Rods.
SECTIONAL ELEVATION A-A

SECTION B-B
(DETAIL OF CHUTE BLOCK)

SECTION C-C
(DETAIL OF FLOOR BLOCKS)

1

Ditch Bottom
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FLOW

PLAN SHOWING GATE SLOT DETAIL

TABLE OF LUANTITIES
[ 1 1Em DESCRIPTIUN AMGUN T
| CONCRETE 1,31 Cu. 195,
{ RE(MFORCING STEEL | 3/8° DUARETER ROIS | 167 LI f1,

Plate 6
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Q=60 cts

TRAPEZOIDAL CHUTE DROP

d=12" H:3-0"

U S DEPAMCEMENT OF AGRICULT U R
SOLL CONSERVATION %I'H\'I('I‘

o T Wieal

3-60 7- L 36-34

Tewhi TE




.,nfxl’/y

e

ISOMETRIC VIEW

{LOOKING DOWNSTREAM)

./— 1°x2° Gate Slot

Waoter Surface

!

Ditch Bottom

L1-3%, |d§

SECTIONAL ELEVATION A-A

3 ¢

ELEVATION
(DETAIL OF SLOT IN END SILL)

TABLE OF QUANTITIES
1TEH ANOUNT
COmCRETE 0.78 “U.TDS.

VRrNa Bi0e gey

B Wot f
g;r(_u Surface

: '—‘l —[;DIfch Bottom

Plate 7

ISOMETRIC VIEW
(LOOKING UPSTREAM)

_[-I'xz' Gate Slot
For I* Boarda F

; ]
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“ |
) L
A I A—Slot in End Sill

2-o"
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e (See Detail)
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PLAN

MTES

THE CONCRETE FOOTINGS FOR UPSTREAM MALL AND DOWNSTREAM WALL SMALL BE POURED
AGAINST CONSOLIDATED WATERIAL. THE THICKRESS OF THE FOOTINGS SMALL MOT 3E
LESS THAN SIX IMCHES,

THE THICKNESS OF THE COMCRETE 1N TME FORMEO WALLS SMaLL XOT BE LESS THMAN
FIYE IMCHES.

TME THICKNESS OF TWE CONCRETE (N THME FLOOR SLAD SWALL MOT BE LESS THAR FOUR
INCKES.

Q6,0 cfs

CONCRETE VERTICAL DOROP

. FOR NONCOHESIVE SOILS
d= 12 H«0'-6"

U S DEPARTMENT OF AGRICULTURE
SO CONSERVATION SERVICE
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ISOMETRIC VIEW
{ LOOKING DOWNSTREAM )

Plate 8

ISOMETRIC VIEW
(LOOKING  UPSTREAM)

N-|':z' Gote Slot
Y For 1" Boards ::“
)
5. 2-6 T =
Water Sudocej :’L . ! i I i -'_1
——— Mo - .'“‘ — 1. Slot inEnd Sill
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SECTIONAL ELEVATION A-A - Y TR ol AN ) B
PLAN
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ELEVATION
(DETAIL OF SLOT IN ENO SiLL)

TABVLE QF QUANTITIES

[omew T amouxt
LCONCRETL [ 0.60 Cu LS, |

KOTES
4L COMCRETE FOOTINGS FIR UPSTREAM WALL AND DOWNSTREAN #ALL SnALL BE
POURED AGAINST COMSOLIDATED IATERIAL. THE THICKAESS OF THE FOOTINGS
SHALL NOT BE LESS THAN SIX INCHES.
THE THICKNESS OF THE CM ZRETE A THE FORMED WALLS SmALL NOT BE LESS
THAN FIVE IKCHES.
THE THICKNESS OF THE COaCKRETE 1% THE FLOOR SLAB SHALL KOT BE LESS
THAN FOUR INCHES,

Q=60 cfs

CONCRETE VERTICAL DROP
FOR NONCOHESIVE SOILS
H: I'-0°

dsi2°

U'S DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
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CBLIQUE VIEW
(LOOKING DOWNSTREAM)

1"x 2" Gate Slot

r-gt | zegr | g-gf

Plate 9
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OBLIQUE VIEW
{LOOKING UPSTREAM)

1"x2° Gate Slot tor

s 20" ] T [ recaras N
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(DETAIL OF SLOT INEND SILL)

TABLE OF QUANTITIES

TN CELCaIPTIoN I HOUA T
CLACRETE

1.02 CU.TD,
REINFORCING |
STEEL 3/3° OIMMETER RODS 1645 LINGFT,

WIS LA, ecein aies dee

THE CORCRETE FOOTINGS FOR UPSTREAM WALL AMO DOWNSTREAM WALL SHALL BE POURED
ABAINST CONSOLIDATED MATERIAL. THE THICKNESS OF THE FODTiNGS SHALL NOT BE
LESS THAX SIX INCHES.

THE THICKNESS OF THE CONCRETE IN THE FORMED WALLS SHALL NOT BE LESS THAN
FIVE INCHES.

THE THICKEMESS OF THE COMCRETE Ik THE FLOOR SLAA SHALL WOY BE LESS THAX FouR
INCHES.

REIMFORCEMENT STEEL IR FLOOR, UPSTREAM FOOTING, AND DOWNSTREAM FOOTING SHALL
BE 3/8" DIAMETER KODS PLACED AT CENTLR OF SLAB AnD SPACED APPROY, 9" CEMTER
TO CEMTER BOTH wArS,

REIXFORCEMENT STEEL 1N FORMED WALLS SKALL BE 3/8° DIAMETER RODS PLACED AT
CENTER OF WALL AND SPACED APPROX. 9° CENTER T0O CENTER 80TH WATS, ALL YERTICAL
RODS 1N THE FORMED WALLS SHALL EXTERD FROM THE GROUND UP, THESE RODS ARE T0
BE PLACED AJOUT 2° FROM THE DIRT SIDE OF THE WALL AND THREE IKCHES FROM THE
AIR OR WATER SIDE. HORIZOXIAL RODS IW FORMED WALLS SMALL BE PLACED ASOUT 3°
FROM BOTTOM OF FOOTING AND SPACED APPROI, 5* CENTER TO CEXTER UPWARC FROW
BOTTOM ROIS, AS SHOWN IM THE ELEYATION SECTION A-A,

Q*6.0 cfs

CONGRETE VERTICAL DROP
FOR NONGOHESIVE SOILS
dal2 Hr |-
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ELEVATION
(DETAIL OF SLOT IN END SILL)
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Plate 10

S A5 N W
OBLIQUE VIEW

o

NOTES

THE CONCRETE FOOTINGS FOR UPSTREAM wALL AND DOWNSTREAM WALL SHALL BE POURED
AGAINST CONSOLIOATED WATERIAL, ThE THICKMESS OF TuE FOOTINGS SHALL NOT Bt
LESS THAN Si% INCHES.

THE THICKMESS OF THE CONCRETE ta THE FORMED WALLS SHALL ROT BE LESS THAR
FIVE InCRES.

THE THICKNESS OF TME COMCRETE In THE FLOOR SLAB SHALL NOT BE LESS Tadn FOUR
INCHES.

REINFORCEMENT STEEL 1* FLOGR, UPSTREAM FOOTIME, AND DOWNSTREAM FOOTING SHALL
BE 3/8° DIAMETER E90C PLACEO AT CEMTER OF SLAB AMD SPACED APPROX, 9° CENTER
TO CEWTER B8OTH wAvS,

REINFOSCEMERT STEEL 1M FORMEQ wALLS SHALL 8F 3/8° DIAMETER RODS PLACED AT
CEMTER OF wall AwD SPACED JPPROI. 9° CENTER 7O CEWNTER SQTH WAvS. ALL YERTICAL
RODS IM THE FCIWED WALLS SMALL EXTEND FROM THE CRQURD LP. THEST ROOS ARf 10
Bf PLACED AZ0UT 2° FROW HE DIPT SICE DF THE WALL AND THREF INCHES FROM THE
Ak OR WATER SIDE, nNP1ZCATAL RODS Im FORMED waLlS SHALL 3F PLACED i80UT )°
FROM BOTTCM OF FOOTIMG AND SPACED APP@OX, 9° CENTFR TO CINTER UPWARD FROM
ROTTOW RCDS, AS SHOWN 1w THE ELEVATION SECTIOM A-d,
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SECTIONAL ELEVATION A-A

Plate 11

BILL OF MATERIAL

DESCRIPTION UNITiOuA
| | [B"xB"x 16" carner block. CEo.| 4
B 8" 8™ I6",s|wvcher block | Ea 12
| 3 |8'J3"x 8" corner block. | Ea | &
4 18"x B'x 8", corner block
. with gote slot. B Eo.| 4
5 |Not used . I T
.6 |4"uB 16" stretcher bioch | En | 2
778" 8™ 16" stretrher biock
o ywith 0 45%nd cut | Ea | 2
8 |4 of on B"'x18"x IG“I
stretcher block with
___ e 45%nd cur. J _Ea} 6
9 [Hof 6 428" 016",
stretcher block with
jo45%end cut. | FEa | _2_
10 |4"x 4"x 16", corner block
moy reploce usual
_ concrete end sil. | Eaj 2
11 [4"18"x8" corner block, Eo. 2
CONCRETE
with concrete end sill [Luyd. |0.62
ISOMETRIC VIEW e A g:;j_, ggg
_fekour T T Mcuye. | 026
BLOCK WEB MESH Lttt | 32
. REINFORCEMENT STEE!
k! 3¢ ¢ia bars, Lintr{ 109
= r :
T
._t ) | A
o 4
b
s b
S~
. ;
= NOTES
i Cencrete block walls to be reinferced by
| plocing high tension steel wire mesn, No.
X Le l 9 wire, similor ta Carter=wcters Hios <Mesh
mnzimem X// I . in horizontol block joints 23 shown in
- 8" | 4'-9" .’I e Sectionol Efevotion A-A.
The joint tharckness between cercrete bleehs
PLAN shalt be abou! 4 1n. The concree tlochs
shoit be o with staggered verticol joints
03 shown on the plans. The openingy in the
blocks shall be aiigned verticaily ond
filled with concrete qrout
D:1eh sottom ~——- Wide mortcr joints
-Water surfcce 4 ,/ ~Gate siof
17~ TS
N G CY A 0] S—r——
:-Y? . i I ,; \ﬁ‘\@’ @ @ @
" i \ . - :
- 3 (2 Grem it 1y 251 ! —
v! L ("/ O BRIy C‘J_L |’ S~ T ! [ v I __lWO,"_'_,!uj!ace
vz . - - Tz
“'1,“' (e { (@ @ .‘-J§7 B
w o T O
= Y } : : X Ditch battom
B 5 >a lenn'ovcmq N @1 ' @ /}/ r’—t"\“:& ";." NN T
.L—_ bcrs o! cppros, (U AN - - S
|l ¢" 9°c-c¢ \ Lold T v ¥ ‘r,]] 0
- X A — -
[ I ol
! i ::_
| | R Q:6.0 cts.
—- 279" L 3y J CONCRETE BLOCK
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—— e - a:12" Hel'- 0"
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Plate 12

NOTES:
I Structure sho/ Ae instused 1n accordance wilh
Soi/ Conservation Servi.ce (narneersny
Stlancard & Specifications Mo Colo-38 7
\ 'S ruclure For Warder Confro/ ™
2 /N Spaces crcavaras ard nol occupred Sy
e Structure SAall b€ backriiey twilth ecors
up to rhe greund Surface - 7Ae back iV
shatl be compaclea 1o a Jeps,ty egual ro
the density of the adjacent corth’ The
mossrure “confent of ‘thea back Fr/
maleria/ shall! ba such rthat lhe rguired
Compaction wil! be o0bFarned
2 Ths drawing replices Drawings Mo.
5.0-/8000.2-1 through $,0-/9090.2-4.

NOTES CONT.:
f. STANOAROIZED DESIGNS - Muat 8¢ Adapted [> The
JLecific JSire.
5. Ccncrele shall conform [o the reguirements of

Construcricn Specificotion 31, Concrete, or 32,
Concrete for Minor Structures.

6. Reinforc.ny steel shail conrform ro the regurrements
of Consrtruction Specification 3¢, Sree/ Reinforcement.

ISOMETRIC V/IEW
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Plate 14

NCMEHILATYRE
JEPTH OF wATER Im D1TCH
FREEACAFZ v DITLn
DILHETES (F PIPE
LE®STH GF YERTICAL PUPE ALING CENTER LINE
LENGIn GF nORIZINTAL PIPE ALONG CENTER LINKE
ELITITY F PIPE - FPS,
DISCHAIGE TrRLUGn PIPE - (LFLS.
0RIP OF wAlER SLPFACE

TO<romOoOMma
~
a e

TABLE OF
CANCEETE SLANTITIES

D-i0° 0,25 U707,

ISOMETRIC V!EW OF
Water Surfoce . . CONGRETE SLAB
D12 3-0

Top of — 1 | {See note No. 3)

Ditch Bonkj : | | _
v T T hantaens Snsdes S 90\ NI
\ F-6" | LAy @ _

3 T T

"N | i\‘
b | Goncrete  Slob o,
ey -

v 1. xl .

’o3e ; Top of Ditch Bank o
« -1.0 | Corrugoted Metaui Pipe § Woter Surfoce;
i - | -Wotertight Welded Joint g _,N(

; | 90° T ; S v = Ditch Bottom
/, [ B . o L% _Level Line, _ S o N - oy
Lo jas5° } S - i

Ditch Bottom . g

e k2 M &4-0"
SECTIONAL ELEVATION ON CENTER LINE
CAPACITY AND LENGTHS REQUIRED
PIPE SIZC L=iQ" Dai2 D=is5*
RECOMMENDED
DESIGN CAPALITY 1.6 £.5.5. 2.4 C.F.5. 3.7 C.F.S.
(EK] LS BT Rely |V Qo 4 Rel,
I 3.3 M1'-CT 12’01 4,5 5.5 1i'-0° 12'-0"
P I L A T W I O F AT )
5 0 _ W, 7 W-0" 16°-0° | €.0 7.5 14°-8° 16'-0"]
_E.d_ 3,5 PXT-&T 4gT-(0 6.6 5,2 137-6% 16'-0° 1 6.6 8.1 13 -6" 16 =0"
6.8 37 0500 4 -0t T6.8 5,2 15 -0 180" 6.8 8.1 157=0" 13-5"]
NCTES
1. SELECT A PIPE SIZE THAT WILL PRPOYIOE A GREATER CAPACITY THAN IS REQUIRED TO OISCHARCE
THE NORYAL STREAM USED WHEN IRRICATING, TPY TO YEEP THE YELOCITY M THE PIPE 3ELOW 3
FPS BASFO CN NORNKL IRRIGATING STPEA,
7. WHEN THE CORRUGATED WETAL PIPE DROP IS USED AT & DITCH CRASSING, INCREASE WIDTE CF TOP
OF & 44D JIVENSHON L) 3r 5'-2%,
3. THE DRZP (H) FOR Awy SPECIFIC STRUCTURE CAR 3E (NZPEASEC 3 INCRE5 37 PLACING TME TOP
OF THE RISIQ PIPE ) IKCHES SELOW THE TCP CF THE CONCRETE FLOCR OF THE IMLET. THE THICK-
KESS OF TWE FLCOR 5LA3 ADJLCENT TO THE PIPE SMCULD IE INCAEASED ) INCHES TO sukf &
WATERTICAT CORMESTION A17F 100 PIPE, THE IKLET TC B PIPC SHOULD 1L 3SUNSED TO 4 2
IRCH RADIJS YD SAYE FQIMING AXD IMPRGYE THE EFFICICNCY OF TAT INWLET,
4 THE CRQP STRUCTURE 15 FCAMED 3Y CUTTING L STAWIAZD LENGTh CF CORRUCATED WETAL PIPE,
WHICH 15 VARGFAZTURED Ik MULTIPLES OF 2 FT, (W LERGTA, CH A <57 LNGLE AND #ELDING THE
CUT JOINTS TCCETHER 79 FCAM & 950 2Ewd,  PIPE 10 30 16 Gh. CORAUGATED METAL, JOINT
BETWEEN nCRIZONTAL 44D 4E2TICAL PIECES OF PIPE 7O 3 3UIT «ELDED 4MD waATERTICHT,
Se  SIL tNCH HARD SLACES PIP-2AP MAY 3F SU3STITUTED F0R COMCRETE SLAR,

312 e

PRCIRSI N
0 -1t C.29 fL.YDS.

d= 12"

CORRUGATED METAL PIPE DROP

UUS DEPAICINMENT OF AGHICULTURE
SOIL CONSERVATION SERVICE

[$2141 T TE
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P e g

7-L-36-24
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Plate 15
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F X

AN

é Die Golv Boits Ser 6" In
GConcrete, 4 Req. (2 £och Side) -

’ 'q
by o !
g 010. Rods ] o
Max Spacing 12° - . B e B -
turdil © A
[ N ¢
12417 Gote Stot (|~ My b oo o

1"x4"x12" Creasoled -t

PLAN

ISOMETRIC VIEW OF

3" CONGRETE INLET
$x 1) Gote siat l 210‘2 30"

[
Lo | R
Woler _".._|_.‘_ —— B
Suifoce 3 ! Ry o
| LT . /
Dilch Bot _—,_ l : goio. Rods -7 .
1 L_;,“;___;:_ , Mazx. Spocing 12 Top Of Ditch Bank ——
i Concrete
! L_g:LZ D inet Corrugated Metal Pipe-— b Woter Surfoce —
. - —Watertight Welded Joln'r \ "%y Diteh
o ¥
. o S o Level Line N e Bottom -
5 T Taw ERR e S
LTI AT XTI,
| L2 | io |
S 0
SECTIONAL ELEVATION ON CENTERLINE
CAPACITY ANKD LENGTHS REQUIRFD
PIPE SIZE D= 10" D=4 D=15"
RECOMMENDED
DESIGH CAFACITY
[EL]
17-0°
(R
20"
A
I
XOTES
T SELECT A PIPF SIZE THAY WILL PROYIDE A GREATER CAPACITYT THAN 15 FEQUIRED T0 01SCHARGE
THE WNRBAL STPEAN ISEN WHEM [RRUGLTING, TRY 10 FEFP THE YELOCITY iN THE PIPE BELOW 3
FPS BASED ON MOBMAL 1RRICATION STREAM,
2. WHEK THE COFRUGATED METAL PIPE DPNP 15 USFO AT & DITCH CROSSING, INCRLASE WIDTH OF Top
OF DAK £ND DIMENSION Ly 81 3°-0°.
3. TPT DROP (M) FO® Awy SPECIFIC STRCCTUPE CAK BE INCREASED 3 INCHES Y PLACING THE TP
CF THE RISER PIPE 3 IMCHES 2FLOW THE IOP OF TWE CONCRETE FLOO® OF THE 'MLET. THE THICK-
MESS OF TeE FLOOZ SUAB ADJACEMT 10 THE PIPF SKGULD 8F INCRPEASEN 3 IMCHES TO MAKE A
WATERTIGHT CONMECTION WITH THE PIPE. THE IMLET 10 THE PIPE SHOULD 95 HOUKRED 10 4 3
INCE PADILS TO SAVE FORVING AND IMPROVE THE FFFICIENCY OF THE INLET,
§. THE DPCP STRUCTURL 15 FORI'ED 8Y CUTTING A STANIARD LEXGTH BF CORRUCATED METAL PIPE,
WHICH 15 MAWLEACTURED In LTIRLES OF 2 FT. (K LENGTH, C% A <52 AMGLE AND WELDING THE
CUT JOIMTS TCGETHER 10 FAvie & 960 BExD, PIPE 10 BF 16 4. COSUUGATED WITAL, JAINT
BETWEEM FPQYZCHTAL AND TRTICAL PIECES OF PIPE TC AF BUTT wFLDFD A¥D wATERTICHT,
TRBLE OF JUANTITIES
(ML JELCPIPTION T [PTH
FREES 0 ="
CINCRETE ] Q.17 T1,¥0S. |S.17 U rDs,
SEINFORTING - T
STEEL 3/8% Jih, #0IS 1L LIGET 39 LinGFT, 35 LINFT,
1T 1 107 | CEnsatis 3ot |2 i ]
Gity, 3778 ! H" CiA, 3% LOng . 4
GALf, wa5eERs 1727 GIA, . 4 4
TIMINLATRE
4 - JEPTH OF wiT(R 1
Pl Eseeacans i iven CORRUGATED METAL PIPE DROP
0 - JIAm{if3 2F ot
Ro- LENGIM SF (F%1402, PIPE KLONG CENTER LiNE WITH CHdEaFZK' |NLET
L= LENCTH ZF mCRIZINTAL PIPE ALSRG CENTER LINE
Voo GELCEITT tw PR - bl 128 DEPARTMENT OF AGRICULTURE
- 2ICMABLE TRt Gn PIOE - (LF4 SOIL CONSERVATION SERVICE
H o= 557 OF whTip LLubacg
TTuF 1Y T LI =T hie &l a
l l 2-60 7-L-36-25
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ISOMETRIC VIEW

—.-—ﬂ‘, b 2~
Gate slots A o
2 /’/_(aeo detall) - ¥ %
b r , . XWater surface |
X o ™ : S Ditch
o [ L9 ) | ] Ditch boffom'ir g { \b""""‘
B‘ Sm XY Wm'.ﬁ/:;. o il e - Il R
z 8 L B 'TL -'p
' [ N -
A UL
n A £ ] L] L
C Bs2-6 c "‘G|" 3“6" JG M=
SECTION A-A
L Sheet metal
A

o]
v |
.1 i
RN 3-g" e |
SECTIONAL ELEVATION B-B
L-3,, 2-6" _ 1I'-3
i | .
,T IR NG

T2l 310" *7..!

SECTIONAL ELEVATION C-C

Plate 17

liner recommendod7

s

|

1

GATE SLOT DETAIL

Concrete quantity = 0.55 cu. yd.

NOMENCLATURE
B=Bottom width af structure

b=Bottom width of ditch
d=Dapth of water in diteh

CONCRETE CHECK
Be=2'-6"

U S DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

Zai Tt 414

d-12"

T e Wl %

4-60 7-1-36-44
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ISOMETRIC VIEW

Bottom of farm laterol

i a
H
N
P (Gs:':d'qlfgi't) 9
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1_;‘ 8220 ' j
o B fn PREA L
" ¥c <y
1
[r-3t] n L3
PLAN
e __J"On —

L} " . | B 1 *“—.f
-3t r-3t, 2ot P P k-0
3 23 )

..ﬂi.l. 2 A B T

20" I}__,
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SECT|ONAL ELEVATION Cc-C

Plate 18

Water
sur!acef_, .JH
Ditch bt

bofcfom L I J.Q

SECTION A-A

I" AN

Sheet metol liner recommendad

DETAIL OF GATE SLOT

Concrate quantity = 0.47 cu. yd.

NOMENCLATURE

B =Bottom width of structure
b= Bottom width of ditch

d= Depth of woter in ditch

CONCRETE TURNOUT

dei2” B:=2"-0"

U S DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
W TTiwmng W,

4-60 7-1L-36-45
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Plate 19

7
w3

Y Top of fieid ditch7

|

1901

=

Form irrigetion

ditch ?

ormga
L L

—

SECTIONAL ELEVATION A-A

bl o] F Tw L
foot| foat] faet|font [feot
0.85] 1.0} 0.5]1.00|40
1.0} 1.0] 0.5[1.50([6.0
1.5| 1.0] 0.5]2.00{6.0
2.0] 1.0| 0.5/2.50(6.0
1.0 1.2] 0.7]1.25]6.0
1.5 1.2] 0.7/1.50]6.0
2.0f 1.2] 0.7{2.00{8.0
1.5[1.33[077]|1.75]|8.0
2.0{.33]0.7712.00/8.0

NOMENCLATURE

= Bottom width of farm irrigation ditch

Top width
Free baard
Length of pipe
Diometer of pipe

Depth of water in form irrigation ditch

Note: Top of pipe inlet not to be
the woater surfoce.

above

Pipe copocity with water surfoce
at inlet soma slovation as top of
pipe and outiet unsubmergaed.

7 # # # +* 1
PLAN
12° Dio. 16 gage corrugated metal
pips T
gote
w w ‘
Top of field ditch N ] I .
7 N water surface s $
Fiald elevation PR RN T A
- - N | > ° \
6" Min. - al !
(/;‘A s A /Y AN g o i 7L 7AN | AV KVIINY7X
Field diich —~—Min. slope -'5' per foot L5 J b
bottom L Mox.

Pipe diameter
"D" in inches

Turnout
Coapacity c.f.a

12

12" Diameter

Gaote

CORRUGATED METAL PIPE
TURNOUT

U. 8. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

waNyT [ oo

L

3-60

7-L-36-40
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Buried pipe
A /)

L?i

léw -

Figld surfacey . ]

2-0"min.

PLAN

Removadle wood cover

Top of ditch buni?

Trash screen
(see detoil)
_Water surfacey

Ditch bottom

Plate 21

Variable from
2'-6"t0 4'-6"

e

8¢

e

3:6

I'lhccnhinq7

, OBLIQUE VIEW

=
2% 4_./,"&&

T
Buried pl -
| 7 B o . . PEEN !
| ! -} yhdiarads 12%-c¢ oS0 TN
! L1541/ both ways 6] i { )
L : s { N LY
340" 4-6"
SECTIONAL ELEVATION A-A ELEVATION
140 2-8" 14
— % Approx. Approx.
A - I R N ﬁ
Jaly ! [I-Steel mesh placed
] T between 1“x4" wood
_IL r frome
al |4 .f- TABLE OF QUANTITIES
- _L L H CONCRETE REINFORCING STEEL |STEEL MESH wooD
| ya | ¥ dia.rods 4'x4%10 gage
i rg_] i r #r cu.yds. lin. ft, 3q.11. 2'x4"-a B3 lin f1}
vj X 7 e A R R N I} 4-6" 1.00 126.5 8 *sheathing
- v 0
< Z2.1m4" LRedwood frame 5-0 110 134.5 8 I.O Ed- .
boords preferred £-6 1.20 152.8 8 1"x4"-21 lin.t4]
Cover opening with 5-0° .30 158.5 8 fedwoad
4%4"-10 Qoge sfeel 6-6" 1.40 175.6 8 preferrsd)

mesh

OETAIL OF TRASH SCREEN

NOTES' I. Maximum Q#38.3c.l.c.* 2390 gam.
2. May olso be used as Terminol
Outlet for pipe line with trash

screen omitfed

CONCRETE GRAVITY {JLET FOR

BURIED PIPE LINES

WY [ AT

U. 8. DEPARTMENT OF AGRICULTURE
SOIL CONSIZIRVATION SERVICE

o
3-60

7-1L-36-1
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Plate 22

Mortor
fillet ~.

-A--—Inlet openirg

Cover opening with 4"x4"
10 gage siesl mash 7

Instail removoble caver 7

p S | Spepaipp—— [peany? sy |
z ¢ i j
i 7 | |
§[ Concrete pipe 2 Top of ditch bank { ' |
% %
% “ —Woter surfoce I l
é i - I (Inle' lopening l éfﬂ
Ll —Inlet opening ¢ 1l
é ; o Flow W‘B—:\“‘ : ' / ] L fﬂr'
7 ™ |/
? Ditch bottom I~ Jie
% 2 v | TITRINTT7 [
2 Vi | |
£ 2 4 | !
E % 7 * | ! !
° / D % |
J 7 % |
(¥ ] Note: % | |
4 02D, % l |
Mortar % ; | ,
' filtet~ % | ! l
Concrete pipo; ‘Xg é | ) I
ARILURLRRRRUNRGN / A \\\ |
2 : 7 \‘\\ '
- o ] " —_— -—r{—‘ I
T é_§.1 ' I\\‘ H Yl |
Concrete basa [ | | s |
R . T—?—“-— + 0 S AR
\;e-mlomnq steel of
approximately 12 "¢-c
€ CROSS SECTION  whenindicated in ELEVATION
toble below.
NOMENCLATURE

d= Depth of waterin ditch
F =z Freeboard in ditch

v D= Diometer of vertical pipe
Concrete Bose
Mox. @ 0 E‘A'S'T'M Spee H:IQ or fess [Himore thoil 10’ Reinforcing steel B,z Diometer of underground pipe
— —- - t» Thickness of concrete base
¢ f s.|gpmnc No. Type t Cuyd Cu.yo. {Size | Length )
m - H = Height of vertical pipe above
0.79| 355 12 | | 4 | 005; & | 0o7| — o top of concrete base
107! 484 14 4" ] 005| 6" | 008t - - Q = Dischorge through structurein ¢.fs. and g.pm.
1.23] 550 15 0.06; 6" | 009, — —
1.40| 630| 18 Concrete 0.086f 6" | 00| = -
77 _795] 18 JC-tBfirrigaton 4° | 0.07] 6" | O.11 | ~— -
| _2.18] 980 20 | Pipe 0.3 8" | 017, ~ - }
2.411 1080| 2! 0.14} 8" .om.| = B
31411410 24] 16| 8" | 022l - | — _
.3.98] 1785] 27 020, 8" | 026)% | 19 ]
1491 2205| 30 Coss ! 6| 023 8" | 0.30| ¥¢' 21
5941 2665| 33 | . |Rencrced 0.35, 8" | 035! ¥ 22
7.07| 3175 36 | Concrete| 039] 8" | 033! 3" | 2%
__8.62] 4220] 42 | Pipe 0.50] 3" | 050] ¥g' 3@’ GRAVITY INLET
12.57] 5640 48 062, & | 0&2] "] 48 FOR CONCRETE PFIPE
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Removable cover
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Plate 24
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I When O I 27 or when Dp 15 greater thon
'/2 D elrminote tlap gote ond use o
check volve «n pump discharge pipe
Al NOMENCLATURE
Max Q D {&STM. Spec Cancrete qusﬁ o
[H:10" ar l‘r'; 1H more thon (0] Reinforcing steel | o-r , ] ,

c tslgpmleches| Mo | Tyoe | v TCLydi t (Cuyd [Size | Length - thameter of vertical pipe
079|355 12 a3 05 6 007, — | - 0, - Dicmeter of underground pipe
'07 _4e0; 14 & i 4 005, 6 008, - - D,-Dwameter of pump discharge pipe
123] 550] 15 ; 4" CcOoh, 6 003, - - v Thiekn ¢ te b

" - z ]

_1.40| 630| 16 lConcre'e[ 4006 € o0 - - ickness of concrete base
177 T95] 18 [C-1IBjirrigationl 4" ' 507 6 o - - H - eight of vertical pipe obave
2.1 Depe I 6" o3l 8" 07! - fop of concrete bose

; L6  “i4 8 018 N G - Dischcrge through structure in cfs, and gpm
ol 1.8 . cae, 8 022 — , -
! L 6 020 8 02 %! 19
. Clees Ty 6", C23 8 030 ¥ 2
594] 2665 33 |, Rentorced] 8" 35 8T 035, Vg 22
707| 3173] 36 Concrete! B ! 039, B 039 % . 2% T
- S ! ol : H - . ' HIGH HEAD MNON-TAPER
962) 4320 42 i Pipe . 8 L oscl e n5G! Ye . 38 i ERED
257 5640 a8 | | 8 c62 8 062l v2 a6 PUMP STAND FOR CONCRETE PIPE
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Plate 25
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T
: '_C_anre'e Bagse NOMENCLATURE
Mox. Q ! o M STM Spec H= lO or less . m=more thon iQ'IRenforcing steel
14 T T
| ¢.Is | gpm inches, No I Type t ‘Cu 44t Cuyd Size ]Leng'h D - Diameter of vertical pipe
' T Ca ‘
079|355 ' e | ! 4loos € 007 | — T .- D,- Diameter of underground pipe
: ' & o008 | —
- 6' oo LTI Op-Diameter of pump discharge pipe
T oG 1 STt - Thickness of concrete base
_(i’ S R f -- ”1' H - Height of vertical gipe above
‘ ‘ 8" 0.7 I 1 top of concrete base
| 2.4 080 | .1 1 .5 9, R , 218 i. 7 .l." 1 O©- Discharqe through structure in cfs and gpm
(314 11810, lea . | 80t 8 QR2 L Tl T
,.3.58 11785 127 : _.8°.020 .8 026 . .
491 12205130 | Clessl "6* 023 ~ 8* 1 030 . )
59871266533 7 ¢ Rerforced gt o35 | g* To35
707 13175 | 36 B Loncrate a" 039 8" 1039 . £
962 9390 921 . Pwe .8’ 920 871030, 38" 1-'7 LOW HEAD PUMP STAND
2. L0 8.0 8 FOR CONCRETE PIPE
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Plate 26
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@ CROSS SECTION

12

in

—- Reinforcing steol nt approximately

*c-c ooth woys. Size as shown
table below.

NOMENCLATURE
D= Ciamater of vertical concrate pipe

0,z Diomater of iniet or outiet pipe

Max. O 0 Concrets Base o ,
ox. H=I0or lass | Hamore than I0}Rainforcing steel | D2” Dtamater of inlet or outlet pipe
cfs | gpm [inches | t Teuyd 't " cu yd LSire__Length | 4 Thickness of concrate base
22 | 550 1 30 16" 23 ;8. 30 .8 . 21 | M= Height of vertical e o
! DR P c - ¢ = Heig ¢t vertical concrate pipu
.49 : 670 ' >3 e,»i—il‘s’ [T 35 '»3{8—, 32, ubove top of concrete base
L77 . 795 1 36 |8 . 39 8 39 yg" = 23
| 2.40_| 1075 | 42 [8% 50 8% 50 y8" " "% I a:ODichorge through structure
| 314 _1aig T ap [e7" 62 8" ez Tyarllag ] mocfs ang gopm
396 i |783 . 54 18 76 8 76 2" 5¥
490 ;| 2200 60 & 9 & 9l et T
CONCRETE FIPE SAND TRAP
FOR CONCRETE PIPE LINE
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Plate 28
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12" C-C size 05 shoan in table below
& CROSS SECTION
Note | Provide on outle' grea equal fc oc
gregter thon the creg cf trhe vaive
(whose diamter 15 Dp)
Design Flow Copacity ond Stord Dicmeler NCMENCL ATURE
ren b psi C h=zo h
couoity i’ Caopoctty v Coozoity = Capacity D-Diameter of cancrete stend oioe
LozEm,or L tts gomon ifts gom o nocfs D.-Diameter of underground concrete pipe
12 '4f 10 .45 200 30 64 225 30 O
IR TN : 257 '30 - -‘;C’ Les - 1 T 58‘ DE-Nommnl diamater ~f ftlgar volse
& o e 37, t e k7 . 3¢ »__2 £e .\"5'.:7 i18 _4F5_V. H~"e qn! of staond QiDB
2 cRT 259l 0 407 Bzt 30 579 2580 1% 310
s cqp 21 3377 24 109040 Tio21aser 48 67 t- Thickness of concrete bese
h= Difference inhead {r,draulic grode
hines) between niet ond outlet pipe
TABL.Z OF QUANTITIES
D . Lerenrmne —_—
Inches H:40 ur less H:more thon10' Fem “teel
1 cu ya 1 cu. yd si2e length
_30  F" o per 9 01u : 2t
" n ° * - N
33, 8 o3l B 029 £, 22
a2 8" oS ., ¢ 050 i 38
o i - 4 BRSPS ) R R
.48 e , o6 |, 8 | U6 .. 98
60 g" € 9 8 09 - T
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Recommended when velocity in riser
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Plate 29
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-Notch broken
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NOMENCLATURE

D - Diometer of concrefe riser pipe

Plate 30
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Plate 31

Overflow notch
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Plate 32
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NOTE :

WIS AL mEALE ava e

Plate 33
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APPENDIX 3
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CONCRETE IRRIGATION PiPE SYSTEMS
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ASAE Standard: ASAE S261.5

DESIGN AND INSTALLATION OF NONREINFORCED CONCRETE

IRRIGATION PIPE SYSTEMS

Developed by Concrete [rrgation Pipe System Committee; approved by Soil and Water Divisian Stan-
dards Commuttee (SW-03); adopted by ASAE 1957 revised 1960, 1901, 1962, 1963, June 196K, May
1974, December 19750 recontirmed for one year December 1977, March 1981, March 1982,

SECTION 1—PURPOSE AND SCOPE

1.1 This Standard is intended as a guide to engincers in the design
and installation of low or intermediate pressure nonreinferced conerete
irrigation pipelines and for the preparation of detailed specitications
fer a particular installation. It 15 restnicted to pipelines with wents or
saands open to the atmosphere. s notintended to serve as a complete
set of design criteria and construction speciticatinns,
1.2 The systems designed and or instadled under this Standard shali
utilize pipe contorming to one or more of *he fodowin, type of nonrein-
forced concrete irrigation prpe.
1.2.1 Plpellnes with mortar joints. The pipe shall contorin to the
requitements of American Socety for Testing and Materials Stan-
dard Clls, Specitications 1or Concrete Pipe for Iragation or
Druinage.
1.2.2  Plpelines with ruhber gusket jJolnts. The pipe and gaskets
shall contorm to ASTM CR05 Speaificationy for Nonreintorced
Concrete Irriganion Pipe with Kubber Gasket Joints.
1.2.3  Cast-in-place pipeitnes. The pipe shall conform to
American Concrete Institute Standerd 34070, Specifications for
Cast-in-Place Nonreinforced Concrete Pipe.

SECTION 2—DESIGN CRITERIA
2.1 Plpeline
2.1.1 Safety factors
2.1.1.1 External load limft. Althcugh loads are generaily light
on this type of installation, where there are excessively high tills
over the pipe, a safety factor of at least 1.25 shall be applied to
the 3-edge-bearing test in computing allowable heights of fill
over precast pipe. The loads thall be determined by the methods
outlined in ASAE Engineering Practice ASAE EP200, Design
and Constructiun of Subsurface Drains in Humid Areas.
2.1.1.2 Pressure. Maximum working head for cast-in-place
pipelines shall be 13 ft (3.0 m) above the centerline of the pipe.
Maximum working heads tor precast pipe shall not exceed 1/4
the certified hydrostatic test pressure as prescribed in ASTM
Cl18 for mortar-jointed pipelines or 1,3 the certified
hyvdrostatic test pressure as prescribed in ASTM C505 for
pipelines with rubber ga:ket joints.
2,1.1.3 Soll condltions
2,1.1.2.1 Concrete pipelines shall not be instailed on sites
where % 2 sulfate salt concentration exceeds 1.0 percent as
water suluble sulfate in soil samples, or 4000 parts per
miliion sulfate in groundwater samples. Concrete pipe made
with Type V cement or cement whose tricalcium aluminate
content does not exceed 5 percent shall be used on sites
where the water soluble sulfate content in soil saraples is
0.20 to 1.0 percent, or where the sulfate content of ground-
water samples ranges from 1000 to 4000 parts pe. million.
Concrete pipe made with Type Il cement or cement with a
tricalcium aluminate content of not more than 8 percent
shall be used on sites where the water soluble sulfate concen-
tration in soil samples ranges trom 0.10 to less than 0,20 per-
cent, or the sulfate content in groundwater samples is from
150 to 1000 parts per million. There are no restrictions as ta
the tvpe of cement used in concrete pipe for sites where the
sulfate content is less than 0.10 percent in soil, or 150 parts
per million in groundwater.
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2.1.1.3.2 Cast-in-place pipe shall be vsed only in stable
soils or soils that have been stabilized as in Section 3.3 of the
referenced ACI pecifications, where the trench form con-
forms to the requirements for the trench as prescribed in
Chapter 3 of ACI 346-70.
2.1.2  Friction loss. In computirg friction less for motar-jointed
or cast-in-place pipeliaes, Scobey’s concrete pipe equation with a
coetficient of retardance Ky = 0.310 or Manning's equation with
roughness coeffictent n = 0.013 shall be used. Similar coeflicients
<houid be used for pipe with rubber gasket joints, except that for
the smoothest maker of such pipe produced, the Scobey cocfticient
of retardance may range up te Ky = 0.370 and the Marning's
roughness coefiicient down to v = 0.011. Minor losses can be com-
puted in accordance with cutent recommendations.
Stand recuirements
2.2.1 Stands shall bz placea at each inlet to a conerzte irrigation
pipe system and at such other points as required. All stands shell be
supported on a base adequate to support the stand and prevent un.
due movement or stre's on the pipeline. All stands shall serve as
vents in additioa t their other functions as follows:
2,2,1.1 They shail avoid entrainment of air.
2.2.1.2 They sholl allovs 1 20 5 ft (0.3 to 1.5 m) of freeboard.
2,2.1.3 It constructed of concrete pipe, they shall be con-
structed of Class ' Reinforced Concrete Pipe as specified in
ASTM (706, Specifications for Reinforced Concrete Culvert,
Storm Lrain, and Sewer Pipe, if of greater diameter than 24 in.
(010 mmn).
2.2.1.4 If cast in place, they shall cortain steel reinforcing on
not more tha.: 1 ft centers to provide steel areas equal to or
greater than the least values specified for Class II Reinforced
Concrete Pipe in ASTM C76.
2.2.1.5 The tops of all stands shall be at least 4 ft (1.2 m)
above the ground surface. If visibility is not a factor, stands may
be lower if covered or equipped with trash guards.
2,2.2 Pump stands. Pump stands shall be:
5.2.2.1 Concrete box stands with vertical sides suitably rein-
forced to withstand handling and installation stresses.
2.2,2.2 Nontapered stands of concrete pipe suitably reinforced
to withstand handling and installation stresses.
2.2,2.3 Nontapered concrete pipe stands, capped and having a
vent pipe to the height of the hydraulic gradeline nlus freeboard.
2.2.2.4 Steel cylirder stands mortared to a single concrete
pipe riser.
2.2.3 The centerline of the pump discharge pipe shall have a
minimum vertical offset above the centerline of the outlet pipe
equal to the sum of the diameters of the inlet and outlst pipes.
2.2.4 Check valves shall be used in the pump discharge line
wherever the potential backflow from the pipeline would be suffi-
cient o drain the pipeline or damage the pump,
2.2.5 Construction shall be such as to insure that the vibration
from the pump discharge pipe is not carried to the stand.
2.2.6 Velocitles In stands
2.2.6.1 Downward water velocities shall ni. exeeed 2 ft/sec
(0.6 mssec). In no case shall such velocities exceed the average
pipeline velocity.
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2.2.6.2 If the size of the stand is decreased above the pump
discharge pipe, the top vent portion shall be of such insige cross-
sectional area that, if the entire Jlow of the pump were discharg-
ing through it, the average selocity would not exceed 10 ftsec
(3.0 mrsec).
2.2.7 Sand traps. Pump stands serving as sand wraps sha'l have a
minimum inside diameter of 30 in. ("62 mm) and shall be con-
structed so that the bottom is at [zast 24 1n. (610 mm) below the in-
vert of the outlet pipeline. Suitable provisiens tor c¢leaning sand
traps shall be provided.
2.2.8 Gate stands
2.2.8.1 Gate stands shall be constructed ot concrete pipe or
cast in place. Reinforcing requirements under paragraphs
2.2.1.3 and 2.2.1.4 apply.
2.2.8.2 Dimensions of gate stands shall be sufficient to accom-
modate the vate or gates required.
2.2.8.3 Gate stands shall serve as vents,
2.2.8.4  Gate stands shall be of such dimensions that gates are
accessible for repair.
2.2.9 Float velve stands. Float valve stands shatl be of sufficient
diameter to provide accessibility tfor maintenance and to dampen
curge. (The wide-open triction loss for the valve approximates 2.4
velocity heads for the single disk wpe and 1.9 veloeity heads for the
double disk type.)
7.2 Vent requirements
2.3.1 Locatlons. Vents shall be placed:
2.3.1.1 At the downstream end of each lateral.
2.3.1.2  Ata design point downstream trom where there is op-
protunity for air entrainment and inadequate opportunity for
escape of that air.
2.3.1.3 At high points wherever there are changes in grade
downward in direction of flow of more than 10 deg.
2.3.1.4 At all wrns of 90 deg or more with the exception of
lines not more than 80 tt (13 m) in length,
2.3.2  The design pointin 2.3.1.2 shall be determined by the equa-
tion

L=1.7610D

where
L= distance downstream from the ar entramng stand intt
= maaimum destgn velocy in £t e see

D = inside duameter of the pipen e,

2.3.3  Any stand shall substitute for a vent.
2.3.4  There shall be considered opportunity for air entrainment at
all gravity inlets and at pump stands where the pump might
possibly pump air. When pumping from wells. it there is a
downdrait of air into the well casing while the pump is in operation,
the well shull be considered to pump air. In such case a vent shali be
placed immediately downstream trom the pump stand if the
average downward velocity in the stand from the pump discharge to
the pipeline exceeds 1t sec (93 msec).
2.3.5 Slze
2.3.5.1 “The cross-sectional area of the vent shall be at least
half the cross-sscuonal area of the pipeline (both nside
measurements) for a distance of at feast I pipeline diameter up
trom the centerline ot the pipeline. Above this the vent may be
reduced to 1 69 of the cress-sectional area of the pripeline, but
not less than 2in. (30 oy diwmieter pipe shall be used,

2.3.5.2 Ventsshall b ove a minimam trecboard of 1 {t00.3 m)
above the hydraubic gradetine. The maximum haght shall not
exceed the maximum working head of the pipe.
2.3.6  Alr release valves. Anatr-sacuum reles e valve may be used
in lieu of an open vent. The valve outlet shall have a 2 in. 030 mm)
nominal minimum clamets.  Two inch 30 mn) outlets snull be
used for pipelines 6f £ in 0152 miny diamect o jess, 3 075 mm)
outlets for pipelines of T to 10 . (176 to 284 mnmy diameter and 4
in. (102 mm) outlets tor pipehnes of 12 10 (303 muny anad arger
diameter.
2.4 Anchon
2,41 Abrupt changes in pipeline grade or ohenment reqaire &
stand of diameter greater than the pipehine or an anchar to sbsorb
any axial thrust of the pipeline. An avrupt change chall be con-
sidered to be:
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2.4.1.1 An angle of 45 deg or greater when the maximum
working head is unde 15 ft (3.0 m),
2.4.1.2  An angle of 30 deg or gieater when the maximum
working head iy between 10 and 20 ft (3.0 and 6.1 m).
2.4.1.3  An angle of 15 deg or greater when the maximum
working head is 20 {t 16.1 m) or more,
2.4.2  Anchors shall be constructed of conerete poured to fill the
space between th+ pipe and the undisturbed earth at the side of the
trench on the out ide of bends or of plastic soil cement with at least
I part of cement to 10 parts of soil of sandy loam or coarser texture,
similarly placed.
2.4.3 The anchors shall be to the full height of the outside
diameter of the pipe and shall have a minimum thicknes of 6 in.
(152 mm). The length in feet normal to the direction of ~hrust is
determined by the equation:
HD d
Lo 98 - win--
B )

where
1= maximum working head in 1y
D= ipside diameter of the pipe in ft
B alluwahle pasave pressure ot the sodin b per sq £t
a = detlecunnangle o the pipe bend
L - dength ot anchorm

2.4.4  The pipe shall be clean and wet when placing the anchor, to
provide a good bond between anchor and pipe. Where adequate soil
tests ae now available, the allowable passive soil pressure shall be
considered to be 500 1bssq ft (23.9 kPa).

SECTION 3—iNSTALLATION

3.1. Size and locatlon. The pipe and appur<enances suall conform to

the standards specitied ana shall be locticd and constiucted as shown

on tne enginzer’s plans and in the construction specifications.

3.2 Jolnts and connectlons
3.2.1  Joints shall be motar or rubber gasket, av specitied :nd
where required. All juints shail be constructed to Lzave the inside of
the pipeline and appurtenances free ot any cbstruction which would
reduce capacity beiow dGesign standards.
3.2.2 Joints in stands and connections to appurtenanzes shall cen-
ferm to the requirements of ASTM CHE or ASTHM 72505,
1.2.3 Stoppage and horizontal joints for cast-in-place pipelines
shall conform to the requirements of ACI 340-70. Conuiection joints
shall be prepared by cleaning and treeing of loose or defective con-
crete, coatings, and foreign material. The contact faces of the pipe
and fittings shall be wetted and the titting mortared into place using
bonding mortar as specitied in ACI 346-70.

3.3 Placement
3.3.1 ‘The pipelines shall be placed deep enough below the fand
surface 1o pernut covering the pipe a minimum of 2 {1 (0.6 m) unless
shallower covering 1s specified tor rocky areas or other local condi-
dons. it shallower covertng is specified. there shall be provision to
protect the hine trom damage by vehicular traffic, Greater depths of
cover shall be specitied when local conditions indicite a need,
31.3.2  Where trenches are excavated in soily containing rock or
other hard nuaterials, or in soils subject to wpprectable swelling and
shrinking on wetting or drying, or where the trench bottom s
anstable, the trenches shall be overexcavated and backfilled with
seected materials to sutficient depth to provide a suitable base, if
water is in the trench, it shall be drined away or controlled in a
manner to present damage to the joint mortar and to maintin a
suttable base.
3.3.3 Provisions in paragraphs 331 and 3.3.2 apply to mortar-
jointed and rubber gashet pipe. Placement for cast-in-place pipe
shadl be as speafted in ACH 346-70.
3,34 Rubber gasket pipe shall not be placed with the joints ram-
med towcther tight enough <o that lungitudinal compression
deselops from wetting expansion of the pipe. It there is any quostion
concerning this with any particular joint gesign, the end of the
spigot shall be pulted back trom the shoulder ot the bell a slight
distence but not more thaa 0.0» tn. (1.5 mm).

3.4 Curing and backfilling
341 Puragraphs 3.3 203,43 and 3. 4.4 apply to mortar-jointed
pipehines only, and 345 applies to mortar-juinted and rubber
gasket pipelines.
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3.4.2  There shall be an imual backtill of sorl around the prpe and
covering the pipe toa depth of at least o . (152 mmy) for the full
width of the trench and not more than 7 sections of pipe bebund the
faving. It laving ceases for 2 hrs or more, the initial backfili shall be
brounght up to and cover the last complered jomnt. Nothing in this
section shall prohibit 2 e complete backil ing while mortar bands
are still plastie. It complete backtithing 15 not done at this time, the
completion shail be delased at feast 20 hrs, but nis . be completed
to the mimimum specitied cover or 2 10 (0 6 m), whicaever 1y less,
betore water iy put into the hne.,
3.4.3  Mortar joints are to be protected from deving out. It the soil
in the inttial backtill s nat thorouphly moist, 4 suitable membrane
over the mortar shall be used. Membranes consisting o one layer of
raft paper, or paper cut from cement sache, or membranes contor-
ming to ASTM CI71L Specitications for Sheet Muterials for Cuting
Concrete, or ASTN CIo9, Speattications for Liquid Membraae-
Forming Compounds tor Cunmng Concrete, shall be considered
sultablie.
344 In areas where nipy dongridinal cracks or ruptures have
been known to occur, 1ts imy rtant that the sord used i the innal
backfill be thoroughly meist and of a texture coarser than cav. (501
will not nibbon in fingers when mosg or shadi not kave more than

30 percent by weght of matertal tiner than 2 muerons This

generally may be accomphished by schedulimy ovime no moere than |
day followimy trenching and by bemy sure the soth iy mnst when
trenchimng s undertaker. This mas mdicate the need tor deep rrna-
ton along the trench Tine 3 dass o week betore actual trenchinyg,
3.4.5  Allopenines intoa pipeime shail be covered or clised to pre-
ven - air cireulation, except witle work s weturally 1 progress, and
shall be hept Closed unai the prpeline is compicted and s to be filled
ath water.

346 For castein-place prpehnes, curiny and back illing shail be
ir accord with the provisiens of ACT 540270
3.5 Testing

3,51 [tshall be demonstrated that ail pipelines tunction properly
at agreed design capeaty Ator below sgreed design capacity there
shall be no objectionable surge of waier hammer. To be objec-
tionable there shull be either.

3.5.1.1  Continung, unsteady debvery of water.

3.5.1.2 Damaye to the sistem

3.5.1.3  Detrimental overticw fromaents or strands.
3.5.2 Pipelines shall be tested for leaks by observing nrormal
operation any time after a pertoa of 2 ks of continuous wetting, All
visible leaks shall be repaired. Losses shall nut exeeed 0.1, 0.0
nor 0.02 £t 03,0, 1.3, ner o em? em?) ot inside surtace per 24
hrs for cast-in-place, mortar-jomted. and rubber gasket pipelines,
respectivelv, Water fess than 56 deyr B 0L dey € shall not be used
for the testing of mortar-jointed or cast-in-place pipelines.

3.6 Guarantee. Unless otherwise specit
guarantees the system tor 1ove against tatity matertds, faulty
workmanship and tadure t mect the requirenieats of the contract.
Such guaranter shall not apply o carthguake ot land settdement
damage fexcept trom tmproper trench hottom preparoven or nade.
guate foundaions tor structures,, externad damage not caused by the
seller’s men or equipment, of izakage 8 metar-jointed pipe caused by
water of temperature less than S0 deg F ool deg €.

SECTION 4~ DEFINITION OF TERMS
4.1 Appurienances
4.1.1 Gate, A device used to wntrol the tlow of water i the
pipeline. It may be opened and cosed by screw acton or by slide ac-
tion. The latter 15 used only where pressures an § velodities in the
line are so low that sudden closare will not Gedse exeesstve aiter
hammer. Types of gates, indicative of the place they will be used,
are:
4.1.1.1 Gate, line. A hub-end pate which s mortased into the
pipeline, It s g scres tvpe gate.
4.1.1.2  Gate, stand. A gate in - ~rand covening an nleiinto g
prpehine, and controlling the tlov nto sush a pipeline. 1ty of
cither the screw or the <lide type. The shae type has 4 devies to
lock it in any destred position
4.1.1.3  Gate, stand, pressure. A pate in a stand covering an
outlet from a pipeline. Itis of the screw type.
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1.2
Americun Sovrety of Civil Enganeers Manual of Fngineening Practice
Noo 1, vxeeept as noted befow:

4.1.2 Inlet. An appurtenance to deliver water to a pipeline
svstem.
4.1.2.1  Inlet, gravity, A structure to control the flow of water
from an open conduit into a pipehine. 1t may be combined with
@ baftle, gate, screen and or a sand trap.
4.1.2.2  Stand, pump. A structure where water enters a system
from a pump ar peecsure system,
4.1.3 Outlet. An appurtenance to deliver water from a pipe
system to the fand or to any surtace pipe system. An outlet may n.
valve the ase of a valve, aser pipe, and or an outlet gate. Several
tvpes of catlets are defined as tollows:
4.1.3.1  Distributor, swivel-arm. This type of outlet hay &
valve and twoarms of gated pipe attached to and swiveling tfrom
the top of the riser (usualby a steel pipe riser). Chained 1o
center post, they dre out of the way of cultivation, and when
dropped, the vates allow the water to be distnibuted mto fur-
rows.,
4.1.3.2  Gate, outlet. Usually a shde gate, or other type ot
valve, used to control the flow out of the outlet.
4.1.3.3  Hydrant, portable. An outlet used for connecting sur
Face pipe to an alfalfa valve outlet,
14.1.3.4  Outlet, plpe, surface. An outlet used tor attachment
of surface pipe without 4 portable buodrant,
1.1.3.5  Pat,open. A simple orchard valve wath a vertical prece
of pipe lereer than the riser, placed over and mortared 1o the
top of the riser. There are tvo or more shde gates on the sides o
the pat.

4.1.3.0  Riser, capped or pot. A niser extending above groun!
surtace with o water Heht cap over the top and with outer gate:
on the stdes shightly ahove the pround surtace fcapped rer. I
accommod tte mare catlet gates, sonmetitnes d potis used on top,
larper than the niser tcapped potl, Somenms die-cast serew type
vihves ae wned on these copped pots in phace of the outlet gates
Qutlet gates, placed on the vutsige of the niser or pots. ay the
must be tor the dosed type. produce an erouve et or wates
which the dic-cast valves elimimate
4.1.3.7  Valve, alfulfa. An outlet which has o dish on top
control tlow . and has an opeaime equal in diameter to the inside
diameter of the tiser. A ninyg around the base outside of the disk
provides a seat and seal for @ portable hydranc. Some airalfe
vaives have 2 <mall air release valve on the disk which provides
for dranage of puddles following irngation as a mosguito abate-
ment measu. e, and tor supplemental air selease from a pipeline
durimyg tling.
4.1.3.8  Valve, alfalfa. modificd. This modified alfalfa vabve is
the same as the alfalfa valve, except that the rine s omitted. The
only portable hvdrants that can be usea, therefore, are these
npes which it over the riser pipe.
4.1.3.9  Valve, orchard. The orchard valve is inserted inside
the riser pipe. Like the alfalfa valve, the orchard valve provides
low contrel by screwing a horizontal disk up and down from a
seat helow, Howeser. the opening is smaller than the inside
diameter of the riser pipe, and, theretore, the flow capacity is
much less. The top of the riser may be cut off ator sligindy Lodew
ground surtace. may rise b to 12 4n (152 to 305 mm) above
ground surtace with @ notch cut in sne side, or may sinuarly rise
anuve the ground and have two or more outlet gates inserted in
the riser  few inches off the ground.
4.1, Stand. A siructure formed trom vertieal secticns of vipe, or
sometimes trem cenerete cast-in-place (how stangr, It may serve as
dpuinp stand aate stand, or float vabve stand. e addition 1t may
also function as wovent and or sand trap. Sometimes, when gates
are not regured o the stande thes are capped with o smaller vent
to above the hvdraulie gradehne, Float vaive stands are used on the
steepet slopes whete the rate of supply can be vaned and automatic
controb ofters advantapes.

1.1.5  Valve, float. A valve, actuated by o Hoatina stand, which
ontrols the flow of Cater o the stand

416 Vent. An appurterance to the prpeline which permits the
passage of ar tooor froan the ppeline.

tlydranulic terma. Hydraw!io terms shall be as defined o the

1.2.1  Freehoard. ]he vertical distance to tops of vents. or stands
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above the elevation of the hydraulic gradeline at working head.

4.2.2  Head, working. Tuevertical divtance that water will rise in
aventor statid abeve the centerline of the pepehing at design 1l w at
any point m the sistem. On protiles of the pipelines, mavimum
working head shauil be,

at any point, the verticas distance trem the
centerhne ot the prpeiine toa s traight hne draan between the tops
of consecutive vents and or stunds
plus freebeard

Tons, thus the working head
4.2.3 Surge. That phenomenon wheren a roching or oscitating
motion of the water oset up. causing flow to be unsteads

4.2.4 Water hammer. Thut phenomenon, resulting trom check.
ing of tlos, ete . wheremn pressu ¢ waves pass threugh the water at
the speed of sound. Water hammer cun produce 2xcessive momen-
tary pressure. [Uis not to be contused with surge, although under
certain conditions both may be activated simultaneousty,

Clted Standards:

ASAE BP0 Degren and Construaton of Subsurtacse Drains in Humid Areas

ACH M0 T Speatications for Castan-Place Nonreinturced Concrete Pipe

ASTAM o0 Speaticatons tor Reintorced Culvert, Storm Drann, and Seaer Pipe

ASTM CHEs Speattications for Corarete Pipe tor Trogation or Drainage

ASTN T Speaitivations for Sheet Materiais tor Cuning Concrete

ASTM C3ov Speatcation, tor Ligud Membrane Forpung Compounds tor
Curine Concrete

ASTM OGS Speatications tor Nonrerntorced Conorede Iregation Pipe with Rub.
B Goashet Joint




APPENDIX 4

DESIGN, INSTALLATION AND PERFORMANCE OF UNDERGROUND
THERMOPLASTIC IRRIGATION PIPELINES

American Society of Agricultural Engineers
ASAL Standard: ASAL 8376.1
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TABLE 0—DIAMLTERS, W ALL THICKENESSES AND TOLERANCES FOR PE PIPEIN IPS SIZING SYSTEM, OD CONTROI.LELZ.®

Pipe outside dpametier Minimum wall thickness™
Actual autsude Tolerunee ()
. . diameter on average QD SR 320 SDR 26 sonr 2l SBR 17 SDR 11
Nominal L
i". ., min m. min . min i mimn in mm in. mm m. min
3 KR '+ 0l 0ol n10h [ER IR a.d [N YO 4.2 [T I K.1
L] 1143 bty 0ol U 1ls o1y 14 [[IARE 34 [URATTS 67 104
5 141.3 [ERIRA U u1T RIS 21 O 0 26D 67 IR K.
6 L] [ENERET] 0 Ty 2o 0.2 H [ uall 8.0 [ORRIY] R
8 21001 0039 Oy [ERA I 6.7 0.aa2 R4 041 104 0.007 120
10 aTHA [INVRS 12y 10411 A3 SR DI I HL 0.0l 13.0 [UKIN I iu.0
12 onT 145 0oyl 1o v oho 124 [ Pho 07040 14
11 [FRITA1 1.hi} 0131 [ RLB tRON ] AT (YR O R 2009
16 15000 DR 1. [N 120 b 156 [T 19 0l
18 18.000 [JRSL0) L OB G.L0d 142 0ga 1T h kT 21K 19
20 20000 (SRR 4 ao6Lh 1ha 0iny 1 (402 I 11Te 2
22 22,000 (AR 201 (IR 172 08in wld 1.0k 2400 12y KRR
24 23.000 HUY.G 0. 10n 2T 0.7 3N KT 0923 234 1113 200 | R SRY -

*OD based PEoprpe s also modean the metiie siamgt sestea, bosed on 80 161 1 1978 Thermoplastios Pipes for the Dransport of Foads
Nominal Qutside Dianeters and Nonunal Prescutes Part 1 Netie Senes, Specifications for this pipe can be obtamned from the Plastic
Pipe Institute, New York, NY.

Fwall thickness vartabihty inan . duuneticad cross secGon shall not eveeed 127w hen calealated in acrondanee with ASTH Standard
D2122, Determining Dimensions for Thermosphaotio 2 wnd Fatings

TALLE 10—OUTSIDE DIAMETER AND TOLERANCE FOR PVC AND ABS PIPE

TOLERRANCES(*)
For maximum & mmunum
For average OD tout-of-round)
50 1t head SDR 41 SDR 17
DR 93.5 SDR 32.5 SDR 13,56
SDR 81 SDR 26
SDR 64 SDR 21
SDR 51
Nominal Pipe size Average OD
in, mm in. mm in. mm in. mm in. mm
' 21 Ps LLN. R 21.34 [ENIE 010 H.0ls 0 3K 0.008 0.20
3 27 s 1.0560 2A.67T 0.004 010 0.015 () 48 0.u10 0.25
1 a3 1PS 1.315 33.40 0005 0.1 [ENV%:) .38 0010 0.25
115 42 ks 1.660 1216 0.005 013 0.015 0.38 0.012 030
1l 18 IPs 1 900 A8.UH 0,004 0.15 0.030 0.76 0.012 0.30
2 60 ks 2. HU32 00006 0.15 0.030 0.76 g.012 0.30
2% 73 H A 7302 0007 0.18 0.030 0.76 0.0135 .38
3 89 ies 37 B8.9U U .O0R 020 0.030 076 0.015 0.48
3'n 102 195 EN 10150 t Q0K o2 1.0560 1. 0.015 0.38
4 114 1y $.5 114 30 .09 .27 0.050 ' 0.015 0.38
105 Py 4 164 ey 0.0uh U.050 1. 0.015 u.38
5 141 s a7 141 50 0.010 [ENTRIY] . 0.030 0.76
6 168 Ies r, 0011 0.050 1 0,335 0.R9
156 vie H. 0011 0.050 1. 4.630 0.76
8 219 ps b [INIR 9070 1 Q045 1.4
207 Fip 5 oulsn 0.075H 1.7 0.2 1.07
10 273 188 10750 YLD 0075 i. 0.050 1.27
259 pip ly.2on HulH u.3n 0.075 1. 0.050 1.27
12 324 iPrs 12700 H 0015 0.3% 0.075 1. 0.060 1.52
311 PP 12,290 410.00 0018 0.6 0.075 1. 0.060 1.52
14 363 pip 11.280 Je2Tl Q.02 0.53 0.075 1. 0.070 1.78
15 380 pip 15.300 Jri.el 0023 0.568 0.075 1. 0.075 1.99
16 406 IPs 15.000 40640 0.024 0.61 0.0795 1.
18 466 1 1B.360 406, 0.027 0.69 0.100 2.50
18 475 PIP 18.701 470 0.028 0.71 G100 2.50
20 518 18 20.400 518 .030 Q.76 0.100 2.50
21 560 pre 22.047 5650.00 0.0633 0.84 0.100 2.50
24 610 s 24 000 H04 6 0.046 091 0.125 2.00
24 G30 Pl 24803 630 00 0.037 0.94 0.12h 2.50
27 710 pIp 270952 710.0G0 0.047 1.19 0.125 2.00
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TABLE 11—INSIDE DIAMETER AND TOLERRANCE

FOR PE PIPE

Nomnal pipe size 1D ]
. mm in. mm m.
B! e [h~ 022 1380 <0
Te 21 iPs W.R24 20000 Y

-,

1 27 1Ps 1.049 2664 -4,
Q.

it 35 IPs 1.380 35.05 -0,
-0,

113 41 1PS 1.610 40.8Y ~0.
-0,

2 52 IPS 2.067 52.50 +0.
~40.

213 63 IPS 2.469 62.71 +0.
).

3 78 IPS 3.068 77.93 +0.
—0.

4 102 1PS 4.026 102.26 +0,
0.

102 PIP 4.000 101.6 +{).

-4,

[ 154 IPS 6.065 151.0% +0
--0.

152 PIP 6.000 152.4 -0,

-0.

8 203 PP B.000O 203.2 -0,
10 254 PIp 10.000 2540 = 0.
12 305 PP 12.000 348 IR
15 381 prp 15,0040 381.0 -0,

I'olerincee

0y

gl

alh

0l

N2y

ol

02( DL
010 0.25
020 0.51
Q1) 0.38
0L) 0.51
015 0.38
05 0.654
15 0 38
[EXV] .76
0l5 0.38
0.5 0.89
glo 0.51
010 0.51
020 0.51
035 (.89
025 C.Ca
025 0.64
Ca0 1.02
10 1.02
40 1.02
(40 1.02

5.5.3  Extruslon quallty. The pipe shal’ not flake or disintegrate
when tested in accordance with ASTNM Standard D132, Test tor
Quality ¢f Extruded PVC Pipe by Acetene Immersion,

$.5.4 Impact reslstance. The pipe shall be tested in accordance
with ASTM Standurd D2434, Test for Impact Resistance of Ther-
moplastic Pipe and Futings by Means of a Tup (Fatling Weight),
using a B9 N (20 1b), Type B tup with o tat plate ar 23 = 2 -C(73.4
= 3.0 °F) and shall meet the test levels siiown 1 Table 13 of this
Standard. The impact test shali b made on new preduction pipe at
the time of manutacrure,

5.6 PE plpe requirements

5.6.1 Thickness of outer layer. For pipe produced by simultane-
ous multiple extrusion, that is, pipe containtng tao or more concen-
tric layers, the nuter layer shall be at least 0.51 mm (0.020 in.)
thick.

5.6.2 Bond. For pipe produced by simultaneous mulriple extru-
sion, the bond hetween the lavers shail be sirong and uniform. It
shall not be possitle 1o separate any two lavers with a pruue or a

TABLE 12—-BUKRST PRESSURE
REQUIREMENTS FOR PVC
PLASTIC PIPE"Y

SDR Minimum burst pressure !
(DIY)
PVC H120 PVE 21106
AN 1220 PVC 2112
Py 2120 PVe 2110
psi kPa sl kD
A1 260 1730 200 1380
64 200 1380 160 1105
81 160 1105 125 K60
3.5 140 965
50 ft
head 127 K7D

*Requirenionts i addition to those loted in
ASTM Stundard D-2241. Specification for
Poly(Vinyl Chionde )y (PVC) and Chlonn-
ated Polv(Vans ! Chlonde) (CPVC) Plastic
Pipe (SDR-PI . for SDR rated PVC
plastic pipe. .

TWith water wt 23 70 (7300 FF).

IThe fiber stresse s sed to derive the test
Pressures are as {oilons

psi MPa
PVC 1120, PVC 1220,
PVC 2120 6400 44.1
PVC 2116, PVC 2112,
P\VC 2110 5400 34.5

puint of = kmite blade so that the layers separate cleanly at any
point.

Carbon black, The pipe extrusion compound shall contain
ast 2 percent carhen black when tested in accordance with Sec-
TE O ASTM Stundard 12239, Specifications for Polyethylene
(PE) Plastic Pipe. For pipe produced by simultaneous multiple ex-
trusion, this requirement shall apply o the outer laver.

$.6.4 Denslty. The polyethylene base resin (uncolored PE) in the
pipe compound shali have a density in the range from 0.920 to
0.940 Mg m’ tor pipe made from Grade P23 and 0.941 o
0.905 My m’ tor pipe made trem Grade P33 and Grade B34 of
ASTM Standard D124% Speaitications tor Polyethvlens Plastic
Molding and Extrusion Muaterials, when determined in accordance
with Section 7.6 of ASTM Standard D2239, Specifications ior Poly-
ethylene Plastic Pipe,

5.6.5 Burst pressure. The munimum burst pressure for PE plastic
pipe shell by determined tnosccordance with Section 7.8 and
Table 3 of ASTM Stundard D2239, Specifications tor Folyethylene
Plastic Pipe.

TABLE 13~IMPACT REQUIREMENTS FOR PVC AND AHS PIPE

Naminal
pipe size 50 ft hsad DK 934 SUR 41 SDR 64 SDR 31 SUR4L SDIL 325 SDR 26 SR 2l SR 1T SDR 13,8
in.  mm fUibl N fUIb! Nin o felbl Nmo fodbf Nmo feib! Nmo f0IbE Nmo feibf Nmo fuibf Nemo ftibf Nmo fiinf Nmo foib! Nm
o2l 1 25 35
teoouT s KD 50 KR AT
i 31 e 38 50 K 50 KLY
e 42 Iirs Lo Ty 50 6 50 70 50 70
n EY s 50 70 50 T0 50 ¢ 50 70 50 70
2 60 irs 63 K5 63 L3 63 KL 0l L) 65 8L
24, 73 s 63 H5H 63 KBS 63 A 63 (3 63 85
3 BY IS 5 100 7% 100 75 1un N 100 75 100
34 102 HE PR 1 110) 7 1064 Thonn 75 100 75 100
i 114 Ps 50 70 BO 110 1o 133 100 13% 100 13%  1oo 135
105 |t 30 10 3o 10 70 95 70 Y%
141 1S YO 120 V1o tta o Mloodno 1in 150 110 150
65 168 s 60 8O 160 135 120 1wh 1duo 1eS 120 15 120 165
413 30 40 30 40 30 40 80 110 80 110
8 219 1Ps T 45 Lo 13h 130 3Th 0 130 1745 130 1%L 120 75
207 1313 40 30 10 30 40 90 120 Ly 120
10 273 HES KO 110 110 150 140 1ag
259 pIp nO RO 60 80 66 KO 100 135 1oo 1%
1232 iy 1o 125 Plo 1n0 0 L0 o)
a1 PIp 100 135 100 135 100 135 110 150 110 150 . 50 20
14 353 PP 110 150 too 135 110 14h 120 165 120 uh 120 1u% 150 2ol 150 2056 150 205 150 20
15 3my 1318 1 1%y 1101500 110 150 120 165 120 1495
ho0n s 1y 160 110 150 110 150 1200 165 150 205 120 1n5 Lu 205
A N e A U 110 150 110 oo 120 In%  1ag 20%  1n0 oo
20 514 iy 116 150 11o 150 120 167 VR A S AT 14
21 950 1318 150 208
24 516640 PSR JREVINS BT 11 150 P20 065 159 on o 1na 205
27 710 PP 1y 200

CUNen tested i acordanee with ASTM Standard D244
an B N 200 tvpe B tap it o« Dt L4734 k)

srlate at 27 Ik e ppesddur
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5.6.. Enmlronmental stress eracking. There shall be no loss of

pressure n the pioe when tested i wocerdunce with Sectn 7.9 of

ASTM Standard D220 Speatications tor Polvethviene Plasne
Pipe.
ABS plpe requirements

5.7.1  Burst pressure. The numimum burst pressure shall be deter-
mined in accordance wath Section Toand Table 4ot ASTM Stand-
ard D228, Speaitications tor ABS Plastie Pije,

5.7.2 Impact reslstance. The puipe shall be tevted in aceordance
with ASTM Standard D233, Tost tor Impact Resistance ot Ther-
mophntic Pipe and Frctings by Means ot o up cFalling Weght,
using 4 89 N (20 Iy tope Botap wath o tlat plate ar 23 0 2 C 734
= A6 o Fyand shal meet the test besvels shownon Table 13 ot thae
Standard. The unpact test <hall be riade on nese production pipe at
the time of manutacture.

5.8 Joints

5.8.1 General. Al jomty shall be constructed to withstand the
design manimum vorking pressures for the pipeline without
leakage, and withour internal ebstructon which could reduce its
capacity helow desien reguirements, eacept that insert fittings for
joimng PE pipe are permntied Manutacturer’s recommendations
for joming pipe shail he used when notin contlict with requiresients
of paragraph S8,
5.8.2  Sockets und couplings. The integral bell or separate cou-
pling shall mcet the same strength requirements as the pipe. When
ot assembly reguires use of separate couplings, one such coupling
of the same clos and size shadl be turnished with each length of
pipe
5.8.2 Solvent cements. Schvent cements enly for use with PVC
pipe and fithnes shedl meet the requirements of ASTM Standard
D2364, Speatications tor Solvent Cements for PVC Piastie Pipe
and Finnes. Sedvent cements only for ABS prpe and tittings shall
meet the requirements of ASTM Standard D235, Specitications
tor Solvent Cement for ABS Plastic Pipe and Fiungs. The pipe
manufacturer should be comsulted for the tipe of cement recom-
mended for joring Targe dumeter pipes. Sate bandling of solvent
cements shall conformy to ASTM Standard F402, Recommended
Prucrice for Sate Handling of Sobvent Cements Used tor Joning
Thermoplastic Pipe and Fittings,
5.8.4 Rubber gasket joints. Rubber gusket joints shall conform to
ASTM Standard D3139, Specificatons for Joints for Plastic
Pressure Pipes Using Flexible Elastometric Seals,
5.8.5 Plastic risers. Plustic ricers shall huve at least the same
strength as the prpe, including risers with use lited to subsurface
attachment.
Cittings
5.9.1 General. Al fittings, such as couplings. reducers, hends,
tees and crosses shall be made of material that is recommended for
use with the pipe and shall be imstalled in wccordance with the
recommendations of the manufacturer. Where fittings made of
steelor other materiads subj et to corraston are used in the line, they
shall be adequately protected by wrapping with plastic tape or by
coating with high quality corrosion preventatives. Where plastic
tape 1s used, all surfaces to be wrapped shall be thoroughly cleaned
and then coated with primer compatible with the tape prior o
wrapping.
5.9.2 Requirements. Fittinps for TIPS sized pipe shall meet all the
dimensional and quality requirements wiven in the fellowing ASTM
Standards:
ASTM Standard 2468, ABS Plastic Pipe Fittings, SHocket-
Type, Schedule 40
ASTM Standard D2469, ABS Plastic Pipe Fittings, Socket-
Type. Schedule 60
ASTM Standard D260Y, PE Plastic Inserr Fittings
ASTM Standard D3261, Butt Heat Fuston tor PE Plastic Pipe
and Tubing
ASTM Standard D2672, Bell-End PVC Plustic Pipe
ASTM Standard D3036, PVC Piastic Line Couplings,
Socket-Type
ASTM Standard D2466, PVC Plastic Pipe Fittings, Socket-
Type, Schedule 40
ASTM Standard D2467, PVC Plastic Pipe Fittings, Socket-
Type, Schedule 80
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SECTION 6 -MARKING

6.1 General. The pipe shall be marked at intervals of not more thyy
Sl A my (The netnie marking shall not be required until it become,
a national standasd, In this section customary units are shown tirg
Muarking shalt include the following:
6.1.1  The nomual pipe size, e 4 ins (14 mm).
6.1.2  The pipe OD sizing svstem when appheable (1PS, TP, or
PPy, e PIP.
6.1.3  The ASTM Standara nuinene designation tor sizing systems
other than PIP, s o0 ASTM standard D2241,
6.1.4  The npe of plastic pipe matenial in accordance with the
destgnation code, e PVO 1120
6.1.5  Pressure ruting
6.1.5.1  Low pressuie pipe. The pressure rating shall be shown
in pstand orindeet of head: e, 22 psi (152 kPa) S0 1 (15.2 m)
head.
6.1.5.2 SDR plpe. The pressure class rating in psi tor water at
T34 CF (23 O e 200 psi (1379 kPa) @ 73,4 (23), or the
standard dimension ratio as caleuiated in paragraph 2.8; e,
SDR 24, or boths e, 200 pai 03379 kP e 73.4(23) SDR 21
6.1.6  The manufacturer's name or trademark and code,
6.1.7  Pipe intended tor the converance of potable water shall also
mclude the seal or muark of the laboratory making the evaluation for
this purpose, spaced et intervals speaitied by the faboratory.

SECTION T=INSTALLATION REQUIREMENTS

7.1 General. The thermoplastic pipe shall be installed in accordance
with the manutacteret’s recomrendanons. T thess are not availuble,
then for ripe 1532 mun (6 ino) diacter or dess, ASTM Standard D2774,
Rece amended Practice for Underground Instlation of Thermoplastic
Pressure Piping, or this Standard <hali be tollowed, Recommendations
in ASTM Standard 152321, Underground Installation of Flexible Ther-
moplistic Sewer Pipe, may alvs be tollowed.,
7.2 Trench construction
7.2.1 Trench bottom. The trencht bottom should be continuous,
firm, relativeby smooti aid tree of tocks or ather hard objects larger
than 13 mm (0. i in stzes Where fedpe vock, hard pan or
boulders are encountered, the trench bottom shall be undercut and
filled with bedding matenial, using sand or compacted lne-grained
soils T provide @ rimmum depth of bed between the pipe and reck
ot 100 mm CHing Where unstable trench hottom conditions are en-
countered, stabilizing methods and materials to provide adequate
and permanent suppors shadl be used.
7.2.2 Trench width. The width of the trench at any point helow
the top of the prpe shoulbd not be greater than necessary to provide
adeguate room tor joimag the pipe and compacting the initial
bucktill, The trench width should be sutticient to provide adequate
roam for jotmnyg the pipe in the trenchy o this is necessary: tilhing
and compacting the side 1ills and snaking tie pipe trom side-to-
side alang the bottom o the diteh, o recommended by the pipe
manutacturer. Trench widths above the tup ol the pipe should not
be greater than 4.6 m (2 1 wider than the pipe dumeter, eacept
that in unstable soils where sloughing or cinang may oceur or where
required by regulations or focal conditions. the sidesally above the
top of the pipe may be soped,
7.2,2.1  Low pressuore pipe. Mavimum and minimum trench
widths below the top of the pipe tor low pressure pipe shall be as
tollows:

Approvimate

trench width
Pipe size minimum muvimum
in, mm In. mm in, mm
4 102 1t ) 30 70
b 1582 18 430 30 THiy
L] 203 20 S5 30 760
10 254 n 560 11 Tul)
12 305 24 610 Jo T00
14 350 26 Hil) 3O “H0)
15 R 27 6yt 30 60
18 437,475 30 Thit 36 910
20 S08 32 K10 36 910
pL] 610-630 RIS Gl 42 1070
27 Mo 40 1020 B1] 1170
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TABLE 14—~THRUST BLOCKING AND ANCHORS FOR UNDFRGROUND IRRIGATION PIPELIN

Step LoMultiply the worlang pressure by the appropriaste vylye
shown in the followiny: table to obtain total thrust (n N (bh):

PIPELIND THRUST FACTORS® ¥

Pipe size Dead end 90 45 200"
in. mm Or tee Elbow Elbow Flbow
1 48 2.y 416 225 115
2 6t 4006 6.40 3.50 1.7K
21, T3 66D G40 5.10 260
Ki BY 9.80 13.9 7.51 380
3, 102 12.8 148.1 Y.81 4.99
1 114 16,2 25.0 12.4 6.31
5 141 24.7 35.0 18.9 963
6 164 318 Y. 26.7 13.6
8 219 50.0 83.5 45.2 23.0
10 273 91.5 130.0 70.0 358
12 324 129.0 182.0 98.5 0.3
14 363 160.2 226.5 122.6 62.0
15 384 183.9 260.0 140.7 719
16 06 201.1 284 .4 153.8 T18.5
18 479 2747 3838.4 210.1 107 .4
20 518 326.9 462.2 250.1 1278
21 5650} JH1.8 539.9 2021 149.3
24 630 483.2 HRY.2 J69.6 18K.9
27 710 (0% B 8678 489.5 239.9
*Based on thrust per sPa (psi) pressure
TBlocking for cross may not be needed with fong branch hines.
Step 20 Determine the bearing strongth of the soil from the table
below:
BEARING STRENGTH OF SOILS
Soils and safe bearing Joads Ibyft2 kPa
Sound shule 10 000 500
Cemented graver and sand
difficult to pick 4 000 200
Caoarse andd fine compact sand 3 (00 150
Medium clav-can be spaded 2 000 100
Soft clay 1 000 50
Muck 0 0
Step 3. Divide the total thrust obtained in Step 1 by the bearing
strength of the soil to get the area needed, m2(ft2),
SIDE THRUST ALTERNATIVE PROCEDURE
Pipe size Side thrust-per degree*

‘ in. min 1 N
1 18 5.1 22.7
2 60 7.9 35.1
213 73 11.6 51.6
3 89 17.1 76.1
3% 102 22,4 99.6
4 114 24.3 125.9
5 141 43.1 191.7
[ 168 60.8 270.5
8 219 103. 458.2
10 273 160.0 711.7
12 324 225.0 1000.8
14 363 278.2 1237.4
15 389 319.6 1421.6
16 406 349.3 1553.7
18 475 477.3 2123.0
20 518 568.0 2526.5
21 560 663.6 2951.7
24 630 839.6 3734.5
27 710 1066.2 47425

*Based on side thrust per 689 kPa (100 psi) pressure per degree
of deflection.

NOTE: Multiply side thrust from table by degrees of deflection
times kPa (psi) divided bv 100 to obtain total side thrust in N (Ib).
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7.8  Maximum depth ol cover. [he maximum dqepti of Cover 11 10w
pressure pipe shall be 12 mod 100 For other classes of pipe, the pipe
manufacturer should be comsulted for mavimum depths of cover
greater than approvimately 1.2 m (4 1Y)

SECTION 5= TESTING
8.1 General. Low preccure pipelmes sball be thoroughly and com-
pletely tested for pressure strenyth and leakage betore backtill opera-
tions are undertaken. It 1ty necessary to partadly backfill the line
before testing to hold the hne in place, the partial backtill shall be
undertaken as speditied i paragraph .30 Only the body ot the pipe
sections shall be cosered with all joints and connections left uncovered
for inspectuien High pressure pipelines may be tested atter backfilling
8.2 Filling. The hine <hali be sfowty fiiled with water. The veloaty of
the water input shall notexceed 0.2 mos (10 s) Adequate provision
shall be made for air release whle filling, taking cure to bleed all en-
trapped air in the process. The pressure shali be slowly buillt up to the
maximum design working pressure. Pressurizing should take at least
ten minutes for pipelines 102 me (4 1m0 and smaller in diameter and
having a test pressure of 650 hPa (16 paisan d test section of 305 m
(1000 £ For larger duametets, conger lines ond higher pressures, pro-
portionately fonger busld-up times shaldl be used.
8.3 Inspection, The pipeline shali be mnspected in ity entirety while the
maximum workinyg pressure is mantiined. Where leaks are discoy
ered. they shall be proarpty cepared and the hine retested
8.4 TFlaw capaclty. It shall be demonstrated by testing that the pipe-
Iine will functien properly at destgn capacity. At or below design
capacity, there shall be no objectivnable suree or water hammer.,
8.5 Objectional flow cendltions. Objectional floa durmy testing con-
dittony shall include contnuing unsteads dediers of water, damage to
the pipeline, detrimental overtion from vents o tands, or sudden or
rapid changes i fow veleaitn st e ther start-up or shatdan mcluding
emergency shut-ott, partivalaris mlines appre bl coneer than 303 m

(1000 ).
SECTION 9—=BASIS OF ACCEPTANCE

9.1 Requirements. The aceeptabiliny of the prpaiine shall be deter.
mined by inspectons o check complance watlall the prosistons of thiy
Standard with resoect tothe destzn of the ine, the pipe and appurte-
nances used, and the mimmum installation requirements,

SECTION 10—~ CERTIFICATION
10.1  Genernl. Al matertals shall conform to these mininrum re-
quirements and to the tests prescribed in the appiicabic ASTM
Standards.
10.2  Certifleatlon, When required, the pipe shall be certitied by a
qualified testing laboratory for complance with the teguirements set
out in this Standard.

SECTION 11—=PLANS AND SPECIFICATIONS
11,1  General. Plans and specitications for construction of under-
ground thermoplastic irrigation pipelines shall be in keeping with this

Standard and shall describe the requirements for application of the
practice to achieve its intended purposc.
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