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Sprinkler Irrigation in the Pacific Northwest 

A Troubleshooter's Guide . . . 

Sprinkler irrigation systems distribute water efficiently and 
uniformly if they are properly designed, operated, and maintained. 
Failure to comply with these rquirements will result in erratic and 
costly irrigation. This publication tells you how to recognize 
"trouble spots" in your system and what to do about them, and 
gives you some suggestions for efficient and trouble-free operation. 

Common Problems 

Crop Suffers Between Irrigations 

Dry Strips 

Doughnut-Shaped Dry Spots 

Dry Hilltops 

Puddling, Ponding, Runoff 

Sprinklers Do Not Rotate 

Clogged Sprinklers 

Couplings Leak 

High Labor Costs 

High Power Bill 

Possible Causes See Page 

Insufficient system capacity  5 
Irrigations too large and not frequent enough.... 13 
Starting too late in spring   14 

Improper pressure   7, 12, 15 
Improper spacing   11 
Wind drift   15 

Improper pressure  7, 12, 15 
Wrong nozzle combinations  11 
System design   7 

Poor pressure  7, 12 
Shallow soil   14 
High application rate  13 

High application rate   13 
Compacted soil   11,13 

Low pressure  7, 12, 15 
Worn nozzles  12 

Small nozzles  11 
Inadequate screening  12 

Deteriorated gaskets    12 

Excessive number of irrigations  4 
Selection of equipment   19 
System operation   19 

Too much capacity in system  16 
Improper operation of system  16 
Over-irrigation  16 
System design  5, 9, 16 



FIGURE I 

Gallons  per minute 
per  acre 

6.5-8.5 
6.0-7.5 
5.5-7.0 
4.0-5.5 

Suggested Capacities for Pacific Northwest Sprinkler Systems 



Crops suffering from lack of water between ir- 
rigations when the system is operating contin- 
uously provide one indication that the system is 
not large enough for the acreage covered. 

Capacity is expressed as the rate that water 
can be applied to a given area. As an example, 
if a pump delivers 200 gallons per minute to 25 
acres of irrigated land, the capacity may be ex- 
pressed as 8 gallons per minute per acre, or 0.426 
inches per day on the farm—the depth the entire 
irrigated acreage can be covered with water in 
24 hours. One gallon per minute will cover one 
acre to a depth of 0.0533 inches in 24 hours. 

Determining the required system capacity in- 
volves consideration of the crops grown, peak 
water-use periods of these crops, climate, and the 
ability of the particular soil to store water. Most 
important of these considerations is the rate at 
which the crop uses water. If the system has 
inadequate capacity at critical growth periods, 
significantly lower yields and income may result. 

System Capacity 
Individual crops use water at different rates, 

depending on individual crop characteristics. 
Figure 1 is a guide for crops, such as alfalfa, 
which have high water-use rates. The shadings 
indicate required capacities in gallons per minute 
per day, operating 24 hours per day—7 days per 
week, with an assumed 70% application efficiency. 
Generally they should be adequate to supply needs 
during periods of peak demand. 

The higher figure is adapted to situations re- 
quiring light frequent irrigations (shallow sandy 
soils and/or shallow rooted crops). The smaller 
figure should be used for situations requiring 
less frequent heavier irrigations (deep fine tex- 
tured  soils and/or deep  rooted crops). 

Where crops having lower use rates are grown 
exclusively, lower capacities may be used. Your 
county Extension agent or other local authorities 
can give you information concerning use rates of 
specific crops grown in your area. 

Frequently, systems which were initially good 
designs are enlarged through the addition of 
laterals or more sprinklers, without recognition of 
the effect on friction loss in the mainline. 

Mainline pipe should be selected so that it 
will have the lowest annual cost for the life of 
the pipe. If the diameter is too small, the cost of 
the power to force the necessary quantity of water 
through it will be too great. If the diameter is too 
large, cost of the pipe will be excessive. The most 
economical selection for one pipe material and 
diameter will be a compromise between power and 
pipe costs. 

Mainline Capacity 
General capacity recommendations for com- 

mon pipe sizes are given in Table 1. These rec- 
ommendations will vary for specific situations ac- 
cording to the hours the system is used per year 
and the cost of power, equipment, and labor. 

If you wish to determine what size is most 
economical for you and your price situation, the 
procedure shown in the example on page 6 can be 
used with your figures. You can obtain figures for 
friction loss and cost for various sizes and kinds of 
pipe from your dealer; power costs may be ob- 
tained from your power company. 

Proper pipe diameter is essential for even distribution of water. 



Table 1.    General Pipe Capacity Recommendations for Two Annual Pumping Periods 

Annual pum ping—2,000 hours Annual pumping- -2,500 hours 

Buried Buried 
Pipe Buried asbestos- Pipe Buried asbestos- 
size Aluminum steel cement size Aluminum steel cement 

Inches Gallons per minute Inches Gallons per minute 

3 20-100 20-100 3 20-100 20-100 
4 100-200 40-200 100-200 4 100-180 40-180 100-180 
5 200-360 200-280 5 180-340 180-260 
6 360-600 200-420 280-560 6 340-560 180-380 260-520 
7 600-850 7 560-780 
8 860- 420- 560- 8 780- 380- 520- 

Sample Problem for Determining Size of Sprinkler Mainline 

Given: An aluminum mainline is required to carry 230 gpm during 2,000 
hours of operation per year. Average power cost is $0.01 per KWH. 
Pipe can be expected to last 15 years. Cost of mainline per 100 feet, 
including couplers and valves, is as follows: 5"—$150; 4"—$119; 
6"—$195. Assume 60% combined pump and motor efficiency and 
allow for 6% combined sinking fund and interest factor (0.1030).* 

Required: Most economical size of pipe. 

Solution: Consider the total annual cost of each size of pipe, including 
depreciation, interest, and power to pump against friction for 
100 feet of pipe. 

Annual cost of 100 feet of 4-inch pipe 
Annual power 
cost    of    pipe = gpm x ft. friction loss x hr. operation x 0.746 x cost/KWH 
friction 33,000 x efficiency (as a decimal) 

= 230 x 3.6 x 2,000 x 0.746 x $0.01 
3,960 x 0.60 = $5.20 

Annual cost of 
depr. and int.    = Cost of 100' of pipe x combined sinking fund and interest 

factor @ 6% = $119.00 x 0.1030 = $12.50 
Total annual 
cost =$5.20+ $12.50 = $17.70 

Repeat this procedure for other diameters and kinds of pipes consid- 
ered. The one having the lowest annual cost will be the most economical. 

* Other combined 15-year sinking fund and interest factors are as follows: 
Amortization factor 

4%  0899 
5% 0963 
7% 1098 



Size and Length of Lateral Lines 
If laterals have too many sprinklers for the 

size of pipe, the last sprinklers do not discharge 
enough water. Table 2 shows the maximum num- 
ber of sprinklers recommended for each size of 
pipe when the lateral is level. Each entry repre- 
sents the 20 percent maximum permissible pres- 
sure loss specified by the American Society of 
Agricultural Engineers. A pressure difference of 
20 percent results in a water discharge difference 
of about 10 percent. 

If the lateral is laid uphill from the mainline, 
its diameter must be increased over the sizes 
shown   in  Table  2  to  obtain  equal  performance. 

When it is laid down hill, more sprinklers than 
indicated may be used. When the lateral meanders 
up and down hill so the pressure differences be- 
tween sprinklers are more than 20 percent of the 
highest pressure, pressure-control regulators 
should be used. A change in elevation of 10 feet re- 
sults in a pressure change of 4.3 pounds per square 
inch. 

To use Table 2, select your sprinkler discharge, 
spacing on the lateral, and pipe size. If the cor- 
responding table value is less than the number of 
sprinklers on the lateral, this indicates that the 
pipe is smaller than the recommended size. 

Table 2.    Maximum Number of Sprinklers Recommended on a Lateral Which is Level 

Average 
discharge 

Sprinkler 
spacing 

on lateral 

Pressure 
loss in 
lateral 

Pipe diameter 

per sprinkler 2" 3" 4" 5" 

Gpm Feet p.s.i 
2.0 20 

30 
40 

8 
8 
8 

29 
25 
22 

3.0 20 
30 
40 

8 
8 
8 

22 
19 
17 

4.0 20 8 18 38 
30 8 15 32 
40 8 14 30 

5.0 20 10 16 34 58 
30 10 14 30 50 
40 10 13 27 44 

6.0 30 10 12 26 44 
40 10 11 24 40 

7.0 30 10 11 24 40 58 
40 10 10 21 36 54 

8.0 30 10 10 21 37 54 
40 10 9 19 33 48 

9.0 30 10 9 20 34 50 
40 10 8 18 31 45 

10.0 40 10 8 16 29 42 
12.0 40 10 7 14 25 38 
14.0 40 12 6 14 24 36 
16.0 40 12 6 13 22 33 
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Sprinkler   discharge   and   lateral   diameter  and   length   must  be   in 

proper relationship for even distribution of irrigation water. 
▼   Pressure   can   be  too  high   or  too  low  unless  the   correct  pump  Is 

selected. 
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Pumps 
Water carrying silt is abrasive and will wear a 

pump. A worn pump results in loss of pressure 
and capacity. 

Figure 2 is an example of a performance curve 
for a specific pump. 

The pump will perform under conditions 
shown on this curve as long as it is in good 
repair. By measuring the head (pressure) against 
which the pump is operating, the quantity of 
water being pumped can be closely estimated, 
providing the pump is in good repair. Some power 
companies provide free pump-testing service when 
there is any question of the operating efficiency of 
the pump. 

A worn pump can frequently be detected by 
simply closing the discharge valve and reading 
on a pressure gauge the maximum head the pump 
can produce against no flow. To this reading 
(convert pounds per square inch to feet of head 
by multiplying by 2.31), add the distance in feet 
from the water surface to the center of the pump 
discharge, and compare this reading with the per- 
formance curve of the pump. The maximum head 
that can be produced by the pump represented 
in Figure 2 is 117 feet. If there is much differ- 
ence between the measured head and that on the 
performance curve, the pump should be checked 
by a qualified repair man. 

Total 
Head 

100 200 300 4-00 

Capacity - gallons  per minute 

FIGURE 2.  Example of a pump performance curve. 



Removing turbine pumps is expensive, and 
whether or not they should be "pulled" for re- 
pair can be determined by the loss in performance 
that can be tolerated before repairs should be 
made. Occasionally, adjustments can be made in 
the thrust bearings of turbine pumps to compen- 
sate for impeller wear. 

Used pumps should be purchased only if per- 
formance characteristics are known and they meet 
the system's requirements. 

Foreign material such as gravel or weeds will 
sometimes plug the impeller vanes. The pump, 
under this condition, will not pump the amount 
of water it should and it may vibrate. 

Flow of water to and from the pump should 
be smooth so that turbulence is kept to a minimum. 
Turbulence causes pressure losses. It results from 
abrupt changes in direction of water flow, abrupt 
changes in pipe sizes, and entrapped air. Figure 3 
shows some points to watch around the pipe. 

Leaks in the suction line may cause pumps to 
vibrate or lose prime. Whirlpools should be 
avoided at the suction intake of centrifugal pumps 
to prevent pumping air.  Floating planks in the 

sump or lowering the foot valve will help break 
up whirlpools. 

In Idaho, recording type meters (demand 
meters) can be used to determine motor output. 
The demand reading is multiplied by 1.1 if the 
motor is less than 10 horsepower and by 1.2 if 
over 10 horsepower. The product is the approxi- 
mate brake-horsepower output of the motor. 
Brake-horsepower can be computed from all elec- 
tric meters. Your power company can show you 
how. If the brake-horsepower is greater than the 
nameplate rating of the motor, the motor is being 
overloaded, and its life may be shortened. Check 
the meter periodically. Variations in demand will 
indicate either hydraulic or mechanical difficul- 
ties as they occur. 

All electric motor-driven pumps should be 
carefully grounded. Whenever electric shocks are 
received from the pump or motor setup, there is 
a defect in the wiring. The cause should be de- 
termined and corrections made before a serious 
electrical accident occurs. Your power supplier 
will inspect your wiring installation and protec- 
tion devices and advise you. 

Discharge   Fittings 

Concrete 
pipe  support^Ll 

Tapered  discharge 
before   fittings and 
valves, not after 

Suction    Fittings 

-This should   be high  point  on 
suction   line. 

Use   a   long "L" 

se  pipe   support 
-Taper  on   bottom 

10 



Nozzle Size, Spacing, and Pressure 
Dry areas between sprinklers are indications of 

improper nozzle size, spacing, or pressure. The 
following general recommendations apply to 
nearly all  agricultural  sprinklers: 

Spacing 
Spacing between sprinklers on a lateral should 

not exceed 50 percent of the diameter of the 
sprinkler pattern. They are usually spaced in 
multiples of 20, 30, or 40 feet to fit standard pipe 
lengths. 

Table 3 shows the wetting diameter of medium 
sized sprinklers. Spacing between lateral moves 
should not exceed 65 percent of the diameter of 
the pattern under no-wind conditions. Under wind 
conditions, the following recommendations apply: 

0 to 5 mph—60 percent of the diameter 

5 to 10 mph—50 percent of the diameter 

10 plus mph—30 percent of the diameter 

When the range nozzle on a two-nozzle 
sprinkler is too small for good distribution, or 
the spreader nozzle frequently plugs with debris, 
the spreader nozzle can be permanently plugged 
and a single nozzle with a capacity equal to or 
slightly less than the two-nozzle combination can 
replace the existing range nozzle. This will result 
in a larger radius of throw by the sprinkler with 
little change in hydraulics of the sprinkler system. 
As an example, a single 13/64" nozzle can be used 
in place of a 5/32" x 1/8" combination. 

Nozzle capacities are shown in Table 4. 

Table 3.   Wetting Diameters of Medium Sized Sprinklers 

Nozzle size in i nches 

Pressure 3/32 1/8 9/64 5/32 11/64 3/16 13/64 7/32 

p.s.i. Feet Feet Feet Feet Feet Feet Feet Feet 
35 70 75 82 86 90 94 97 100 
40 70 76 83 88 92 96 99 102 
45 71 77 83 89 93 98 101 104 
50 71 77 85 90 95 100 103 106 

Table 4.   Capacities of Certain Diameter Nozzles 

Nozzle size in inches 

Pressure 3/32 1/8 9/64 5/32 11/64 3/16 13/64 7/32 

p.s.i. gpm gpm gpm gpm gpm gpm gpm gpm 
35 1.5 2.7 3.40 4.16 5.02 5.97 7.08 8.26 
40 1.6 2.9 3.63 4.45 5.37 6.41 7.60 8.87 
45 1.7 3.2 3.84 4.72 5.70 6.81 8.07 9.41 
50 1.8 3.1 4.04 4.98 6.01 7.18 8.49 9.88 
55 1.9 3.3 4.22 5.22 6.30 7.51 8.87 10.3 



Pressure 

Adequate pressure is necessary to produce the 
desirable distribution of water within the pattern 
and to break up the water into fine droplets, thus 
minimizing their effects on soil compaction and 
physical damage to crops. Too much pressure, on 
the other hand, will result in poor distribution 
and excessive drift. 

General recommendations are as follows: 

Nozzle Diameter Pressure Range 
In Inches Recommended 

3/32 to 3/16 35 to 50 p.s.i 
3/16 to 1/4 45 to 60 p.s.i 
1/4 to 3/8  50 to 70 p.s.i 

Single-nozzle sprinklers generally require 
about 5 pounds per square inch more pressure 
than two-nozzle sprinklers. 

If desired pressures cannot be obtained by 
regulating "T" valves, pressure regulators may 
be needed. 

The following are common causes of low pres- 
sure: 

1. Adequate pressure not provided in original 
design. (This will require complete re- 
analysis of the system.) 

2. Worn nozzles. (This can be checked with 
the shank end of an equivalent size drill 
bit. If the shank fits loosely, the nozzle 
is worn and should be replaced. If this is 
checked during operation of the sprinklers. 

the amount of wear can be determined by 
the quantity of water escaping around the 
drill bit.) 

3. Worn pump. (See page 9.) 

4. Too many sprinklers on the lateral. (See 
page 7.) 

5. Sprinklers added or system enlarged with- 
out consideration of the hydraulics of the 
system. (This may require larger pipe, 
smaller sprinklers, a new pump, or simply 
a  different  procedure   of  equipment  use.) 

6. Laterals concentrated farther out on the 
mainline than specified in original design. 
(This may be corrected by changing opera- 
tion procedures or redesigning the system.) 

7. Elevation change in lateral. (Pressure dif- 
ferences in laterals should not exceed 20 
percent of the highest pressure. It is de- 
sirable to have the laterals approximately 
level. See page 7.) 

8. Too much suction head. (Normally the dis- 
tance from the water surface to a centrifu- 
gal pump should not exceed 15 feet.) 

9. Plugged suction inlet. (Designs for intake 
screen are available from county Extension 
offices.) 

10. Leaky couplers. (Gaskets may be cracked 
and need replacement or sand may be 
packed behind gaskets.) 

Leaky couplers reduce pressure and result in uneven irrigation. 
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When water runs off the area being sprinkled 
causing dry spots or ponds in low spots, the ap- 
plication rate is too high. High application rates 
can cause soil sealing and compaction, thus 
further reducing the intake rate of the soil. Most 
soils have intake rates of the following magnitude: 

Coarse sandy soils 7 to 1.5 in. per hour 

Medium textured soils 2 to .5 in. per hour 

Fine textured soils .1 to .2 in. per hour 

Rate of Application 
At proper application rates, no water should 

be standing on the field at the end of the set. 
Low application rates require more laterals 

and longer "sets" than do higher rates. Con- 
versely, when higher rates are used, laterals must 
be moved more often and fewer laterals are re- 
quired for irrigating a farm. 

When soil conditions or labor requirements 
are not determining factors, the total amount of 
water needed per irrigation and convenient length 
of set will fix the rate of application. 

Table 5.   Average Application Rates for Various Sprinkler Spacings and  Discharge 

Sprinkler 
spacing 

Gallons per minute each sprinkler 

20x20 
20x40 
30x30 
30x40 
30x50 
40x40 
40x50 
40x60 

In./hr. In./hr. In./hr. In./hr. In./hr. In./hr 
.48 .72 .96 1.20 1.44 1.92 
.24 .36 .48 .60 .72 .96 
.21 .32 .43 .54 .64 .86 
.16 .24 .32 .40 .48 .64 
.13 .19 .25 .32 .38 .51 
.12 .18 .24 .30 .36 .48 

.19 .24 .29 
.24 

.38 

.32 

1.20 
1.07 
.80 
.64 
.60 
.48 
.40 

For spacings not shown in the table: 
gals, per minute per sprinkler x 96.3 

lateral spacings in ft. x sprinkler spacings in ft. 
-in. per hour 

Water ponds when application rates are loo high. 
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When to Irrigate and How Much 
Crops under irrigation may suffer from lack of 

water due to any of the following reasons: 

1. Starting too late at the beginning of the ir- 
rigation season. 

2. Too many days between irrigations. 

3. Applying less water than the crop uses. 

4. Failing to irrigate the soil profile completely 
at any irrigation. 

5. Poor distribution of water from the sprin- 
kler. 

You will save labor, time, water, and pumping 
costs if you allow long intervals between irriga- 
tions; but you will not necessarily get the highest 
yields. As a general rule, use up to one-half of 
the available moisture at one-third root-zone depth 
in the crop row before irrigating again. Some 
small fruits and vegetables require irrigation at 
wetter moisture levels. Recommendations for 
specific crops are available from county Extension 
agents. Regardless of the basis for starting your 
irrigation, it must be early enough to allow you 
to get over the field before the soil at the last set 
gets too dry. Failure to start early enough may 
result in the irrigation program being "behind" 
all season, unless there is excess capacity built 
into the system. 

Enough water should be applied at each irriga- 
tion to bring the soil to field capacity the full 
depth of the ultimate rooting zone of the crop. 
Once the soil has been wetted to field capacity, 
the ideal amount of water to apply at each irriga- 
tion is that amount used by the crop since the last 
irrigation, plus that lost through evaporation and 
distribution during irrigation. Applying more 
water leaches plant nutrients and causes excessive 
power bills. Only when harmful salts are present, 
is it advisable to apply more water than the soil 
will hold. Applying less will leave dry areas be- 
low the plant roots, resulting in shallow root sys- 
tems. Plant roots will not grow into dry soil even 
to reach moist areas below. 

Light, frequent irrigations are ordinarily neces- 
sary on shallow or sandy soils. Although not 
usually necessary on heavier soils, they may not 
be harmful, unless certain diseases caused by 
higher humidities are present. 

Since most systems are designed to apply the 
proper amount of water during peak crop use, 
either the time between irrigations may be length- 
ened or the amount of water applied per irriga- 
tion may be reduced during the rest of the season. 

There are several methods of measuring irriga- 
tion needs. They include "feeling" the soil, and 
using instruments such as tensiometers, electrical 
resistance gypsum blocks, evapo-transpiration 
pans, and dendrometers. Your county Extension 
agent can help you select the method best suited 
to your use and specific crop needs. 

Irrigation timing is especially critical for vegetable crops. 
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General System Operation and Care 
Most systems are designed to have laterals lo- 

cated and moved in a specific pattern. Failure to 
follow this pattern can cause excessive pressure 
losses and poor distribution of water. If you are 
not sure how your laterals should be managed, 
ask the man who sold you the system or a person 
trained  in  sprinkler  design. 

Careless handling is costly and aluminum pipe 
is easily dented. Watch for rough handling by 
hired labor. 

Always maintain good operating pressure. 
When pressure gauges are not operating at the 
lateral takeoff elbow, a Pitot tube with a gauge 
can be used to determine pressure at the sprin- 
kler head. Place the tube in the nozzle stream, 
as shown in Figure 4, and read the gauge. Com- 
pare this reading with recommendations on page 
11. Pressure gauges installed in pipe lines last 
longer if a petcock is installed ahead of the gauge 
and opened only when readings are taken. 

Several lives have been lost by raising lateral 
lines vertically and coming in contact with power 
lines. Check clearance before raising aluminum 
Pipe- 

Offset the lateral at alternate irrigations to 
prevent dry spots from wind drift. You can use 
a "swing" pipe to position the laterals midway 
between the valve locations, as shown in Figure 5. 

FIGURE 4.     Pressure at sprinklers can be checked when 
they are in operation by inserting a Pitot tube into the 
stream spraying from the nozzle. Read the highest pres- 

sure indicated. 

^ 
#/ 

Swing Pipe 

Valve- 
FIGURE 5.  Irrigation offsets prevent dry strips. 

Motors run cooler if they are shaded. Avoid 
small enclosures; just a roof is sufficient. 

Plan lateral rotation to save labor in moving 
and hauling. Sets of 8, 12, and 24 hours are fre- 
quently designed into systems to fit the available 
labor supply. To avoid moving pipe at night when 
three sets per day are scheduled, some operators 
follow a 7-10-7 hour sequence with the long set at 
night. This will result in uneven applications, but 
varying the location of the long set during subse- 
quent irrigations will help. 

Check for corrosion. If it appears, seek help 
and information. There are remedies. 

A 4 by 3 inch piece of window screen in a 
frame attached to a riser can be used as a barrier 
to keep roads dry and get desired overlap at the 
end of a lateral line. A part circle sprinkler with 
one-half capacity at the end of the line can be 
used if lateral lines extend to the field edge. 

15 



Power Costs 
If your power costs seem excessively high, in 

comparison with your neighbors', you should 
check with the power-use consultant from your 
power company for a breakdown of charges. Power 
companies have different rate schedules in dif- 
ferent areas. There may be ways that you can man- 
age your system differently to make substantial 
savings. Some power companies provide a service 
of complete sprinkler-system evaluation when 
problems exist. 

Things that can cause higher-than-average 
power costs include: 

1. Small acreage, usually the lower the acreage 
the higher the per acre cost. 

2. Higher lifts than normal which require more 
horsepower. 

3. A system designed with excess capacity so 
that it operates only part of the time. A 
system used as continuously as possible, 
without over-irrigating, takes advantage of 
the lower cost increments of the power rate 
schedules and is more economical from the 
power standpoint. 

4. Pipe sizes too small. This requires extra 
power to overcome friction. 

5. More water pumped than crops actually 
need. A study of crops grown in the Co- 
lumbia Basin Project under sprinklers in 
1959 showed 1.62 times the amount actually 
needed by the crops was pumped. Proper 
irrigation frequencies and applications 
could reduce pumping costs materially. 

Small systems utilizing farmstead transformers use power costing less per kilowatt hour. 
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A Large  sprinklers require higher pressure and increase  power costs. T Gravity systems  require 100 or more feet  of elevation for pressure. 
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Winter Maintenance 
Without good maintenance you cannot expect 

your equipment to last or operate satisfactorily. 
The   following   are   some   suggestions: 

Store aluminum pipe off the ground and away 
from birds and animals to protect it from chemical 
and physical damage. Inspect coupler gaskets and 
store them in water. Replace those with hard or 
cracked edges. Clean gasket seats. Repair bends 
and leaks. 

Inspect sprinkler heads. Repair or replace those 
with bent parts, weak springs, or those that do 
not rotate properly. A sprinkler should rotate one 
to two turns per minute. Many times replacement 
of the washer and smoothing the1 washer seat will 
correct rotation problems. Inspect nozzles for 
enlargement. The size of the nozzle is stamped on 
it. Use the shank end of a drill bit to check the 
wear by inserting it into the nozzle. 

Check horizontal centrifugal pumps. Remove 
suction cover and check wear at the impeller eye 
and wearing ring. Replace and repair if the clear- 

ance is greater than recommended by the manu- 
facturer. If leakage through the packing gland has 
been excessive, remove the gland and packing. 
Check wear on the shaft sleeve. If worn or grooved, 
it should be replaced. In reassembling, always use 
new packing. 

Turbine pumps. Have thrust bearing checked 
once a year. This should be done by a service man. 
Following a long shutdown, start oil dripping 
in oil-lubricated, deep-well turbines a week before 
starting. 

Electric motors. Check resistance of insulation 
(meg-ohm check) in large motors annually. A 
change in resistance readings from year to year 
will provide a guide to baking and revarnishing 
schedules. Store small motors in a dry place. 
Check contacts on starting switch and main switch 
for burning. When starting in the spring, be sure 
rotation is right. In areas of high winter humidity, 
480-volt motors should be thoroughly dried before 
being hooked up. This can be done by heating 
or by an electrical short circuit. The latter should 
be done only by a qualified service man. 

Solid sets reduce labor. Pipe is put out in the spring and is   not  handled  again  until  it  is disassembled  in  the fall. 
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Labor-saving Suggestions 

I f your labor requirements seem high, check your system to see 
if you can use any of the following labor-saving features: 

1. Laterals equipped with center risers to make moving 
easier. 

2. A rotation for laterals to minimize long hauls. 

3. Self-drainage valves to speed moving. 

4. Standardization in design to allow interchangeability of 
parts and enough equipment to allow flexibility of opera- 
tion. 

5. Extra laterals to allow the soil to drain before moving the 
pipe and to allow moving at the operator's convenience. 

6. A small stream running in the lateral while it is being 
assembled, to keep the line free of trash. 

7. A time clock to turn the system off automatically to allow 
the soil to drain before laterals are moved. 

8. A pipe trailer or carrier for long hauls. 

9. Grain guards to prevent "jamming" of sprinklers by grain. 

10. Weed screens to clean water and prevent nozzle clogging. 
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Extension Serves Every Family 

See your Extension agent for 
information and assistance on 

Forestry •  Farm Crops • Marketing • Home Gardens 
Plant and Animal Disease Control   •   Weed Control 

Insect Control   •   Public Affairs   •   Consumer Guides 
Home Management and Family Life   •   4-H Clubs 
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(.'ooperativc Extension work in Ayritnlturf and Home 
Economics, F. E. Price, Director, Oregon State Univer- 
sity and the United States Department of Agriculture 
cooperating. Printed and distributed in furtherance of 
the Acts of May S and June .?0,  1914. 8M36S 

Published and distributed in furtherance of the Ads of 
May S and June 30, 1914, by the Washington State 
University Extension Service, C. A. Svinth, Director, 
and   the   U.   S.   Department  of  Agriculture,  cooperating. 
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