
Lesson C3–2

Installing and Maintaining

Irrigation Systems

Unit C. Nursery, Landscaping, and Gardening

Problem Area 3. Landscape Installation

Lesson 2. Installing and Maintaining Irrigation Systems

New Mexico Content Standard:

Pathway Strand: Power, Structural and Technical Systems

Standard: VIII: Plan, implement, manage, and/or provide support services to facility

design and construction; equipment design, manufacture, repair, and service; and agri-

cultural technology.

Benchmark: VIII-B: Follow architectural and mechanical plans to construct building and

facilities.

Performance Standard: 1. Identify and select appropriate building materials. 2. Install

plumbing equipment and fixtures. 4. Install electrical wiring components and fixtures.

Student Learning Objectives. Instruction in this lesson should result in students

achieving the following objectives:

1. Obtain site information and determine irrigation requirements.

2. Determine water capacity and pressure.

3. Select sprinklers and establish spacing ranges.

4. Establish sprinkler circuits and install valves.

5. Locate controllers and size wiring.

6. Prepare the final irrigation plan.

New Mexico Horticulture Lesson Plan Library

Unit C. Problem Area 3. Lesson 2. Page 1.



List of Resources. The following resources may be useful in teaching this lesson:

Recommended Resources. One of the following resources should be selected to accompany the

lesson:

Biondo, Ronald J. and Charles B. Schroeder. Introduction to Landscaping: Design,
Construction, and Maintenance, Second Edition. Danville, Illinois: Interstate

Publishers, Inc., 2003.

Ingels, Jack E. Landscaping: Principles and Practices, Fifth Edition. Albany, New

York: Delmar Publishers, 1997.

Other Resources. The following resources will be useful to students and teachers:

Pierceall, Gregory M. An Illustrated Guide to Landscape Design, Construction, and
Management. Danville, Illinois: Interstate Publishers, Inc., 1998.

List of Equipment, Tools, Supplies, and Facilities

Writing surface

Overhead projector

Transparencies from attached masters

Copies of student lab sheet

Terms. The following terms are presented in this lesson (shown in bold italics):

Backflow prevention device

Evapotranspiration (ET)

Irrigation

Irrigation controllers

Precipitation rate

Sprinkler irrigation

Static water pressure

Station

Trickle irrigation

Working water pressure

Interest Approach. Use an interest approach that will prepare the students for the les-

son. Teachers often develop approaches for their unique class and student situations. A possible

approach is included here.

Ask students if they have seen professional sprinkler systems in home or commercial landscapes. Some stu-
dents may have seen them in use, as well as noticing their placement. Discuss these examples and how they
can both simplify the maintenance of the landscape as well as optimize the growth and health of plants.
Are all irrigation systems going to be the same? Will they have similar properties? Using a writing surface,
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record student responses. Have students generate a list of problems that will need to be solved in order to
design and install a good irrigation system.

Summary of Content and Teaching Strategies

Objective 1: Obtain site information and determine irrigation requirements.

Anticipated Problem: How can students read the site plan and interpret it to determine the irri-

gation requirements of the landscape?

I. The local climate is the main factor which influences the water needs of an installation pro-

ject. Plants are constantly using water to run their life processes; without it, they will not

survive.

A. Evapotranspiration (ET) is the loss of water from plant tissue, the soil, and the soil sur-

face. The ET rate is affected by relative humidity, solar radiation, day length, air temper-

ature, and even wind velocity. Plants will use more water on a dry, sunny, windy day

than they will on an overcast day with little wind.

B. Irrigation is the supplying of water to land through artificial means. Most irrigation wa-

ter is clean enough for humans to drink. However, in some parts of the country, waste

water is used for irrigation purposes in order to conserve potable water. Students need to

be aware of local codes regarding water usage.

C. Using an automated irrigation system allows the property owner to apply water in the

most economical fashion.

1. Being aware of the local weather conditions, soil type, and prevailing winds will allow

for the proper design and timing of an irrigation system. Most projects will need more

than one operational schedule to meet the needs of the different areas based on their

soil, exposure to the elements, and plant types.

2. Using a site plan allows the landscaper to recognize the types of plants in the land-

scape. The landscaper is then able to research the water needs of the various plants

in the design. Once determined, the proper placement of sprinkler heads as well as

the flow rate of water can be calculated. Lawns and flowers need more frequent wa-

tering than trees and groundcovers do. Mulched ornamentals and trees need less wa-

ter than non-mulched plantings.

3. Automated irrigation systems save water because they apply only the amount of wa-

ter that can be absorbed, creating less runoff. This can save thousands of dollars in

water costs as well as protecting the environment by reducing pesticide or fertilizer

laden water from entering waterways and sewers.

4. If water soluble, both pesticides and fertilizers can be applied via the irrigation sys-

tem, facilitating application.
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Use the notes to outline the various points important for developing an irrigation plan that will meet the
needs of the project. Have students read a sample landscape plan and determine some of the basic water
needs of the plants shown. Ask them to describe some of the benefits of a good irrigation plan.

Objective 2: Determine water capacity and pressure.

Anticipated Problem: How is the water capacity and pressure of a project determined?

II. The irrigation designer needs to know the flow in gallons per minute (gpm) available to the

system and the working pressure (psi) at the point-of-connection.

A. Static water pressure refers to the psi in a closed system with no water moving. The

static pressure can be determined by using a direct pressure gauge reading or by obtain-

ing a reading from the water company. Most sprinkler heads need 3 gpm to operate.

B. Working water pressure (or dynamic water pressure) is psi at any given point in a system

as a given amount of water moves past. Water pressure is affected by the influence of

gravity, the friction of the inside of the pipes, the length of the pipe, grade changes in el-

evation, and the number of sprinkler heads on the line.

C. Three calculations should be made and the most restrictive value should be used as flow

for the irrigation system. The pressure loss through a water meter should not exceed 10

percent of the minimum static pressure on the main side. The maximum flow through

the meter for irrigation should not exceed 75 percent of the maximum safe flow of the

meter. A water meter flow chart will be needed for these calculations. The velocity of

flow should not exceed 5 to 7½ feet per second. A loss chart for the type and size of pip-

ing will be needed for this calculation.

Call on students to contrast static water pressure versus working water pressure. LS: C3–2A will be help-
ful in reinforcing the objective’s content.

Objective 3: Select sprinklers and establish spacing ranges.

Anticipated Problem: How can students select and locate sprinkler heads for maximum benefit

and coverage?

III. Irrigation water falls across the landscape in a pattern determined by the sprinkler heads.

There are two main categories of irrigation: sprinkler irrigation and trickle irrigation.

A. Sprinkler irrigation is when sprayheads or rotating sprinklers are used to water plants.

The size and shape of the areas to be irrigated and the types of plant material determines

what type of sprinkler head will be used. Available water pressure and flow, soil type, and

sprinkler grouping are other limiting factors. The goal is to use the smallest number of

sprinklers possible, to keep costs down.

1. Sprayhead sprinklers generally emit single or double sheets or fans of water in a fixed

pattern. Types include shrub sprayheads (with a flat or low trajectory), pop-up

sprayheads, and surface sprayheads. Sprayheads are effective in watering smaller ar-
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eas or for targeting specific plantings. They have a relatively short spray range, usu-

ally 14 feet or less.

2. Rotating sprinklers are generally pop-up in style when installed professionally. They

can have a single or pair of nozzles that rise and revolve to distribute water. Some

impact drive rotary heads can throw water as far as 110 feet. In a large, open lawn

area, rotary pop-ups can irrigate vast areas with substantially fewer heads than if

sprayheads were used. However higher operating water pressure is needed for rotat-

ing heads.

B. Trickle irrigation is when bubblers, emitters, or drip irrigation devices are used to water

plants. They are typically used where water conservation is an issue. Trickle irrigation

devices have very short, very precise water placement. They produce short throw, zero

radius, or ultra-low volume water distribution.

C. Once the equipment is selected, proper spacing is the next step. There are three major

types of sprinkler spacing patterns and various adaptations for special situations.

1. A triangular pattern is generally used where the area to be irrigated has irregular

boundaries or borders that are open to overspray or do not require part-circle heads.

2. A square pattern is used when the landscape area has equal sides running between

four sprinkler head locations or when irrigating areas that are square or have borders

at 90 degrees to each other.

3. The rectangular pattern is used to fit in areas with defined straight boundaries and

corners.

D. The precipitation rate is the amount of water delivered to the landscape (usually ex-

pressed in inches per hour). It needs to be calculated to determine if the rate will apply

enough water during operating times to fulfill the plants needs yet not exceed the soil’s

absorption rate. The average precipitation rate is expressed in inches per hour.

1. The formula used is: precipitation rate =
96.3 GPM

S L

�

�

96.3 is the constant which incorporates the inches per square foot per hour, gpm is

the total gallons per minute applied to an area by the sprinklers, S is the spacing in

feet between sprinklers, and L is the spacing in feet between rows of sprinklers. S and

L can be replaced by the area (in square feet) of the landscape bed.

Use TM: C3–2A, TM: C3–2B, TM: C3–2C to illustrate the various types of sprinkler heads and the
traditional patterns used for water coverage. Give students the practice problems in LS: C3–2A to work
on alone or in small groups. It can be particularly effective to compare on an overhead projector how there
is more than one possible solution to watering a site, yet usually one is the most suitable. Have students di-
vide into small groups to generate a list of possible pros and cons of sprinkler systems versus drip irrigation
systems. Generate a list on a writing surface for the entire class then open it up for discussion.
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Objective 4: Establish sprinkler circuits and install valves.

Anticipated Problem: How are sprinkler circuits set-up and the required valves placed for an in-

stallation project?

IV. Sprinkler circuits are established by adding the gallons per minute (gpm) of similar heads in

each area. Each circuit (called a valve group) cannot exceed the system flow limit or the

determined water capacity and pressure, otherwise the system will not operate properly.

A. Valves need to be located as well as mainlines and lateral lines of irrigation piping.

Valves should be easily accessible for operation and service yet they should be placed so

that they do not interfere with the normal traffic patterns. Ideally, they will be located

near the center of a sprinkler group to balance the flow and size of lateral pipes. If they

are in a highly visible location, they can be hidden by placing them in underground valve

boxes. When circuiting sprinklers, valves and mainlines should be kept in mind for

proper lateral line placement.

B. The mainline pipe is heavier in construction, has constant water pressure, and supplies

water to the valve. Lateral pipe is smaller, has changing pressure, and supplies water

from the valve to the sprinkler. It is important that the flow through the valve does not

produce more than a 10% loss of static water pressure, or the sprinklers might not work

effectively. The valve should ideally be the same size as the largest pipe in the lateral line

it services.

C. In most areas of the country, potable water is used for irrigation purposes. In order to

protect the drinking water supply, a backflow prevention device should be installed. A

backflow prevention device prevents contamination of drinking water by not allowing

the irrigation water to flow backward into the water supply. In many areas, this is re-

quired by law.

D. Pipe needs to be sized in order to handle the needs of the watering system. In order to se-

lect suitable pipe for the system, the designer should know the amount of water de-

manded by the sprinkler heads which are downstream from each section of pipe. Pipe

that is closer to the valve (upstream) must be larger than pipe downstream because it is

carrying more water. Water flow and irrigation pipe size can be determined using a sim-

ple chart.

Students can analyze a problem on the overhead and discuss the best placement for the valves and
backflow prevention device in an irrigation system. First show the students how to calculate the size of pipe
needed for a lateral line, then for an entire irrigation system. Using TM: C3–2D will help simplify this for
students.
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Objective 5: Locate controllers and size wiring.

Anticipated Problem: How are controllers effectively placed and suitable wiring sizes chosen?

V. Irrigation controllers are the electrical devices used to regulate and control the sprinkler sys-

tem. They typically work off a day-of-the-week device which controls on which days water

will be applied as well as a twenty-four-hour clock which regulates the time of day the sprin-

klers operate. Sometimes a station clock will be used to control the time each valve group is

turned on.

A. When multiple controllers are used, they should be placed in groups whenever possible

to aid in ease of programming. Additionally, a GFCI should be used on the 120 volt elec-

trical circuit providing power to the controller.

B. A station is a single electric switch in an irrigation controller. It runs a solenoid valve on

or off, controlling the flow of water to a single sprinkler circuit. Small controllers used in

residential systems may have four to six separate stations. Between the controller and

the solenoid valve, a network of valve low voltage control wires exists. Each valve is

hooked up with two wires, a power wire and a ground. It is important that wiring is prop-

erly sized.

Have students discuss the importance of controllers in running an efficient irrigation plan. Ask them why
it is important that the wiring is installed properly (what are the consequences if it is done wrong?).

Objective 6: Prepare the final irrigation plan.

Anticipated Problem: How can students present the final irrigation plan?

VI. The final irrigation plan is a diagram representing what the irrigation system should look like

after installation. It will be used by the irrigation contractor as the system is installed.

A. The final irrigation plan should be drawn to scale with detailed explanations, with a leg-

end explaining the symbols, and with any major elevation changes noted. It also needs to

show all water and utility locations.

Question students on what might be the advantage to having a final landscape plan (being sure of ade-
quate coverage, ensuring the system will have adequate pressure, noting special requirements for the site,
etc.).

Review/Summary. Using an irrigation system can improve the health and viability of a

landscape installation. A well-designed system simplifies maintenance for the property owner. A

properly designed and installed system can significantly reduce maintenance costs since it saves

water by reducing runoff and waste. An additional benefit is that it can help protect wetlands and

other sensitive natural areas. Using a formal irrigation plan insures a complete and properly func-

tioning irrigation system.
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Use the student learning objectives to summarize the lesson. Have students explain the content

associated with each objective. Student responses can be used in determining which objectives

need to be reviewed or taught from a different angle. Questions at the end of each chapter or in

the ancillary materials of the recommended texts may also be useful in the review/summary.

Application. Application can involve the following student activity using the attached lab

sheet.

LS: C3–2A: How to Calculate the Proper Amount of Time Needed for a Landscape Bed

to Be Irrigated

Evaluation. Evaluation should focus on student achievement of the objectives for the les-

son. Various techniques can be used, such as student performance on the application activities. A

sample written test is attached.

Answers to Sample Test:

Part One: Matching

1=b, 2=c, 3=f, 4=h, 5=e, 6=a, 7=d, 8=g

Part Two: Completion

1. climate

2. moving/flowing

3. 14

4. Rotating head/rotary head or rotary pop-up

5. a. 0.75 inch

b. 0.50 inch

c. 2.00 inches

d. 1.25 inches

Part Three: Short Answer

1. •provides water which is essential for plant growth

•supplements and furnishes adequate water on a regular basis

•can save a large amount of water

•can save money in maintenance of landscape

•is more environmentally sound

•produces less water runoff

•reduces waste

•is convenient and easy for property owner

•can be used to administer pesticides and fertilizers
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Sample Test Name_____________________________________

Test

Lesson C3–2: Installing and Maintaining

Irrigation Systems

Part One: Matching

Instructions. Match the term with the correct response. Write the letter of the term by the defini-
tion.

a. backflow prevention device b. evapotranspiration c. irrigation

d. irrigation controller e. precipitation rate f. sprinkler irrigation

g. station h. trickle irrigation

_______ 1. The loss of water from plant tissue, the soil, and the soil surface.

_______ 2. The supplying of water to land through artificial means.

_______ 3. When sprayheads or rotating sprinklers are used to water plants.

_______ 4. When bubblers, emitters or drip irrigation devices are used to water plants.

_______ 5. The amount of water delivered to the landscape (usually expressed in inches per

hour).

_______ 6. Prevents contamination of drinking water by not allowing the irrigation water to

flow backward into the water supply.

_______ 7. The electrical device used to regulate and control the sprinkler system.

_______ 8. A single electric switch in an irrigation controller.

Part Two: Completion

Instructions. Provide the word or words to complete the following statements.

1. The main factor which influences the water needs of an installation project is the

______________.

2. Static water pressure differs from working water pressure (or dynamic water pressure) in that

the water is not______________________ when it is measured.

3. Sprayheads have their limitations in the landscape since they can only throw water

about__________________ feet.
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4. ____________________ sprinklers are a better choice for lawns or other areas which need a

large area covered by only a few sprinklers.

5. Using the following chart, what pipe size should you use for carrying:

Water Flow and Proper Pipe Size

If the pipe must carry Select a pipe size of

1–6 gallons per minute 0.50 inch

7–10 gpm 0.75 inch

11–16 gpm 1.00 inch

17–26 gpm 1.25 inches

27–35 gpm 1.50 inches

36–55 gpm 2.00 inches

a. 7 gallons of water per minute?

b. 3 gallons of water per minute?

c. 42 gallons of water per minute?

d. 25 gallons of water per minute?

Part Three: Short Answer

Instructions. Provide information to answer the following questions.

1. What are some of the advantages to using a properly installed, automated irrigation system?

a.

b.

c.
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TM: C3–2A

TYPES OF SPRAYHEAD AND

ROTATING SPRINKLERS
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TM: C3–2B

COMMON PATTERNS OF

SPRINKLER HEADS
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TM: C3–2C

SPRAY PATTERNS OF

SPRINKLER SYSTEMS
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TM: C3–2D

WATER FLOW AND

IRRIGATION PIPE SIZE

Water Flow and Proper Pipe Size

If the pipe must carry Select a pipe size of

1–6 gallons per minute 0.50 inch
7–10 gpm 0.75 inch
11–16 gpm 1.00 inch
17–26 gpm 1.25 inches
27–35 gpm 1.50 inches
36–55 gpm 2.00 inches
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LS: C3–2A Name_____________________________________

Lab Sheet

How to Calculate the Proper Amount of Time

Needed for a Landscape Bed to Be Irrigated

Practice Problems:

1. What is the formula used to determine the precipitation rate? This determines the rate at

which water is delivered to the plants from the sprinkler system.

_________ × GPM

precipitation rate = __________×_________

Determine the precipitation rate (PRESIDENT) needed for a flower bed. You will need to

convert gallons per minute to inches per hour in order to calculate the needed amount of

minutes of watering per week. Sounds complex? It isn’t if you follow the steps carefully.

Step 1:

a. Calculate the total gpm of the system by totaling the gpm of all the sprinkler heads in the

landscape bed.

b. Determine the square footage of the area of the landscape bed.

c. Using the constant of 96.3, insert your data into the PRESIDENT formula from problem

#1 of this sheet.

Step 2:

a. Convert the PRESIDENT from inches of water applied per hour to inches per minute

using the formula below:

PRESIDENT

60 minutes = inches of water per minute

Step 3:

Determine how long the sprinklers must run to satisfy the plants’ weekly water needs in the

flower bed.

a. Learn the water needs of the plants or plant types.

b. Divide the plant’s weekly water needs by inches of water per minute (the answer from

Step 2 above).
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Here’s an example for you to follow—

Step 1:

a. You have 5 sprinkler heads which together use 3 gallons of water per minute.

b. The bed is 8 feet deep by 20 feet long giving it a square footage of 160 square feet. (8 ×

20 = 160)

c. Plug numbers into the formula from step 1—

PRESIDENT = 3 gpm 96.3

160 sq. feet

�

PRESIDENT = 1.8 inches per hour

Step 2: Convert the PRESIDENT from inches of water per hour to inches of water per min-
ute by plugging into the formula from step 2—

inches per min. = 1.8 inches per hour

60 minutes

inches per min. = 0.03

Step 3: The flowers in your landscape bed need 1.5 to 2 inches of water per week.

a. Divide the plants weekly water needs by inches of water per minute.

amt of time needed = 1.5 inches of water per min. (needed)

each week to water flowers 0.003 inches per minute (delivered by system)

= 50 minutes of operation

In this example, for the flowers to get the minimum proper amount of irrigation a week,

the sprinkler system will need to operate for 50 minutes each week.

1. Using the system demonstrated, solve the problems given on the next page.

The Chart below will help to estimate plant water needs.

Plant Water Needs

Plant Type Water Needs

Flowers 1.5–2.0 inches/week

Trees and Shrubs 1.0–1.5 inches/week

Groundcovers 0.5–1.0 inches/week

Turfgrass 1.5–2.0 inches/week
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2. The system uses 5.2 gpm. The flower border is 25 feet deep by 120 feet long. How many min-

utes a week will the irrigation system need to operate?

3. The system uses 7.3 gpm. The lawn is irregularly shaped but has a square footage of 1,500

square feet. How many minutes a week will the irrigation system need to operate?
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