v) The value of x/L = 0.62 falls between the 16th
and 17th trees from the lower end. Thus, as dis-
cussed earlier, the manifold should be located to
supply 17 trees along the downslope laterals and 10
trees along the upslope laterals.

vi) The maximum pressure-head variation (Ah)
along the pair of laterals can be determined from
equation 7-70 by use of the x/L value that repre-
sents the actual manifold location selected:

Ah = 6.48[2.20(0.63)*7 + 0.08 — (0.5 x 0.63)]
OHh = 2.5 ft.

To check for the possibility that the maximum Ah
may occur at the closed end of the downslope lateral,
determine

Ah, = 0.08 x 6.48
Ah, = 0.5 ft.

(7-71a)

Lateral inlet pressure head (h)).—h, = 44.65 ft,
hg, = 14.26 ft, z = x/L = 0.63, AEl = 3.24 ft.
. For pairs of laterals with a constant diameter, the
lateral inlet pressure can be determined by equa-
tion 7-63a as

h; = 44.65 + 0.75(14.26)[(0.63)*™ +
(1 — 0.63)°™] — (3.24/2)[2(0.63) — 1]
h; = 44.65 + 2.15 — 0.42 = 46.4 ft.

Manifold Design

Selecting pipe size for tapered manifolds
involves three criteria:

1. A balance between the pipe’s initial cost and
the pumping cost over the pipe’s expected life
(described under Pipeline Hydraulics).

2. A balance between friction loss, change in
elevation, and allowable variation in pressure.

3. Maximum permissible velocity.

Pipe sizes selected on the basis of economics are
considered acceptable if variations in pressure do
not exceed allowable limits. If limits of pressure
variation are exceeded, the manifold is tapered by
balancing the allowable limit with pipe friction and
change in elevation. However, the maximum per-
missible velocity controls minimum pipe size
regardless of the other criteria.

Manifold length and main-line position.

|

| .
rows of trees mainline

108
§ 2 roads

54 | & road 1

mani fo\l'b

i) For economic reasons and for acceptable AH,
pairs of manifolds extending in opposite directions
from a common main-line connection normally
should not exceed a total length of 1,500 ft. There-
fore, parallel main lines are needed.

ii) Main lines should be positioned so that start-
ing from a common main-line connection, the
minimum pressure in a pair of manifolds is equal
(like the manifold position for pairs of laterals as
discussed earlier). Because the ground is level in
the direction of the laterals, the pair of laterals
should be of equal length.

iii) There are access roads in place of the center
row of trees in the west 80 acres and in the east 40
acres. Therefore, the length of each manifold is

S_ = 24 ft
T

Ln =27 x 24 = 648 ft.

Manifold flow rate (q,,).—q, = 1.0 gpm, and for a
pair of laterals, qi; = 2.0 gpm.

The manifold flow rate is the number of pairs of
laterals along each manifold times the flow rate per
pair:

Um = 27 X 2.0 = 54 gpm.

Economic-chart method of manifold design.—
Q. = 2,686 hr, P,. = $0.0436/kWh, CRF = 0.205
(20% for 20 yr), EAE = 1.594 (9% inflation),

E, = 75%; BHP/P, = 1.2 BHP-hr/kWh (taking into
consideration the motor transformer and line defi-
ciencies, a power conversion factor of 1.2 is
reasonable); P, = 1.00, Q, = 54 gpm; q,, = 54.0 gpm,
qp = 2.0; L, = 648 ft; AH, = 16.05 ft; Ah' = 2.6 ft,
from the graphical solution for lateral lines;
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1, = 648 ft, 1, = 552 ft, 1, = 240 ft, 1, = 120 ft;
q, = 54.0 gpm, F, = 0.38, q, = 46.0 gpm, F, = 0.38,
q; = 20.0 gpm, F, = 0.41, q, = 10.0 gpm, F, = 0.47.

1) All manifolds in the system serve similar
areas, and extra pressure head can be used to reduce
sizes of the pipe in all of these.

Therefore, the manifold flow rate (q,,) will be ad-
justed and used as the adjusted system flow (Q.) to
select the most economical pipe sizes.

ii) First compute the cost per water horsepower
per season by equation 7-57:

Cor = 2,686 x 0.0436 x 1.594
whp = (75/100X1.2)
Cywhnp = $207/whp per year.

ili) Determine the adjustment factor (Ap to adjust
Q; to Q; for entering the proper unit economic pipe-
size selection chart:

_ 0.001 x 207 _
Ar= 5505 x T.oo — 1Ob (7-58)
and
Q= 1.01 x 54 (7-59)
Q¢ = 55 gpm.

iv) The maximum pressure in this and most
other typical trickle systems is less than 100 psi.
Thus PVC pipe with the minimum available (or
allowable) pressure rating can be used. Figure 7-33
is the unit economic pipe-size selection chart for
this set of PVC pipe sizes.

Enter the vertical axis of figure 7-33 with
Q. = 55 gpm. Record the flow rate (horizontal axis)
where the 55-gpm line intersects the upper limit of
each pipe size region, which is:

Chart Adjusted! Number of
Pipe size flow rate flow rate outlets
gpm gpm
1%-in. 105 q, = 10.0 5
1%-in. 20.2 q; = 20.0 10
2-in. 45.0 q, = 46.0 23
2%-in. 54.0 q, = 54.0 27

'Flow rates adjusted for nearest whole number of lateral
connections.

v) Compute the length of pipe of each size,
assuming uniform outlet discharge along the entire
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length of the manifold by:

_100-0

Ly =+ 54.0

X 648 = 120 ft (7-78)

20.0 — 10.0

54.0 X 648 = 120 ft

Lm =

L2=er48=312&

Loy, = 648 — (120 + 120 + 312) = 96 ft

vi) Determine the allowable difference in manifold
pressure head:

(0AHp), = 16.05 — 2.6 = 13.5ft, (7-73)
and check this against AH,,. To do this, first deter-
mine the head loss from pipe friction (Hy), and
because there is no slope along the manifold, H; =
AHy, equals the friction loss along the manifold
[(ho)m].

The numerical method for determining H; is as
follows:

1) 2 @ , (3 1 (1) 1%

L1y
1

H; = (hgay, + (hy), + (hpyy + (hpsy.

For 2%-in., J, = 1.36, J, = 1.02, and

(g, = 3o, = JuFL)

1
= 1551(1:36 x 0.38 x 648)

—(1.02 x 0.38 x 522)]

.




For 2-in., J, = 2.55, J, = 0.58, and

(his = 555 IaFals = J,F4l)

- ﬁl)ﬁ[(z.ss x 0.38 x 552)
— (0.58 x 0.41 x 240))
(hye = 4.78 ft.

For 1%-in., J; = 1.69, J, = 0.50, and

1
(hphy = ']"(W(JsFals - JFL)

1
= .1—66{(1.69 x 0.41 x 240)

— (0.50 x 0.47 x 120)]
(hf)l% = 138 ﬂ:.

For 1%-in., J, = 0.95 and

1
(hohyy = W(JAFqla)

_ 1
= W(O.QS x 0.47 x 120)
(hf)ly‘ = 0.54 ﬁ':

The field is level, so H; = AH, and

OHp, = (hpgy + (h, + (hoyy + (hoyy
=121 +4.78 + 1.38 + 0.54
AH,, = 1791 ft.

The graphical method for determining H; is as
follows:

Because the flow rate per outlet along the mani-
fold (q;) = 2.0 gpm, use figure 7-36 to make the
overlay figure 7-47 as described in step 6b of the
Economic-Chart Design Method under Manifold
Design.

The scale factor for converting graph values
plotted from figure 7-36 is

k = 648/54(0.1) = 1.2 (7-79a)

Therefore, by equation 7-80,
He = 1.2(6.6) = 7.9 ft,

which is almost identical with the value obtained
numerically.

10 20 46 54

81
. 6.6
s 6
"
T 4}

2+

0 / d i

0 20 40 60

9n (gpm)

Figure 7-47.—F'riction curve overlay to demonstrate graphical
solution for determining manifold friction loss (Hy) for a drip
system. q,, = manifold flow rate.

This value is less than (AH,,), = 13.5 ft. Therefore
pipe sizes selected by economic criteria are accept-
able.

Manifold inlet pressure (H,,).—h; = 464 ft,

AH, =79 ft; AHp, = 0.5H; + 0.5AE],
AHYL = (0.5X7.9) + 0, AHp, = 4.0.

H, =464 + 4.0 =504ft (7-76a)

Main-Line Design

Selecting pipe size for main lines is based on eco-
nomic, pressure, and velocity criteria. After the in-
itial pipe sizes are selected from an economic chart,
additional savings are often possible in branching
systems by reducing pipe sizes along specific
branches to the limits imposed by pressure or veloc-
ity criteria. In such cases, sizes may be reduced to
take advantage of any excess pressure head that
might result from differences in elevation or from
higher pressures required for other branches of the
system.
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Economic pipe-size selection.—Q, = 432 gpm,
Af = 101. )

Pumpé Q=6498gpm
8001t 432 gpm 900ft | 2l6gpm
A £
648ft| 324gpm 648ft| /108gpm
8 F
6481t 2/6gpm
c
648ft| 108gpm
D

i) First sketch the main-line layout, indicating
lengths of pipe and rates of flow along the various
sections of pipe.

ii) The unit economic pipe-size selection chart,
figure 7-33, is used to select the first set of main-
line pipe sizes. Because the flow is divided immedi-
ately after the pump, the larger of the two branch
flow rates must be adjusted for entering the chart:

Q. =1.01 x 432 (7-59)
Q; = 436 gpm.

iii) Enter the vertical axis of figure 7-33 with
436 gpm and determine the most economical size of
PVC pipe for each flow section. To hold velocities
below 5 ft/s, stay within the solid boundary lines.
After selecting the minimum pipe sizes, determine
the friction loss in each section as shown in the
following table based on equation 7-52.
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Flow Pipe L he
Sect. (gpm) (in.) J' 100 (ft)
P-A 432 6 0.90 9.00 8.10
A-B 324 6 0.54 6.48 3.50
B-C 216 6 3.26 6.48 1.68
C-D 108 4 0.47 6.48 3.05
P-E 216 6 0.26 9.00 2.34
E-F 108 4 0.47 6.48 3.05

Location of critical manifold inlet.

i) Compute the pressure head required to over-
come pipe friction and elevation difference (Hg.),, be-
tween the pump and each manifold inlet point by
using equation 7-60 as follows:

Section Point
From- Inlet + Hy <+ AEl Hedm
Point to (ft) (ft) (ft) ft)
A P-A P=0 + 810 - 120 = 6.90
B A-B 690 + 350 - 324 = 7.16*
C B-C 716 + 168 — 324 = 560
D C-D 560 + 305 - 324 = 541
E P-E P=0 + 234 - 120 = 1.14
F E-F 114 + 305 - 324 = 095
Critical.

ii) The (Hg)n, values in (i) show that the critical
manifold inlet is at point B, and the pump must
supply (He)n = 7.16 ft to overcome pipe friction and
elevation along the main lines. Because the mani-
folds require the same inlet pressure head, if the re-
quired H,, = 50.4 ft is supplied at point B, all other
requirements for manifold inlet pressure head will
be more than satisfied.

iii) Furthermore, the above (Hg,), values clearly
show that the pipe sizes in sections B-C and P-E
can be reduced or trimmed without increasing the
system head requirements.

Reducing main-line pipe size.—H,),, = 7.16 ft,
He)e = 5.60 ft; J, = 1.65, Jg = 0.26; (Hg)p = 541 ft
before tapering section B-C; (Hg)g = 1.14 ft before
tapering section P-E; J, = 1.65, J, = 0.26, Lp 5 =
900 ft.

1) The pipe sizes between the pump and the criti-
cal manifold inlet cannot be trimmed without in-
creasing the pump head requirements. However,
the pipe sections downstream from the critical inlet
point and along other branches can be trimmed so
that the corresponding manifold inlet points also re-
quire (Hg.),, = 7.16 ft.




ii) The gain in pressure head between B and C
is:

(AH)g_¢c = 7.16 — 5.60 = 1.56 ft

This unnecessary gain in pressure head can be elim-
inated to reduce pipe costs by replacing some of the
6-in. pipe with 4-in. pipe in section B-C. The exact
length of the smaller pipe (L;) that will increase the
head loss by AH is

Lasc = LB x 100 (7-61)
4 [
156 x 100
= 165-026
LJs-c = 112 ft.

iii) With 536 ft of 6-in. and 112 ft of 4-in. pipe in
section B—C, the Hy, at point C will increase to the
system (Hg),, = 7.16 ft. The (Hg), will also increase
by 1.56 ft at point D, which gives (Hg)p = 6.97 ft.
This value is so close to the system (Hg),, that fur-
ther tapering would require a short length of 3-in.
pipe, which might actually increase the system cost
because of the additional pipe size, extra fittings,
and more complicated construction.

iv) Using the same logic and procedures along
the east branch of the system, for (Hg), = 7.16 ft,
the friction loss in the 6-in. pipe between P and E
can be increased by

(OH)pg =716 — 1.14 = 6.02 ft,

and the length of 4-in. pipe taper in section P-E
from equation 7-61 should be

_6.02 x 100
LJr-E= 765 0.6
(L4)P-E =433 ft.

So the remaining length of 6-in. pipe in section P-E
should be

(Le)p_g = 900 — 433 = 467 ft.

Total Dynamic Head

The total dynamic head (TDH) required of the
pump is the sum of the following:

Item ft
(1) Manifold inlet pressure head . ....... H, = 504
(2) Pressure head to overcome pipe friction

and elevation along the main line. Hp = 7.2
(8) Suction frictionlossandlift............ 10.0!
(4) Filter—maximum pressure-head

differential ................ ... L 23.12

(5) Valve and fitting friction losses:
Fertilizer injection .................

Flowmeter ............... et 3.0¢
Main controlvalves ................ 0.5¢
Manifold inlet valve and
pressure regulator ................ 6.9¢
Lateral risers and hosebibs .......... 2.34
Safety screens at manifold or
lateralinlets. .................... 2.34
Lateral or header pressure regulators . . —5
(6) Friction-loss safety factor at 10 percent .. 6.6°

(7) Additional pressure head to allow for
deterioration of emitters .............. —

Total 112.3

1Assumed value that includes suction screen, friction in
suction pipe and foot valve, and elevation from water sur-
face to pump discharge.

2Automatic back-flushing filter to be set to flush when
pressure differential reaches 10 psi.

*Injection pump used.

*Taken from manufacturer’s or standard charts.

5Not used in this system.

sFriction-loss safety factor taken as 10 percent of lateral
(2.1 ft), manifold (7.9 ft), main line (18.0 ft), and filter
(23.1 ft), plus friction losses from valves and fittings.

"The flow characteristics of the vortex emitters used in
this design are not expected to change with time.

7

System Design Summary

The final system-design layout is shown in figure
7-44. The design data are presented in figures 743
and 7-45. These three figures, along with a brief
writeup of the system specifications and a bill of
materials, form the complete design package.

For scheduling irrigation, the emission uniformity,
the net system application rate, and the peak daily
net system application should be:

Final emission uniformity (EU).—x = 042,

H, =504 ft, AH,, =787 ft, Ah =268 ft, h, =
4465 ft; e’ = 4, v = 0.07.

i) Compute the ratio of minimum emitter dis-
charge to average emitter discharge in a subunit by
equations 7-38 and 7-39:

lq. = [50.4 -79-217 ]0.42
qn qﬂ 44.6

Qn/qs = 0.95.
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ii) Assuming all the manifolds to be adjusted to
the same inlet pressures, final or actual expected
system EU will be

EU = 10001 — 22%10.0710.95

N7 (7-33a)
EU =91%.

Net application rate (F,,).—S, = 24 ft, S, = 24 ft,
e =4,q, = 1.11 gph, EU = 93%.

_ 93 (4 x 1.11)
Fu =1.604 X 755 51 % 24)

F, = 0.0115 in./hr

(7-40)

Maximum net daily application rate (Fy,,).—
After a breakdown, the system may be operated 24
hr/day to make up for lost irrigation time. The max-
imum net daily application rate is

Fon = 0.0115 x 24 = 0.28 in.

Spray System

The following spray design is for a typical citrus
grove. The data that should be collected before
beginning a design are summarized in the trickle
irrigation design sheet, figure 7-48, and the field
layout map, figure 7-49.

In addition to illustrating the general process for
designing a spray irrigation system, the example
emphasizes the following procedures:

1. Manifold spacing for multistation systems.

2. Economic pipe sizing for tapered manifolds
(both graphical and adjusted economic-chart method
solutions) on a rectangular field.

3. Pipe sizing for tapered manifolds on a non-
rectangular field.

Sample design computations developed under Drip
System are presented more briefly in this section.

Design Factors

The values obtained for the spray design factors
are presented in figure 7-50. Details for computing
most of these values, except the percent area
wetted, have already been presented under Drip
System.

The particular spray emitter selected wets a “but-
terfly”-shaped pattern that can be approximated by
a circle with two 40 ° pie-shaped wedges cut out.
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The wedges are opposite each other and result from
water being deflected by supports that hold a deflec-
tion cap above a vertical nozzle. The diameter of the
wetted circle and the nozzle’s discharge are both
functions of the operating pressure. From informa-
tion provided by the manufacturer, the emitter ex-
ponent and coefficient of discharge are x = 0.556
and ky = 1.89, respectively, and the relation be-
tween pressure and wetted diameter is plotted as
shown in figure 7-51.

Percent area wetted (P,).—Diameter of surface
area taken from figure 7-50 is 14.5 ft; for fine
sandy (coarse)-textured soil, s; = 2.0 ft; e = 1,

S, = 15 ft, S, = 25 ft.

i) The surface area (A,) wetted directly by the

spray at the rated pressure of 25 psi is

_ (1457 _ 280
A== X3
A, = 128.43 fi2.

ii) The total wetted soil area is larger than the
surface area wetted because there is some outward
soil water movement, as shown in figure 7-20. The
total wetted soil area can be estimated by adding
one-half of the S/ value for homogeneous soils taken
from table 7-2 to the perimeter of the wetted sur-
face soil (PS). For the “butterfly”’-type wetting pat-
terns, PS can be assumed equal to the circumference
of the full circle.

PS = 14.57 = 45.55 ft.
iii) From equation 7-3,
_ 1128 + (2.0/2 x 46)]

Py = 15 x 25
P, =46.40%

x 100

This represents an acceptable design.
Computations for design.

. _ 30 46.40
) Fon= W x 0.7 x 6.0 x —10-6_ (74

Fun = 0.58 in.
N 75 15 |

T4 = 0.20 in./day

iii) I = 0.58/0.20 = 2.9 days



I Project Name--Florida Spray Design
II Land and Water Resources
a) Field no.
b) Field area (acres), A

c) Average annual effective
rainfall (in.), Re

d) Residual stored soil moisture
from off-season precipitation (in.), ws

e) Water supply (gpm)
f) Water storage (acre-ft)
g) Water quality (mmhos/cm), ECw
h) Water quality classification

III Soil and Crop
a) Soil texture
b) Available water-holding capacity (in./ft), WHC
¢) Soil depth (ft)
d) Soil limitations
e) Management-allowed deficilency (%), Mad
f) Crop
g) Plant spacing (ft x ft), Sp x Sr
h) Plant root depth (ft), RZD
i) Percent area shaded (%), PS
j) Average daily consumptive-use

rate for the month of greatest
overall water use (in./day), uy

k) Season total crop consumptive-use rate (in.), U
1) Leaching requirement (ratio), LRt

IV Emitter
a) Type
b) Outlets per emitter
c) Pressure head (psi), h
d) Rated discharge @ h (gph), q
e) Discharge exponent, x
£) Coefficient of variability, v
g) Discharge coefficient, k

d

h) Connection loss equivalent (ft), fe

Figure 7-48.—Spray-system data for a citrus grove in Florida.

Date-Fall 1978

#1

32.23

1.0

Pit

0.3

Excellent

Fine sand
0.7

10

None

30

Citrus

15 x 25

6

75

0.25

48.0

280° spray

0.556
0.042
1.89

0.4
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51.40

F ©=Tgx45 - 142eph
N Q=178 gpm
| Pump  TDH=140 f1 x) h, =( 111.8492 y0558 (7-31)
) [ ; ) .
Do umns ] m-wétwesns
s [ o 1501, 2—in
2 TR xi) From equation 7-33a (rearranged),
O A
® a4y = 11.42 x 90/100
! T 1.0 —(0.042 x 1.27V1.0)
26 rows £ 26 rows—--,|— q, = 10.86 gph.
< 5" L
¢ By equations 7-31 and 7-38,
L4
o -
e _ ,10.86 10556 _
L © el ® = h,=(Tgg) =2320
g all 2-in T o AH, = 2.5(25.41 — 23.20) (7-34)
@ 5 AH, = 5.53 psi or 12.76 ft.
T & _— ¢
s .. 32.23 11.42
11 xii) Q, =726 x X TEx35 (7-35)
Q, = 178 gpm.
Figure 7-49.—Citrus grove with spray irrigation system. Lateral ‘
lines are 0.70-in. polyethylene and manifolds and main lines are Seasonal irrigation efficiency (Eg).—EU = 90%
polyvinyl chloride pipe. LR, = 0.02 s ’
i) Entering table 7-3 midway between the coarse
iv) F, =020 x 1.0 = 0.201n. (7-6) and very coarse soil-texture columns for humid

zones and for root depth over 5 ft plus 0.05 for
v) From table 74, spray emitters gives

max EC, = 8 mmhos Tgr = 1.20.

0.3 ii) Because Ty = 1/1.0 — LRy, i.e,,
LR; = W = 0.02. 7-17 1.20 = 1/1 — 0.02) = 1.02, use equation 7-12 to
compute E; as

vi) T, = 1.00, assumed EU = 90%.
E — 90
® 1.20(1.0 — 0.02)
F, = 220X 100 —022in. (7-8a) E, = 76.5%.
Gross seasonal volume (V).—U = 48.0in, R, =
vil) Figygy = 2528 % 0'212 x 15 x 26 (7-9)  39.0in, W, = 1.0 in.,, U — R, — W, = 8.0 in.
_ i) The annual net depth of application from equa-
F(gp/d) = 5140 gal/day tion 7-10 is

oo 5140 _

vii) T = 355375 = 4'55 hr/day (7-30) Fn = 8.0[———17050 +0.15(1.0 — —17050)]
Round off to 4.5 hr/day and use N = 4 to give 18 Fon =6.3 in. ’

hr/day operation.

ix) From equation 7-30 (rearranged), if) From equation 7-14,
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I Project Name--Florida Spray Design

II Trial Design

a)
b)
c)
d)
e)
)
8)
h)
i)
5D
k)

D

m)

Emission point layout

Emitter spacing (ft x ft), Se X Sl
Emission points per plant, e
Percentage area wetted (%), Pw

Maximum net depth of application (in,), an

Ave. peak tramspiration rate (in,/day), Td

Maximum allowable irrigation interval (days), If

Design irrigation interval (days), If
Net depth of application (in.), Fn
Emission uniformity (%), EU

Gross water application (in.), Fg

Gross volume of water required per plant
per day (gal/day), F(gp/d)

Time of application (hr/day), Ta

II1 Final Design

a)
b)
c)
d)
e)
£)
8)
h)
i)
hD)
k)
1)
m)
n)
o)

p)

Time of application (hr/day), Ta

Design irrigation interval (days), If

Gross water application (in.), Fg

Average emitter discharge (gph), 1,
Average emitter pressure head (ft), ha
Allowable pressure-head variation (ft), AHS
Emitter spacing (ft x ft), Se X S1
Percent area wetted (%), Pw
Number of statioms, N

Total system capacity (gpm), Qs
Seasonal irrigation efficiency (%), Es
Gross seasonal volume (acre-ft), Vi
Seasonal operating time (hr), Qt
Total dynamic head (ft), TDH
Actual uniformity (%), EU

Net water-application rate (in./hr), Fn

Date-Fall 1978

St. line
15 x 25
1

46.40
0.58

0.20

0.20
90

0.22

© 51.40

4.55

4.50
1.0
0.22
11.42
58.70
12.75
15 x 25

46

178
76.5
22.0
689
140
90

0.044

Figure 7-50.—Spray-system design factors for a citrus grove in Florida.
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Figure 7-51.—Plot of spray diameter vs. emitter pressure
developed from manufacturer’s data for 0.04-in.-diameter orifice.

V. = 6.3 x 32.23
17 12(76.5/100)X1 — 0.02)
V; = 22.6 acre-t.

iii) From equation 7-37,

Q = 5,430 x 22.6
t 178
Qt = 689 hr.

Lateral Line Design and System Layout

Lateral-line design procedures are essentially the
same for drip and spray irrigation systems. The
design procedure includes determining the manifold
spacing, the manifold layout, and the maximum
pressure-head variation along the laterals.

Manifold spacing (S,,).—S; = 15 ft; 1 = 270 ft,

S, =S, = 15 ft, q, = 11.43 gph; J = 14.69 from Ap-
pendix B, F = 0.39 from table 7-6, f, = 0.5 ft from
figure 7-20; AH, = 12.76 ft; J = 6.01, f, = 0.4.

i) There must be at least one manifold for each of
the four stations (N = 4) determined in the design
factor computations.

The tree rows run north and south, and there is
no dominant slope. Therefore, the manifolds should
run east and west. No adjustments in manifold posi-
tion are necessary to compensate for slope effects.
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ii) A main line can be placed running north-south
midway between the east and west boundaries of
the grove. There are 52 rows of trees with an aver-
age of 72 trees per row. Two pairs of manifolds plus
a fifth manifold for the small triangular section in
the southwest corner can be laid out to divide the
field into four equal stations, as shown in figure
7—49.

" 1i1i) The spacing between the pairs of manifolds

and the length of laterals in the rectangular sec-
tions is

Sp, = (72 x 15)/2 = 540 ft.

iv) The pressure head difference (Ah) for the
level laterals having 0.58-in. hose and serving 18
trees to either side of each manifold is

270 1143
q = 15 60 (7"'62)
q = 3.43 gpm.

From equations 7-51b and 7-52, ‘
15 + 0.5

5 15.18 £t/100 ft,

J' = 14.69

and

hy = 15.18 x 0.39 x 270/100
hy = 15.98 ft.

v) This exceeds 0.5AH, = 6.38 ft. Either the
laterals must be shortened or larger diameter pipe
used. For hy < 6.38 ft, the maximum length of a
0.58-in.-diameter lateral by equation 7-65b is

6.38
15.98

1, = 270( )™ = 193.36 ft.

This requires dividing the field to operate with
either three or six stations. Neither arrangement is
satisfactory, because three stations would operate
only 13.5 hr/day and six stations would operate 27
hr/day.

vi) Repeating part (iv) with 0.7-in. hose gives

3= 6.01(-1-5%%) — 6.17 ££/100 ft

he = 6.17 x 0.39 X 270/100
he = 6.50 ft.




This is close enough to 6.38 ft to be acceptable for
the four-station layout shown in figure 7—49.

Manifold layout.

i) Because the field is nearly level, the manifolds
should be laid out to serve laterals of equal length
on both sides (except in the triangular areas), as
shown in figure 7-49.

ii) The operating sequence for the four stations
is:

Station Manifold Q; (gpm)
1 1 178
II (0} 178
111 3) 178
v 4 &5) 144 + 34 =178

The flow rates are perfectly balanced as all stations
require the same Q; = 178 gpm.

Maximum variation of lateral pressure head
(Ah).—Because the field is nearly level, Ah = h; =
6.50 ft.

Lateral inlet pressure head (h).—AEl = 0.0 ft,
h, = 58.70 ft, hy = 6.50 ft (for a single lateral).

For pairs of constant-diameter laterals on level
fields, the lateral inlet pressure head can be deter-
mined by equation 7-63c, in which the h¢ of one
single lateral of the pair is known:

h]=ha+3/4hf+ATEl
= 58.70 + 3/4 (6.50)

h; = 63.58 ft.

Manifold Design

Typically, manifolds are tapered and should have
no more than four pipe sizes, with the diameter of
the smallest pipe no less than half that of the
largest pipe. Manifold pipe size for rectangular sub-
units can be selected either by the economic-chart
method or by the graphical method. For rectangular
subunits both the economic-chart method and the
alternative graphical method are quick, but only
the general graphical method is suitable for tapered
manifolds on trapezoidal subunits. In the following
example, all three methods will be compared for the
design of the rectangular subunits.

Manifold length and main-line position.—S, =
25 ft, n, = 52/2 = 26.

i) Because the field is nearly level, the main line
should be placed in the center of the field and
should supply equal-length manifolds to the east
and west,

ii) Because there are 52 rows of trees across the
field and no roadway (or missing tree row) along the
main line, the manifold length (L) by equation
7-75 is

L, = 25(26 — 1/2) = 637.5 ft.

Allowable manifold pressure-head difference
K(AHp).l—Ah = 6.50 ft, AH, = 12.76 ft.

(AH), = 12.76 — 6.50 (7-73)
(AH,), = 6.26 ft.
Manifold flow rates (q,,).
am
Manifold (gpm)
00 178
2) 178
(3) 178
(Y] 144
5) 34

Economic-chart method for rectangular sub-
units.—E; = 75%, seasonal operation is 689 hr/year,
P, = $0.0436/kWh, BHP-hr/kWh = 1.2; from table
7-8, EAE = 1.594, CRF = 0.205 for n = 20 years
and i = 20%, P, = $1.00/1b; q; = 3.43 gpm, and for a
pair of laterals, q, = 6.86 gpm; L, = 637.5 ft,
qn = 178 gpm.

i) Details for using the economic pipe-size selec-
tion chart for manifold design are presented under
Manifold Design, and an example of the computa-
tional procedure is presented under Drip System in
Samples of Trickle Irrigation System Designs.

ii) An adjusted system flow rate (Q,) must be
computed for entering the economic pipe-size selec-
tion chart, figure 7-33. The steps to compute Qg are
from equation 7-57:

Cor = 689 x 0.0436 x 1.594
whp — 75/100 x 1.2
Cunp = $53.20/whp per year;

and from equation 7-58:

A, = 0.001 x 53.20
f~70.205 x 1.00
As = 0.26.

For the rectangular subunits that are served by
manifolds (1), (2), and (3), the system and manifold
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flow rates are equal:
Qs = q = 178 gpm.
Therefore, from equation 7-77,
Q, = 0.26 x 178 = 46 gpm.

iii) Selecting the pipe sizes and computing the
manifold pressure-head variation (AH,,) gives

4-in. 1125 ft
3-in. 300 ft
2%-in. 50 ft
2-in. 175 ft

and
AH, = Hy = 9.2 ft.

iv) Because AH,, = 9.2 ft exceeds (AH_,), = 6.26
ft, the set of pipe sizes must be increased. The most
economical mixture of pipe sizes that will give
AH,, = 6 ft can be obtained by modifying Q. and
repeating the procedures used in step (iii).

The modified system flow rate, by equation 7-82a,
is

. 921 .

Enter figure 7-33 with 68 gpm to obtain:

Pipe size Chart Adjusted Outlet
(in) (gpm) (gpm) no.
2 40 41 6
2% 50 48 7
3 120 117 17
4 178 178 26

The computed lengths by equation 7-78a and fric-
tion losses from figure 7-37 are:

Pipe size Length H, - Weight
(in.) ft) (ft) (Ib)
2 150 1.40 63
2% 25 0.28 15
3 250 2.94 186
4 2125 1.92 209
Total 637.5 6.54 473

From equation 7-81a for the flat field, AH,, = Hy =
6.5 ft. Valves within 10 percent of (AH,,), = 6.26 ft
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are close enough so further adjustment is not re-
quired. When this calculated value of AH,, exceeds
the 10-percent limit, the pipe sizes can be adjusted
by inspection or another cut can be made by adjust-
ing Q.

v) Because there is very little 2%-in. pipe called
for, replacing it with 3-in. pipe would probably be
more economical. This would reduce the final pipe :
array to:

Pipe size Length H; Weight
(in.) (ft) (ft) (Ib)
2 150 1.40 63
3 275 3.05 204
4 2125 1.92 209
Total 637.5 6.37 476
and

AHp, = Hy = 6.4 ft.

vi) An example of the graphical method for ob-
taining Hy is presented in figure 7-52. Because
qip = 6.86 gpm, the standard manifold curves
presented in figure 7-37 were used. By equation
7-79a,

k = (637.5/178)0.1)

k = 0.36.
42 L] 178
18 7.7
16 |- 4-inch
14t
12+
:I: 10
= sl 3-inch
6
41
2 |-2-inch
s L ) )

s 1 . L L
(¢} 20 40 60 80 100 120 140 160 180

a5 9pm

Figure 7-52.—Friction curve overlay to demonstrate graphical
solution for determining manifold friction loss (Hy) for a spray
system. q;, = manifold flow rate.



From figure 7-51, H; = 17.7 ft, and by equation
7-80,

H; = 0.36(17.7) = 6.37 ft.
(For more details see figure 7—47 under Drip
System.)

General graphical method, rectangular sub-
units.—From table 7-6, F = 0.38 for 26 outlets; be-
cause the subunit is rectangular, S¢ = 1 by equation
7-83, F, = 1 by equation 7-84, and F' = F = 0.38;
(&0H), = 6.26 ft, L, = 647.5 ft.

i) From the first trial of the economic-chart
method, it is apparent that 4-, 3-, 2- 1/2- and 2-in.
pipe should be considered.

ii) Determine the JF’ values for each of these
pipe sizes for a flow rate of q,, = 178 gpm. Using J
values from Appendix B:

Pipe size
(in.) J JF’
4 1.17 0.42
3 4.19 1.59
2-1/2 11.60 441
2! 28.97 11.09

IThe J value for the 2-in. pipe was estimated from the
J = 28.09 given in Appendix B for the highest flow, at
Q =175 gpm, by

178,18

J = 28.09(5= 175

ii1l) The rectangular units have a shape factor,
F, = 1. Therefore, the scalar JF' ratios for plotting
friction curves for the various-sized pipe are given
in the middle column of table 7-9. To construct a
dimensionless plot containing a set of curves scaled
to represent each of the four sizes of pipe, multiply
the scalar JF' ratios from table 7-9 by the above
JF' values to obtain table 7-10.

iv) Plot x/L vs. the scaled JF’ values given in
table 7-10, as shown in figure 7-39. The resulting
curves are the dimensionless friction curves scaled
for each pipe size under consideration.

v) Determine the dimensionless allowable head-
loss ratio by equation 7-86:

(AHp)a 6.26

= L_J100 ~ 637.5/100 =0.98.

This represents the allowable pipe-friction loss on
the same proportional scale as the pipe friction
curves of figure 7-39.

) (7-85)

vi) Place a transparent overlay on figure 7-39
and trace the horizontal and vertical scales and
boundaries, as shown on figure 7—40.

Draw a sloping line through the origin and
through j = 0.98 at x/L. = 1.0, then draw a second
sloping line parallel to the first and passing through

0.9j = 0.9 x 0.98 = 0.88

at x/LL = 1.0, as shown by the dashed line on figure
7-40.

vii) The combination of pipe diameters and
lengths that will give a solution close to the most
economical solution with a AH,;, = 6.26 ft will have
a friction curve defined by the two sloping lines.
The procedure for drawing the composite curve
shown on figure 7-40 is given in the Manifold
Design section (see step 8 of the General Graphical-
Design Method).

viii) A summary of the general graphical design
for manifolds (1), (2), and (3) is:

Pipe size Length Weight
(in.) ft) (b)
2 118 50
2% 89 55
3 223 165
4 207.5 204
Totals 637.5 474

and AH,, = Hy = 6.3 ft.

Notice that the total weight (and consequently the
cost) of the pipe is essentially the same as deter-
mined by the economic chart method, but the
lengths of the pipes of various sizes are somewhat
different.

Alternative graphical method.—k = 0.36,
(AHy), = 6.26 ft, q = 178 gpm.

1) In the alternative graphical method, figure
7-38 is used in place of constructing figure 7-39,
and the method is applicable only for rectangular
subunits. The alternative method saves the time re-
quired to construct figure 7-39.

ii) First compute j’ by equation 7-87 to properly
scale (AH,),:

., _ 6.26

A] 036—174ft

iii) Following steps 6', 7a’, and 8’ of the Alterna-
tive Graphical-Design Method under Manifold
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Design, construct figure 7-42. This construction Q)s = 1143 x 7 % 26
procedure is similar to the procedure that was used y 60
to produce figure 7—40. (Gm)s = 34.67 gpm.
iv) A summary of the alternative graphical
design for manifolds (1), (2), and (3) is: iii) The general graphical design procedure for
nonrectangular subunits is the same as for rec-
Pipe size Flow range Length tangular subunits. However, the F factors from
(in.) (gpm) (ft) table 7-6 must be adjusted and the x/L vs. scalar
2 0-28 100 F'J ratios must be selected as outlined in the Mani-
g‘é gg—?go ;(2)’275 : fold Design section of Design Procedures for Trickle

Irrigation Systems.

4 120-178 208 iv) From figure 7-38 the shape adjustment factor
Total 637.5 for manifold (4) is F; = 0.88; therefore, the adjusted
pipe-friction reduction coefficient is

and AH,, = H; = 6.3 ft.
A sample computation (for the length of 4-in. pipe) F’'=0.88 x 0.38 = 0.34.
by equation 7-79 is
A summary of the graphical design results for

L, = (1781;8120) 637.5 — 208 ft. manifold (4) is:
Pipfe size Length Weight
Graphical method, nonrectangular subunits.— (in) (fe) (Ib)
From figure 7-44, for manifold (4) (ny). = 22 plants 2 236 99 ,
and (ny), = (22 + 36)/2 = 29 plants, for manifold g% 2;2 1:31; ‘
(5) (np). = 14 plants and (np), = (14 + 0)/2 = 7 plants; 4 99 5 98
q, = 11.43 gph, S, = S, (qv), = (11.43 x 29)/60, Totals 6375 15

(qvs = (11.43 x 7)/60; (Sp, = 0.76; from table 7-6,
F = 0.38; (Fy), = 0.88; (qm), = 144 gpm, (qm), = 178
gpm, (F), = 1.0, (F,), = 0.88; F’ = 0.59; from Appen- and AHy, = Hy = 6.3 ft. _
dix B, J = 1.54 for 34.67 gpm in 2-in. pipe. If the pipe sizes and lengths used for manifolds
i) Manifolds (4) and (5) serve nonrectangular sub- (1), (2), and (3) are also used for manifold (4), the
units. For manifold (4), the shape factor is approximate AHp, can be computed by equation
7-89 as

22
(Sp, = ==~ =0.76 (7-83) 5 0. ,
- i - SISO 5

(Hp, = 3.8 ft = (Hyp), = (AHyp),.

and for manifold (5), it is

14 This leaves 2.5 ft of extra pressure head, which can-
(Sps = 7 = 2.0. : not be used beneficially, that requires about 62 1b
more pipe. The simplification of construction, how-
ever, that results from having manifolds (1) through
(4) all the same, plus the savings in design effort,
should more than offset the material cost difference.

ii) In manifold (4), which serves 26 tree rows, the
flow rate is '

11.43 x 29
(qm)4 = ——66—‘ X 26
(Qm)s = 143.64 gpm,

and for manifold (5) it is ‘ ‘
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v) For manifold (5), which serves a triangular
subunit (F, = 1.54 and F' = 0.59), an analysis by
the graphical method for manifold (5) yields:

Pipe size Length Weight
(in.) ft) (Ib)
1% 100 21
1% 80 22
2 377 158
2% 80.5 50
Totals 637.5 251

and AH,, = H; = 6.3 ft.

For simplicity of design and better flushing capabil-
ity, manifold (5) could be constructed of all 2-in.-
diameter pipe. This would give

(AH,), = 0.59 x 1.54 x 6.375
(AH,), = 5.79 ft.

(7-84)

The weight with all 2-in. pipe is 268 1b. The slightly
higher cost of materials would be more than offset
by eliminating the two sizes of pipe (1%- and 1%-in.)
from the project.

Simplifying the bill of materials, field layout, and
installation by minimizing the number of pipe sizes
used is important. The cost savings afforded by doing
this are significant. Therefore, the recommended
final design is:

Manifolds (1) through (4) use 150 ft of 2-in. pipe,
275 ft of 3-in. pipe, and 212.5 ft of 4-in. pipe as
shown in part (v) of the section on the economic-
chart method.

Manifold (5) uses all 2-in. pipe. This will require
only:

Extra pipe

Manifold number (ab)
@ 2

2) 2

3 2

(Y] 64

5) _11

Total 87

This extra pipe will cost $87, based on $1.00/1b.
Manifold inlet pressure (H,).—h, = 63.6 ft,
(AHp), = 6.4 ft (3 pipe sizes), (AH}), = 0.5(6.4) = 3.2
ft; (AH,), = 5.8 ft (all 2-in.), (AH}), = 0.75(5.8) =
4.4 ft.
i) For manifolds (1), (2), and (3),

H, = 63.6 + 3.2 = 66.8ft. (7-76a)

ii) For manifold (5),

H, =63.6 + 4.4 = 68.0 ft.

Main-Line Design

Selecting pipe sizes for main lines is based on eco-
nomic, pressure, and velocity criteria. A detailed ex-
ample of the use of the economic-chart method of
main-line design was presented under Drip System.
Therefore, only a summary of the design procedure
will be presented here.

Economic pipe-size selection.

i) The highest main-line friction loss will occur at
Station IV when manifolds (4) and (5) are in opera-
tion. (This is obvious, because all stations have the
same flow rate, and the field is nearly level.)

When Station IV is operating, the flow is:

ii) Compute the h; for each main-line pipe sec-
tion. Use the economic pipe-size selection chart,
figure 7-33, and equation 7-52 with J values from
Appendix B. (The value of Q;, = 46 gpm was com-
puted for the manifold design in the section on the
economic-chart method for rectangular subunits
part [ii}.)
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Flow Pipe L hg
Section (gpm) (in.) J 100 (ft)
P-A 178 4 1.17* 2.70 3.16
A-B 178 4 117 540 6.32
B-C 34 2 1.54 2.70 4.16

'Pipe selection controlled by 5 ft/s velocity restriction.

iti) The pressure head required to overcome pipe
friction and elevation differences with AEl = 0
[(Hgo)m] between the pump and each manifold is:

Section Point
From- Inlet + he = Heodm
Point to ft) (ft) (ft)
A P-A 0 8.0 8.0
B A-B 8.0 6.3 14.3
C B-C 14.3 2.7 17.0
Total Dynamic Head

The total dynamic head (TDH) required of the
pump is the sum of the following pressure-head
requirements:

Item ft*
(1) Manifold (5)inlet pressurehead ............. 68.0
(2) Pressure head to overcome pipe friction and

elevation along the mainline ............... 17.0
(3) Suctionline, frictionandlift ................ 10.0
(4) Filter—maximum pressure differential ....... 23.1

(5) Valve and fitting friction losses:
Fertilizer injection ...................... -

Flowmeter ............................. 3.0
Main-linecontrolvalve................... -
Manifold inlet valve and pressure regulator . . 7.5
Lateral risers and hosebibs ............... 2.3
Safety screens at manifold or lateral inlets . . . 2.3
Lateral or header pressure regulators . ...... -
(6) Friction loss safety factor at 10 percent........ 6.8
(7) Additional pressure head to allow for emitter
deterioration............................. -
Total 140.0

1See Drip System for comments.

System Design Summary

The final design layout is shown in figure 7-49.
The design data are presented in figures 7-48 and
7-50. These three figures, along with a brief write-
up of system specifications and a bill of materials,
form the complete design package.

For irrigation scheduling the emission uniformity,
net system application rate, and peak daily net sys-
tem application should be:

Final emission uniformity (EU).—H_, = 66.8,
AHp, =64, Ah = 6.5, h, = 58.7, x = 0.556; for
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manifolds (1), (2), and (3), v = 0.042, e = 1.

i) Compute the ratio of the minimum emitter dis-
charge to average emitter discharge by equations
7-38 and 7-39:

66.8 — 6.4 — 6.5 ]0.556
58.7

ay/qe = [
q/q, = 0.95.

ii) If all manifolds are adjusted to have the same
inlet pressure,

EU = 10011 — &27 x 0.042)]0.95

7-33a
NG ( )
EU = 90%.

Net application rates (F, and Fon)—S, = 15 ft,
S, =25ft,e =1, q, = 11.43 gph.
. _ 90 x 1 x11.43

F, =0.044 in./hr

ii) After a system breakdown, each of the four
stations can be operated 6 hr/day to give

Foun =0.044 < 6
Fon = 0.26 in./day.

Line-Source System

The following line-source system design is for a
typical field of staked tomatoes in Texas. The data
that should be collected before beginning a design
are summarized in the trickle irrigation design
sheet, figure 7-53, and the field layout map, figure
7-54.

In addition to illustrating the general process of
line-source irrigation design, the example em-
phasizes the following procedures:

1. Calculation of emission uniformity for line-
source tubing.

2. Graphical design of downhill manifold so that
friction slope closely follows ground slope.

The design computations that follow are made as
brief as possible except for concepts that have not
already been dealt with under Drip System and
Spray System.




I Project Name--Texas Line-Source Design

II Land and Water Resources

a)
b)
c)

d)

e)
£
g
h)

Field no.
Field area (acres), A
Average annual effective rainfall (in.), Re

Residual stored soil moisture from off-season
precipitation (in.), ws

Water supply (gpm)
Water storage (acre-ft)
Water quality (mmhos/cm), ECw

Water quality classification

III Soil and Crop

a) Soil texture
b) Available water-holding capacity (in./ft), WHC
c) Soil depth (ft)
d) Soil limitations
e) Management-allowed deficiency (%), Mad
f) Crop
g) Plant spacing (ft x ft), Sp X Sr
h) Plant root depth (ft), RZD
1) Percent area shaded (2), PS
j) Average daily consumptive-use rate for the
month of greatest overall water use (in./day), uy
k) Seasonal total crop consumptive-use rate (in.), U
1) Leaching requirement (ratio), LR,
IV Emitter
a) Type
b) Outlets per emitter
c) Pressure head (psi), h
d) Rated discharge @ h (gpm), q
e) Discharge exponent, x
f) Coefficient of variability, v
g) Discharge coefficient, kd
h) Connection loss equivalent (ft), fe

Figure 7-53.—Line-source-system data for Texas tomato field.

Date-Spring 1978

#1
4.70

1.0

1.0

Good

Clay loam
2.1

6+

None

30

Tomato

3 x5

2.5

50

0.35
25

0.04

Mono-wall tubing

1

4.0
0.0065
0.48
0.12
0.00332

N/A
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403 ft
3-inch

128 rows
640 ft

237 ft
2~-inch
<  Slope 2.0%

Y—— 320 ft ——

Figure 7-54.—Tomato field with line-source drip irrigation.
Lateral lines are single-chamber 0.625-in. (ID) polyethylene tub-
ing that discharge 0.4333 gpm/100 ft; the manifold is buried
polyvinyl chloride pipe.

Design Factors

For a small field with a large water supply, it is
really not necessary to compute all of the design

factor details in figure 7-55, because the entire sys-
tem can be operated simultaneously, and the irriga-

tion only takes about 3 hr/day. Thus, irrigation
could be achieved with a water supply one-sixth as
large as that available, or six times as much land
could be irrigated with the same water supply. If
the water supply were much smaller or the area
irrigated significantly larger, the design factor
details would be needed. Therefore, figure 7-55 has
been filled out, and a brief summary of the compu-
tations is included.

Computations for design.

i) From table 7-2 (fine-stratified) for equation
7-1,

_ 2x1b5x5
PW—WXIOO
P, = 100%.
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30 100

i) Fp, = 00 % 2.1 x25 x 100 7-4)
Frn = 1.6 in.

o 50 50

iii) Ty = 0.35[1—OO +0.15(1.0 — W)] (7-5)

T4 = 0.20 in./day
iv) From table 74,
max ECe = 12.5 mmbhos,
and

1.0

LR = —125

= 0.04. (7-17)

v) T, =1.00; assumed EU = 80%

020X 1.00 ..
Fg = W = 025 1n. (7—88)

. 0.623 x 0.25 x 3.0 x 5.0
vi) Figpa) =

10 (7-9) ‘
F(g'p/d) =2.34 gal/day ’

vii) T, = % = 3.00 hr/day (7-30)

viii) Lines a), b), ¢), d), e), g), and h) in the Final
Design, Part II of figure 7-55, are repeats of the
data already computed, because no adjustments in
the application time were called for.

ix) Although there is only one orifice per plant,
the water spread is more than 4 ft, so that each
tomato plant will have access to water from at least
three outlets. Thus, e’ = 3 in equation 7-33a, and

___0.0065 x 80/100
= 70012 x 1.27/73
an = 0.0057 gpm.

_ 0.0057 1048
Bn = 4005 5065

= 3.04 psi (7-31)
AHg = 2.5(4.0 - 3.04) (7-34)
AHg = 2.4 psi or 5.54 ft.

B 4.70 0.39
X) Q=726 X =~ X 75 %0

Q; = 177 gpm.

(7-35b) ‘



I Project Name—-Texas Line-Source Design

I1 Trial Design

111

a)
b)
c)
d)
e)
£)
g)
h)
i)
3
k)

1)

m)

Emission point layout
Emitter spacing (ft x ft), Se X Sl

Emission points per plant, e

Percent area wetted (%), Pw

Maximum net depth of application (in.), an

Ave. peak transpiration rate (in./day), Td

Maximum allowable irrigation interval (days), If

Design irrigation interval (days), If
Net depth of application (in.), Fn
Emission uniformity (%), EU

Gross water application (in.), Fg

Gross volume of water required per plant
er d al/da F
per day (gal/day), (gp/d)

Time of application (hr/day), Ta

Final Design

a)
b)
c)
d)
e)
£)
g)
h)
1)
D
k)
1)
m)
n)
o)

p)

Time of application (hr/day), Ta
Design irrigation interval (days), If
Gross water application (in.), F

g
Average emitter discharge (gph), q,
Average emitter head (ft), ha
Allowable pressure-head variation (ft), AHS
Emitter spacing (ft x ft), Se x Sl
Percent area wetted (2), Pw
Number of stations, N
Total system capacity (gpm), Qs
Seasonal irrigation efficiency (%), Es
Gross seasonal volume (acre-ft), Vi
Seasonal operating time (hr), Qt
Total dynamic head (ft), TDH
Actual uniformity (%), EU

Net water-application rate (im./hr), F

Figure 7-55.—Line-source-system design factors for Texas tomato field.

Date-Spring 1978

Line-source
1.5 x 5.0

2

100

1.6

0.20

80

0.25

1.17

3.00

3.00

9.24
5.54
1.5 x 5.0

100

177
80
7.0
215
131
86

0.0717

797




xi) From table 7-3 (fine, 2.5 ft),
Tr < 1/1.0 — LRy,

and with excellent scheduling,

E, = EU = 80% (1-11)
. 50
xii) Fany = 25 ~ Displ= + 0.075] (7-10)
F(an) =13.8 in.
138 x4.70
Vi = 950 — 0.04Y807/100) (7-14)
V; = 7.0 acre-ft. '
5,430 X 7.0
Qt = ——T-7—7— (7-37)

. = 215 hr/year

Lateral Line Design and System Layout

Lateral-line design procedures are essentially the
same for all trickle irrigation systems. The pro-
cedure includes determining the manifold spacing,
the manifold layout, the lateral size (or sizes in the
case of tapered laterals), and the maximum varia-
tion of pressure head along the laterals.

Single-chamber tubing was recommended for this
design because it can be flushed. Clogging problems
were anticipated because the irrigation water con-
tains 3 ppm of iron, even though chlorination was
used.

Because the water supply is large, it was decided
that to simplify operation and maintenance only
one operating station would be used. Furthermore,
the farmer wanted the tomato rows to run east-west
and the manifold to be buried along the west side of
the field. This established the system layout (the
manifold spacing and layout), as shown in figure
7-54.

Lateral-pipe size selection and head variation
(Ah).—q, = 0.39 gph, S, = 1.5 ft, 1 = 319.5 ft; from
table 7-6, F = 0.36; AH, = 5.54 ft.

i) The lateral flow rate is:

_ 3195 0.9
1W="715 60
q = 1.38 gpm.

(7-62)

ii) Both 0.625-in. and 0.824-in. ID single-chamber
tubing are available. Trying the 0.625-in. tubing
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first, compute the J value by equation 7-49a
(because there is not a table for 0.625-in. ID tubing
in Appendix B):

_ (1.38)478
J =0.133 x —_(0.625)“5

J =218

iii) Because the laterals are laid on the contour,
Ah = hand

Ah = 2.18 x 0.36 x 5193

100
ALh =251 ft.

iv) The 0.625-in. tubing should be satisfactory
because

Ah < 0.56AH, = 2.77 ft,
which leaves

(AHp), = 3.03 ft. ‘
Lateral inlet pressure head (h)).—h, = 9.24 ft,
he =251 ft, AEl = 0.

For a single lateral with a constant diameter on a
level field,

h) = 9.24 + 3/4(2.51) = 11.1t. (7-63c)

Manifold Design

Three possible manifold configurations that will
stay within the small allowable (AH,,), = 3.03 ft on
the relatively steep 2-percent slope are:

1. A tapered manifold carefully selected so that
the friction slope closely follows the ground slope.

2. Headers and pressure (or flow) regulators used
as shown in figure 7-5.

3. Flow regulators or jumper tubes of various
lengths used to compensate for excessive pressure
variations.

It was decided that a carefully tapered manifold
would be ideal for meeting the farm’s long-term re-
quirements, provided that the desired design preci-
sion could be achieved, i.e., an EU of at least 80
percent. A tapered manifold system should be
cheaper, simpler, and more durable than a system
requiring flow or pressure regulators.

The graphical methods of designing manifolds are
better than the economic-chart method for design-




ing downhill lines with a small (AHp),. With the
graphical methods the AH,, can be accurately con-
trolled; this control is difficult with the economic
method. Inasmuch as the field is rectangular, the
alternative graphical method was used because it is
much faster than the general graphical method.

Alternative graphical method.—S, = 5.0 ft,
q = 1.38 gpm; (AH,,), = 3.03 ft; S = 2%. To deter-
mine the lengths of different-diameter pipes from
figure 7-34: for 1.5-in., (27.4/177) x 640 = 99 ft; for
2-in., 48.7 — 27.4 = 21.3 and (21.3/177) x 640 = 77
ft. k = 0.36; weight of original solution = 385 lb.

i) Because q; = 1.38 gpm, the standard manifold
curves presented in figure 7-36 were used.

By equation 7-79a,

5.0
k= (f3_8—)(0'1)
k = 0.36.

ii) Because the manifold serves 128 rows, the
flow rate is

G = 128 x 1.38 = 177 gpm,
and the length of the manifold is
L, =128 x 5.0 = 640 ft

because the length to the first outlet was a full
(rather than a half) row spacing.

iii) In accordance with the instructions in step 5’
in the Alternative Graphical Design Method under
Manifold Design, which are discussed under Spray
System, determine j' by equation 7-87:

w

.03
3

3!

J =

= 8.4 ft;

o
[=2]

and S’ by equation 7-88:

_2x177

10 " 354 ft.

SI

iv) Following steps 6/, 7b’, and 8'in the Alter-
native Graphical Design Method, construct figure
7-41. Step 7b’ was used because S’ > 3j’, i.e,,
35.4 > 3(8.4). The solid sloping line from the origin
to S'=35.4 ft at q,, = 177 gpm represents the
ground slope drawn to the same scale as the stan-
dard manifold friction curves in figure 7-36. The
sloping dashed line which is j' = 8.4 ft above the

slope line represents the upper limit of pressure
variation. Any combination of lengths of pipe of dif-
ferent diameters that will satisfy the design re-
quirements will have a composite friction curve
defined by the two sloping lines. The procedure for
drawing the least-cost composite curve is given in
step 8.

v) One design possibility, involving four pipe
sizes, is:

Pipe size Length Weight
(in)) (ft) (Ib)
1% 99 27
2 77 32
2% 144 89
3 320 237
Total 640 385

This design produces a pressure head variation of

AH,, = 0.36 x 6.1
AH,, =22 ft.

A simple manifold configuration would be a com-
bination of 2- and 3-in. pipe, as indicated by the
dashed curve extensions on figure 7-41. A summary
of the two-pipe-size design is:

Pipe size Length Weight
(in.) (ft) (Ib)
2 237 99
3 403 299
Total 640 398

The two-pipe design would have the same pressure-
head variation (AH,, = 2.2 ft) as the original
design, but would require 13 1b more pipe. The sav-
ings in layout and installation costs afforded by
eliminating two sizes of pipes would probably more
than offset the extra cost for pipe.

Manifold inlet pressure (H,,).—k = 0.36;
h1 =11.1ft.

i) The amount the manifold inlet pressure differs
from h; (AH/,) can be estimated graphically as
demonstrated on figure 7-41 for the 2- and 3-in.
pipe-size design. The thin line parallel to and above
the ground-slope line is the average lateral emitter
pressure line. It is positioned so that the cross-
hatched areas (defined by it and the 2- and 3-in.
pipe-friction curves) above and below it are about
equal. The manifold inlet pressure is 4.6 graph
units above it, therefore
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AHp, = 0.36 x 4.6
AHy, = 1.7 ft,

and by equation 7-76a,
H,=111+1.7 =128 ft.

Main-Line Design

For the tomato field layout (fig. 7-54) there are
only a few feet of main line and this should be 3-in.
pipe.

Total Dynamic Head

The total dynamic head (TDH) required is the
sum of the following pressure head requirements:

Item ftt
(1) Manifoldinletpressure .................. 12.8
2) Mainline........... ... ... i, —
(3) Dynamicliftfromwell ................... 78.0
4) Filter—maximum pressure differential. ... .. 23.1
5) Valve and fitting losses .................. 9.2
(6)  Friction-loss safety factor . . ............... 3.7
)] Additional pressure head to allow for

emitter deterioration .................... 4.6
Total ..o e 1314

1See Drip System for comments.

System Design Summary

The final design layout is shown in figure 7-54.
The design data are presented in figures 7-53 and
7-55. These three figures, along with a brief writeup
of system specifications and a bill of materials, form
the complete design package.

For irrigation scheduling the emission uniformity,
net system application rate, and peak daily net ap-
plication should be:

Final emission uniformity (EU).—H,, = 12.8 ft,
AHp, = 2.2 ft, Ah = 2.51 ft, x = 0.48; h, = 9.24 ft;

v = 0.12; use e’ = 2 because of over-lapping spread
of water.

i) compute q,/q, by equations 7-38 and 7-39:

Gn _ [ 12.8 - 22 - 2.5 ]0.48
da 9.2
I _ 994

a

ii) Compute EU by equation 7-33a:
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EU = 100 x [1 — 127 x 0.12] x 0.94

V3
EU = 86%.

Net application rates (F, and Fp,).—S, = 3 ft,
S, =51t e =2, q, =0.39 gph, EU = 86%.
i) By equation 7-40,

_ 86 2 x 0.39
F,=1.604 x 100 x3><5

F, = 0.0717 in/hr.

ii) In a 24-hr period the system could apply
Fon = 24 x 0.0717 = 1.72 in/day.

This is far higher than necessary for meeting con-
tingencies, and the system can be expanded to cover
more than six times as much land with the same
water supply.




Field Evaluation

Successful trickle irrigation requires that the fre-
quency and quantity of water application be sched-
uled accurately. Uniformity of field emission (EU)
must be known to manage the quantity of applica-
tion. Unfortunately, EU’ often changes with time;
therefore, the system’s performance must be checked
periodically.

The data needed for fully evaluating a trickle irri-
gation system are:

1. Duration, frequency, and operation sequence
of a normal irrigation cycle.

2. Soil moisture deficit (S;,¢) and management-
allowed deficit (M,4) in the wetted volume.

3. Rate of discharge at the emission points and
pressure near several emitters spaced throughout
the system.

4. Changes in rate of discharge from emitters
after cleaning or other repair.

5. Percentage of soil volume wetted.

6. Spacing and size of trees or other plants being
irrigated.

7. Location of emission points relative to trees,
vines, or other plants, and uniformity of emission
point spacing.

8. Losses of pressure at the filters.

9. General topography.

10. Additional data indicated on figure 7-56.

Equipment Needed

The equipment needed for collecting the necessary
field data includes:

1. Pressure gage (0- to 5-psi range) with *“T”
adapters for temporary installation at either end of
the lateral hoses.

2. Stopwatch or watch with an easily visible sec-
ond hand.

3. Graduated cylinder with 250-ml capacity.

4. Measuring tape 10 to 20 ft long.

5. Funnel with 3- to 6-in. diameter.

6. Shovel and soil auger or probe.

7. Manufacturer’s emitter performance charts
showing the relation between discharge and
pressure, plus recommended operating pressures
and filter requirements.

8. Sheet metal or plastic trough 3 ft long for
measuring the discharge from several outlets in a
perforated hose simultaneously or the discharge
from a 3-ft length of porous tubing. (A piece of 1- or

2-in. PVC pipe cut in half lengthwise makes a good
trough.)
9. Copies of figure 7-56 for recording data.

Field Procedure

The following field procedure is suitable for eval-
uating systems that have individually manufactured
emitters (or sprayers) and systems that use perfo-
rated or porous lateral hose. Fill in the blanks of
figure 7-56 while conducting the field procedure.

1. Fill in parts 1, 2, and 3 concerning the general
soil and crop characteristics throughout the field.

2. Determine from the operator the duration and
frequency of irrigation and his estimate of the man-
agement-allowed deficit (M,4) to complete part 4.

3. Check and note in part 5 the pressures at the
inlet and outlet of the filter, and if practical, inspect
the screens for breaks and the screen fittings for
passages allowing contaminants to bypass the
screens.

4. Fill in parts 6, 7, and 8, which deal with the
emitter and lateral hose characteristics. (When per-
forated or porous tubing is tested, the discharge
may be rated by the manufacturer in flow per unit
length.)

5. Locate four emitter laterals along an operat-
ing manifold (see figure 7-27); one should be near
the inlet, two near the one-third points, and the
fourth near the outer end. Sketch the system layout
and note in part 9 the general topography, manifold
in operation, and manifold where the discharge test
will be conducted.

6. Record the system discharge rate (if the sys-
tem is provided with a water meter) and the num-
bers of manifolds and blocks or stations. The number
of blocks is the total number of manifolds divided
by the number of manifolds in operation at any one
time.

7. For laterals having individual emitters, mea-
sure the discharge at two adjacent emission points
(denote as A and B in part 14) at each of four tree
or plant locations on each of the four selected test
laterals. (See figure 7-57.) Collect the flow for a few
minutes to obtain a volume between 100 and 250 ml
for each emission point tested. Convert each read-
ing to milliliters per minute before entering the
data in part 14. To convert milliliters per minute to
gallons per hour, divide by 63.
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These steps will produce eight pressure readings
and 32 discharge volumes at 16 plant locations for
individual emission points used in wide-spaced crops
that have two or more points per plant.

For perforated hose or porous tubing, use the 3-ft
trough and collect a discharge reading at each of
the 16 locations described above. Because these are
already averages from two or more outlets, only one
reading is needed at each location.

For relatively wide-spaced crops such as grapes,
where one single outlet emitter may serve one or
more plants, collect a discharge reading at each of
the 16 locations described above. Because the plants
are served by only a single emission point, only one
reading should be made at each location.

8. Measure and record in part 15 the water pres-
sures at the inlet and downstream ends of each
lateral tested in part 14 under normal operation.
On the inlet end this requires disconnecting the
hose before reading the pressure. On the down-
stream end the pressure can be read after connect-
ing the pressure gage in the simplest way possible.

9. Check the percentage of the soil that is wetted
at one of the tree locations on each test lateral and
record it in part 16. It is best to select a tree at a
different relative location on each lateral. Use the
probe, soil auger, or shovel—whichever seems to
work best—for estimating the real extent of the
wetted zone about 6 to 12 in. below the surface
around each tree, Determine the percent area
wetted by dividing the wetted area by the total sur-
face area between four trees.

10. If an interval of several days between irriga-
tions is being used, check the soil moisture deficit
(Spq) in the wetted volume near a few representative
trees in the next block to be irrigated, and record it
in part 17. This measurement is difficult and re-
quires averaging samples taken from several posi-
tions around each tree.

11. Determine the minimum lateral inlet pres-
sure (MLIP) along each operating manifold and
record it in part 18. For level or uphill manifolds,
the MLIP will be at the far end of the manifold. For
downhill manifolds it is often about two-thirds down
the manifold. For manifolds on undulating terrain
it is usually on a knoll or high point. When evaluat-
ing a system that has two or more operating sta-
tions, the MLIP on each manifold should be deter-
mined. This requires cycling the system.

12. Determine the discharge correction factor
(DCF) to adjust the average emission-point dis-

7-102

charges for the tested manifold. This adjustment is
needed if the tested manifold happened to be operat-
ing with a higher or lower MLIP than the system
average MLIP. If the emitter discharge exponent (x)
is known, use the second formula printed in part
19.

13. Determine the average and adjusted average
emission-point discharges according to the equa-
tions in part 11 and 12.

Using Field Data

In trickle irrigation all the system flow is delivered
to individual trees, vines, shrubs, or other plants.
Essentially no water is lost except at the tree or
plant locations. Therefore, if the pattern of plant
distribution or spacing is uniform, uniformity of
emission is of primary concern. Locations of individ-
ual emission points, or the tree locations where |
several emitters are closely spaced, can be thought ‘
of in much the same manner as the container posi-
tions in tests of sprinkler performance.

Average Depth of Application |

The average depth applied per irrigation to the
wetted area (Fyy), inches, is useful for estimating
M,q. It can be computed by equation 7-90.

’
Fi, = 1.604eq.T, (7-90) |
Ay |
Where
e = number of emission points per tree. |
q. = adjusted average emission-point dis-

charge of the system, taken from part
12, figure 7-56, gallons per hour.
T. = application time per irrigation, hours.
area wetted per tree or plant from part
16, figure 7-56, square feet.

>
b
il

The average depth applied per irrigation to the
total cropped area (F,), inches, can be found by sub-
stituting the plant and row spacing (S, X S,) for A,
in equation 7-90. Therefore, F; can be computed by
equation 7-91.

_ 1.604eq,T,

F, = S, X S (7-91)



1. Location , observer ) , date
2. Crop: type , age years, spacing ft
root depth ft, percentage of area covered or shaded %
3. Soil: texture , available moisture in/ft
4, Irrig: duration hr, frequency days, Mad %y in
5. Filter pressure: inlet psi, outlet psi, loss psi
6. Emitter: make , type , point spacing ft
7. Rated discharge per emission point gph at psi
Emission points per plant , giving gal. per plant per day
8. Hose: diameter in, material , length ft, spacing ft
9. System layout, general topography, and test locations:
10. System discharge gpm, no. of manifolds and blocks
11. Average test manifold emission-point discharges at psi
antrols - (S ofall sversges gt}
Lo 170 = {oum ol lov Ll speragen st} -

Figure 7-56.—Form for evaluation data.
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12, Adjusted average emission-point discharges at - psi
System = (DCFL/ ) X (manifold average gph) = _gph
Low 1/4 = (DCF ) X (manifold low 1/4 gph) = _gph
13. Comments:
1l4. Discharge test volume collected in min (1.0 gph = 63 ml/min)
Qutlet Lateral location on the manifold
location inlet end 1/3 down 2/3 down far end
on lateral ml gph ml gph ml __gph ml gph
inlet
end A , .
B
Ave.
1/3 A
down
B
Ave.
2/3 A
down
B
Ave.
far A
end
B
Ave.

1/See item 19.

Figure 7-56.—Form for evaluation data (continued).
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15.

16.

17.

18.

19.

Lateral inlet psi psi psi psi
Closed end psi psi psi psi
Wetted area £ £’ £e? £t2
per plant % % A Z
Estimated average Smd in wetted soil volume in
Minimum lateral inlet pressure (MLIP) on all operating manifolds:
Manifold: Test A B C D E ¥ G Ave.
Pressure-psi:
Discharge correction factor (DCF) for the system is:
DCF = 2.5 X (average MLIP psi) _
average MLIP psi + 1.5 X (test MLIP psi) —_—
or if the emitter discharge exponent x = is known,
bor - [gENSESEe ILIE 2oy :

Figure 7-56.—Form for evaluation data (continued).
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Emission Uniformity

The actual field-emission uniformity (EU") is
needed to determine the system’s operating efficien-
cy and to estimate gross requirements for water ap-
plication. The EU’ is a function of the emission
uniformity in the tested area and of the pressure
variations throughout the entire system. Where the
data on emitter discharge are from an area served
by a single manifold, the field emission uniformity
of the manifold area tested (EU), percent, can be
computed by equation 7-93.

EU, = 100 q,/q, (7-93)
Where
qn and q; = system low-quarter and overall

average emitter discharges, taken
from part 12, figure 7-56, gallons
per hour.

pressure-compensating emitters or have pressure or
flow regulation at the inlet to each lateral. How-
ever, most systems are provided with a means for
pressure control or regulation only at the inlets to
the manifolds. If the manifold inlet pressures vary
more than a few percent because of design, manage-
ment, or both, the overall EU’ will be lower than
Figure 7-57.—Field measurement of discharge from an emitter. the EU/, of the tested manifold.
An estimate of this efficiency reduction factor

(ERF) can be computed from the minimum lateral
Volume Per Day inlet pressure along each manifold (MLIP), pounds
per square inch, throughout the system by equa-
tions 7-94a and 7-94b.

Some trickle irrigation systems are fitted with 6

The average volume of water applied per day for
each tree or plant [Fy], gallons per day, can be

computed by equation 7-92. ERF = (7-94a)

average MLIP + (1.5 minimum MLIP)
2.5(average MLIP)

) 1Ta
Fgpiay = quaf (7-92)
Where

Where e

Average MLIP = average of the individual
MLIP’s along each manifold,
pounds per square inch.

Minimum MLIP = lowest lateral inlet pressure

e number of emission points per tree.
s = adjusted average emission-point dis-
charge of the system, taken from part

12, figure 7-56, gallons per hour. in the Y stem, pounds per '
T, = application time per irrigation, hours. square inch. ‘
Iy = design irrigation interval, days.
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The ERF may be estimated more precisely by
equation 7-94b.

minimum MLIP ¥

average MLIP (7-94b)

ERF =(

In systems where the variations in pressure are
relatively small and the emitter discharge exponent
(x) = 0.5, the two methods for computing ERF give
essentially equal results; however, for variations in
pressure greater than 0.2 times the average emitter
pressure head (h,) or x values higher than 0.6 or
lower than 0.4, the differences may be significant.

The value of x can be estimated from field data as
follows:

Step 1. Determine the average discharge and

pressure of a group of at least six emitters along
a lateral where the operating pressure is
uniform.

Step 2. Reduce the operating pressure by adjust-
ing the lateral inlet valve, and again determine
the average discharge and pressure of the same
group of emitters.

Step 3. Determine x by equation 7-21, using the
average discharge and pressure-head values
found in steps 1 and 2.

Step 4. Repeat steps 1, 2, and 3 at two other loca-
tions and average the x values for the three
tests. . :

The ERF approximately equals the ratio between
the average emission-point discharge in the area
served by the manifold with the minimum MLIP
and the average emission-point discharge for the
system. Therefore, the system EU' can be approxi-
mated by equation 7-95.

EU’' = (ERFXEU,) (7-95)

General criteria for EU’ values for systems that
have been operated for one or more seasons are:
greater than 90 percent, excellent; between 80 per-
cent and 90 percent, good; 70 to 80 percent, fair;
and less than 70 percent, poor.

Gross Application Required

Because trickle irrigation wets only a small por-
tion of the soil volume, the soil moisture deficit
(Sma) must be replaced frequently. It is always diffi-
cult to estimate S, 4 because some regions of the

wetted part of the root zone often remain near field
capacity even when the interval between irrigations
is several days. For this reason, S,4 must be esti-
mated from weather data or from information ob-
tained from evaporation devices. Such estimates are
subject to error, and because there is no practical
way to check for slight underirrigation, some
margin for safety should be allowed. As a general
rule, the minimum gross depth of application (F,)
should be equal to or slightly greater than the
values obtained by equation 7-8a or 7-8b.

When estimating F, by equation 7-8a or 7-8b for
scheduling irrigations, let EU be the field value
(EU") and estimate the net depth of irrigation to ap-
ply (F,) as follows:

1. Estimate the depth of water that could have
been consumed by a full-canopy crop since the pre-
vious irrigation (F}), inches. This can be estimated
by standard techniques based on weather data or
pan evaporation data.

2. Subtract the depth of effective rainfall since
the last irrigation (R)), inches.

3. Calculate F, by equation 7-96.

P,
100

P,

Fo =& - 100

RoX

+ 0.15(1.0 -

) (7-96)

Where
P, = percent shaded.

Using F, computed by equation 7-8a or 7-8b, the
average daily gross volume of water required per
plant per day [F,q4)] can be computed by equation
7-9.

The average volume of water actually being ap-
plied per plant each day [F(,,4)] is computed by
equation 7-92. If F(y,4) < Fgpg), the field is being
overirrigated, and if Fg4 > Fipa), it is under-
irrigated.

Application Efficiencies

A concept called “potential application efficiency”
(of the low quarter) (PE,y) is useful for estimating
how well a system can perform. It is a function of
the peak-use transpiration ratio (T,), the leaching
requirement (LR, and the uniformity of field emis-
sion (EU). When the unavoidable water losses are
greater than the leaching water requirements, T, >
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1/1.0 — LRy, PE,, can be computed by equation
7-97a

EU’

T(1.0 — LR) 3 (7-97a)

PElq =

and when T, < 1/(1.0 —~ LRy, PE,, can be computed
by equation 7-97b.

PE,, = EU’ (7-97b)

The values of T, appear in conjunction with equa-
tion 7-8a, and those of LR,, with equation 7-16.

A trickle irrigation system has no field boundary
effects or pressure variations along the manifold
tested that are not taken into account in the field
estimate of EU'. Therefore, the PE,, estimated with
the system EU’ is an overall value for the field,
except for possible minor water losses from leaks,
draining of lines, and flushing (unless leaks are ex-
cessive) (see equation 7-95).

The system PE;; may be low because the manifold
inlet pressures are not properly set and ERF (see
equations 7-94a and 7-94b) is low. In such a sys-
tem the manifold inlet pressures should be adjusted
to increase the uniformity of pressure and conse-
quently ERF. When an area is overirrigated, the ac-
tual application efficiency of the low quarter (E,y) is
less than PE),. In such areas the E,; can be esti-
mated by equation 7-98.

_ 100G

Ey, = =3 (7-98)
la F(gp/d) )
Where
G = gross water required per plant dur-
ing the peak use period, gallons per
day.
Fiq) = average volume of water applied per

plant per day, gallons per day.

When an area is underirrigated and Fq) is less
than the average daily gross volume of water re-
quired per plant per day [Figyq), then E)q will ap-
proach the system EU". In such areas the LR;, the
T,, or both will not be satisfied. This may cause
either excessive buildup of salt along the perimeters
of wetted areas or a reduced volume of wetted soil.
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Appendix A—Nomenclature

flow cross-section area (square inches)
field area under the system (acres)
= system flow-rate adjustment factor
. = soil surface area directly wetted by the
sprayer (square feet)
A,, = horizontal area wetted about 1 ft below soil
surface (square feet)

>
|

BHP = brake horsepower

concentration of the desired component in

liquid chemical concentrate (percent)

number of pipe sizes used in the manifold

desired dosage of chlorine or acid (parts per

million)

friction coefficient for continuous section of

pipe

= cost of the irrigation system

cq = coefficient that depends on the characteristics
of the nozzle

¢ = required tank capacity (gallons)

Cywnp = annual cost per water horsepower (dollars

per water horsepower-season)
CRF = capital recovery factor

o
I

a G Qa°
]

d = flow cross-section diameter (inches)
D = inside diameter of pipe (inches)
DCF = discharge correction factor

e = number of emission points or sprayers per
plant

e’ = minimum number of emitters or sprayers
from which each plant can obtain water

E = present annual power cost

E’' = equivalent annual cost of the rising (9 per-

cent per year) energy cost
E,, = actual application efficiency of the low
quarter
E;, = pump efficiency
E, = seasonal irrigation efficiency
EAE(r) = equivalent annualized factor of the rising
energy cost at rate r
EC4, = electrical conductivity of the drainage efflu-
ent (mmhos per centimeter)
EC, = electrical conductivity of the saturated ex-
tract (mmhos per centimeter)
EC, = electrical conductivity of the irrigation
water (mmhos per centimeter)
AEl = change in elevation; positive for laterals
running uphill from the inlet and negative
for downhill laterals (feet)

AEl = difference in elevation between the pump
and manifold; positive if uphill to manifold
and negative if downbhill (feet)

ERF = efficiency reduction factor

EU = design emission uniformity (percent)

EU’ = uniformity of field emission (percent)

EU/, = field emission uniformity of the manifold
area tested (percent)

f = Darcy-Weisbach pipe-friction factor
F = reduction coefficient to compensate for the
discharge along the pipe
F, = average depth applied per irrigation to the
total cropped area (inches)
F., = annual net depth of application (inches)
F!, = average depth applied per irrigation to the
wetted area (inches)
F, = concentration of nutrients in liquid fertilizer
(pounds per gallon)

f. = emitter-connection loss equivalent length
(feet)
F, = gross depth of application at each irrigation
(inches)
Fgava) = gross volume of water required per day
(gallons per day)

Fna) = average volume of water applied per plant
per day (gallons per day)
Fo, = maximum net depth of application (inches)

F, = net application rate (inches per hour)

F, = net depth of application (inches)

F! = depth of water consumed by full canopy crop
since previous irrigation (inches)

F. = rate of fertilizing (pounds per acre)

F; = manifold pipe-friction adjustment factor

(Fy), = friction adjustment factor for the original
manifold

(F,, = friction adjustment factor for the manifold
for which (Hy), is being estimated

Fg = gross seasonal depth of application (inches)

g = acceleration of gravity (32.2 feet per second
squared)

G = gross water required per plant during the
peak use period (gallons per day)

h = working pressure head of inner main
chamber (feet)
h = working pressure head at the emitter (pounds

per square inch)
H = time of actual irrigating per irrigation cycle
(hours)
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AH = desired pressure-head increase between two h' = working pressure of the secondary chamber
points (feet) (feet)

Lh = ;hffere;nc(? in)pressure head along the h,, h, = pressure heads corresponding to q,, q,,

- laterals (feet respectively (pounds per square inch)
Lh' = amount the lateral inlet pressure differs v per =4

fror’n h, (fegt) . i = annual interest rate
(100 AW/L)' = maximum scalar distance between It = maximum allowable irrigation interval (days)

the friction curve and the ground sur- It = design irrigation interval (days)

face line in the graphical solution

h, = pressure head that will give the q, (feet) j = dimensionless allowable head-loss ratio

H, = average manifold pressure ' J = head-loss gradient of a pipe (feet per 100 feet)

h, = pressure head at the closed end of the lateral J'  =(AHp), value properly scaled for the manifold
(feet) under study (feet)

Ah, = difference between the downstream-end and J’ = equivalent head-loss gradient of the lateral

minimum pressure heads (feet) with emitters (feet per 100 feet)

h, = friction head loss caused by a specific fitting Ji = head-loss gradient of the larger pipe (feet per
(feet) 100 feet)

H; = pressure-head loss in the manifold from pipe Js = head-loss gradient of the smaller pipe (feet
friction (feet) per 100 feet)

hy = lateral head loss from pipe friction (feet) Jx = J value from Appendix B for the largest flow

%hf = sum of the pipe-friction losses between the rate in the table for the required pipe size

! pump and manifold inlet at m (feet) (feet per 100 feet)
(hy, = original lateral pipe-friction loss (feet) fF - ?.c.a ltgr ratio df:or ﬁ?Id S(}iw}p © b 4
(hgp, = new lateral pipe-friction loss (feet) = Iriction gradient found in step 1 of the

hga) = difference in head loss between adjacent graphical solution

pipes of different sizes (feet)

(Hge)m = pressure head to overcome pipe friction and k
elevation along the main line (feet)

(hp), = friction loss along the manifold (feet)

hg, = friction loss in a lateral with length (L) (feet) kq

hg, = head loss from a point "x” to the closed end

of a multiple-outlet pipeline (feet)

(Hp), = pressure-head loss from pipe friction for the

manifold (feet)

= scale factor for adjusting manifold pressure-
head values taken from standard manifold
curves

= constant of proportionality (discharge coeffi-
cient) that characterizes each emitter

K; = friction head-loss coefficient for a specific

fitting

(Hp), = estimate being made of the pressure-head }J i %engtg Og a le.lteligl (fefet) )
loss from pipe friction for the manifold (feet) 1 _ engt 10 ?lp 'pe Lnef( tietl teral with emitt
h; = lateral inlet pressure that will give h, (feet) - Z,:::;’a ent length of the lateral with emitter
= ifold inlet t
Hp = manifold inlet pressure head (feet) l, = original lateral pipe length (feet)

AHpm = difference in pressure head along the mani-

fold (feet) . .
/ : . : l. = length of the flow path in the emitter (feet)
AHL = t fol diffi c
H;, = amount the manifold inlet pressure differs Ly = length of pipe with diameter d (feet)

from h, (feet) . .
(AH,,), = allowable manifold pressure variation Ly = length of.a single ‘mamfold (feet) L.
L, = net leaching requirement for net application

(feet) (inches)
h, = head that will give th ired )
" fgiistlg:y t;i EUa(f:a}c) give Hhe dn requure Ly = annual leaching requirement for net seasonal
application (inches)

H, = ratio bet fertilizing ti d ti f ac-
» = ratio between fertilizing time and time of ac L, = length of a pair of manifolds feet)

l, = new lateral pipe length (feet)

tual irrigating per irrigation cycle . s
AH, = allowable subunit pressure-head variation L, = ﬁzgltlza(:{ lt;: i’;’ailﬁr(?;:s that will increase

that will give an EU reasonably close to the . ) ) .
desired design value (feet) LR, = leaching requirement ratio

7-110




L, = length of pipe in the original manifold (feet)
L, = length of pipe in the manifold for which (Hp),
is being estimated (feet)

m = number of orifices in the secondary chamber
per orifice in the main chamber
m’' = number of orifices in series in the emitter
M,; = management-allowed deficit, which is the
desired soil-moisture deficit at the time of
irrigation (percent)
MLIP = minimum lateral inlet pressure (pounds per
square inch)
average MLIP = average of the individual MLIP’s
along each manifold (pounds per
square inch)
minimum MLIP = lowest lateral inlet pressure in
the system (pounds per square
inch)

n = number of emitters in the sample

n = expected life of the item (years)

N = number of operating stations

= number of emitters along the lateral

(ny), = number of plants in the average row in the

subunit

(np). = number of plants in the row at the closed
end of the manifold

n, = number of row (or lateral) spacings served by

the manifold

Nr = Reynolds number

(n,), = number of row (or lateral) spacings served
from a common inlet point

&

P, = pipe cost (dollars per pound)

P, = average horizontal area shaded by the crop
canopy as a percentage of the total crop area
(percent)

P, = unit of power

P,. = unit cost of power (dollars per kilowatt hour)

P,, = average horizontal area wetted in the top
part of the crop root zone as a percentage of
the total crop area (percent)

PE;, = potential application efficiency of the lower

quarter

PS = perimeter of the area directly wetted by a
sprayer (feet)

PW(r) = present worth factor with energy cost ris-

ing at rate r ‘

. q = emitter discharge rate (gallons per hour)
q = average discharge rate of the emitter sam-

pled (gallons per hour)

Q = flow rate in the pipe (gallons per minute)

q, = average of design emitter discharge rate
(gallons per hour)

q. = average of all the field-data emitter dis-
charges (gallons per hour)

q. = rate of injection of the chemical into the
system (gallons per hour)

qa = upper limit flow rate for the pipe with diam-
eter d (gallons per minute)

qq-1 = upper limit flow rate for the pipe with the

next smaller diameter (gallons per minute)
qr = rate of injection of liquid fertilizer into the
system (gallons per hour)

q = lateral flow rate (gallons per minute)

(q), = average lateral (pair) flow rate along the

manifold (gallons per minute)

(q). = flow rate into the lateral (pair) at the closed

end of the manifold (gallons per minute)

qp = flow rate for pair of laterals (gallons per
minute)

gm = flow rate in the manifold (gallons per minute)

g, = minimum emission rate computed from the
minimum pressure in the system (gallons per
hour)

q. = average discharge of the lowest quarter of the
field-data discharge reading (gallons per
hour)

Q, = total system capacity or flow rate (gallons per
minute)

Q. = adjusted flow rate for entering the economic
design chart (gallons per minute)

» = modified adjusted system flow rate (gallons
per minute)

Q. = average pump-operating time per season
(hours)

qx = largest flow rate (Q) in the respective table
for pipe size in Appendix B (gallons per
minute)

q; = flow rate in the original manifold (gallons per
minute)

q, = flow rate in the manifold for which (Hy), is be-
ing estimated (gallons per minute)

4, qs = discharges (gallons per hour)

Qs Q3. . -9, = individual emitter discharge rates

(gallons per hour)

r = annual rate of rising energy cost

R. = effective rainfall during the growing season
(inches)

R. = effective rainfall since the last irrigation
(inches)
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RZD = depth of the soil profile occupied by plant
roots (feet)

S = unbiased standard deviation of the discharge
rates of the sample

S = average slope of the ground line (percent)

S = slope of the manifold or lateral (feet per foot)

S’ = unusable slope component, which is the
amount the friction curve needs to be raised
(feet)

S' = elevation (due to the slope, S, along the mani-

fold) properly scaled for the manifold under
study (feet)

Se = spacing between emitters or emission points
along a line (feet)

Se = optimum emitter spacing; drip emitter spac-
ing that provides 80 percent of the wetted
diameter estimated from field tests or table
7-2 (feet)

S¢ = shape factor of the subunit

S; = lateral spacing (feet)

S, = manifold spacing (feet)

Sima = soil moisture deficit; difference between field
capacity and the actual soil moisture in the
root zone soil at any given time (inches)

S, = plant spacing in the row (feet)

S, = row spacing (feet)

S, = width of the wetted strip (feet)

sg = specific gravity of the chemical concentrate
T, = irrigation application time required during

the peak use period (hours per day)

Tq = average daily transpiration rate for the
month of greatest water use (inches per day)

T, = peak-use period transpiration ratio

Tr = seasonal transpiration ratio

T, = seasonal transpiration (inches)

TDH = total dynamic head (feet)

TDR = temperature-discharge ratio

i

U = seasonal total crop consumptive use (inches)

ug = average daily consumptive-use rate for the
month of greatest overall water use (inches
per day)

u, = total consumptive use rate for month (inches)

v = coefficient of manufacturing variation of the
emitter

v = velocity of flow in the pipe (feet per second)

V; = gross seasonal volume of irrigation water re-

quired (acre-feet)
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Vs = system coefficient of manufacturing variation
V?*/2g = velocity head: the energy head from the
velocity of flow (feet)

W, = residual stored moisture from off-season pre-
cipitation (inches)
WHC = water-holding capacity of the soil (inches
per foot)

X = emitter discharge exponent

X = any position along the length

x = distance from the closed end (feet)

x/Li = relative distance from the closed downstream
end compared to the total length of a pair of
laterals or manifolds

Y = theoretical reduction in yield (percent)
Y = tangent location
z = location of the inlet to the pair of laterals

that gives equal minimum pressures in both
the uphill and downhill members (ratio of the
length of the downhill lateral to L)

v = kinematic viscosity of water (feet squared per .
second)




Appendix B—Pipe Friction-Loss Tables (Smallest Stan

. Numbers)

Appendix Table 7-1.

[Inside diameter 0.580 in., discharge in

—Friction loss in trickle irrigation hose, nominal diameter 0.580 in.

crement 0.05 gal/min]

dard Dimension Ratio

Flow (g) Flow (Q) 1loss (J)
gal/min gal/hr ££/100 £t

05
o111
«15
o2t
.2%
« 314
«35
JU0
45
«5U
«55
«60
«65
o710
« 75
.80
.05
«3d
« 25

1.0%
l1.10

1.1%
1.20
1.25
1.30
1.35
1.401
1.u45
1.511
1.55
1.60
1.65
1.70
1.7%
1.8
1.%5%
1.91
1.95
2.00
2.05
2.11%0
2415
2420
225
2631
2.35
2.40
2.45
2.50
2.55

2.6U
2.65
2.7100

3.0
6,00
J.0U
12.010
15.00
13.00
21 .01
24 .00
27 010
3.00
33.0H12
36.000
39.00
42.010
45.00
43.00
51.01
54,00
57 .04
sil. 01N
63.00
66.00
69.00
72001
75U
73.00
a1 .00
84 i
37 .01
an,ne
13.00
96 . 1000
93 .00
102.00
1n5.00
108,00
111.0n0
114.400
117.00
12a.0n
123.01
126.010
122.0N
132.0m0
135.00
128,10
141.00
144.00
147.00
150.00
153.01
156 .01t
159.010
162.00

Friction

Friction

Friction

Flow (@) Flow (Q) 1loss (J) Flow (Q) Flow (Q) 1loss {J)
gal/min gal/nhr  ft/100 ft gal/min gal/hr £t/100 ft
.03 2.7% 1665.000 2.28 Sl 324,010 32.53
.us 2,201 183%.00 1fi.30 5,45 327.00 32.15
.18 2.85 171.00 1n.52 5,51 330.00 I3.70
.11 2.90 174.0i 1095 5.55 333.00 34.24
.14 .25 177.00 11.23 5.60 235.00 34.73
«17 3,00 13ag.00 11.62 5.65 333.110 35.3%
.20 3,05 183.00 11.96 5.7 Zu2.00 285.32
« 37 3.10 186.00 12.7%0 S.75 245.0U 36.45
<45 3.15 189.00 12.55 5.80 343.00 37.01
.E.‘S 3.200 172.00 Z.01 5.85 351.M010 37.58
«52 Z.25 1°5.00 13.36 .90 354.00 38.15
-72 3,30 1°98.00 13.73 5,95 357.00 38.72
-23 3.35 201.01 14.0G9 .M 3EH.00 33.70
34 3.40 2U4.00 14,48 6.05 353.000 39.3
1.06 3.45 207.00 14.84 .10 266.00 40.45
1.1¢2 .50 210.00 15.22 6.15 362.00 41.015
1.31 3,56 213.001 15.60 6.20 372.00 41.E4
1.45 3.60 216.00 1%5.99 6.25 375.00 42.24
1.59 3,65 21%3.0n 16.33 6.30 373.00 #42.34
1.73 3,70 222.00 16.77 6.35 331.00 43,044
1.723 3.75 225.00 17.17 Bo.lil 384,00 44.05
2414 3.810 22%8.00 17.53 6.45 337.M1 44.66
2.20 3,85 231.00t 17.293 6.50 3°n.00 45.27
2.37 3.0 23G.00 10.40 6.55 393.011 45,89
2.54 3.95 237.00 18.231 6.601 3IS65.00 4E.51
2.72 4.0 240,01 12.23 6.65 339.00 47.13
2470 4.065 243.00 12.€6 6.70 4n2.0n 47.7€
3.102 4.10 2u46.00 20.09 6.75 GLU5.00 &840
3--’_’3 4,15 249,00 20.52 6.8U uds,. 00 42,103
;'ﬁ: 4.720 252.00 20.°% 6.85 411.000 49.57
o 4.25 255.00 21.40 6.91 41l4.00 50.32
2a82 4311 258.00 21.94 6.25 417.00 56.7%%
4.1 4.35 261.00 22.229 7.00 42n.00 51.%51
4,32 4 4 254 .00 22.74 7 .05 y23. A0 52.27
4,54 4 45 267.00 22,20 T.110 425 .00 52.73
4.77 4.5 27U.00 23.66 7.15 429.00 853Z.5C
Se 3} 5,55 273.001 28.12 7.200 432000 S8.25
Se24 4,61 276.00 28.5% 7.25 435.00 54,92
Sat2 4.65 27%.00 25.07 7.30 433.00 55,50
S.73 4,7N 222.00 25.56& 7.35 441.00 56.27
.23 4,75 235,00 26.0C2 7.400 44,01 56495
6e24 4,20 228.00 26.52 T.45 447,06 57.hb
£.50 4,35 291.7111 27.UN 7.50 453,00 592.3Z
6.7 4.20 294,000 27.43 7.55 453.011 59,01
7.3 4,05 297.01 27.98 7.60 456.00 57,71
7.31 5.0 300.00 2%.492 7.65 459.1N00 6h.41
7.53 S.005  303.00 28.9¢ 7.70 462.00 61.11
T.87 5.10 315,00 29450 7.75 46S.MT 61.721
2.16 5.15 309.00 320.01 7.210 4538.00 €2.52
.45 5,20 312.n0 30.52 7.85 471.010 62.23
3.75 §.25 315.00 321.04 7.90 474.00 63.75
9.05 5.30 318.00 31.57 7.25 477.00 64.57
9.35 5.35 3221.00 32.05 8.A0 480N.N0 €5.39
.66
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Appendix Table 7-2.—Friction loss in polyvinyl chloride (iron pipe size) hose, nominal diameter 1.25 in.

[Inside diameter 1.532 in., discharge increment 0.50 gal/min]

Prietion Priction Friction
Flow Flow (v loss (J Flow Flow (v loss (J Flow Flow (v loss (J

gal/min ft/s ££/100 £t gal/min ft/s ££/100 £t gal/min ft/s ££/100 ft
.50 N9 N1 29.50 5,13 6.42 $8.00 10.089 21.50
1.00 17 .01 30,00 5.272  6.62 58,500 10D.1° 21.34
1.50 .28 <04 30.50 5,31 .81 59.00 10.27 22.17
2.00 .35 - 116 31.0n0 5,3  7.01 53.500 10.35 22.51
2.50 43 .09 31.50 5,42 7,22 E0.00 10.44 22.35
3.00 52 .12 32.00 5.57 7.42 E0.50 10.53 23.2n0
3.50 .61 .15 32.50 S5.65 7.863 El.00 1lu.61 22.54
4.00 .70 .19 33.00 5,75  7.94 61.51 1U.70 22.°9
4,50 .78 .24 33.50 5.83 8.05 62.00 10.79 24,24
5.00 .87 .23 34.00 5.92 8,27 €2.50 10.87 24.%%9
5.50 .96 .33 34.500  B.0N B8.49 €3.000 10.96 24.95
6.00 1.04 .29 35.010 6.0° 2.71 63.50 11.0%5 25.30
6.501 1.13 45 35.50 .18 8.93 64.N010 11.13 25.66
7.60 1.22 .51 36.00 B.26 9.16 644500 11.22 2€.02
7.50 1.3 57 36.500 6,35 9,293 65.00 11.31 26.39
d.nn 1.3% .64 37.00 6.44 9,52 65.50 11.40 26.7s
2450 1.4° .71 37.50 B.52 a.35 66.0N 11.48 27.12
.00 1.57 79 Z8.00 6.61 10.09 66.50 11.57 27.49
950  1.6% .87 38450 B5.700 10.32 E7.00 11.6F 27.3%
.00  1.78 .25 3%9.00 6.7% 100.57 €7.50 11.74 28.24
1.50 1.3832 1.03 39.50 6.87 10.81 68.00 11.83 28.52
11.00 1.91 1.12 G.00 6.9 11.05 68.50 11.92 29.00
11.50 2.00 1.21 40.50 7.05 11.30 6S.00 12.00 2°.323
12.00 2.0¢9 1.31 41.00 7.13 11.55 63.50 12.0° 22.7s
12.50 2.17 1.40 41.500  7.22 11.81 70.00 12.12 320.15
13.00 2.25 1.50 42.000  7.31 12.05 T0.50 12.27 30.54
13.50 2.35 1.51 42.50 7.79 12.32 71.00 12.35 320.93
14.00 2.44 1.71 43.00 7.48 12.58 71.50 12.44% 31.22
14450 2.52 1.82 42.50 7.57 12.3% 72.00 12.53 31.71
15.010 2.61 1.93 44.00 7.66 13.11 72.50 12.61 32.11
15.5u 2.70  2.05 B4.50 7,75 12.38 73.0080 12.70 32.51
16.01 2.78 2.17 Se.04 7.82 13.55 73.50 12.79 22.°1
16.51 2.87 2.2¢ 45.50 7.92 13.92 T4.00 12.87 33.322
17.00 2.9F 2.41 46.00 3.00 14.19 T4e50 12.96 33.72
17.50 3.00 2.54 46.50 8.00 14.47 75.00 13.05 34,13
12.00 3.13 2.567 47.00 8.18 14.75 75.500 13.14 34,54
18.50 3.22  2.80 87.50 8.2 15.03 76.00 13.22 34.75%
17.00 3.31  72.94 48.00 B8.35 15.32 76450 13,31 35.37
13.5( 3.39 3.08 48.50  8.44 15.60 77.00 13.410 35.783
2i1.0100 3.48 3.22 43.00 8.53 15,89 77.50 13.4% 26.20)
2050 3.57 3.38 49.50 8.61 16.19 78.00 13.57 36.82
21.00 3.65 3.51 5G.NN 3,70 1€.48 78.511 13.6% 37.05
21.54 3.74 3.h6 Eij.5(1 8.7 16.78 79.00 13.74 37.48
22.00 3.83 T.21 S1.00 83,37 17.17 79540 2.83 37.%1
22.511 3.91 3.27 51.50 8.96 17.38 U1 13,92 28.33
23.010 4,00 4,12 52.00 9.015 17.68 8Ui.5it 1%.n1 28.77
23,510 4.09 4,28 52.50 9,13 17.99 81.00 14,09 32.2¢
24.00 4,12  4.45 53.00 9,22 18.29 81.50 14,12 39.54
24.50 4.26 4.61 53.50 9,31 18.60 82.00 14.27 4Q.n3
25.00 4,35 4,73 54,00 9.40 18.°2 82.511 14.35% u4n,s2
25.50 4,44 4.95 54,50 9.4R8 2.23 83.00 14.44 4n.9p
26.00 4.52 5.13 §5.00 9,57 19.55 82.510 14.52 41,41
26451 4.61 £.31 55.50  9.66 19.97 84.00 14.61 841.3¢
27.00 4,710 S.u8 56.00 9,74 20.19 84.50 14.70 42.31
27.50 4.78 5.67 56.510) 9,82 20.52 85.00 14.7° 42.7¢
28.011 4.87 S.85 57.100 9,92 2N.84 85.50 14,82 42,21
28.50 4.96 6.04 57.50 10.00n 21.17 B6.NU 14.9%5 43,57

Z29.un 5.M0% 6.23
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Appendix Table 7-3.—Friction loss in trickle irrigation hose,

[Inside diameter 0.700 in.

nominal diameter 0.700 in.

, discharge increment 0.10 gal/min]

Friction Friction Friction
Flov (v loss {J) Flow (Q) Flow (v} loss (J)

23222 nﬁm; £§L§2§ rﬁﬁé? £ﬂé) ££/100 £t gal/min £t/ ££/100 £t
.10 .00 +N3 5.50 33G.00 13.7¢€ 10.80 643,00 45.383
.20 12.00 « 115 S.6U 326.01 14.20 10.901 654.0M11 4£.13
« 31 13.00 «0N8 S.700 342.00 14.65 11.00 660,00 46.89
ey 24 4011 «11 S.80 3493.010 15.11 311,10 €56.011 47.65
«50 30.00 «22 5.200 354,00 15457 11.200 672.00 441
611 3g.00 2 5.00 360.00 1C.04 11.30 6&78.0({i 49,18
At 42.00 «33 6.10 366.00N0 16.51 11.410 684,01 49.96
« 81 43.00 « 49 6.20 372.00 17.00 11.50 630.010 5.7y
.90 S4.0N « 50 6.30 373.00 17.43 11.60 69.00 S51.53
1.01 600 «71 6.40 384.00 17.97 11.70 702.00 52.32
1.110 66.00 -84 65.50 320.00 12,47 11.80 703.00 52.12
1.20 72.00 «18 .60 396.(10 18.98 11.20 714.00 53_9‘2
1.30  78.00 1.12 .70 402,00 12.43 12.00 720.00 54,73
1.41) sS4 .01 1.27 6.80 403.00 20.00 12.10 726.00 55.54
1.50  sp.an 1.43 6.90 414.0n 20.53 12.20 732.006 56.36
1.60 96.00 1.5u 7.00 420.00 21.05 12.30 733.0U0 57.13
1.706 102.00 1.78 7.10 426,00 21.53 12.40 744.00 58.012
1.80 103.00 1.26 7.20 432.00 22.13 12.50 750.00 58.85
1.90 114.00 2.15 7.3 438,00 22.57 12.660 756.00 53.59
2.00 120.00 2.35 T.40 444,00 23.22 12.70  762.011 €EQ.S4
2.10 126.000 256 7.5 450.f0 Z.78 12.80 763.400 651.39
2420 132.011 277 7.6 u456.00 24.35 12.90 774,00 €E2.25
2.30 138,46 3.00 7.700 452.00 24.892 13.00 780.00 63.11
2.40 144,00 Z.23 7.801 468.00 25.43 13.10 786.0itf 63.77
2.500 15Q.un Z.l0 7.230 474.00 26.07 13.21 792.00 E4.85
Z2.601 156.00 .71 8.0 4230.00 26466 13.210  7%88.00 6572
2700 162.1H} 3.95 8,10 42%5.00 27.25 13.40 204.N4 €GE6.61
2.8 163.01 4,22 8.200 492.00 27.85 12.51 381d.A0 67.49
2.91 174.00 4e43 R,310 493.00 2P <45 13.€6(11 816.00N 62.39
310 18U.0NH 4. 76 .40 504.00 22.06 13.70 822.00 69.29
3.10 186.00 S.il4 2,500 510.00 29.68 13.80 £23.00 70.19
3.200 19z2.0n 5e2 8,601 516.00 30.2U0 12.90 834,00  71.10
3.30 193.01 552 8,70 522.00 310.723 14.00 8S40.00N 72.01
3.40 204.00 5e32 8,201 528,001 31.56 14.10 2u6.00 72.93
3.50 210.00 6.23 .2 534.00 32.26 14,20 852.00 73.25
3.6 2lo.0V €.54 3.00 5Su4.00 32.34 14.310 858,00 74.73
.70 222.00 6. 26 9,14 S4G.0fr 23, u9 14.40 854,01 75.72
.80 223.00 7«13 9200 55200t 34,15 14,50 8T7U.00t 76.6€
3,200 234.00 7.53 9.30 558.00 34.%1 1460 3T76.00 7751
4.0 240.0uU 7.27 .41 564,00 35.47 14.70 882,00 78.55
4,100 246.00 8.21 3.5U 570.00 36.148 14.20 838,08 79,51
4.20 252.00 857 .60 576.110 36.92 14,90 &°4.00 80.47
4,30 258.00 8.7 3,70 582.00 37.51 15.00 9u3.0L Rl.uy
44841 264 . 001! 2. 23 .80 583.nn 218%.19 15.1N  SuG.in g2.u1
4,50 270.00 Q.57 9.90 594.00 383.39 15.200 912.00 £2.33
4.60 276.00 10.05 16,00 600.00 3%.59 15.301 213.00 £4.7¢
4,70 232.01: iN. 44 10.10 605.00 4n.29 1S4 924%.000) £%5.75
4,30 2°4.00 11.23 0.2 612.00 41.00 15.50 930,00 26.34
5.00 300.000 11.54 10,30 613.00 41.72 15.60 326.0f 7.34
5.100 306.0N 12.05 1.4 624,00 42.44 15.70 Iy 2.1 8RR, 34
5.2i0 312.00 12.47 1n,5n s20.01 43,17 15.80 943.001 2%.74
€.301 318.00 12.8¢ 10.60 636.00 43.90 15.90 954,00 90.36
5.4 324.00 13.32 10.70 642.00 Y .64 1€.00  93cd.00 91.37
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Appendix Table 7-4.—Friction loss in trickle irrigation hose, nominal diameter 1.5 in.

[Inside diameter 1.754 in., discharge increment 1.00 gal/min]

Friction Friction
Flov (Q) Flow (v) 10ss (J) Flow (9) Flow (v) loss (J)
gal/min /s ££/100 ft gal/min ft/s ££/100 ft
1.00 .13 .01 s8.00 7,70 11.24
2.00 .27 .02 52.00 7.83 11.59
3u0it 4n .06 £n.010 7.96 11.75%
4.01n e53 .10 £1.00 8.1t 12.31
501 .65 .15 £2.00 8.23 12.57
6.0 . 311 .20 63.0u 8.36 13.04
700 .92 .27 64400 8,49 13,u1
3.00 1.0¢6 = 65.00 8.63 13.79
.00 1.1¢ 1 €64 121i 8.7 14.17
1.0u 1.33 .50 67.00 8.89 14.55
11.00 1.4¢ .59 £8.00 9.032 14.°95
12.00 1.5¢ .59 63.00 9.1 15.35
13.00 1.732 .79 70.00 9.29 15.7s
14.00 1.36 .o 71.00 9.42 16.18
154001 1,99 1.02 7z.00 9.56 16.57
16.00 2.12  1.14 73.00 9.62 16,983
17.00 2.26  1.27 74 .00 9.82 17.41
18,00 2.33  1.4n 75.00 9,95 17.83
19.0n 2.52  1.54 76.00 10.09 18.26
201.01 2.65 1.63 77.00 10.22 18.g69
21.00 2.7%  1.°94 78.00 10.35 19.13
22.0N0 2.22 2.00 79.U00 1U.49 19.58
3.00 3.05 2.16 80.00 10.62 20.012
24 .00 3.1¢ 2,33 81.00 13.75 20.48
25.00 3.32  2.51 82.n3 1n.88 2n.93
26,010 3.45 2.89 83.00 11.02 21.39
27.01 3.5¢° 2.37 B4.00 11.15 21.°%
zZs.0M 3.72  3.08 ‘85.001 11.29 22.33
29,015 3.8¢ 3.26 86.00 11.41 22,23y
3u.no 3.92 3.46 87.00 11.55 23.23
31.00 4.11 .67 €8.00 11.62 23.77
IZ.00 4.25  3.89 8§3.M0 11.81 20,285
Iz.00n 4,39 4,11 SfH.00 11.95 24.75
3y.nQ 4,51 4,32 Sl.00i 12.0° 25425
35.00 4.65% 4,56 92.00 12.21 25.75
36.00 4.7¢ 4.79 93.00 12.34 26.25
37.00 4,91 5.03 S4.00 12.48 265.77
33.00 SO0 5.28 S5.N0 12.61 27.28
39.00 5.18 5.53 96001 12.74 27.80
40.00 5.31  S.78 97.00 12.87 28,32
41.00 S.tb Eally 98.0M1 13.011 28.85
42.00 5.57 6.71 92.020 13.14 29,38
43.00 5.72 5.58 1CU.0N 13.27 29,92
Gt 5.34 €.86 101.00 13.41 20.45
45.100 5.27 Tell 102000 13.55  31.01
46400 6.11 Tatiz 163.00 13.67 321.55
47.00  6.2%  T.72 104.00 13.81 32.11
48.00 5.37 8.11 105.080 13.94% 32.57
42.00 6.50 8.21 1lu6.N0  14.07 32.23
S5Uen 6.64 Qe 02 167.00 14,20 33,30
51.610 6.77 8.93 1u8.001 14.33 34,37
5Z.0:40 6.90 .24 102,00 14,47 34,95
53.n10  7.03 257 110.00 14.50 35.53
S4.00 T7.17 9.39 111.00 14,72 36.12
55.0uU  7.30 1p.22 112.00 14%.87 36.70
56.0U0  7.43 10.58 113,00 15.00 37.30

57.00 7.57 10.90
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Appendix Table 7-5.—Friction loss in trickle irrigation hose, nominal diameter 2 in.

[Inside diameter 2.193 in., discharge increment 1.00 gal/min]

Fl
gal/min
1.00
2.00
3.000
4.Un
5.00
6.00
7.00
g8.00
2.00
13.N0
11.00
12.N0
13.00
14.00
15.00
16.00
17.00
18.00
19.00
20.00
z21.10
22.00
23.00
24 .00n
25.00
26 .01
27 .00
28.00
2.00
30.00
Z1i.00
32.00
33.00
34.00
35.010
36.00
37.00
38.00
39.00
40.010
41.00
§2.08
43.00
44,00
85,00
46 .00
47 01U
48,00
49,00
50.00
51.00
£2.00
53.00
54,010
55.00
56.00
57 .00
58.00
59.00

Flow (v

/e

.08
«17
.25
«3
42
.51
.50
o B0
R as
.85
.93

1.02

1.1n

1.1°

1.27

1.36

1.44

1.53

1.61

1.76

1.7°

1.87

1.95

2.00

2.12

2.21

2.2°

2.32

2.4€C

2455

2.62

2.72

2.830

2.8

2.7

3.00%

301”

3.23

3.31

341

3.0

3.57

3.65

3.74

3.382

3.91

3.9°

4 .02

4.1€

4.,2°%

4,32

4.42

4.50

4.5°

4.67

4.75

4.84

4.32

5.01

Friction
loss
££/100 £t
.00
<01
«02
«04
«005
« N7
«.0°
.12
«14
'17
.2‘]
«24
27
«31
- 35
«33
Uy
48
«53
«58
«63
«69
A
« 30
- 86
«13
. 29
1.08
1.12
1.18
1.26
1.34
1l.41
l.4%
1.57
1.65
1.73
1.81
1.0
1.29
2.038
2.17
2.2E
2435
24085
255
265
2.75
2.75
2.96
216
3«17
J.22
3.329
3.51
3.62
374
3.36
3.98

4 (Q)
al/min

€0.01
61.00
62.00
€£3.00
64 .00
€£5.00
E6 .00
67.00
63.00
62.0U
76.0U
71.00
72.00
73.00
74 .00
75.00
76.01
77.00
78.00
79.00
su.0N0
81.00
8z2.00
63.00
84.00
85.U0
86.00
87.00n
88.00
83.01
.U
S1.00
3z2.00
93.00
94 .00
495.00
96 . 01U
$7.00
98,101
g93.0nN
160.00
101.00
1(:2.00
1u3.0U
1o4.00
165.00
106.N0
107.00
108.110
10%.00
liu.0u0
111.800
11z2.0U0
112.00
114.00
11c.00
11e.0U
117.00

Priction
Flow (v} loss (J) Flow
Tt/s ££/100 ft al/min
5.02 4e.10 118.00
5.18 4422 119.00
526 4,34 120.00
S35 4.u47 121.00
Selt 3 4,60 122.00
5.52 4.73 123.00
560 4,386 124.00
5469 4.9 128 .00
577 513 126.00
5.86 526 127.00
5.94 Se U} 128.00
6.02 Se 5S4 12%.00
6.11 5468 120.00
6420 5482 131.00
628 5496 132.00
6.37 6.11 133.00
6e4S 6.26 124,00
6e54 €. 011 135.00
662 6655 136.08
6.71 671l 137.00
6.7°2 6e«806 138.00
6.38 7.01 139.00
6.96 Te17 140.00
7.05 7«33 141.00
7.13 7.49 142 .00
Te22 7«65 143.00
7.30 7.21 144 .00
T3S 7.7 145 .00
T.u7 8414 145.00
7«5k P.31 147.00
7.64 f.47 148.00
T.73 8.64 149.00
7.81 Ba82 150.017
T.90 8.92 151.00
7.98 9.6 152.010
8.07 .34 152.00
3,15 9.52 154.00
8.24 .69 155.00
8432 2,88 156.00
S.41 10.06 157.00
.49 1hi.24 158.00
8.5 10.43 153.00
8.6 1f1.061 166 .00
8,75 1lu.3%U 161.00
3.33 10.99 1£2.00
83.92 11.13 163.0U0
.01 11.37 164.00
9.N7 11.57 165.00
9.17 11.76 166..01)
9,25 11.175 1€7.000
9.34% 12.15 168.00
J.42 12.2¢% 163.00
3.51 12.56 17u.00
3.5 12.76 171.00
3.68 12.926 172.00
3.76¢ 13.17 173.00
3.35 13.39 174.00
2,93 13.58 175.00

Flov (v
ft/s

10.02
10.10
10.1°
14.27
10.35
1a.44
11.53
1d.61
18.70
1g.78
10.87
10.95
11.04
11.12
11.21
11.2¢
11.32
11.46
11.5%
11.63
11.72
11.80
11.8°
11.97
12.06
12.14
12.23
12.31
12.44
12.4°
12.57
12.65
12.74
12.32
12.91
12.29
13.02
13.1¢
13.25%
13.33
13.42
13.5n
13.5%
13.67
13.7¢6
13.34
13.92
14.01
14.03
14.12
14.2E
14.35
14 .43
14.52
14.60
14.59
14.77
14.95%

Friction
loss (J
££/100 ft

13.793
14.01
14.22
14,43
14.65
14.%%
15.03
15.30
15.52
15.75
15.97
16.20
16. 42
16.65
16.83
17.11
17.35
17.58
17.982
18.05
18.29
18.53
18.77
12.01
12.26
19.51
12.75
20. 10y
200,25
20.50
20«75
21.01
21.26
21.52
21.73
22.004
22.3U
22+ 56
22.82
23.09
23.35
23.62
23293
24.156
24443
2471
2u.28
25.26
25.53
25.81
26.119
26437
26465
26,94
27.22
27.51
27.20

28012
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Appendix Table 7-6.—Friction loss in trickle irrigation hose, nominal diameter 2.5 in.

[Inside diameter 2.655 in., discharge increment 2.00 gal/min]

Friction Friction Friction

Flow (@) TFlow (v) loss (J) Flow (@) TFlow (v) 1loss (J) Flow (Q) Flow (v) 1oss (J)
gal/min £t /s ££/100 £t al/min f‘_t& f‘t[lOO £t gal[min g& f“t[loo 't
2.00 1?2 .00 884010 S.1ii 3426 174.00 10.0f 11.09
4.00 .22 .01 .00 5.21 3.729 176.0n0  10.20 11.22
.00 35 «M13 92.0N0 5.32 2.52 178.00 10.31 l1l1.56
8.00 o UE « 05 94,000 54 F 3.606 180.00 10.42 11.79
10.00 57 a7 96 .01 5456 3. 20 182.00 10.54 12.03
1z.00 .70 .10 38.00 5.68 3.95 184.00 1U.66 12.27
14.00 .81 «13 10n.00 5.79 4.09 1g6.00 10.77 12.%1
16.00 .2 .15 162.00 5.21 4.24 188.N0 1n.32 12.75
12.00 1.04 .19 104,00 6.02 4.39 1%0.00  11.01 13.00
20.00 1.1€ 23 106.00 5.14 4.5%5 19z.00 11.12 13.25
22.00 1.27 28 1a8.00 5.26 4,70 194.00 11.24 13.50
24 .00 1.3° 32 110.00 6e37 4.86 196.00 11.35 13.75
26.01 1.51 37 112.00 6.409 5.02 123.00 11.47 14.01
28.00 1.62 w42 114.00 BeGM 5.18 200.00  11.59 14.26
30.00 1.74 .48 116.00 6.72 5.34 202.00 11.70 14.52
32.00 1.85 e 54 118,100 634 5.51 204.00 11.82 14,78
24.00 1.97 +EU 120.00 6.95 5.68 206.00 11.92 15.0%
36.00 2.0° .G6 12z.00 7.07 5.835 208.00 12.05 15.31
38.00 2.20 .73 124.00 7.18 6.02 210.00 12.17 15.58
4G.00 2.32 « 80 126.00 7.30 B.20 212.00 12.22 15.85
42.00 2.43 »37 128.00 7.41 6.28 214.00 12.40 16.12
44,04 2455 . 94 12¢.00 7.53 £.56 216.00 12.51 16.39
46 .00 2.6€ 1.02 132.00 7.65 6. 74 212.00 12.63 16.67
48,010 2.78 1.10 134.00 T7.76 6«93 220.00 12.74 16. 94
5.0 2.90 1.19 136.00 7.88 7.11 222.00 12.86 17.22
52.00 3.01 1.27 138.00 7.9° 7.30 224.00 12.92  17.51
S4.00 3.13 1.26 140.00 8.11 T7.50 226,011 13.0¢2 17.79
56.01 3.24 1.45 142.00 8.23 7.69 228.00 13.21 18.08
53.00 3.36 1.54 144,00 8.34 7.83 23U.00 13.22 1%2%.3¢
6U.00 3.48 1.64 146.00 B.48 8.08 232.00 13.44 18,85
£2 .00 3.59 1.74 148.00 8.57 8.28 234.00 13.5€ 18.95
E4.00 3.71 1.84 150.00 8.69 8.49 236.00 13.67 19.24
66 .01 3.82 1.5 152.00 8.81 2.69 238.00 13.7° 19.54
68.N0 3.94 2.05 154.00 8.92 8.90 240,00 13.90 12.123
7U0.00 4,.0€ 2.16 156.00 9.04 2.11 242.00 14.02 20113
72.00 4417 2.27 158.010 9.1% 9,32 2484 .00 148.13 20.44
74.00 4,29 2.39 160.00 9,27 9.53 246.00 14.25 20.74
76.00 4.4 2.51 162.0N 9.3¢8 9.75 248.00 14.37 21.05
75,011 4.52 2462 1e4.0n0 9.51 2.97 250.00 14.48 21.35
gt.NU 4.63 2e74 1€6 .01 9.62 10.19 252.00 14.601 21.67
82.01 4,75 2.87 168.00 3.73 10.41 254.00 14%.71 21.98
84.00 4.87 2.98 176.00 9.85 1N.64 256.00 14.33 22.29
86.00 4498 3.12 17z2.00 9.96 10.86 258.00 14,95 22.61
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Appendix Table 7-7.—Friction loss in trickle irrigation hose, nominal diameter 3 in.

[Inside diameter 3.284 in., discharge increment 2.00 gal/min]

Flow (Q) Piow (v) loss (J) Flow (Q) Flow (v) 1loss (J)
al/min tt/s ££/100 ft gal/min ft/s ££/100 ft

2.0)

4,00

601i

8.00
1s.00
12.00
14.00
l16.00
18.00
2G.00
22.00
24.00
26.010
28.040
30.00
32.00
34.00
36.00
38.110

40.00
42.00
44.00

46.00
48,00
50.00
s£2.0U1
4400
56.00
58.01)
60100
62.00
E4.00
66.00
£3.00
To .00
72.00
74.00
76.00
78 .11
8tisllNL
3z.0000
g4 .00
26.N0
ag.n0n
Se.011}
S52.00
9y 4110
96.00
38.01U1
1an.0u

102.00
l04.00
106.0U

108.011

.Nne
«15

«22

« 31

.38

.qs

.53

«61

.68

I76

«83

.91

.90
1l.0¢
1.1%
1.21
1.2°
1.36
l.l‘q
1.51
1.5¢
1.67
1.74
1.82
1.82
1.?7
2.04
2.12
2.210
2427
2.3%
242
250
257
2.65
2.73
2.80
2.38

35
3.N2
3101
3.1
3.256
3.33
3.41
3.“”
2.5E
3.63
3.71
3.72
3.3¢
3.94
4.01
4.09

Friction

<00
.nl
« N1
« 02
.03
<113
« {15
.06
.n-,
<%
-10
«12
-14
.15
017
«12
«22
o 24
«26
«29
.32
« 34
«37
« 40
«U3
46
.“9
«53
- 56
-59
+.F3
« 67
+ 70
74
.73
82
.86
« 90
« 95
«79
1.04
1.08
1.13
1.13
«22
1.27
1a32
1.37
1'“3
1"48
1.53
1.53
l.64
1.70

11u.0U
112.00
114.00
1l16.00
112.00G
12U0.00
122.00
124.00
126.00
128.00
130.00
132.00
134.00
136.00
138.00
140.00
182.00
144,00
146.00
148.00
150.00
152.0N0
154.00
156.00
158.0U0
1€0.00
162.00
164.00
166.00
le8.00
170.00
172.0N
174.00
175.00
178.00
18u.0n
182.0u
1€4.00
186.00
123.00
1SG MU
192.00
154 .00
1S6.110
193.00
26U
202.00
204,00
2u6.00
208.00
21Q.00
21z.00
214.00
216.00

4.15
4,24
4.32
4,32
4.47
4.54
4.62
4.70
4.77
4485
4.32
5.00
5.07
5.1%
523
5.30
5.38
5.45%
5453
S5e6 M
5.68%
5.76
5.832
5.91
5.98
65.0€
6.13
6.21
6.2%
6.36
6.4“
6.51
6.59
6.66
6.74
6.82
6437
6.97
T.04
7.12
7-13
T.27
T.3%
T.42
T7.50
T.57
7.65
T.72
7.30
T.3¢%
7.9%
3.N3
8.10
8.13

Friction Friction
Flow () Flow (v} 1loss (J

gel/min  fufs  ft/100 f

1.75 218.00 3.25 6100
1.81 220.00 3.33 6.1
1.7 222.00 .41 6.2U
1.93 224.00 8.48 6o 2}
1.29 226.00 2.56 Betlill
2.05 223.00 8.63 6«50
2.11 230.N0 8.71 6e.61
2.17 232.00 8,72 6.71
224 234.00 8,138 E«B82
2430 226.00 8,34 Fe82
2.37 238.00 J.01 7.03
2.43 240.00 9.09 Tell
2 .50 242.00 9.1¢ Te24
2.56 244,00 Je24 T35
2.63 246.00 9.31 Ta 6
2.70 2u48.00 2,3° 757
2.77 250.00 .47 T.68
2.84 252.001 9.54 7.79
2.99 256.110 J.69 8a112
3.13 260.00 .24 8.25
2,21 262.010 3492 8.306
3,28 264,00 10.00 8.483
.36 266 .00 10.07 .52
3.4y 2684010 190.1¢ 8.71
3.51 2Tu .00 10.22 8.83
.59 27Z.00 10.30 8.95
2,67 274 .00 10.37 9.7
.75 276.00 10.4°% Q.19
21.03 278.00 11.53 9.31
3.91 28U.N0 10.60 3.43
4.00 282.00 10.56° 3.55
4.08 284,00 10.75 9.57
4.16 286.0N0 1(1.82 2, 8
4.25 288.00 11.730 9.92
4,73 2%0.00 10.98 10.05
4, 42 292.00 11.06 111.17
4.51 2%4.10 11.13 1lu.20
4.%9 28e.000 11.21 1042
4.68 298,010 11.28% 11.55
4,77 Ul .01 11.%¢ li1.68
4.8% 3nz2.00 11.42 10.131
4.5 Jubd .0l 11.51 10.9%4
5.4 306000 11.5¢ 11.07
5.13 U800 11.6C 11.20
5.23 310.00 11.74  11.34
5.32 31z2.00 11.21 11.47
Seli2 314.00 11.8¢ 11.510
S5e 51 316.00 11.96 11.74
S5.6h1 318.010 12.04 11.87
S.70 20.00 12.12 12.01
5«30 322.00 12.19 12.14
5e 31} 324,00 12.27 12.238
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Appendix Table 7-8.—Friction loss in trickle irrigation hose, nominal diameter 4 in.

[Inside diameter 4.280 in., discharge increment 5.00 gal/min]

Friction Friction Friction
Flow (@) Flow (v} 1oss (J) Flow () Flow (v) loss (J) Flow (Q) Flow (v) 1loss (J)
ga.l[min M ft[lOO ft gal/min ft/s ££/100 ft gal[min ﬁ& ft(lOO ft
5.001 .11 .00 230.00 5.13 1.9 455.00 10.14 6.35
10.00 22 .01 225,00 5424 1.92 460.00 10.2%5 6.48
15.00 «33 .01 280u.00 5e3F 2.00 465.00 1U.37 6.61
20.00 45 02 245.00 5.46 2.07 470.00 10.4° Ea74
25.010 «56 U4 250.00 5«57 2.15 475.00 10.59 6«87
30.00 o567 N5 255.00 5.6°¢ 2.23 430.00 10.70 70U
35.00 .77 .16 260100 5.80 231 435,00 10.31 7413
4.00N -X) -3 265.N0 5.91 2.39 430.00 10.922 T.26
45.00 1.00 .10 270.00 G012 2.47 495.00 11.03 740
501.010) 1.11 .12 275.010 6.13 2.55 506.00 11.15 7.53
55.00 1.23 <14 280.00 6.24 2.54 S05.000  11.26 7.67
60.011 1.34 .17 285 .00 635 272 51J.00 11.37 791
65.0U 1.45 .19 233,00 E.4E 2.71 515.00 11.43 7.95
70.00 1,56 22 295.00 6.53 720 520.00 11.59 8.09
75.00 1.67 .25 3u0.00 6.6° 2.99 525.00 11.70 8.23
80.01 1.78 .23 3us.00 6.8 3.08 530.00 11.81 8.38
85.00 1.89 o2 310.00 6.91 3.17 525.00 11.93 8.52
9 .00 2.01 .34 315.00 7.02 3.26 540.00 12.04 8.66
S5 .00 2.12 «38 320.00 7.13 3.36 S45.00 12.15 8.81
100,010 2.23 42 325.00 7.24 3.45 S50.0011  12.26 8.96
1u5.00 2.34 .45 33d.00 7.36 2.55 555.00 12.37 °.11
1id.0U 2.48 49 335.00 Tel47 3.65 560.00 12.48 2.26
115.00 2.56 .53 340.00 7.5% 3.75 565.00 12.59 9,41
120.00 2.67 .58 345.00 7 .59 3.85 57v.00  12.71 3.56
125,01 2.79 e 52 350.00 7.80 .9 575.00 12.82 2.71
120.00 Z2.90 . G5 355.010 7.91 4.05 580.00 12.92 9.36
135.00  3.01 .71 360.00  8.02  4.16 585.00  13.0&  10.02
150.00 3.12 .76 365.00 8ell 4.26 530.00 13.15 10.18
145.00  3.23 .81 370.00 8.25  4.37 585.00 13.26 10.33
1E0.00 3.3y «86 375.00 84.3€ 4.47 600.00 13.37 10.49
155.00 3.46 .91 3811.00 8.47 4.58 605.00 13.42 10.55
180.00 3.57 .96 385.00 8.52 4.2 lu.00 13.610 10.°01
165.00 3.58 1.02 38100 8.5¢ 4.0 615.00 13,71 10.97
17¢.00 3.79 1.07 395.00 8.81 4,92 620000 13.82 11.14
175.00 3.°90 1.13 4Gn.on 8.92 5.03 625.00 13.92 11.30
120.06 4.01 1.19 405.00 9.03 S.14 830.00 14.04 11.45
185.010 4,12 1.25 410.00 9.14 5.26 635.000 14,16 11.63
180.00 4.24 1.31 415 .00 9,2¢ 5.28 GuU.OU  14.27 11.80
195.000 4.3¢ 1.38 4z20.00 9,356 5.49 Bu5.00 14.3° 11,°9¢
200.00 445 1.44 425,00 .47 5.61 650.00 14.49 12.13
205.00  4.57 1.50 430.00 3.52 5.73 655.00 14,600 12.70
210.00 %.62 1.57 435.00 3.7  5.35 bEU.OU 14,71  12.48
215.00 4,79 1.64 440.00 3.81 5.98 665.00 14,82 12465
220.00 4,30 1.71 445,00 9.92  6.11 B70.U0  14.34 12,82
225400 5.02 1.78 450.00 10.03  6.22
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Appendix Table 7-9.—Friction loss in trickle irrigation hose, nominal diameter 6 in.

[Inside diameter 6.301 in., discharge increment 5.00 gal/min]

Flow
gal/min
10U
15.010
2U.00
25.M0
300
35.00
40.00
45.00
SG.00
55.00
EC.NO
€5.00
7U.00
75.00
Bl'.ﬁﬂ
85.00
cg.nn
Ss5.0Nn
10.00
1S .00
110061
115.00
120.00
125.001N
130.00
135.00
140.0U0
145.00
150.00
185.00
lbu.0N0
165.00
170.00
175.00
120.00
185.N0
1%0.00
195.00
206G 0N
205.00
210.00
215.000
226010
z228.00
220.00
235.00
24u.00
245.00
250u.00
255.110
260.04
265.00
270.N0

Flow (v
£t/s
«N%
o1
«15
«21
25
«31
«36
JU41
JUr
«51
«57
«62
.S—,
o712
o 17
«82
«87
«93
.98
1.02
1.0%
1.12
1.18
1.23
1.29
1.34
1.39
1-“‘4
1.4°
1.54
1.5°
1.6°%
1.70¢
1.75
1‘8'_1
1.8%
1.30
1.95
2.01
2.1¢&
2.11
2.16
2.21
2.2F
2.3
2.37
2.42
2.47
2.52
2.57
2.62
2.67
2.73
2.78

Friction Friction Friction
loss (J) Flov (Q) Flow (v} _loss (J} Flow (Q) Plow (v) 1loss (J)
££/100 £t al/min ft/s  £1/100 ft gal/ain ft/s f1/100 £t
.0n 275.00 2.83 .40 545,00 5.61 1.37
L 280.00 2.88 41 S5U.M1 5.66 1.39
o (i3 285.00 2.92 43 555,010 S.71 1l.u2
Ll 2e0.00 2.98 oty 560.00 S.76 lat4
.01 2S5.N00 3.03 <45 565.00 S5.81 1.45%
.01 Igu.00 3,09 47 S70.00 5.2  1.493
01 305.00  3.14 .48 575.10 5.91 1.%1
.01 31U.010 3,19 .49 58U.00 5.97 1.53
.02 315.00 3424 .51 585.00 6.02 1.56
.02 320.00 3.29 52 S9u.0  5.N7  1.58
.12 325.010 3.34 .54 585.00 6.12 1.61
.03 330.00 3.39 «55 60U.00 6.17 1.63
.03 335.00 3.45 .57 605.00 6.22 1455
.Nn3 34000  3.50 .58 610.6G1) 6.27 1.868
<04 I45.00 3.55 .50 615.00 .22 1.70
.04 380.00  3.60 52 62U.00 632 1.73
.05 355.000 3.65 63 625.0U0 5.42 1.76
.05 360.00 3.70 65 63G.00 6.4°5 1.78
.06 385.00  3.75 +E6 625.00 6.53 1.81
.07 3I70.00 3.81 .58 640.00 6H6.53%3 1.83
N7 37500 3.8€ «7U 645 .00 663 1.9%6
.08 380.00  3.91 .71 G50.UN 6.62 1.88
.03 385.00 3.9F 73 6E€5.110 6.74 1.91
.09 390.00 4.01 .75 660U.0D 6.72 1.924
.10 3IS5.000 4.08 <77 GES.NI  B.84 1.96
.10 40U 00 4,11 .73 670NN F.82 1.99
J11 40500 4.17 . 81) 6750 6.94 2.02
w17 410.00 4.22 .82 680.010 5.92 2.05
.12 415.00 4.27 .34 685,00 T.05 2.07
.13 420.00 4.32 . 26 690.00 7.10 2.10
.14 425.010 4.37 .87 695.00 7.15 2.13
.15 430.00 4.42 .89 TUl.0I T2t 2.18
.16 435,00 4,47 .91 765.00 7.25% 2.18
17 440,00 4.53 .73 710.00 7.30 2.21
.18 4u5.00 4.5° .35 715.00  7.35 2.24
.19 450,00 4.63 .27 720.00 . T.41 2.27
«20 455.00 4.6° .99 725.00  T.46  2.70
.21 460.00  4.72 1.01 720.010  7.51 233
22 4G5.001 4,72 1.03 735.010 7.55 2.36
.23 470.0n 4.83 1.05 75u0.00 7.61  2.33
.24 4754010 4,89 1.07 TusS N0 T.56 2.41
.25 48000 .98 1.09 T50G.N0  T.71 2.u44
.26 485.00 4,99 1.11 TES AN T7T7 247
27 490.0U0G  S.04 1.13 TEND 00  7.32  2.50
.25 495.00 5.09 1.15 765.00 TeR®7 2.53
.23 500.00 5.1% 1.17 77G.N0  T.92 2.56
.20 505.001 5419 1.19 775.00 7.97 2.5%5
<31 51U.00 S5.2% 1.21 78U.N0  8.N2 2.52
.32 S15.00 5.300 1.24 785.100 B8.07 2.65
el 52U.00 5435 1.26 730.00 8.13 2.58
« 325 525.00 S.400 1.28 ss.0ih  3.18 2.72
«36 530.00 5.45 1.30 8uu.00 8,23 2.75
.37 535.00 5.50 1.32 8us.0u  B8.2°  Z.73
.33 540,00 5.55 1.35 8lU.Nu  B8.33 2.91
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Appendix Table 7-10.—F'riction loss in trickle irrigation hose, nominal diameter 8 in.

[Inside diameter 8.205 in., discharge increment 10.00 gal/min]

Friction Friction Friction

Flow Flow (v ss_(J) Flow (Q) Flow (v) loss (J) Flow (Q) Flow (v) 1oss (J)

galzmn M ft(lOO £t gal[min f_t‘/i f‘t[loo ft Eal[min M ft[lOO ft
10.00 N6 .00 55G.00 3.34 «39 1USlte0il  G.61 1.35
20.00 o1z -0 560.00 3.40 - 40 110U.00  6.67 1.27
30.00 .18 00 570.00 3.4 42 111U.00 6.73 1.40
40.00 24 .00 580.00 3.52 43z 1120.00 6.79 1.42
50.00 30 .01 5S0.00 3,58 N 1130.00 6.85 1.44
60NN .35 .01 600.00 3.64 4B 1150400 6491 1.47
70.00 42 .01 pLO.OK  3.70 47 1150.010 6.9° 1.49
8u.0N uQ .01 B20.01  3.76 .49 1160.00n  7.04  1.851
s0.0n0 «55 .02 63n.00 3,82 » 50 1170.00 7.10 1.53
160.00 .61 <02 640.00 3.8¢9 .51 1180.00 7.16 1.56
110.00 .67 .02 65u.00 3,94 «53 1190.00 7.22 1.58
12U.00 73 .03 Eel.00  4.nn .54 1200.00 7.28  1.60
130.00 79 .03 670.00 4.0% <56 1210.00 7.33 1.64
140.00 .85 .03 680.00 4,12 «57 1220.00 7.39 1.66
150.00 .91 St 590.00 4,19 .59 1230.00 7.45 1.68
le60.00 97 s Tu0.00 4.25 «51 1240.00 7.51 1.71
170.00 1.03 .05 71300 4.31 «62 1250.00 7.58 1.73
1s80.00 1.09 05 720.00 4.37 64 1260.00 7.64 1.76
1s0.00 l.15 «N6 730.00 4.43 «55 1270.00 7.70 1.78
200,060 1.21 .06 745.00 4.49 57 1280.00 7.76¢ 1.71
210,00 1.27 .07 750.00 4.55 +«69 1290.00 7.82 1.3Z
22u.00 1.33 .08 760.00 4.51 .70 1300.00 7.8 1.8p
22G.00  1.40 .08 770.00 4,87 <72 1310.006 7.95 1.89
240,00 1.4¢ .09 780.00 4.73 74 132n.00 8%.01 1.°71
250.00 1.52 .09 7S0.00 4,79 «75 1336.00 3.07 1.94
2EU.00 1.582 «1U gul.00 4 .85 «77 1340.00 3.12 .27
270.00 1.64 .11 Siv.0 4,91 .79 1350.001 8%.1% 1.99
280.00 1.70 .12 820.00 4,97 Rl 13c€u.0u0 83.25 2.02
2%6G.00 1.7E .12 830.00 5.02 «82 1374600 8.31 2115
30U.00 1.82 .13 840.00 5,10 .34 1380.00 8.37 2.07
310.011  1.e8 14 850.01 5.16 .36 13%0.00 8.432 2.10
320.00 1.94 .15 860.008 5.22 .38 14ud.00 8,48 2.132
3Zg.00 z2.00 .16 870.0001 5.28 - 3U 1410.000 8.55 2.16
34U0.00 2.06 <15 83u.00 5,34 .92 1420.00 8.61 2.18
350.00 2,12 17 39U.00 5.40 «93 1420.00 8467 2.21
360.00 2.18 .18 00.00  S.4% .25 1440.00 8.73 2.24
370.00  2.24 .19 910.000 5.52 .27 1453.00 8.8 2.27
3801.000 2.30 .20 9Z0.00 5,58 « 39 14E0.00 3.36 2.30
3SG.0n 2.37 .21 930.001 5.54 1.0l 147U.00 8.92 2.33
GUt.00  2.43 .22 I0.00 S.70 1.03 148Uu.00 8,38 2.38
410.00 2.49 23 IS0 5.76 1.05 14S0.00 3.08 2.38
4Z20.00 2.55% .24 96L.0N  5.82 1.07 1500.00 9.10 2.41
430.00 2.61 25 70N 5,38 1.09 1510.00 9,16 2.44
G411.00 2.57 <26 8U.00 5,94 1.11 1520.00 9.22 2.47
450,010 2.73 .27 950.00 5.00 1413 1520.00 9.29 2.50
460,00 2.79 .28 1000.00 6.07  1.15 154d.0U 9.34 2.53
470.00 2.8%5 .29 1016.00 6412 1.18 1550.0001 3.40 2.56
4ey.00 2.91 .31 1020.0N0  5.19 1.20 15600.00 9.45 2.59
480.00 2.97 32 1030.00 6.25 1.22 1573.010 9.52 2.62
SuG.n0  3.03 «33 1LU060.00 6431 1.24 1580.00 9.5¢ 2.65
51U.040 3.0° 34 105000 6.37 1426 1530.00 9.64 2.53
520.00 3.15% «35 1060.N10 6.43 1.28 166u.00 9.760 2.71
S30.00 3.21 37 1070.00 5.49 1.721 1610.00 9.77 2.75
S40.00 3.28 .38 1080.011 64,55 1.33 1620.00 9.83 2.78
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Appendix Table 7-11.—Friction loss in trickle irrigation hose, nominal diameter 10 in.

[Inside diameter 10.226 in., discharge increment 10.00 gal/min]

Flov (Q)
gal/min

1n.0u0
241,010
3.0
4.0
S0 . 0L
6. 00
70.00
8NN
3y . NN
luu.0u
11000
120.00
124u.00
14y.00
150.00
160,06
170.00
1840.00
151..010
21 . 00
21iu.ng
2z0.00
230.00
240.00
250.00
26n.000
270.00N
280.00
Zwil N
3ug.nn
310.00
3zu.071
320.00
340,00
350.00
3cu.N0
37u.00
180.0(
380.00
.o
416,410
420.00
s30.00
4aycl.n
450.00
4E0 .00
470.000
qeu.0n
43800
S« (10
S16.00
S2Li.00
530.00
suy.00
5Si 01
560.0U0
571.00
SSU LN
590.000

Friction Friction Friction Friction
Flov (v) 1oss (J} Fiow (Q) Flow (v) loes (J) Flow (Q) Flowv (v) 1loss (J) Flow (Q) Flow (v} 1oss (J)
ft/s /100 £t gal/min fifs  £8/100 ft gal/min fifs £t/100 £t gal/min ft/s £2/100 ft
Y « 1) 6liLell0 2,34 .16 11S0.000 4.65 .55 1780.00 6.95 1.14
.02 -a 610.00 2.38 <16 12U0.00  4.5° .56 17200.00 6.92  1.15
.12 <00 6200.01  2.42 17 1210.00 8,72 e57 1800.00 7.0 1l.16
.15 N 620.00 2.45 .17 1220.00 4.7¢ .57 1810.000  7.07 1.13
20 .10 Bu. MU 2.50 .13 1230.00 4.80 .58 1820.00 7.11 1.19
«22 00 65U.00 2.54 .18 12613.00 4,84 «55 1830.0U 7.1% 1.28
.27 L 660U 2.5° .19 1250.00 4,33 « 610 134u.n0 7.1° 1.21
31 -ty 670.00 2.62 .19 1260.00  4.97 .51 1850.00  7.22  1.22
»35 -01 8U.00 2.6 .20 1270.000 4,96 52 13EU.00  7.26  1.24
.32 .01 6SU.00  2.89 .20 1250.00 5.00 .63 1870.U0 7.3t 1.25
43 «01 700.00 2,73 .21 1290.00  5.04 €8 1880.00 7.34 14286
.47 .01 710.00 2.77 .22 1300.00 S5.0¢ .54 1890.00  7.3%  1.27
.51 -01 720.00  2.81 .22 1310.00 5.12 .65 1900.00 7.42  1.28
«55 «01 730.00 2.85 .23 1320.00 5.1% W65 1910.00 7.4  1.30
.52 .01 740.00 2.8¢ 23 13300.010 5.1°9 .67 1920.00 7.50  1.31
62 .0l 750.00 2.92 24 1340.00 5.22 «58 133G.0U0 7.54 1.32
.5E 02 760.10 2.97 24 13500.00 5427 « 65 1940.00 7.52 1.33
«T0 .02 770.00  3.01 .25 136G.00 5.31 o T 195U.00 7.61  1.35
P A «02 73.00 3.05 «26 1370.00 5435 .71 19cC.00 T+65 1.36
.78 .02 TSu.00 3.0° .28 1380.00  5.39 .72 1970.00 7.69 1.27
82 .02 suu.0n  3.12 .27 1390.00  5.43 e 73 1980.00 7.73  1.38
. 8€ .03 810.MN0  3.1F .27 1400.00 5.47 T4 1990.00 7.77  1l.40
. 9N .03 820.00 3.20 .28 1416.00 5.51 .75 20UU.00  7.81 1.41
.94 .03 830.011 3.24 293 142000 5.55 .75 2010.00  7.85 1.42
.98 .03 840,00 3.2% .29 1438.00 5.52 .77 20z0.00  7.82  1.44
1.0z oy 3cy.0n 3.32 «3U 1440.00 5.62 .73 2Uzg.00 7.92 1.45
1.05 4 250011 3.3€ . 3U 1450.001 5.6% .79 2080.100 7.97  1.46
1,na L ftn 0T z onn .21 14EM, N s, 70 L P 2nEn.nn 3,011 1.47
1.13 N4 880,00 3.44 .32 147000 S.7n 1 2060L.00 3.04  1.49
1.17 .05 S30NE 3448 .32 1480.00 5.72 .92 207G.00  8.08 1.50
1.21 « 115 G0 3.51 .33 1491.000  5.82 .93 z2080.011  8.12 1.51
1.25 .05 915.011  3.55 .34 1560.00 5,36 .24 2090.00 8.1F  1.53
1.2° .05 7Y 3.5° .34 1510.00 5.9 .85 2100.00 8.20  1.54
1.32 .16 V.00 3.63 .35 1520.10 5.94 .36 2110.00 8.24  1.55
1.37 .06 IGHL00 3.87 .36 152000 5,97 .07 2120.00 8.28 1.57
1.41 U5 350.00 3.71 13 1561.00  §.01 -3¢ 2130.00 8.32 1.58
1.44 N7 asu.NN 3.75 .27 155001  6.ilE .33 2140.00 8.35  1.59
1.48 07 a7u.00 3.78 .23 15Ri.N{  6.0° .21 2150.00  8.4n  1.61
1.52 7 JEC.N0  3.93 «39 1576.00 6.17 .S 21eu.00 S.42 1.62
1.56 «03 331,00 .87 .39 15800.m1  6.17 a2 2170.00 8.47 1.54
1.50 .08 GE.00  3.90 U 15C0.00  6.21 .73 2181M1.00 8.51 1.65
1.64 .08 iuit.on  3.94 .41 leun.00  6.25 « 98 2190.00 8.55 1.56
1.62 .n9 1u2u.00  3.9° .41 161Ul 6.25 .95 2200.00 8.59 1.68
1.72 <02 1U3L.NG - 4,02 42 162¢.000 6433 .26 2210.010 8.62 1.59
1.76 - 43 104uU.00  4.06 .43 1634.00 6437 .7 2220.00 8,67 1.71
1.2t .10 1050.100  4.10 44 1640.00 B.4D0 . N8 2230L.00  8.71  1.72
1.84 <10 1UENNO 4.14 o4y 1550.00 G.l44 e 2240.00 3,75 1.73
1.a7 .11 107000 4.12 W45 1668001 6.47  1.00 2250.00 8,73 1.75
1.21 .11 108NN 4.22 .43 16TUNU K52 1,02 22EU.00 3.83 1.76
1.25% .11 1030.00  4.26 .47 163U.N)  6.58 1.n2 2270.010  3.3§  1.7S
1.9 .12 1l0d.00 4,20 43 16SU.N0  6.611  1.14 2220.00 8.911 1.79
2.n2 .12 1110.00 4,32 .u3 1700.00 6.64% 1.05 22%0.00  8.94  1.34
2.007 .13 1120.800  4.37 .49 171U.00  6.6°  1.05 2300.00  3.9° 1.2
2.11 .13 1130.00 4.4 .50 1720.00  B.72  1.017 2710.00 9.n2  1.33
2.15 .18 1140.00  4.45 .51 1730.00  6.76 1.03 2320.00 9.06  1.85
2.12 .18 1150.000 4,40 .52 176600 6,72 1.19 2330.00 9.10 1.36
2.22 .14 1160.010 4,53 .52 1750.00 6.83 1.11 2350.00 9.14 1.88
2.26 »15 1176.00  4.57 «53 17en.00 6.37 1.12 2350.00 9.1% 1.29
2.30 .15 118U.0  4.61 .54 1770.00  6.91  1.13
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Appendix Table 7-12.—Friction loss in trickle irrigation hose, nominal diameter 12 in.

[Inside diameter 12.128 in., discharge increment 20.00 gal/min]

Flow (Q)

gal/min

20.00

4u.00

EG.00

8@.un
1i.00
126.00
14d.00
15n.00
1e0.00
206 .0t
221.00
260,00
zew.0n
28u.0u
300,010
320.00
340,010
3en.0p
380.00
400,00
420.00
440,00
450.00
4s0.00
5600
5Z0.00
S40,00
S6G.00
S&80..00
600.00
5200.00N
540,010
650070
680.00
700,00
720401
740,00
TEG.ON
7SG.00
Sy
826 .00
84000
360, Ny
81Tt}
AL A0
q2u .00
a4y .na
96U .00
33u.00
1UUU. 01
1d2u.0n
LUsi 00
1DEU..N0
Lijgn.0u
1100.00
1120.00
11400.00

Friction Friction Priction

Flow (v) loss (J) Flow (Q) Flow (v) loss (J) Flow (9} Flow (v) 1loss (J)

ftfs ££/100_ft gal/min /s /100 ft gal/min t/s ££7100 £t
.0f i) 1160.00 3.22 «23 2300.00 637 « 30
+11 «0U 1180.00 3.2° 24 2320.00 Gelt hy « 31
«17 00 12uvu.0n 3.33 «25 23461.830 Be5i o2
022 <0 1220.000 3.37 «25 236il.00N 6.55 « 324
«2° <11 124u0.00 3.44 « 286 2380.00 661 «35
«32 «Nu 12e0.010 3.50 «27 2800.00 6.6C « 36
«39 01 128u.001 2.55% .28 2420 .01} 6.72 .78
s <01 1300.1M0 3.61 .28 2%44(t.00 £.77 .29
« 51 .1 1324.010 3.66 W29 24EL .00 65483 20
55 «N1 1340.01 3.72 <30 248u.00 64858 «92
«61 {11 1360.00 3.732 .31 2500.01n 6.74 -3
«67 .01 1380.00 3,93 .32 Z520.00  7.00 -0t
«72 <02 1806.00 3,89 .32 2540.00  7.05 .98
78 N 1 14200.00 3.94 .33 2560.00  7.11 27
<1 N2 1440.00 4,00 .34 2580.00 T.1¢ .08
-39 02 1460.00 4.0% «35 2eb0.00 7.22 1l.U0
« 04 <03 1480.00 4,11 «36 2620.00 7.27 1l.01
1.00 .03 1500.80 4.16 «37 2640400 7.32 1.u3
1.105 Y2 152.00 4,22 .38 2660.00 T.3% 1l.U4
1.11 .03 1540.00 4,2¢ .29 2620.00 T.844 .06
1.17 « 04 1560.000 4.33 «3 2700 .00 7.50 1.07
l.22 «0u 1530.00 4,39 4u 272U.00 7.55 1.08
l.25 04 1s00.00 .44 « 41 2740.00 7«61 1.20
1.33 +05 1620.00 4.50 o 42 2780010 T.65 1.11
1.3 <05 1650.000 4,55 .43 278G.00  7.72 1.13
l.44 «[15 1650.00 4,651 a4y 236G0.00 T.77 1l.14
1.50 Ng 1680.0U  4.65 o5 2820.011 7.32 1.15
1.55 <116 1700.00 4.72 U5 284u.00 T7.39 1.17
1.61 017 1720.000 4.78 U7 2360.00 T7.34 1.193
1.67 .07 174U.00 4,82 43 2330.00  s.0um 1.20
1.72 N7 1760011 4,82 49 29000 8.5 1.22
1.73 018 1780.1N 4,94 « S50 2920.00 8.11 1.22
1.33 13 1800.00 S.00 e 51 234 .00 8.,1¢ 1.28
1.332 019 18Z210.00 5eME «52 2960.00 8.22 1.27
« 3l -019 1840.000 S5.11 «53 z238i.00 8,27 1.22
2.0 <10 1360.00 S.1% «54 UG 0C 8432 130
2.0¢% +1U 1380.00 5,22 «55 IN20.000 .32 1.31
2.11 .11 13G0.00 5,27 56 3040.00 8,40 1.73
2.17 .11 192R.00 5,32 +«58 06BN 8.5 134
2.22 .12 194u.1y 5,39 .59 3u80.00 8,55 1.36
2420 «12 1960.00 Se44 «50 3101040 8.61 1.28
2.33 «13 19c0.01 5.50 «61 312:u.00 S.66 1.729
2.3° .13 200000 5,55 .F2 31an.n0 9.72 1.81
2.44 « 14 202u.n0 5.61 «h3 310U (11 B.77 l1.43
2.5n .15 2040.00 5.5F 54 318u.N1i 3.8% labuy
2.55 «15 20EG.00 5,72 .65 320n.00 3,82 1l.406
2.61 .16 ziei.nn 5,77 .67 3220.00 2.94 1.43
2.67 .16 2100.00 5,82 «63 3240.00 3,99 1.49
2.72 .17 212U.000 5.89 <62 3260.00 9,05 1.51
2.7° .12 2140.00 S.94% <70 3280.00 92,11 1.53
2.33 .18 21EC.00 .00 .71 3300.00  3.15  1.5%
2.92 «19 2130.00 5.0°% e 72 332u.00 .22 1.56
2.94 «2U 22060.00 Gel1l1 « 74 I3up.und 3.27 1.53
3.00 . 211 2221} 011} 6e1E «75 33e0.00 .32 l1.50
3.05 «21 2240.00 6e22 «76 3380.00 J3.33 leFfl
3.11 22 2260.000 .27 .77 3400.N0  9.44  1.53
3.15 22 22800.00 6.33 .79 342000 T.49  1.68%4
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Appendix Table 7-13.—Friction loss in plastic irrigation pipe, nominal diameter 15 in.

[Inside diameter 14.554 in., discharge increment 50.00 gal/min]

Friction Friction
Flow (@) Flow (v) 1oss (J) Flow (Q) TFiov (v) loss (J)
gal/min  ft/s  £t/100 ft gal/min  ft/e  ft/100 £t
Sti.0N .10 ] 2650.,00 S5.11 43
100.00 .17 «0Ju 2700.00 5.21 44
1501411 29 ol 2750.00 5.30 45
200,01 30 U 2800.00  S5.40 47
2eEN.N0 4 01 2%50.00 Se4° « 49
30G.00 .55 .11 23n.00 5.5% .51
350.00 67 .01 295u.00 5.67 « 52
400.00 77 .11 3N00.000 5.72 <54
450.01 .27 .02 3uSi.00 5.8¢ .55
sta.o0n « 2L .12 I10p.0n 5.2° « 57
550.000  1.06 .N3 3150.N0 6.07 .59
600.011 1.1F% «133 2200130 6.17 .61
6543.00 1.2% 03 328000 8.27 52
TUuti.on 1.38 04 330G U0 B.3C .64
TEl.O0U 1445 <114 3350.00 6,465 « 66
s00.0u - 1.55 .05 34LU.00 6.55 .62
85u.nu  1.64 -5 3450.010  5.65 <59
3. 00 1.74 « 15 I500.00 5.75 .71
I50.00  1.83  .U7 3550.00  6.34 .73
1uu.nu 1.73 -7 3600.00 6.94 e 75
1050.040 2.0M2 <013 3650011 7.04 .17
1100601 2.17 o113 270000 7.132 .79
11=0.00  2.22 »109 375u.00  7.23 .81
i12c60.00 231 «1U 28(iye (1M 7.32 .22
125u.00  2.41 +11 2aC0L0Y T.42 .95
130U.N0 2.51 <12 Qi) L0l 7.52 27
13I56.000 2.6 <13 3950.00 7.51 .29
140000 2eTiY «12 UGG« 10D 7.71 ]
1450.00 2.3 .14 qusite ity 7.21 .13
1500.00 2.3° .15 4inn.00  7.90 <25
158u.00  2.7° .15 4150.00  SeNn 97
l600.000 3.1 «17 420011 B341M . e
lespt.N0  3.1¢ «18 4250.00 3412 1.112
17ud.00  3.2°7 .12 YZNC GG 3427 1.4
1750.04 2,37 .2t 4z51.00 q,34a 1.116
l1200.00 3.57 -21 4upU.NN 8.4°  1.u8
1350.00 3.57 22 B4 s 00 3.5%3 1.11
13ul.00 350 23 450 ND 3,67 1413
195u.0n 3.7% -25 45500 8.77  1.15%
20u.00 336 «2h B6UL. 10 3.37 1.17
Z050.00  Z.S0 .27 46500 B.96  1.20
2100 .08 4,05 .28 4700.00  9.06  1.22
2150.00  4.14 .22 4784 .04 V.1F 1.25
22e3.00 4,20 21 480 0y 3.2% 1.27
2280.010 0 4,20 «32 425,00 3.35 1.29
23 .00 4.42 e 33 431u.TIN q.45 1.32
2350011 4,53 .34 49510 3.54  1.34
24CULT1 4,532 .35 SUE.NO  9.64 1437
2450.00 4,72 .37 SUSELAN 374 1439
2500.00 4.82 .29 SUIt.AM 2,32 1.42
2550.00 4,32 o 40 51Spu.00  3.93  1.44
2500.1100  Se.N1 .41
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Appendix C—Equations

7-8a

7-8b

7-9

7-10

7-11

7-12

7-13

7-14

7-15

7-16

7-17

7-18

7-126

eSS,
P, = 5,5, x 100
SeSe + S,,)
P. = €005, w
w 2(5,5) x 100
P, = elA; + (%S¢ x PS)] % 100

(SpSy)
Fon = Ma(WHCYRZDXP,,)
Td = ud[Ps + 0.15(1.0 — Py}

F, =Tyl

1.27 g
EU = 100(1.0 — ——)—
( NG

F.T,

Fe=—Fo0
SR | S
&~ EU1.0 - LR)
Figpa) = 0. 623§%g

Fan) = (U — Re — WP + 0.15(1.0 — Py)]

E, = EU
B - EU
* =~ TR(1.0 — LRy
Fan
Fe = B0 - LRy
v, = FanA

12(1.0 — LRYE,/100

_ EC, — min EC,
" max EC, — min EC,

x 100

_ L. _ Ly _ EG,
LRt B Fn B Fan B Ede

_ Ec,
LR: = 5max EC.)

VE+ ... +q& ~n(@vn — 1

S
V=—= =
q q

7-19
7-20

7-21

7-22

7-23

7-24
7-25

7-26
7-27

7-28
7-29

7-30

7-31
7-32
7-33a
7-33b
7-34

7-36a

7-35b

7-36

Jer
q = kgh*
_ _log(q,/q,)
log(h,/h,)
_ hgd‘r
¢ 98.6qr
q = 187acsv/2gh
q = 187ac,v/2g(h — hY)
bt = 1 :1 m?

q = 187ac,/2g h**

q = 187ac,\/2g h*

q = 187acyV 2g (Wm)*7

q = 187ac,vV2gh/m’

_ Fepw
T = eq,

= (Yay1ix
ha - (kd)
EU = 100 q//q,

EU = 100(1.0 —

EU = 100(1.0 — 1.27v,) %

AH, = 2.5(h, — hy)

_ A eq,
Q. =726 N 8.8,




7-37

7-38
7-39

7-40
7-41
742

7-43

7-44
7-45
7-46

7-47a

7-47b

7-48

7-49a
7-49b

7-50

’ 7-51a

Vi
Q.

Q; = 5,430

h
qn=Qa( h: )X

h, = Hpy — AHy — Ah)

EU eq,
__FA
% = Hr H,
_FA
C.= T
_0.006CQ,
e csg
Elxas
g = D100 _ ;450 -C
L D4.87
Q
Ngr = 3,214 —
R ) D
L v?
he=f—
f fD 2g
64
f"iﬁg_
1
—— =0.80+201
\/T og (NR\/?)
f = 0.32 Ng %
_ h00 QL
J = = 0183
_ hg100 _ Q188
J =25 = 0100 =5
V!
he = Kf 'Eg'_
S, +f
ll = l e €
(—_Se

7-51b

7-52

7-53

7-54

7-5b

7-56

7-57

7-58

7-59

7-60

7-61

7-62

7-63a

7-63b

7-63c

7-64a

7-64b

[ Se+fe
J'=J g

he = JFL/100

}“k I 7 X 975
00 = o P’

@ AP - iR 1
PW(r)—[(l+r)—(1+i)]X[(1+i)“]

A+ - +ip

1
sy

__ia+ir

CRF = A+ir-1

Cur = (QUPIEAE®D)]

whe = ~(E_YBHP/P,)

(CRFXP,)

QB’ = Ast

Hpp = § he + AE

AH
=—-=—x1
L, 3. - x 100

hy = h, + 0.75hg(z87 + (1 — 2P7]

-é%§E(2Z -1

h, = h, + 0.75hg, (0.57™ = h, + 0.11hg,

3h, AEl
by =he + -+ =5~

AEl

_n (b
h.=h, (4+2)

hc=h1—(hf+AEl)
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7-65a

7-65b

7-66

7-67

7-68

7-69

7-70

7-7Tla

7-71b

7-72

7-73

7-74

7-75

7-76a

7-76b
7-77

7-78

7-79a

7-79b

7-80

7-81a

7-81b

7-128

(hg}, = (hf)a( )2 7

(hf)b 1/2.75

(h)a

J'F L ( Ah y
10 100 "L/100

Ah =

Y = (S/J")wns

S' = S8Y - J'F(Yp™

% = (x/L)75 — (1 — x/L)27
Lh = 100 [J'F/L)2® + S’ — S(x/L)]
Ah, = S(1L/100)

Ah, = 8157 J ) 0571 — F)L/100

OLh = 100 JF+S8 -9

(AHy), = AH; — Ah’
Ly = [(ny), — 118,

L, = (n, — 1/2)S,

H,, = h + AH.,

H_ =h, + Ah' + AH.
Qs = AfQm

Ly = 94 :L:lld—l L,

= (Ln/qmX0.1 gpm/ft)
= (SY/qX0.1 gpm/ft)
H = k(Hg,)
AH,, = Hg

AHp, = He + S(L,,/100)

0.36, L,
7-81c  AH, = H;-[S(0.1 - T) 100]
7-82a g= (AHm)a Q!
H
7-82b Q= £
7-82c Q= Hy
(AH), + [S(1.0 — 8361, /100]
C
(ql)c (np)c
7-83 Se =
f (ql)a (np)a

7-84 H; = JFF(L,/100) = JF'(L,,/100)

7-85  J = Sl

. (AHp),
86 i=T n00
., (AHp),
7-87 =
g8 g - Slm _ Sy _ AR

100k 10 k

789  (Hp, = Lo Foh @ys gy

L, (Fs)l q:
7-90 Fl, = 1.60::eq,,T,¢l
1.604eq,T
7-91  Fy=-2daa
a Sp % S,
7-92  Figa = eq.T,

It
7-93  EU. = 100 q/q.
7-94a ERF =

average MLIP + (1.5 minimum MLIP)
2.5(average MLIP)

minimum MLIP ¥

7-94b  ERF =( average MLIP




7-95 EU’' = (ERFXEUyp,)

796 Fo=(F; -~ R)iqas + 01510 - )
EU’
1978 PR = o o
7-97b  PE, = EU’
100G
7.98 B, =10
R

7-129






