DOCUMENT RESUME

ED 298 340 CE 050 929

TITLE Irrigation Systems. Student's Guide.

INSTITUTION Amarillo Coll., Tex.

SPONS AGENCY Texas Higher Education Coordinating Board, Austin.

PUB DATE Jun 88

NOTE 334p.; For a related instructor's guide, see CE 050
928.

PUB TYPE Guides - Classroom Use - Materials (For Learner)
\051) -- Tests/Evaluation Instruments (160)

EDRS PRICE MF01/PCl4 Plus Postage.

DESCRIPTORS ¥Agricultural Education; Design; Equipment
Utilization; Fluid Mechanics; Hydraulics;
Landscaping; ¥Ornamental Horticulture Occupations;
Postsecondary Education; XSite Development; XTurf
Management; Vocational Education; *Water

IDENTIFIERS XIrrigation, XIrrigation Systems; Texas

ABSTRACT

This guide is intended for use by individuals
preparing for a career in commercial and residential irrigation. The
materials included are geared toward students who have had some
experience in the irrigation business; they are intended to be
presented in 10 six-hour sessions. The first two sections deal with
using this guide and preparing for the licensed irrigator's exam. The
following topics are covered in the individual lessons: irrigation
then and now; procedures for controlling water flow (water meters and
cross connections, valves, controllers and electrical wiring);
methods of controlling rvater placement (piping and sprinkler types
and nozzles); layout and design (design basics, basics of hydraulics,
and procadures for developing a desion and checking it
mathematically); drip irrigation; and irrigation considerations. Each
lesson inciudes an overview, definition(s), instructional text, and a
subject review exercise. Drawing and laboratory exercises are also
provided. Appendixes contain the text of Texas's Licensed Irrigators
Act and Permanent Rules for Irrigators, examples of local codes,
common terminology of the turf irrigation industry, and an index.
(MN)

b3 333332333333 33.3.333333333323233333333333333353 3333333333311 113132532 1
E Reproductions supplied by EDRS are the best that can be made E

* from the original document. 3
AN NI I N KKK KR KHK AKX K I I XX XK NN EX KKK XXX XHR XN XXX RN XX XXX XXXN




£D 298340

™
N
V-
n
Ny
N

IRRIGATION SYSTEMS

U'S, DEPARTMENT OF EDUCATION
Otixce of E R ang

/?JCM’IO NAL RESOURCES INFORMATION

CENTER (ERIC)

This document has been reproduced as
recewved from the person or orgamzation
ongmnatng it

© Minor changes have been made 10 improve
reproduction quality

® Points of view or opinions stated in this docu-
ment do not necessanly represent officral
OERI posior. or policy

Student’s Guide

AMARILLO COLLEGE

Amarillo, Texas

"PERMISSION TO REPRODUCE THIS
MATERIAL HAS BEEN GRANTED BY

TO THE EDUCATIONAL RESOURCES
INFORMATION CENTER (ERIC).”

THIS PROJECT WAS FUNDED BY THE TEXAS HIGHER
EDUCATION COORDINATING BOARD THROUGH A

GRANT UTILIZING FUNDS FROM THE CARL D. PERK-
INS VOCATIONAL EDUCATION ACT.

Project Number 88103014
Project Year 1988

This material is public domain and may be reproduced for
educational purposes.

BEST COPY AV AILABLE




June 1988

Printed in the United States of America




VRN

Irrigation Systems

Design and Installation

s,




Acknowledgements

Amarillo College expresses deep gratitude to the following individuals and
companies for contributing to the deveiopment of the Irrigation Systems curriculum.
The project would not have been possible without their donations of time and
knowledge.

Special thanks go to the manufacturers and suppliers who furnished products and
technical literature for the testing phase of the curriculum.

Coordinators

Mr. Mike Roark, Program Consultant
Texas Higher Education Coordinating Board

Dr. Wallace Johnston, Project Coordinator Licensed Irrigator 3488
Mr. Glenn Branch, Project Coordinator Licensed Irrigator 3582
Mr. Tim Meiers, Documentation Specialist Licensed Installer 379

Content Reviewers

Mr. Tom Gandy, President Watersmith, Inc. L.I. 3020
Mr. Gerald Giese, Vice President Watersmith, Inc. LI 3021
Mr. Reagan Giese, Area Manager Watersmith, Inc. LI 3188
Mr. Kurt Hall, President DnK Enterprises, Inc.  L.I. 3191
Mr. Scott Jordan, Area Manager Watersmith, Inc. LI 3563
Mr. Autie McVicker, Treasurer Watersmith, Inc. L.I. 3039
Mr. Leon Orick, Grounds Supervisor High Plains LI 2191
Member of Board of Directors, Baptist Hospital
Region I, Texas Turf Grass Association
Mr. Ted Seyfert, General Manager Waterscape, Inc. L.1. 3306




Manufacturers/Suppliers Who Furnished Items for the Testing Phase

Febco
Crawford Terry, Inc.
Manufacturers Representative
10574 King William Drive
Dalias, TX 75220
Thanks to Mr. Gary High

GardenAmerica Corporation (Richdel/Irri-Trol)
4757 West Park Blvd. Suite 106 #404
Plano, TX 75075
Thanks to Mr. Claude Whitehead

Hardie Irrigation
Watersmith, Inc.
10909 Sanden #700
Dallas, TX 75238
Thanks to Mr. Autie McVicker

Hunter Industries
1940 Diamond St.
San Marcos, CA 92069
Thanks to the Customer Services Department

I.P.S. Industrial Polychemical Service
17109 South Main
P.O. Box 379
Gardena, CA 90248
Thanks to Mr. Bill Godwin

Pepco
4055 West Shaw Avenue Suite 104
Fresno, CA 93722
Thanks to Mr. Charles Shaheen

Rain Bird
145 North Grand Avenue
Glendora, CA 91740
Thanks to Mr. Dan Pope

RainJet
Watersmith, Inc.
10909 Sanden #700
Dallas, TX 75238
Thanks to Mr. Tom Gandy




Texas Agricultural Extension Service
Texas AAM University Sysiem
College Station, TX
Thanks to Mr. Stacy Reese

Texas Water Development Board
P.O. Box 13231
Capitol Station
Austin, TX 78711-3231
Thanks to Mr. Jim Fries

Toro
Goldwaith’s
Master Distributor
1501 ™ sch
Fort Worth, TX 76107
Thanks to Mr. David Pitts

Watts Regulator Company
P.O. Box 628
Lawrence, MA 01842
Thanks to the Customer Services Department

Weather-matic (Telsco Industries)
P.O. Box 18205
Dallas, TX 75218
Thanks to Mr. Steve McCarter

iii




Colleges Participating in the Testing Phase

Amarilio College
P.O. Box 447
Amarillo, TX 79178
Dean: Dr. Wallace Johnston
Instructor: Mr. Leon Orick

Austin Community College

P.O. Box 2285

Austin, TX 78768

Dean: Ms. Ruth Ann Wilson
Instructor: Mr. Reagan Giese

Eastfield College (DCCCD)
3737 Motley Drive
Mesquite, TX 75150
Dean: Dr. Lu McClelien
Ms. Carolyn Stock, Director,
Adult Vocational Education

Instructor: Mr. Tom Gandy
Kilgore College

Kilgore, TX 75662

Dean: Dr. Gerald Pinson

Instructor: Mr. Gerald Giese

North Harris Community College
233 Benmar Drive
Houston, TX 77060
Dean: Dr. Kenne Turner
Instructor: Mr. Kurt Hall

&y

iv




Videotape Interview: Texas Board of Irrigators - Historical Perspective

Mr. Henry V. Alford, former Board Member, T.B.I.

Mr. S. Dale Ousley, Board Chairtnan, T.B.I.

Mr. William C. Kleine, past President, Texas Turf Irrigation Association
Mr. Art Young, Interviewer




Steering Committee

Mr. John Baker
Executive Director
Texas Association of Private Industry Councils

Mr. Glenn Branch
Director of Center for Business and Industry
Amarillo College

Mr. Howard Coulter
past President
Texas Turf Irrigation Association

Mr. John A. Heidman
Board Member
Texas Board of Irrigators

Mr. H. Ray Johnson, Jr.
Chairman of Education Committee
Texas Turf Irrigation Association

Dr. Wallace Johnston
Dean of Continuing Education
Amarillo College

Dr. Lu McClellen
Dean of Career and Continuing Education
Eastfield College (DCCCD)

Mr. Autie McVicker
Adviser to the Technical Evaluation and Assistance Center
Amarillo College

Dr. Fay Murphy
Assistant Director of Program Development
Tarrant County Junior College

Mr. Mike Roark
Program Consultant
Texas Higher Education Coordinating Board

Dr. Kenne Turner

Dean of Occupational Technical Education
North Harris Community College

vi

A
<




Contents
Topic Section
USing This GUIde.....iiisiisninsnssmsssssssssssmssssessosensessnsessassossases 1
Preparing for the LI EXamM ..ucceenenensnseseonensesessssosesonss sose 2
Irrigation - Then and NOW ....ccnecnnnssiessonssssssssssssssssss 3
Controlling Water FIOW ........cuuiinmesssnnsssesssesnessssssessasesossassessaosss 4
Water Meters and Cross CONNECHION ....cveeueeeveesesseenensensesssssenee 4-1
VAIVES.......coeescssstsssssseese s snsses st ssssssassasessassssansssnees 4-11
Controllers and Electrical Wiring.........o.eueeesueeeseseseeesessssesnenee 4-25
Controlling Water Placement .. ..cussmcssennesssssssssnsnssessssssseses 5
PIDING oottt ssss s essssesss s s sasssassssssssans 5-1
Sprinkler Types and NOZZIES......uueereeeoeesessessesseseeeeseesseesennes 5-25
Layout and DeSiZN ...mmsenmcrsssersssesssssesmersssasessssssssssosssssssonss 6
DeESIgN BaSiCs....uvuirremrenereresseens s ssssssesssssssneesseeeseseessens 6-1
Basics Of HYArauliCs......ouummmrmrueerimesesessinsstosesmsssnsssssessessesmseesees 6-7
Design Phase 1: Drawing a Plot Plan .........ceeeceseceeeeseeseenne. 6-17
Design Phase 2: Laying Out the Heads.....oouuuunveuceeeeeerecrneennees 0-25
Design Phase 3: Sectioning the Heads ...o..oeuoeececerecnserneenneenn. 6-37
Design Phase 4: Checking Your Design Mathematically......... 0-41
Drip Irrigation.......c.... sestsnssasesesassorsrtsessssessensasessasasesesensastssstersrases 7
Irrigation Considerations...umsismscsssmssmsssssssssssensensessossssenses 8
ii




Topic Section

Labs and Exercises.. erossenessssnesnsnnsassnsstssasstarensasnssannsiaons 9
Laboratory EXErCiSe L.mmrnrrnisssssssssssssssssssssssesssesnse LE1-1
LAbOratory EXEICiSe 2..uumrrerereeuseesseessessssssessssssssssssssseseens LE2-1
Laboratory EXErCiSe 3....mmmreeesssesssesssesssessssssseens LE3-1
Laboratory EXerciSe 4......ummmmcereeseeensneersssssesssesssssssssseessens LE4.1
Drawing EXEICiSe 1 ...ummrmmeenceseerneeenesseesesesssssesssssessssssneeens DE1-1
Drawing EXEICISE 2  ...covueveeeeencescssseessssesessssssessestessessesssesees DE2-1
Drawing EXETCISE 3 ....covvovmrererureenneersessesssssenssssssssssssssssesssssense DE3-1
Drawing EXEICISE 4 .......vuueereeeueeecesnieesesssssssssssessessssesseesensesssses DE4 -1

Appendix . bestuearesenmsssssncrsren sonssensnsensnssssnesents 10
Appendix A TBI ACt. o ieceereserecsess e sens s sssssess s sessssssassanes A-1
Appendix B TBI RUIES .......cooeereeeeeescecesereeesssesesessssessesessens B-1
Appendix C Examples of Local CodeS ...unmmrererreereeceereneerenne C-1

GlOSSATY 1urirerrnreenrnrnsesanessssssnsesesssnsssssssnsssassssssssssesssssmsasasnssssnses 11

Index ceesttessrentesssnnsonessnnsonsesenennenssarnananse 12




1. Using This Guide

Overview

PurposeofthelIrrigation
Systems course

Purpose of this guide
and intended audience

How the course is struc-
tured

Irrigation Systcms - Student’s Guide

This section provides orientation information,
such ashew the course isstructu, ed, what materials
you need, and how to prepare ior the classroom.

Read this section completely before attempting to use
the rest of this Guide.

This course help« prepare a student for a career in
commercial and residential irrigation. Inthe proc-
ess, the course helps prepare a student to take the
licensing examinations given by the Texas Board of
Irrigators.

This guide contains a structured method for pre-
senting the design and iustallation of irrigation
sprinkler systems. This guide is not a textbook on
irrigation. systems. Rather, it allows you to learn
about irrigation technology, in a systematic man-
ner, in classroom and laboratory settings.

Thisguideisintended for the student who has some
work experience in the irrigation business.

The Irrigation Systems course is a 60 clock hour
course that includes 4 laboratory exercises and 4
drawing exercises.

To simplify explanations, this guide discusses the
course as if you will attend in 10, six-hour sessions.
The sessions will meet c.ice a week.




Textbook for the course

Student’s Guide

Sections in the Guide

1. Using This Guide

The textbook for the course is the ABC’s of Lawn
Sprinkler Systems prepared by the staff of Irrigation
Technical Services under the direction of A. C.
Sarsfield.

In addition to the 4BC’s, you may want to purchase
a copy of the Turf Irrigation Manual, The Complete
Guide to Turf and Landscape Sprinkler Systems, by
James A. Watkins. Thisbookis notrequired for the
course, but you may wish to add it to your own
collection of reference books.

The Student’s Guide supplements the course text-
book and helps round out the explanations of
certain subjects.

The Student’s Guide uses a two column format.
Theleft hand column contains descriptive informa-
tion about the paragraphs in theright hand column.
The descriptive information helps you move
quickly through the pages and pick out key ideas.

The lines of descriptive information are called
callouts.

Asyoucan see from thetable of contents, this guide
is divided into 12 sections.

All of the sections dealing with irrigation systems
are similarly organized. They present the material
in narrative form and usually conclude with a
subject review.

The subject reviews usually contain 24 questions: 8
fill in the blank, 8 true or false, and 8 multiple
choice.

Section 1 contains information to help you get
oriented and organized.

Irrigation Systems - Student’s Guide
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1. Using This Guide

Section 2 tells you how to prepare for the Licensed
Irrigators examination. The section contains
samples of the lypes of letters that you will receive
from the state, the type of instructions, and tips on
taking the examination.

Section 3 is a general introduction to irrigation.

Sections4 through § contain the heartof the subject
matter. The subjects are generally organized in a
from-the-meter-to-the-house approach. That is,
the discussion of irrigation systems begins at the
water meter and works its way toward the dwelling,

Section 8 is designed to be taught by persons other-
than the instructor, such as local code inspectors,
local landscapers, etc. If you know of local persons
who would speak on an irrigation subject, please
inform the instructor.

The last 3 sections contain reference materials to
supplement tiie course.

Labs and drawing exer- Four laboratories allow you to physically partici-

cises pate in the learning process, such as dismantling
components and practicing solvent welding. In
addition, you will practice the layout and design of
sprinkler systems. The labs and the design ex~r-
cises are discussed in the tabbed section “Labs and
Exercises.”

Irrigation Systems - Student’s Guide 1-3
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Overview of the sections

by weeks
Week 1
Week 2
(plus Lab 1)
Week 3
O 1-4

i. Using This Guide

The following graphic representation shows what
material you will cover during which week.

1. Using This Guide

Written equivalent of a handshake, a hello, and
a “let me show you around.”

2. Preparing For The LI Exam

Generalinformationabout the Licensed Irriga-
tors Exam.

3. Irrigation - Then and Now

Irrigation history
Laws

TBI act’

Ethics and practice
Evolution of products
Terms and definitio.s

4. Controlling Water Flow
Water meters

Cross connection
Backflow prevention

Valves
Types, uses, etc.

Controllers and electrical wiring

Irrigation Systems - Student’s Guide
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> 1. Using This Guide

-’

5. Controlling Water Placement

Piping

Types, uses, schedules, eic.
Connecting pipe

Solvent welding and soldering

Week 4

Sprinkler t and nozzles
(plus Lab 2) pri r types and nozz

Precipitation and application rates
6. Layout and Design

Basics of hydraulics
Drawing exercise 1

-

Design and plot plans
Design hydraulics
Drawing exercise 2

Week 5

L

7. Drip Irrigation

Week 6

(plus Lab 3) Drip and micro irrigation

Percolation
Drawing exercise 3

8. Irrigation Considerations

Codes and ordinances
Week 7 Application enforcement
Landscape design
Beautification

Efficiency of water use

Irrigation Systems - Student’s Guide 1-5




Week 2

Week 4

Week 5

Week 6

Week 7

Week 8

Week 9

Week 10

[

]

1 T

1

[ 1]

]

1. Using This Guide

9. Labs and Exercises
Lab #1 Show and tell of backflow prevention

devices

Lab #2 Show and tell of solvent welding, soldering,

types of pipe
Drawing Exercise #1

Drawing Exercise #2

Lab #3 Show and tell of drip irrigation products
Begin Drawing Exercise #3

Complete Drawing Exercise #3

Lab #4 Show and tell of irrigation equipment
(trenchers, etc.)
Drawing Exercise #4

Practice test, LI Exam design part
s

Practice test, LI Exam writtcu part

Irrigation Systems - Student’s Guide
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1. Using This Gui

Materials you need for
the course

Additional materials
you may wish to have

Additional materials
you may wish to have

Irrigation Systems - Student’s Guide

You will need the following materials for this
course:

The ABC'’s of Lawn Sprinkler Systems (available
from the instructor)

1-1/2 inch ring binder (D-ring type is superior to
round-ring, but costs more)

12 do-it-yourself tab dividers

Pencils, #2 with erasers

Paper, ruled

Tracing paper or onion skin paper (small pack-
age)

Calculator (hand-held or desktop)

Graph paper, 10 squares per inch

Ruler, 10 scale

Drafting compass

Drafting triangles

Eraser

Erasing shield

Drafting board, at least 18" X 24"

Drafting templates

Cassette tape recorder to record lectures

Cassette tapes

Extension cord

Reference books and magazines

Examples of interesting irrigation products (very
old or very new items, oddball items, self-
made items, etc.)

You may obtain most of the materials at an office
supplystore, college book store, or a general mer-
chandise store. You do not need top-of-the-line
drafting supplies for this course. Such supplies
are very expensive and are unnecessary for the
type of design work that this course requires.

1-7
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Items supplied to you

1. Using This Guide

The following is a list of the items that you will
receive from the instructor for the course.

1 copy of the Student’s Guide

Irrigation Systems - Student’s Guide
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1. Using This Guide

Steps to complete at the
start of the course

Steps to complete for
each class session

Irrigation Systems - Student’s Guide

1 copy of the ABC’s of Lawn Sprinkler Systems
Make sure that you complete the following activi-
ties before the course begins:

Assist the college is advertising the course and
obtaining students. Notify likely candidates about
the course.

Locate the classrooms and familiarize yourself
with the area.

Begin gathering scrap picces of tubular geods, such
as PVC, PE, ABC, and copper piper. The pieces
can be 12 inches or shorter. Also gather any
samples of solvents and cleaners. You will use
these items in one of the labs. Plumbing contrac-
tors and plumbing supply houses often will give
such items away siuce they are scraps or free
samples. :

Make sure that you complete the following activi-
ties for each class session:

Complete the reading assignments and out-of-class
work and come prepared to contribute to the class
discussions.

The importance of completing the reading assign-
mentsando* Hf-classwork cannot be over empha-
sized. The xtent to which you benefit from this
course depends mostly on you. Ifyou are unwilling
toread and do the homework, then you will benefit
little from the course.

Be there on time.

1-9

O
j .




Steps to complete after
the course is over

1.

o 1-10

1. Using This Guide

Make sure that you complete the following activi-
ties after the course is over:

Evaluate your feelings about the course and the
success of it.

Ret:o  »li materials to the college that belong to
the colicge. Thisincludes the samples of irrigation

products used in the labs.

Applywhatyou havzlearned, share what you know,
and help make the irrigation profession a success.

Irrigation Systems - Student’s Guide




2. Preparing For The LI Exam

.

Overview

The LI Exam defined

Applying for the LI
Exam

Irrigation Systems - Student’s Guide

This section discusses the Licensed Irrigator’s
Examination administered by the Texas Board of
Irrigators (TBI). Thissectiontellsyou how to apply
for and prepare for the exam, and shows you
examples of various correspondence that you will
receive from the TBI.

Texas state law requires that irrigators be licensed
by the state tolegally install and maintain sprinkler
systems. The licensing is to protect our potable
water supplies. The Licensed Irrigator’s Examina-
tion is a method of determining who gets licensed.
The exam is a five-part test given several times a
yearin Austin. The purpose of the examis to ensure
that only those irrigators with a certain level of
knowledge and competency obtain licensure.

To pass the exam, you must score at least a 70 on
each of the five sections.

You must submit an application to become a li-
censed irrigator. It is strongly suggested that you
request the application atleast two months prior to
the test day. You must reiurn the completed
application at ieast one month prior to the test day.

To request the application, contact the Texas
Board of Irrigators and ask for the “Application
For Registration As A Licensed Irrigator.” You
may write or telephone:

Texas Board of Irrigators
P.O. Box 12337

Austin, Texas 78711
(512) 463-7990

The Texas Board of Irrigators will send you some
general information about the exam and the appli-
cation. The next six pages show examples of what
you will receive.




2. Preparing For The LI Exam

N
NG BN

TEXAS BOARD QF IRRIGATORS

’

APPLICATION
FOR REGISTRATION AS A LICENSED {RRIGATOR

For examination under Section 8 of Chapter 197, Acts of the 66th Legislature, Reqular Session,
1979 (codified as Article 8751, Vernon’s Texas Civil Statutes).
. PERSONAL RECORD

D08 — /. /

Mo Day Ye
SSN# o/ /.
Full Name of Applicant
Last Furst Mxidie
Home Address
Street
ya L
Cty County State Ip AC Phone &
{Covnty name must be present)
Company Nameme P
Office Address
Straet
ya ya
City County State p AC Prone x
Plsce of Birth
City County State

US.Citizen? OvYes ONo
Have you ever been convicted of #° .ony 1n Texas or etsewhere? 0O Yes 0O No

I yes. explain briefly

FOR BOARD USE ONLY

Rect. #:

Cty Cd:

Recv'd: N

CK# .

SP. /"2/‘8’9

EXAM DATE-

ERIC "

Aruitoxt provided by Eic:

Irrigation Systems - Student’s Guide
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2. Preparing For The LI Exam

Il. SCHOLASTIC RECORD

Name and location of high school attended

Date of graduation from high school

If you are not a high school graduate, state in detail what equivalent education you havo had

College or University (1n chronological order)

Dates Degress CSOmesxcr
Name City & State Major From-To Tule-Date -'-fd..'ifi'f-'

List any technical srngation {rawning

1l PROFESS!ONAL SOCIETIES, ASSOC!IATIONS OR ORGANIZATIONS

A

-

List bershipn prof. 3l socielies, 3sSOC1ANONS, OF OrganIzations,

Organuzation City & State Type Membership Dato Joined

AFFIX RECENTPHOTOGRAPH OF APPLICANT I
(PHOTOGRAPH MUST ACCOMPANY APPLICATION, AND
SHOULD BE AFFIXED WITH TAPE OR GLUE PHOTO DOES

NOT HAVE TO gt THIS EXACT SIZE, BUT MUST BE EASILY
IDENTIFIABLE AS THE PERSON MAKING APPLICATION )

.2

Qo Irrigation Systems - Student’s Guide 2-3
ERIC -
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2, Preparing For The LI Exam

IV. EXPERIENCE
4
Start with yout presert position and work back in time for tha tast tonyears. Frovido comple ‘s information of wotk dono,
inciuding any inthe ared of Landscape lrngation spocificatly, (I ad4 t spaco 1s dod, use oxtta sheols )
State nature, location and magnitude of »..;.k. Work Hes Employor Name
Dato namo and itle of supervisor, yout duties Av /Vi« and Addross
1]
!
’
-3.
Q -4 Irrigation Systems - Student’s Guide
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2. Preparing For The LI Exam

V. CERTIFICATE OF MORAL CHARACTER

List four (4) citizens as Qeneral and character references. (Must not be your relatives or members of the Board)

Neme Address Phone Occupation
Name Address Phone Occupation
Name Address Phone Occupaton
Name Address Phons Occupstion

Thereby certify thatt have familiarized myself with the provisions of Chapter 197, Acts of the 66th Legislature, Regular
Session, 1979(codified as Article 8751, Vernon’s Texas Civil Statutes), as outlined by the Texas Board of lrrigators and
that the statements made in the above application are true.

THIS APPLICATION MUST BE NOTARIZED.

S of Appt tn of & Notaty Pubic}
Subscribed and sworn to before me this day of .19
County of State cf
{Seal)
Notsty Pudlc
My ission expires 19
b

Note 1: The $50-00 examination fee must pany this application. Upon ful pletion of the
examination, an initial registration fee, which 1s a prorated amount of the $26-00 annual registration renewal fee, will
be required. <6.°°

Note 2: AttheBoard’srequest, you may be requiredto personally appear for an interview to submit additional proof of
your qualkificatians.

Be sure that ail questions are answered in full where applicable. Send this application, examination fee, and
photograph of applicant affixed insids, to:

TEXAS BOARD OF IRRIGATORS
Post Office Box 12337

Austin, Texas 78711

Phone (612) 463-7990

NOTE: Priortoths examination you have made application for, ple asekeep the Board office informed 1n writing ot_aﬂ_
address or phone number changes.

Q Irrigation Systems - Student’s Guide 2-5
ERIC

Aruitoxt provided by Eic:
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2. Preparing For The LI Exam

Texas Board of Irrigators

Stephen F. Austin Butlding, Room 647 1700 North Congress Avenue

Austin, Texas 78701
S. Dale Ousley Hugh Rushing, Jr.
" Douglas Hawthorne
Herman R Johnson, Sr. John A. Heldman
Vioe Chalrman William C. Lucas
Joyoe Watson
Executive Secretary

GENERAL INFORMATION
LICENSED IRRIGATOR'S EXAMINATION

The irrigation industry, like many other industries, has enjoyed
tremendous growth in the last two decades. Technological improvements
in design, technique and equipment within the industry, coupled with
advancements from other industries, have increased the size of the
marketplace a hundredfold.

Developers have become extremely conscious of a need for pleasant
surroundings near office buildings, shopping centers, municipal buil-
dings and schools,., These areas would go undeveloped were it not for
the irrigation industry. Ecology is our business!

Thousands of irrigation systems requiring billions of gallons
of water are already in operation in this state. And thousands of
new systems are ins8talled every year. The irrigation industry repre-
sents one of the largest water consumers in the state, and therefore
plays an important role in water conservation.

If the idrrigation industry has become highly specialized, so
must the people within the industry. If equipment and materials have
becone highly technical, we must be technically inclined. If the
limited water supply requires conservation, then we must know how
to couserve,

These are some of the reasons why regulation of the irrigation
industry is necessary end elso why an irrigetor's examination is re-~
quired. To ’become a licensed irrigator, it is not necessary to attend
school or serve an apprenticeship. Qualification by examination is
all that is necessary. This pamphlet has been prepared to familiarize
you with the subject matter of the licensing exam. We have highlighted
areas of importance. A word of caution: Do not underestimate the
amount of preparation required to successfully complete the examina-—
tion. It is a thorough review of what 8 prospective irrigator should
know., Hopefully, you will be one of the many who find the irrigation
industry a rewarding occupation.

Provisions for the certifi ation of irrigators were creaté&d by
the passage c¢f Senate Bill 259 during the 66th Legislature. Governor
Clements signed the act into law in May, 1979.

EXAMINATION DAY
From 200 to 300 applicants take the exam which is given several
times a year. Information on where and when it will be given will

Malling address: P.O. Bax 12337 ® Austin, Texas 78711 @  (512)463-7990

Q 2.6 Irrigation Systems - Student’s Guide

ERIC o

5
o0




2. Preparing For The LI Exam

be sent to each applicant., The exam is given by the Board weabets
and other licensed persona in the {trrigation industry wvho act as proc~
tors, The teat begina st 8:00 a.m. and ends at 5:00 p.u.

Drawving boarda and T-squarea, and all charts and tablea will
be provided, however applicants must bring their own drawving inatru-
menta and hand calculatora. No other smaterial will be allowed in
the room during the test,

The exan is given in sections and you will not be permitted to
leave the room except between aectiona. You will be allowed to ask
questions of Board memdbera only during the teat.

The time re¢quired to take the exam varies. Some persons coaplete
it in four or five houra, however the majority of applicanta finish
in acven or eight houra. An incomplete examination almoat always
resulta in failure.

While taking the teat, appliceuts should conduct themselves so
that they will not cast suspiri~n on themselves or others. Anyone
caught cheating will be askeld . leave without certification., You
wil. be notified of youtr test results within 30 days with instructions
on how to aecure a license if you passed.

Conments from individuals who have taken the teat heve revealed
that those vho successfully complete the exam generally register early,
rcad the material in the publications 1isted on the Recommended Study
Haterial sheet, attend a design school or seminar and arrive in Austin
the day before -the exan.

Should you have any questions about the study information fecl
frec to call our office in Austin, (512) 463-7960.

- STUDY RECOMMENDATION

There are sections on the test with true/false, nultiple choice,
and fill-in-the-blank questions. The questions in these scctions
are of a gencral nature and deal with industry history, construction,
usage, design and drafting, hydraulics, friction loss and head selec-
tion. This iInfornation csn generally be found in the manuals listed
on the study material sheet; however, not all the inforsation in the
exarn can be found in any onc nanual. Therefore, we reocomsend that
you read everything suggested by the Board. Questions concerning
the /.dcensed Irrigators Act will also be included on the cxamination.

YOU MUST HAVE A MINIMUM GRADE OF 70 ON EACH SECTION.

SECTION 1 Truc-False =- Spacing, nozzles, patterns, GPM, pressure,
velocity, pipe, cement, heads, wire, valves, precipitation, percola-
tion, design, drip irrigation, automation, rules, act, laws.

SECTION 2 Multiple Choice - Wire, valves, sprinklers, pipe, defint-
tions, precipitation, pressure, design, rules, act, laws,

SECTION 3 Backflow Types, uses.
»
SECTION 4 Hydraulics Velocity of flow, pressure loss.

SECTION 5 Design Complete design of irrigation system, heads, piping,
pressure loss.

SUMHARY
The Texas Board of Irrigators has atteapted to give you informa-
tion that will help you auccessfully coaplete the licensing examination
It ia up to you to demonstrate that yocu have the krowledge to practice
irrigetion in Texas.

Certification places a responsibility on the licensec to protect
the dcmestic water supply. The integrity of your license is affected
by your actions and those of other licensed irrigatora, All of us
have a responsibility to enforce the proviaions of this lawv and ensure
confornance to it, We aincerely hope that, if you are certified,
you will corntinue to expend your expertise in the irrigation field.

As you enter into your new occupation as an irrigator, we en-
courage you to establiah a high atandard of businesa ethics.

G000 LUcK!

Irrigatien Systems - Student’s Guide
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2, Preparing For The LI Exam

Submit the application You must return the completed application, with your
early fee, at least one month prior to the test day.

Instructions for the Afteryousubmityour application, the Texas Board of
exam and study materi- Irrigators will send you information about the exam

and suggested study materials. The next two pages
show examples of what you will receive.

Irrigation Systems - Student’s Guide
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2. Preparing For The LI Exam

INSTRUCTIONS FOR THE LICENSED IRRIGATOR EXAMINAT1ON

It is the responsibility of each candidate to scek out additional infor=-
mation regarding landscape irrigation and its application as each candidate
feels is necessary.

The basic categories of the exam encompass Design, Hydraulics, Terminology,
the Licensed Irrigators /ct (copy of Act is furnished with the applicataon
packet), and Material Take-~Off. The written portion requires approximately
four (4) hours followed with a practical design problem.

Since the privileges of this license are recognized statewide, 1t 1S neces-
sary that you have a basic understanding of the various types of backflow
devices used in this state, even though they may not be required in your
locality.

It is the recommendation of this Board that you be completely familiar with
the subject of design and hvdraulics so you can design an irrigation system
under test conditions. You may secure assistance in develcping a practace
design.

PLEASE BE REMINDED THAT A SCORE OF 70 OR MORE MUST BE MADE ON EACH SECT1OM
OF THE EXAMINATION IN ORDER FOR YOU TO BECOME ELIGIBLE FOR CERTIFICATION AS
A LICENSED IRRIGATOR.

You will need to bring the following instruments and equipment to the exam:

A. Engineer Scale F. Pocket Calculator

B. Triangle (permissable, but quiet)
C. Compass G. Template

D. Pencils -~ #2 only (permissable if you desire

E. Erasers to use one)

YOU WILL BE NOTIFIED APPROXIMATELY TWO TO THREE WEEKS PRIOR TO THE EXAM
AS TO WHAT DAY YOU WILL SIT FOR THE EXAMINATION.

NOTE: Approved candidates MUST APPEAR for the examination at the designa-
ted date, time and place, arriving NO LESS than ten (10) minutes
prior to the announced starting hour of 8:00 a.m. 1If you sign up
for the exam you must take it on the assigned date or forfeit the
examination fee. THE EXAMINATION FEE IS NOT REFUNDABLE.

For those of you who wish to travel together, an attempt by the staff will
be made to schedule your group for examination on the same date. Please
notify this office immediately, or include a written request with your
application and fee, requesting a specific exam date to be assigned,
allowing the staff to consider as many requests as possible.

Certification places a responsibility on the licensee to protect the domes-
tic water supply. All of us have a responsibility to enforce the provision:
of this law and ensure conformance to it. We sincerely hope that, if you
are certified, you will continue to expand your expertise in the irrigation
field.

GO0O0D L UCK!t

Irrigation Systems - Student’s Guide
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2. Preparing For The LI Exam

STUDY MATERIAL

Following is a suggested list of publications that may aid you

in preparing for the examination.

THE ABC'S OF LAWN SPRINKLER SYSTEMS

Irrigation Technical Service
Post Office Box 268
Lafayette, California
(415) 284-5881

94549

IRRIGATION SYSTEMS DESIGN MANUAL
RESIDENTIAL DESIGN GUIDE
BACKFLOW PREVENTION HANDBOOK

Rain Bird Sales, Inc.
145 North Grand Avenue
Glendora, California
(818) 963-9311

91740

TURF TRRIGATION MANUAL

Weather-Matic Division
Telsco Industries

Post Office Box 18205
Dallas, Texas 75218
(214).278-6131

RESIDENTIAL DESIGN MANUAL

Toro Company Irrigation Division
Post Office Box 489

Riverside, California 92502
(714) 688-9221 or 688-9224

Form #490-1663

($6.95) - plus
(1.25 packaging
and shipping)

($11.00)
(.50¢)
(.50¢)

-~ Turf Division

($23.95) - plus
(1.95 shipping, plus
Texas residents
sales tax)

($8.00) - plus
(1.50 shipping)

CROSS CONNECTION CONTROL (Backflow Prevention Devices)

Febco

- Post O0ffice Box 8070
Fresno, California
(209) 252-0791

#F50-50 CROSS CONNECTIONS, QUESTIONS,

ANSWERS, AND TLLUSTRATIONS

93747

Watts Regulator Company
Post Office Box 628
Lawrence, Massachusetts
(617) 588-1811

01842

NOTE: The Board does not require you to
It is intended that the candidate

gation publications are available.

No Charge

No Charge

purchase these publications.
be aware that these irri-

O
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2. Preparing For The LI Exam

Failing the LI Exam

Irrigation Systems - Student’s Guide

If you fail the LI Exam, the TBI will notify you by
letter. The following page shows an example of that
letter. Notice that you have the opportunity to review
your examination with a Board member if you so
choose.

There is no limit on the number of times you may re-
take the examination. It is not necessary to submit an
additional application form. However, each re-take
requires prepayment of the entire examination fee and
a commitment to travel to Austin.

()




2. Preparing For The LI Exam

Texas Board of Irrigators :

Stephen F. Austin Building, Room 647 1700 North Congress Avenue
Austin, Texas 78701

S. Dale Ouslcy Huegh Rushing, Jr.
Chairman Douglas Hawthorne
Herman R Johnson, Sr. John A. Heidman
Vice Chairman William C. Lucas
Joyoe Watson
Ezecutive Secretary

October 8, 1987

This is to inform you that you were unsuccessful on the Licensed
Irrigator examination that you took in Austin on September 28,
1987. Listed below are your scores concerning the examination:

MINIMUM
SUBJECT PASSING SCORE YOUR SCORE
Section 1 - True/False 70 86
Section 2 - Composite 70 80
Section 3 - Backflow 70 82
Section 4 - Hydraulics 70 50
Section 5 ~ Design 70 85

UPON WRITTEN REQUEST to this office, we will furnish you with

an analysis of your exawination. Upon receipt of your written
request by this office, you will be provided the name and phone
number of the Board member of your choice. VYou may, at that
time, contact the Board member to establish a time and date for
review of your examination results. If you wish to discuss
your examination with a Board member, in lieu of a written
evaluation, we will forward your exam papers to that member.

Your name will be maintained in our file for a period of six
months and you will receive notification when the examination
will be offered again.

Sincerely,

Joyce Watson
Executive Secretary

JW/cs

Mailing address: P.O, Box 12337 ® Austin, Texas 78711 ©  (512)463:7990

Irrigation Systems - Student’s Guide

ERIC”

Aruitoxt provided by Eic:

34




2. Preparing For The LI Exam

Passing the LI Exam

Irrigation Systems - Student’s Guide

If you pass the LI Exam, the TBI will notify you by
letter. The following page shows an example of that
letter. Notice that you must submit a registration fee,
after whichy ou will receive further instructions about
completing your registration.
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Texas Board of Irrigators

Stephen F. Austin Building, Room 647 1700 North Congress Avenue
Austin, Texas 78701

§. Dale Qusley
Chairmen

John A. Heidman
William C. Lucas
William E. Petty, Sr.
Fraderick T, Abt
Joyce Watson

Excoutive Secretary

Herman R Johnson, Sr,
Vioe Chairman

January 11, 1988

I am pleased to inform you that you have passed the January

4, 1988, Licensed Irrigator examination and the Board has certi-
fied your eligibility to register as a Licensed Irrigator.
Please remit your initial registration fee of $56.72 to this
office as soon as possible, but not later than 60 days after
the date of this letter. Upon receipt of the initial fee,

I will proceed with your formal registration and giva you fur-
ther instructions on how you can couplete your registration.
Please be reminded that you are not authorized to act as a
Licensed Irrigator until you obtain your certificate of regis—
tration and identification card upon completion of your regis-—
tration.

Licenses are renewed annually. A Licensed Irrigator may renew
his certificate of registration during the months of July and
August of each year by payment of a renewal fee in the amount
of $85.00. You will be notified by first-class mail by June 30
of each year of the expiration of your certificate of registra~
tion. Such notice will be sent to your last known preferred
mailing address. If you fail to pay your renewal fee, your
certificate of registration shall automatically expire and

you must requalify under Texas Civil Statutes, Article 8751,
Section 8.

Please notify our office in writing of any changes in mailing
addresses and/or telephone numbers.

Sincerely,
(}b—-—\-&&_w&w

Joyce Watson
Executive Secretary

J¥/es
Mailing address: P.O. Box 12337 ® Austin, Texas 78711 ®  (512)463.7990

o 1. 14 Irrigation Systems - Student’s Guide
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2. Preparing For The LI Exam

Completing your regis-
tration

Irrigation Systems - Student’s Guide

After you have passed the LI Exam and sent in your
registration fee, you will receive a letter explaining
how to obtain a personal seal or rubber stamp. The
following two pages show an example of that letter.
Follow the instructions included with the letter to
obtain your personal seal or rubber stamp.




2. Preparing For The LI Exam

Texas Board of Irrigators

Stephen £, Austin Building, Room 647 1700 North Congreas Avenue
Austin, Texax 78701

S, Dale Qualey [lugh Rushing, Jr.

Quieman Douplas lawthome
Hermun R Jolinson, Se, John AL lleidman
V2 Chaieman William C. Lucas
Joyce Witson

Exccutive Secrctary

January 19, 1988

Re: Completion of Your Liéensed Irrigator Registration
YOUR REGISTRATION NUMBER ___

Dear Mr.

I am writing to inform you that I have received your initial registration fee
and to furnish instructions on how you can complete your registration as a
Licensed Irrigator.

The Board's rules require each Licensed Irrigator to have a personal seal or
rubber stamp facsimile of the seal. The seal imprint is to be placed on all
professional documents issued by the Licensed Irrigator. In order to complete
your registration, you must obtain a personal seal or rubber stamp facsimile
of the design prescribed in the Board's rules and file with the Board, in
duplicate, a sample impression of your seal on letterhead or other business
stationevy which you propose to use. Seals can be purchased from commercial
sources 1isted in the Yellow Pages of telephone books under "Seals". Upon
receipt of your sample impressions, your registration will be complete and I
will forward your certificate of registration and {dentification card.

Enclosed is a_copy of the Board's rules which pertain to the Licensed Irrigator
seal and sample {1lustrations of the seal. Your name and registration mumber
shown above must be placed in the center of the seal, as {llustrated. Also,
enclosed is that portion of the Board's rules which pertain to Standards of
Conduct for licensed irrigators. You should read these rules carefully and
become familizr with them, as violations thereof are subject to Board action.

Please be reminded that you are not authorized to act as a Licensed Irrigator
until you obtain your certificate of registratfon and identification card.

Mailing address: 1.0, Box 12337 ®  Austin, Texas 78711 ®  (512)463-7990

Irrigation Systems - Student’s Guide
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2. Preparing For The LI Exam

TEXAS BOARD OF IRRIGATORS
COMPLETION OF REGISTRATION
PAGE THO

In addition, all correspondence you send this office should include your regis-
tration number shown above. You must notify this office if and when you have
any change of address or telephone number.

If you have any quesiions regarding the registration, please feel free to con-
tact this office.

Sincerely,

Joyce Hatson
Exacutive Secretary

JH/cs

Enclosures

Irrigation Systems - Student’s Guide . 2-17
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2. Preparing For The LI Exam

One of the best ways to prepare for the exam is
exactly what you are doing--taking a study course
through a community college.

Studying for the exam
\

You may wish to supplement your learning. If so,
you have at least of couple of options:

Takeastudy course offered by varioussuppliers
of ir-igation products. Use your own discretion
in choosing one of these. Some of them are
abbreviated in content and may tend to show
case only the products offered by the vendor.

Obtain and read all of the study materials
suggested by the TBI.

Regardless of how you choose to study for the

exam, do so over a reasonable time period. Do not
try to cram for the exam at the last minute.

2-18 Irrigation Systems - Student’s Guide
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2. Preparing For The LI Exam

Accommodations in
Austin

Pluses and Minuses

Irrigation Systems - Student’s Guide

Arrive in Austin the day before your scheduled test
day. Otherwise_you run the risk ot delay unless you
live within easy driving time. Do what is necessary
to be fresh and un-hassled.

The LI Exam has been given in several different
locations over the years. Presently it is conducted
at the Howard Johnson Plaza-Hote! South, 3401 I-
35 South, Austin, Texas, (512) 448-2444. Take the
I-35 S. and Woodward St. exit.

The hotel has airport shuttle service, a restaurant,
lounge, ample parking and quiet, comfortable
rooms. It also provides the “call for scores” as a
courtesy service to persons taking the examination.

Itis convenient, but may be somewhat more costly,
to stay at th> Plaza-Hotel South where the exami-
nation is offered. There are some disadvantages,
however, of which you should be aware. The dining
reom opens at 6:3¢0 AM and your line up time is at
7:00 AM. Because of the number of persons
present for breakfast, the food service may take
longer than the amount of time you have to spare.
The luncheon is similarly crowded and may also
require lengthy waiting on the food service.

One solution is to eat the buffet, which does not
requirekitchenpreparation time that cuts into your
limited examination time.

Although there are a number of dining establish-
ments in various locations in Austin, none are
within easy walking distance of the Howard
Johnson, Plaza-Hotel South. Between Woodward
exit a;zd Oltorf--one mile to the north--are a Den-
nys and a Kettle restaurants and a Lubys cafeteria.

2-19
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2. Preparing For The LI Exam

All of them are a one-to-two mile round trip. They
are options if you have transpoi<ation and wish to
arise early, go out, and eat away from the crowd.

At approximately 7:00 AM on the day you are
scheduled to take the examination, an identifica-
tion and check-in procedure will begin at a tabie
near the main testing room. Usually, a TBI staff
member, a Board member, and possibly others will
begin the check-in process for that day’s testing.

You must have your permit to take the test (a
colored cardboard ticket which was sent to you
upon submission of the exam fee a minimum of 30
days prior to the exam day) and your Texas Drivers
License or other ID that has a photograph affixed.

The permit and the photograph ID will be checked
againstyour personal file folder, which containsthe
completed application and any correspondence
from you.

If all matches, your card and ID will be returned
and you will sign-in on a numbered line in a sign-in
log. Record the numberon yourpermitin thespace
provided. You will use that number--NOT YOUR
NAME--on every answer sheet, drawing, or calcu-
lation sheet you turn in fo. grading the rest of the
day! Youwill then proceed to the main examina-
tion room.

All persons are usually logged-in by shortly after
8:00 AM and are ready for the examination. A
member of the Board will welcome the group,
introduce the other Board members and TBI staff
present, and give some details of test procedure.

Irrigation Systems - Student’s Guide
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2. Preparing For The LI Exam

Layout of the examina-
tion room

Recognizing the materi-
als

Irrigation Systems - Stzdent’s Guide

The hotel ballroom will be set up with conference
tables and chairs, arranged inrows facing one wall.
Tables will usually be arranged in groups of two to
four, end-to-end depending on whether they are
along the wall or in the center of the room. All
tables will have table cloths and four testing loca-
tions per block of two tables. Center sections may
have eight or more testing stations set up ona long
run of tables. Adequate aisles between rows and
columns of tables are provided because partici-
pants will be moving about the room to log-in and
log-out for various sections of the test, sharpen
pencils, request assistance, etc.

For those of you who smoke or who wish to avoid
smoke from others, the back few rows are usually
reserved for smokers during the examination. No
cigars or tobacco chewing in any form is permitted.

A typical table arrangement with four seats ir-
cludes a "drawing pad" station, a written exara
station, another "drawing pad”station, and another
written exam station.

You may not have briefcases, etc., at your table
during the examination. They will have to be
placed in the back of the room.

Rather than drafting boards and T-squares being
provided as in the past, large cardboard “pads”
(about 18” x 22” in size) with a length of masking
tape are provided. Your drawing for the design
portion of the test will be placed un this cardbeard
pad. This eliminates the need for a T-square. This
also allows those who take the written portion first
to immediately proceed to the drawing portion
since extra “pads” are available at the front of the
room.

2-21
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All written examinations are bound in a three ring
notebook. Do not write in the notebook. Record
your answers on the Scantron answer sheets, which
will be read and graded electronically.

A set of official TBI Charts and Tables is provided
in the back of the test notebook. They are the only
charts and tables you may use on the test.

As you log in and are ready to walk into the test
room, you are handed the TBI Test Booklet. Take
the notebook along with your own drawing and cal-
culating equipment and Jocate a testing area you
can be comfortable with. If you wish to start the
examination with the drawing, select a chair in
front of a “drawing pad.” If you wish to start with
the written portion, select a chair in front of a space
without a “drawir.g pad.” You may not open the
notebook until told to Go so. As soon as you are
able, though, turn to the Official Charts and Tables
inthe back section of the notebook o famiiliarize
yourself with them. The arrangem:ut of the tabu-
lar material and charts may be .ifferent from
anything you are used to using. Therefore, a few
minutes a¢ {tie beginuing of thz entire t<.s1 may save
you much frustration later when time is of (he
essence.

One to two hundred persons may be taking the
exam on any given day. Concentrate on your own
work. Give yourself every advantage for success.

The TBI supplies the examination notebook with
the official tables and charts, cardboard "drawing
pads,” machine graded Scantron aiswer sheets
(100 response and 50 response depending on the
section), #2 soft lead pencils, and scratch paper.

Irrigation Systems - Student’s Guide
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Examination sections

Irrigation Systems - Student’s Guide

The personal materials permitted are drafting
instruments (triangles, engineers scale, erasers,
templates), and a calculator. No “singing or musi-
cal” calculators please, unless you can turn them off
to avoid distracting other participants.

The templates may be shape or symbol aids. Spe-
cifi: shapes and symbols are required for a good
score on the design. Also allowed are commercial
orself-preparedspacing templates for triangulatec
head layout. Caution: the head sizes specified in
the Official Charts are the only onesyoumayuse on
the exam. (Do not bring too many personal mnate-
rials that you cannot use.)

All answer sheets and design problems are pro-
vided for you. You may find it useful to get scratch
paper from the front of the room.

Also, you may want to bring several sheets of
tracing paper or onion skin for trial placement of
heads and adjustment of zones prior to drawing in
the final design. Itis far easier, quicker, and neater
tomake mistakes on expendable tracingpaper than
to erase completely and re-draw several times on
the design test itself. Keep your drawings clean and
neat. Another helpful item is stick-on notes on
which you can jot reminders and write down start-
ing times and quick calculations.

The exam comprises five section tests, which you
must complete within the eight hour day (8:00 AM
t0 5:00 PM). The sections are untimed. You may
spend as much time as you wish on a section;
however, you must complete all five within the
eight hours. You do not have to go to lunch if you
do not want to.
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After you complete each section, you return that
answer sheet to the check-in/out station outside
the conference room. You will initial a designated
area ona control st ~et showingyou completed and
handed in that score sheet. 'You may now take any
length of break you wish or you may immediately
check out t*.e answer sheet for the next section.

You may begin with either the Design Drawing or
with Section 1 of the written portion. Some partici-
pants prefer to do the drawing first because of the
time involved (usually 3 to 5 hours). If you wish to
do the design first, be inline early. Log-in, get your
assigned number and Exam Notebook, then
quickly selecta drawing station in the testing room.
Atthe proper tiine, yonwill be handed your design
drawing and a Scantron answer sheet for Section 5.
Ifyou choose the written portion first (by selecting
a "non-drawing station"), you will be handed a
Scantron answer sheet for Section 1.

The sections of the LT Exam contain three types of
questions: true/false, multiple choice, and fill-in-
the-blank, all answered on the Scantron electroni-
cally graded score sheet. The questions are of a
general nature and deal with industry history,
construction, usage, design and drafting, hydrau-
lics, friction loss, head selection, and ihe Licensed
Irrigators Act. This iv.formation can generally be
found in the manuals listed on the study material
sheet. Not all the information on the exam, how-
ever, can be found in any one manual. Therefore,
if at all possible, read everything suggested by the
Board.

Irrigation Systems - Student’s Guide
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Pacingand efficient time
management

irrigation Systems - Student’s Guide

The following summary lists the topics covered by
the various sections:

Section 1: Spacing, nozzles, patterns, GPM, pres-
sure, velocity, pipe, cement, heads, wire, valves,
precipitation, percolation, design, drip irrigation,
automation, rules, act, laws.

Section 2: Wire, valves, sprinklers, pipe, defini-
tions, precipitation, pressure, design, rules, act,
laws.

Section 3: Backflow prevention devices, uses.

Section 4: Hydraulics, velocity of flow, pressure
loss.

Section 5: Design, complete design of irrigation
system, heads, niping, pressure loss.

No matter which part of the exam you start on, you
must keep track of the time remaining for other
phases of the examination. A rough rule of thumb
is that the drafting design takes about half or more
of the eight hours. The first three sections usually
take about 2 to 3 hours. Respectively, they involve
100 true/false questions, S0 multiple choice ques-
tions, and 50 true/false questions.

The hydraulics section, which involves calcula.dons
and reference to charts and tables, takes about an
hour. Care should be taken that you do not get
mixed up when recording your answers. You may
be consulting particular places on as many as four
pieces of paper and calculations on a calculator in
getting any one answer.




Grading

Posting of scores

2. Freparing For The LI Exam

The written portions take from 3 to 4 hours out of
a total of 8 (9 hours if you do not eat lunch). You
then have 4 to 5 hours remaining to do the design
section.

If you do the design section first and finish every-
thing in 3 to 4 hours, then you can do the written
sections (in order, no skipping around) in the time
remaining.

The written sections and drawings are graded as
soon as they are returned to avoid a log jam at the
end of the day. Naturally, the written sections,
which require less time to complete than the draw-
ing, will begin to be turned in within the first hour
or so. Therefore, people will be moving around as
they leave the room to check in a finished section,
check out a new answer sheet or take a break
between sections. There is an orderly process of
sign-in and sign-out for the various sections. Be
prepared to wait in line when you go to the exami-
nation table (same table as used for the log-in).

Once you return your answer sheetyou may not get
it back. You must move on to the next section.

An aunouncement will be made as to the antici-
pated time the notification of pass/fail will be
posted on the door of the grading room. A sequen-
tial list of numbers will be posted with a pass/fail.
The numbers include the number that you placed
onall answer sheets and designs. The score reflects
the overall score for the entire examination. The
grades on individual sections will not be posted.

Remember, you must make 70 points or more on

each of the five sections, or you must retake the
entire examination.

Irrigation Systems - Student’s Guide
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Unofficial reporting

Irrigation Systems - Student’s Guide

The desk clerk at the hotel will have a copy of the

same pass/fail list that is posted on the door. If you

have to leave Austin before the scores are posted,

you may call the desk clerk to get an unofficial

notification of your score. Remember, this is a

courtesy of the hotel, not an official action of the
PT staff.

Official notificat: ~ofyorrscorewill come by mail,
usually within twe v eks, to the address on your
application. Do NOT call the Board cffice for
grades. In some instances, several examination
days may be required to accommodate all appli-
cants and the staff will be involved in conducting
examinations over several days.
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3. Irrigation - Then and Now

Overview

Irrigation defined

Diversion as an early
form of irrigation

Irrigation Systems - Student’s Guide

Thissectionintroduces thesubject ofirrigationand
relates how it has evolved as an integral part of
humau existence. Specific to Texas is a discussion
of the Texas Board of Irrigators Act. This section
also discusses irrigation as a profession, the im-
provementsin irrigation products, and the vocabu-
lary common to the irrigation business.

We humarns have actively changed our surround-
ings since the very beginning. And, since most of
this planet is water, it stands to reason that we have
spent much time movingwater fromonelocationto
another. In fact, the definition of irrigation is “to
supply with water.”

Irrigation dates back as far as we have recorded
history. People fromall ages and in all parts of the
world have always manipulated water to keep
themselves, livestock, and vegetation alive.

One of the earliest forms of irrigation was diver-
sion. Humanswouldsometimeswant to change the
direction of a natural source of running water, suchk
asariveror stream. They may have wanted to bring
water closer to their habitat, or to get the water
away from something that they wanted to protect.
In either case, they needed to divert the water.

Today, we are surrounded by many types of water
diversion. Canals, levies, and dams are obvious
ones. But even the curb on a street serves to divert
water. Diverting water isso commonplace that we
seldom stop to consider the places where irrigation
got started.

o
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3. Irrigation - Then and Now

Early examples of irriga- One very early example of irrigation comes from

tion the area that we now call the Middle East, in a
region low along the borders between Iraq and
Iran. That area was once referred to largely as
Persia. It is there that the Tigris and Euphrates
Riversmerge to form the Shattal-Arab, aplace that
some believe to be the location of the Garden of
Eden.

Because the Shatt al-Arab runs through lowmarsh-

Jands, inhabitants in that area had to change the
- level, the vertical height, of the water to reach their

crops. They needed to irrigate date groves.

Euphrates Wheel Over time, the inhabitants created something
called the Euphrates Wheel. It was a mechanical
device powered by an ox, donkey, or even a person.
The muscle power would turn a wheel which had a
series of buckets on it. The buckets would fill with
water and, as the wheel rotated and the buckets
were turned upside down, would empty into a
canal. The canal was slightly higher that the level
of the river and would carry the water to the date
grovcs.

The Euphrates Wheel operates basically like a
. booster pump to lift water from one level to an-

other. It offers a cheap, fairly efficiently way to

provide irrigation water and is still used today.

Roman aqueducts Several thousand miles northwest of the Shatt al-
Arab lived another ancient people who devoted
much effort to diverting water. The Romans built
a lavish network of aqueducts, sections of which
sl remain.

Sc .2 of the aqueducts had rock walls that con-

ta‘ned fluid chambers. The chambers had a meas-
urable drop so that water would flow through them

Irrigation Systems - Student’s Guide
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3. Irrigation - Then and Now

Windmills

Irrigatien Systems - Student’s Guide

gradually under its owa hydrostatic pressure. The
ancient Roman architects were ingenious enough
to build some ol the walls without mortar, yet the
chambers have survived for thousands of years.

In an area of Europe still further northwest, the
inhabitants wanted to divert water for a different
reason. The Netherlands had long been plagued
with tidal influxes that would flood much of their
land. Their need was to remove water to make
arable fields.

The Netherlanders created wind driven pumps in
the form of windmills. They used the windmills to
drain the land, and built earthen dikes to keep the
water from flowing in again. The combination of
windmills and dikes worked successfully and much
of the Netherlands is now arable. You have proba-
bly seen photographs of the beautiful tulip fields in
the Netherlands. Tidal waters once flooded most
of those fields.




Irrigation in Texas

An old friend revisited

3. Irrigation - Then and Now

Let us move into more recent times. In Texas, for
example, the practice of irrigation is fairly recent,
at least historically speaking. Around 1890 and
early 1900, it became important for us to use some
of our water resources ¢n vegetation. Prior to that,
any farming was done in ‘ocations with ample
rainfall or in alluvial soils near waterways.

But we began to populat- ‘he state and push out
into areas where wate: - ; not so easily had for
raising vegetation or !  .rinking. Once again,
humans had the need tu u.vert water. We adapted
an idea that was already being used in Europe, in
places like the Netheriands--using the wind to
divert water.

Daniel Halladay introduced the wind pump to the
United States in 1854. And even though tie device
pumpedwater, it came to be known as the windmill.
In 1883, Stewart Perry started building windmills
out of steel. They were not very efficient, but they
were durable, reliable, and inexpensive to operate.
The windmill helped wet “he West.

But evenas the popularity of the windmill reached
its peak across Texas, another device in New York
City was capturing the imagination of the country.
The first public power station went into operation
in September of 1882, producing direct current
electricity. Within a few years, scientists were
demonstrating the usefulness of afternating cur-
rent. Trouble was, they needed some way to
generate it on a large scale. They needed some-
thing like . . . like water falling frc:n a reservoir.

Irrigation Systems - Student’s Guide
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3. Irrigation - Then and Now

Power to make power

Buchanan Dam

From crops to lawns

Irrigation Systems - Student’s Guide

And so it was that once again humans diverted
water for their needs. People quickly realized that
reservoirs could provide more than just a means to
generate electricity. They could also provide irri-
gation water. The race to build reservoirs was on,
and Texas was among the racers.

Texas, like most states, has an extensive system of
dams that was begun years ago. For instance, early
in the 1930’s, during the Great Depression,
Buchanan Dam was built on the Colorado River.
The Colorado would fluctuate from {.00d to
drought, either ruining crop land or failing to
supply sufficient water.

Since 1930, there have been over eight major
dammings on the Colorado River alone (and the
creation of eight major lakes). Not all of the dams
in the state are for irrigation. But many, particu-
larly the smaller dams, do provide water for irriga-
tion.

Formanyyears,irrigation in Texas was used strictly
for agriculture. We developed various ways during
those years to irrigate crops, such as center pivot
irrigation, furrow irrigation, and surge irrigation.

During theyears 1935 to 1950, Texans did very little
watering of plants for beautification. Residential
irrigation was a practice for only the very wealthy.
Think how times have changed!

We have developed here in Texas a love for the
growing of plants. We spend millions of dollars to
develop programs for irrigating crops. Many of the
cropsare cash crops,not food crops. Inaddition, we
spend tremendous sums onirrigation just for beau-
tification, which has nothing to do with the food
chain at all.




3. Ir.igation - Then and Now

Currently, 10% to 15% of all the buildings built in
Texas provide for the watering of turf grasses and
beddingplants forbeautification. The percentages
referto residential and light commercial irrigation.

This involves a tremendous amount of money. The
total do-it-yourself sprinkler business in Texas--
everything from hose bibs to garden hoses to
complete sprinkler systems -- is in the millions of
dollars in annual sales.

Irrigation has become a big industry that impacts
many people. And, asisusually the case undersuch
situations, a regulatory body arises to address the
situation. And so it was for Texas.

TBi Act and other laws The Texas legislature passed the Tex ; Board of
Irrigators (TBI) Act in 1979 and created the Texas
Board of Irrigators. The express purpose of the
Board is to bring some accountability tc the in-
stallers of sprinkler systems. The TBI Act ad-
dresses only residential and light commercialsprin-
kler systems, not agricuitural irrigation.

Thelegislators saw a rapidly evolving industry that
needed regulatory control. The consuming public
needed some assurance that the installers of sprin-
klersystems had certain knowledge before tampe:-
ing with potable water supplies.

TheTBIActisincluded as Appendix. .ofthisbook.
Appendix B contains the TBI permanent rules.

Sunset Law In Texas, legislative acts that create commissions,
committees, or any other bureaucratic entity have
to be reviewed from time to time to determine the
validity of the act. The law that requires this is the
Sunset Law. The TBI Act, for example, is sched-
ul.d for its review in 1991.

QO .6 Irrigation Systems - Student’s Guide
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3. Irrigation - Then and Now

How the TBI Act affects
you

Irriga. » Systems - Studeat’s Guide

The Texas Board of Irrigatorsis a funded operation
and charges a fee for licensure as well as an annual
renewal fee. Over 4,000 persons have taken the
licensure examination.

The TBI Act directly affects you. The Act requires
that anyone who “sells, designs, consults, insialls,
maintains, alters, repairs, or services” an irrigation
system must be a Licensed Irrigator, or must work
under the dir¢ ct supervision of a person who meets
those qualifi-ations.

The Texas Board of Irrigators, however, does not
have infinite control over the irrigation business. A
number of installers practice illegally in our state.
Youmaywonde., “What does it matter whether or
nec’'mlicensed?” To answer that, let us first talk
about laws in general.

The reason we have laws is to protect the commu-
nity at large. For example, we have laws governing
fair trade practices so that you are legally obligated
to tell the truth if you are trying to sell something,
Inn addition, we have truth in lending acts so that if
youbet  moneyand pay interest onit, the lender
must tex  a what the total financial burden of the
loan will be.

So it is with the TBI Act: we must protect the
potable water supply, the drinking water, for the
community at large. The simple fact is that we
cannot live without water.

3-7
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Ethics and irrigation Complying with the law is one reason for becoming
a Licensed Irrigator. But there are other reasons,
ethical reasons, that perhaps are equally as impor-
tant. As a professional irrigator, you are respon-
sible for protecting our potable water supply and
for treating the consumer fairly.

Inorder forus to have any longevity of our industry
andtoincrease the popularity of irrigation, we must
do business with this sort of responsibility in mind.
It seems that few groups in the businessworld have
a worse reputation than installers of sprinkler sys-
tems. One example may be the used car salesper-
soninabright plaidjacket. Andinsome cases,even
that person appears more trustworthy than an
irrigator.

As irrigators, we must realize that much of the
public views us as irresponsible liars, without pro-
fessionalism, and ignorant of the technologies in-
volved in cur own business. We often appearto be
justaslikely to sell them a system that will not work
andwill violate alaw,aswe are tosell them a system
that will be effective, efficient, and serve their
needs. And all too often, the public is right!

Improving public opin- How can you help improve the public’s opiniun of

ion irrigators? First of all, consider yourself a profes-
sional irrigator, not just “some person who installs
sprinkler systems.” Consider yourself belonging to
aprofession that demonstrates responsible, ethical
practices.

As a united group, we must comply with local
ordinances and regulations as well as with the TBI
Act. Further, we must support efforts to conserve
water, efforts aimed at preventing the predicted
four-fold increase in the cost of water by the year

lerigation Systems - Student’s Guide
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3. Irrigation - Then and Now

Watering - Then and
Now

Irrigation Systems - Student’s Guide

2000. Our compliance and conservation efforts will
help show that we are a profession to be trusted
rather than doubted.

Residential Irrigation systems have become more
and more commonplace over the years. But it was
not always so. For example, if you wanted to water
your lawn during the 1930’s, you probably had a
fairly archaic variety of hose and some sort of
sprinkler attached to the end of it. During the
1940’s--if you were wealthy--you may have had an
underground sprinkler system made of galvanized
pipe and copper tubing. Such systeins were not
highly efficient and required somebody to manu-
ally open and close valves.

By the 1950’s, the push was on in California, Flor-
ida, and even parts of Texas, for the luxury of an
automatic sprinkler system. Automatic timers
were available, as well as materials that made such
systems fairly efficient. Not just the wealthywanted
spiinkler systems, but the middle classbeganto see
them as valuable additions to a property.

'The 1960’s brought many changes to our country,
including an increase in residential irrigation and
beautification. Sprinkler systems became increas-
ingly common, particularly along the West Coast.
Sprinkizr systems continued their popularity
throughout the 1970’s as well.

By now, the late 1980’c. many homeowners are
familiar with sprinkler systems as a necessary part
of a residential property. The concept of how to
water alawn has evolved from hoses and hose-end
products, to underground, automatic sprinkler
systems.




Underground sprinkler
systems

Sprinkler products and
methods improve

3. Irrigation - Then and Now

Underground sprinklers began with fixed orifice
nozzles buried in the ground. The nozzles were
usually heavy brass and very expensive. Today,
underground sprinklers have evolved from being
made of brass, bronze, and copper, to thermoplas-
tics such as PVC, ABS, and polyethylene (PE).
These synthetic materials are less expensive than
metai, easier to work with, less corrosive, and more
durable.

Sprinkler systems have progressed from having
spray heads with a fixed nozzle orifice to spray
heads with an adjustable nozzle orifice to various
types of sprinklers that throw a long stream. Some
heads are gear driven; others even make a square
pattern. The principles of mechanical engineering
arevery much a part of modern irrigation products.

The evolution of the products themselves is also
interesting. Hose-end products began as fixed
nozzle, or fixed orifice, attachments that scattered
water from the end of a hose. You had to manually
open a valve at the house to get water to the hose-
end attachment, and you had to move the attach-
ment to distribute water over a large area.

People got tired moving the attachments, which
opened the door to another product: the walking
sprinkler. This mechanism is a moving sprinkler,
usually shaped like a tractor, that drags the hose
with it. Arms on top of the tractor rotate and
distribute water. Water-powered gears propel the
sprinkler.

Other products that evolved were mechanical
valves designed to operate with moving sprinklers
and shut off the water to the sprinkler. Spring
powered timers used to control watering intervals
also appeared on the market.

Irrigation Systems - Student’s Guide
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Demand for better prod-
ucts
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The products have evolved because of a demand
for better products. The consumer of the ‘80’s, for
example, spends a great deal of money and re-
search on anything concerning home improve-
ment.

For example, central air conditioning, insulation,
and carpeting were luxury items in the ‘50’s. Such
items began to be a fashion in the ‘60’s, and a
requirement in the ‘70’s. They have become com-
monplace in the ‘80’s. The point «f all this is that
most consumers with whom you will deal under-
stand iuch about the techrologies avaiiable today.
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Learning aids:

Glossary

Subject review

3. Irrigation - Then and Now

Consumers have read enough, andseen enough, to
be knowledgeable about many subjects. Not just
products evolve, so does the knowledge level of the
public. Cne of your challenges as a professional
irrigator is to be knowledgeable about irrigation
products and practices. A good place tobeginyour
understandingis with the glossary at the back of this
book.

After you explore the glossary, complete the sub-
ject review for this section.

Irrigation Systems - Student’s Gui_z




3. Irrigation - Then and Now Subject Review

Subject Review

Irrigation - Then and Now

True or False

In the answer column, mark the following statements “T” for true or “F” for false. The
whole statement is false if any part of it is false.

Then, after the questions are discussed in class, place an “X” through an incorrect
answer and write the correct answer in the answer column. That way, you will know the
correct answers if you later review this information.

Statement Answer

1. Many metnodsof irrigation have been employed
in Texas since 1860.

2. The process of product evolution has had little
effect on consumers of sprinkler materials.

3. Less than 25% of the horaes and buildings in
Texas have sprinklers.

4, Inareas where no local regulations are in force,
the irrigator may use his or ner favorite method
to prevent backflow.

5. Water costs are predicted to decrease by the year
2000 because of continued efforts in education

and conservation.

6. “T.B.1.” stands for Texas Board of Irrigators.

Q Irrigation Systems - Student’s Guide 3-13
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Subject Review 3. Irrigation - Then and Now

Statement Answer

7. An anti-siphon device is also called a vacuum
breaker.

8. Diversion was one of the earliest forms of
irrigation, but is no longer used today.

Q 3.14 Irrigation Systems - Student’s Guide

ERIC




4. Controlling Water Flow

Section overview

Water Meters

Water meter defined

Irrigation Systems - Student’s Guide

This section discusses the common ways in which
the flow of water is controlled to and through
sprinkler systems. The first area of discussion
involves water meters, cross connection, and the
importance of backflow prevention. Also pre-
scnted in this sectionis an explanation of valves and
controllers.

and Cross Connection

A water mr2ter is a device that registers the amount
of water, typically in gallons, used by aresidence or
business. Municipalities install and own the me-
ters. A property can have more than one meter if
the property owner sc desires. This allows a sprin-
kler system to be on its own meter, for instance.

Water meters are measured in inches. This is the
size of the orifice through which the water passes.
"The most common meter sizes are 5/8, 3/4, 1,

1-1/2, 2,and 3. Altuough water meters come in dif-
ferent sizes, you will often find the same size within
aneighborhoodor locale. For instance, the meters
in one neighborhood may all be 5/8 inch. In
another neighborhood they may all be 3/4 inch.

U




Water Meters and Cross Connection

Pressure loss and flow
rate

Static pressure and
working pressure

4. Controlling Water Flow

You will need to know the size of the water meter
toinstall a sprinkler system because of two reasons:
pressure loss and flow rate.

The meter reduces the pressure of the water. This
reduction, caused by friction, is called pressure loss
or pressure drop. The subject of pressure loss is
explained later in the course.  For now, just
rememberthat the smaller the size of the meter, the
greater the amount of pressure loss.

The pressure loss. in turn, affects the flow rate of
thewater. The flowrate is measured in gallons per
minute. Water meters a’e rated as to their flow
capacity. That s, the rating tells how many gallons
of water can pass through the meter in 1 minute at
a given water pressure. For example, with a water
pressure of 60 pounds per square inch (psi), a 1 inch
water meter is rated at 30 gallons per minute. At
the same water pressure, a 3/4 inch meter is ratad
at 22 gallons per minute.

When discussing water pressure, irrigators distin-
guish between static pressure and working p-es-
sure. The pressure of water when it is not moving
is called static pressure. The pressure of water
whenit is moving is called working pressure. Static
pressure and working pressure are also discussed
later i« the course.

If the working pressure is too low for a sprinkler
system to operate correctly, the only solution may
bealarger water meter. The property owner would
have to contact the city water department to have
a larger meter installed.

Irrigation Systems - Student’s Guide
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4. Controlling Water Flow

Locations of meters

Irrigation Systems - Student’s Guide

Water Meters and Cross Connection

Water meters are not located in any one specific
piace. They may be on the front side of a property,
on the backside, or even in a baserment. Usu..lly,
they are located fairly close to the main water line.
Theonesthat are buriedare protected by somesort
of box that commonly has a lid.

A sprinkler sysiem is connected to the water supply
at some point between the meter and the house or
business. This point is often at the water meter
because the supply line is most easily found there.
The water supplied to houses and businesses is
potable, meaning that it is suitable to drink.
When you install a spri: kler system, you connect
it to the potable water supply. Any connection
made to a potable water supply is called a cross
connection.

4-3
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Water Meters and Cross Connection

Cross connection de-
fined

Backfow

4. Controlling YWater Flow

In Texas, cross connection is closely regulated by
city ordinances and even by state law. To legally
make a cross connection in Texas, you must be a
licensedprofessional engineer, alicensed plumber,
alicensed irrigator, or a licensed installer of irriga-
tionsystems. A homeowner also may legaliy make
a cross connection on his or her own property.
However, the homeowner must obtaix a perniit to
make the cross connection.

“Why all the fuss over cross connection? Without
proper safeguards, a cross connection >ould allow
hazardous materials to enter the supply of drinking
water. A condition such as that, fluids flowing
backward, is called backflow.

In the appendix of this book is a publication from
the Febco Company titled Cross Connection
Handbook, and one from the Watts Regulator
Company titled 50 Cross Connection Questions,
Answers, and Illustradons. Please turn to the
appendix and entirely read both of those publica-
tions. Theywill greatly help ycur understanding of
cross connection and backflow.

After you finish reading the publications, return to
thissection and continue witi: the subject revicwon
water meters, cross connection, a~d backflow pre-
vention.

irrigation Systems - Student’s Guide
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4. Controlliz.g Water Flow Subject Review

Subject Review

Water Meters, Cross Connection, and Backflow Prevention

Fiil in The Blank
Supply the word or words in the answer column to complete the following statements.
Then, after the questions are discussed in class, place an “X” through each incosrect

answer and write the correct answer in the answer column. That way, you will know the
correct answers if you later review this information.

Statement Answer

1. Any connection made to a potable water supply
is called a

2. Backpressure occurs if the pressure in a
line exceeds the pressure in the supply line.

3. A device that can be attached to a hose bibb to
prevent backflow is called a hose bibb

4. An atmospherictype vacuum breaker be
used under continuous pressure.

5. space can be used to separate a potable
water supply from a nonpotable water supply.

6. A pressure type vacuuin breaker must be in-
stalled the usage point.

Irrigation Systems - Student’s Guide 4-5




Swubject Review 4. Controlling Water Flow

Statement Answer

7. Impaired water that is not an actual hazard to
the public health is said to be

8. Water that is an actual hazard to the public
health is said to be

o Irrigation Systems - Student’s Guide
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4. Controlling Water Flow Subject Review

True or False

In the answer column, mark the following statements “T” for true or “F” for false. The
whole statement is fal.. if any part of it is false.

Then, after the questions are discussed in class, place an “X” through an incorrect

answer and write the correct answer in the answer column. That way, you will know the
correct answers if you later review this information.

Statement Answer

1. The main supply line from a residential water
meter to the house is usually a 1" diameter pipe.

2. The two forms of backflow are backsiphonage
and backpressure.

3. The most common form of cross connection is
the ordinary water hose.

4. Ananti-siphon vacuum breaker protects against
backpressure backflow.

5. Inresidential areas that have alleys, the water
meters are always located beside the aileys.

6. Depending on local codes, an atmospheric type
vacuum breaker can be used on lawn sprinkler
systems.

7. Astrainer or filter will help protect a backflow
preventer from clogging.

8. The “size” of a water meter refers to the volume
of water that can pass through it.

e |

Irrigation Systems - Student’s Guide 4-




E

Subject Review

Multiple Choice

Statement

4. Controlling Water Flow

Circle the letter of the choice that best completes the statement.

Then, after the questions are discussed in class, write the letter of the correct answer in
the answer column. That way, you wiil know the correct answers if you later review this
information.

Answer

1. A common example of backsiphonage is

A. Draining water from an ice chest through
the drain cock

B. Forcing pressurized water through a
sprinkler head

C. Drinking a liquid through a straw

D. .he way in which a drip coffee maker
discharges water

E. The way in which a gasoline pump dis
charges gasoline

F. None of the above

. One way to help protect a backflow preventer

from leaking is

A. Toreduce the water pressure to the system
B. To reduce the number of heads in the
system

To install the backflow preventer higher
than the supply line

Toinstall astraineror filteron the upstream
side cf the preventer

Both A and B

Both Cand D

@m0
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4. Controlling Water Flow

Statement

Subject Review

Answer

3. Leakage from a backflow preventer is nor-
mally caused by

mm O awE»

Too much water pressure

Too many heads for the backflov/ preventer
Thae “O’Hearn effect” of siphonage com-
bined with reverse osmosis

. Foreign matter lodged on the seating area

of the valve(s).
Both A and B
Both Cand D

4, The ways to protect potable water from a cross
connection include

A.

B.

1.

Fluid gaps, osmosis flow preventers, uni-
flow valves

Air gaps, wouble chamber guards, siphon
modulator

Double check valves, reduced pressure
backflow preventers

Air gaps, atmospheric vacuum breakers,
pressure type vacuum breakers

Both Aanu B

Both Cand D

5. A pressure vacuurn breaker must be installed

JmonNw

4 inches above the highest outlet
6 inches above the highest outlet
8 inches above the highest outlet
10 inches above the highest outlet
12 inches above the highest outlet
None of the above

irsigation Systems - Student’s Guide

(""\
~f
Cu

|
|
i
!
4-9




Subject Review 4. Controlling Water Flov,

Statement Answer

6. Some states require that

A. All types of backflow prevention devices be
tested once a year

B. Only atmospheric vacuum breakers be

tested once a year

Only pressure vacuum breakers be tested

once a year

. Only reduced pressure principle devices be

tested once a year

Both Band C

None of the above

w0

7. Continuous pressure means that pressure is
being supplied 10 a backflow prevention device

A. All of the time

B. For more than 50 minutes each hour
C. For periods over 18 hours at a time
D. For periods over 15 hours at a time
E. For periods over 12 hours at a time
F. None of the above

8. If you install an atmospheric type vacuum
breaker, it must go on the side of the
last control valve.

Supply

Discharge

Left

Right

Water meter
None of the above

MmO W
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4. Controlling Water Flow Yalves

Valves

Valve defined In irrigation, a valve 1s a device that - ontrols the
flow of water. Valves are manufactured todayina
variety of plastics and metals. Valves, just like pipe,
needto be correctly sized because a certainamount
of pressureloss occurs at eachvalve. Youwill learn
more about this in Section 6, Layout and Design.

Aside from their material, valves may be discussed
several ways: by how they operate, such as manual
or automatic; by their confizuration, such as ball or
gate; or by their purpose, such as drain or anti-
siphon.

A “manual” valve is one that requires a human to
manually open or close the valve. An “automatic”
valve is one that can open or close without human
interaction. Automatic valves operate by either
electricity ¢r hydraulics, or a combination of the
two.

Valve operation Actually, some valves also use gravity to help them
operate, such as the gravity ball-type drain valve or
the gravity-type check valve. But to keep from over
compli. ~"*ng the discussion, we will classify auto-
matic operation as either electric or hydraulic.
Figure 4-1 classifies valves by how they operation.

Valve Operation

I
l L

Manual Automatic

I I
Electric Hydraulic

Figure 4-1. Valves Classified By How They Operaie
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Valves 4. Controlling Water Flow

Manual valves The tyr2s of valves vary depending on whether or
not they are manual or automatic. Letus look first
at the types of manual valves, as shown in Figure
4-2,

Manual Valves

I 7
Ball Gate Globe
I I I L
Rising Non-rising  Angle Straight-
Stem Stem through

Figure 4-2. Types of Manually Operated Valves

Gate valves and globe valves are discussed in the
ABC’s of Sprinkler Sysiems.

A manual ball valve contains a ball on the inside
tha. is connected to a handle on the outside. The
ball contains a hole through its center. When you
turn the handle to align it with the direction of
water flow, water passes through the hole in the
ball. When you turn the handle at a right angle to
the flow, water cannot pass.
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4. Controlling Water Flow Yalves

Electric valves Figure 4-3 show the types of electrically operated
automatic valves.

Electric Valves

i | |
Diaphragm Piston Thermal
motor
| 1
Straight- Globe
through

Figure 4-3. Types of Electrically Operated Valves

Diaphragm globe valves, piston valves, and ther-
mal motor valves are discussed in tne ABC’s of
Sprinkler Systems.

The straight-through diaphragm valve functions
much the same as the globe-type diaphragm valv-.
In tk= straight-through valve, however, the di -
phragm raises out of the flow passage and allows
the water to flow straight thronigh. With the valve
open, you can look through the flow passage. With
a globe-type valve, even with it open, you cannot
see through it because of a baffle in the flow
passage.

Operating current Most electric valves today operate on 24 volt AC
current. In the past, valves requiririg 110 volt AC
current were used, but such valves are not com-
monly used any more.

Irrigatioii Systems - Student’s Guide 4-13
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Valves

Hydraulic valves

4. Controlling Water Flow

Hydraulically operated valves were once quite
common. Today, electrically operated valves have
superseded them as the most commonly usedvalve.
Figure 4-4 shows the types of hydraulically oper-
ated valves.

Hydraulic Valves

|

I !
Diaphragm Piston

L

Straight- Angle
through

Figure 4-4. Types of Hy:Iraulically Operated Valves

Irrigation Systems - Student’s Guide
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4. Controliing Water Flow Valves

Additional types of In addition to the types of valves already discussed,

valves you will also deal with other types that are often
used in the irrigation business. Figure 4-5 lists the
most common of these.

Additional Types of Valves
Common Ir lrrigation

| | | |
Anti-siphon Check Drain Quick-coupling

l_l_l II'I'ﬁ

Atmospheric Pressure Gravity Spring- Plunger
vacuum vacuum ball loaded
breaker breaker ball

I I ] I 1
Ball Dart Piston Swing Double check
|

Spring Gravity

Figure 4-5. Additional Types of Valves Common In Irrigation

Notice that anti-siphon valves and drain valves
indicate the function they perform. That is, anti-
sipho:i valves prevent backflow and drain valves
allow the water to drain ‘rom a sprinkler system.

Most of the valveslisted in Figure 4-5 are explained

in the ABC’s of Sprinkler Systems. Discussed
below are *ne ones that are not.

Irrigation Systems - Studzat’s Guide 4-15
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Valves

4, Controlling Water Flow

The five types of check valves all work similarly to
the swing check valve, which is explained in the
ABC’s. The name of the valve indicates the type of
“clapper” used: aball,a dart,apiston, or aswinging
disk. The purpose of the clapper is to prevent water
from flowing backward into the supply line.

The double check valve is discussed in the Cross
Connection Contro: riandbook in the appendix of
this book

The gravity ball drain valve functions much the
same as the spring-loaded ball type. Instead of
using a spring, however, the ball is movad away
fromthe drain port by gravity. When the val. efills
with water, the flow out of the drain port causes the
ball toseat itself o1:.he portand to shut offthe flow.

Irrigation Systems - Student’s Guide
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4. Controlling Water Flow

Referring to a valveby its
purpose

Placing valves

Advantages of a mani-
fold

Irrigation Systems - Student’s Guide

V-lves

The purpose that a valve serves in a sprinkler
system is often how you will refer to them. For
example, we commonly talk about master valves,
circuit valves, flow control valves, drain valves, and
backflow prevention valves.

You already know about the purpose of drain
valves and backflow prevention valves. The pur-
pose of a master valve is just what you would
expect--it controlswater flowothe entire sprinkler
system. A master valve 1s usually operated auto-
matically.

Circuit valves are the valves that control individual
circuits, or groups, of sprinkler heads. The most
common circuit valve used today is the electrically
operated diaphragm globe valve. Flow control
valves can be pre-set at a given rate of flow tc
regulate flow.

You should always place the master vaive at the
point where you make the cross connection. This
point is most often at the water meter.

You may place circuit valves in the turf area r
connect them to a manifold at a central location.
The man’“old approach offers a couplc of advan-
tages over burying thz circuit valvesin the turfarea.
First, all of the circuitvalves are easy to find, repair,
orreplace. Second, you avoid damage, and unsight-
liness, to the turf area.

81_ 4-17




Valves

Drain valves

Backflow prevention
valves

Opening and closing
valves

4. Controlling Water Flow

Automatic drain valves are an important pavt of
any sprinkler system. Youshould place them atall
low points in the system. Install them atan angle of
30°to45°below horizontal. If you put themstraight
down, the vzive may clog from debris. if vou put
them straight across, not enough water can dr-in
from the pipe.

Never install an automatic drain valve at th. end of
apipe. Debris can be flushed to the end of the pipe
and clog the drain. Move back from the end of th-
pipe about 12 inches and install the drain valv.
there.

Alwaysinclude a sump pit for each drainvalve. The
size of the sump will vary depending on the type of
soil; heavy clay soils require larger sumps. As a
general rule, a sump about the size of a one pound
coffee can works well. Fill the sump with gravel to
ensure good drainage.

The Febco Cross Connection Control Handbook
in the appendix of this book discusses where to
install the various backflow preventionvalves. You
may wish to re-read portions of that hand%onk to
review the information.

Lwstomatic valves, whether electric or hydraulic,
need some device to open and cluse them. That
deviceis called a controller and is the subject of our
next discussion.

Before you learn about controllers, however,
complete the subject review on valves.

Irrigation Systems - Student’s Guide




4, Controlling Water Flow Subject Review

Subject Review

Valves

Fill In The Blank
Supply the word ¢ *words in the answer column to complete the following statements.
Then, after the questions are discussed in class, place an “X” through each incorrect

answer and write the correct answer in the answer column. That way, you will know the
correct answers if you later review this information.

Statement Answer

1. The more valves used in a system, the fewer
per circuit.

2. Valves bodies today are available in two types
of material, both and

3. Asystem with manual valves buried at 29"
requires a for the property owner to
open and close the valves.

4. Three common ways to operate section valves
are , , and

5. Vaves that and slowly are less
likely to cause fatigue in sprinkler components.

6. Water running t"rough an angle valve always

exits at a angle from the direction of
entry.
Q
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Subject Review

Statement

7. Most electric valves require sustained electric
current for the valve to remain

8. A is really any device that can control
fluid flow.

4. Controlling Water Flaw

Answer

Irrigation Systems - Student’s Guide
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4. Controlling Water Flow

True or False

Subject Review

In the answer column, mark the following statements “T” for true or “F” for false. The

whole statement is false if any part of it is false.

Then, after the questions are discussed in class, plr

an “X” through an incorrect

answer and write the correct answer in the answer column. That way, you will know the

correct answers if you later revi_w this information.

Statement

1. All electric valves are globe: type.

2. Master valves are used to prevent velocities
above 7 ft/sec.

3. Solenoids often use 24 V AC electrical current
to close.

4. Thewaterfromthe sprinklersv- :mmust never
be allowed to pass into the cavity above the
diaphragm in an electric valve.

5. Valves need not be sized because they seldom
create friction loss.

6. Anti-siphonvalves canbe used toregulate flow
by partially closing th<ir poppet.

7. Common backflow preventica devices last
many years and do not need to be tested
regularly.

8. Codes usually require that circuit valves be
several inches above the highest head in a
circuit.

I:rigation Systems - Student’s Guide
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Subject Review 4. Controlling Water Flow

Multiple Choice
Circle the letter of the choice that best ¢ :mpletes the statement.
Then, after the questions are discussed ip class, write the letter of the correct answer in
the answer ¢olumn. That way, you will know the correct answers if you later review this

information.

Statement Answer

1. Most residential sprinkler systems need

A. Only two valves for the fi unt yard and two
valves for the back yard

B. One master valve, no drain valves, and four
circuit valves

. Anatmcsphericvacuurn breaker cornected
to a master valve

. As many valves as the water pressure will

aliew

Both Cand D

None of the above

o 0

il

2. Youshould always place a master valve

A. Next to a building for prutection

b. Higher than the water meter

C. At the point where you make the cross
connection

D. On the circuit that has the mosi sprinkler

heads

Both A and B

Both Cand D

™
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4. Controlling Water Flow Subject Re~iew

Statement Answer

3. Witha straight-through diaphragm valve open,
you

A. Cannot see through the flow passage
because of the baffle plate

Can see through the flow passage

Cannot tell from the outside of the valve if
it is open or not

Can tell from the outside of the valve if it is
open or not

BothAand C

BothBandD

amW o 0w

4. A gate valve with a non-rising stem means that

>

. The valve wil} not open as fully as a rising
stem gate valve

The valve will always wear out faster than a
rising stem gate valve

The valve body cannot be removed

. The stem swivelsin the valve body at a fixed
height

Thesterii can be turned only witha valve key
None of the above

om o0 W

5. Drazin valves

. Are closed when the valve fills with water
Should be placed at an angle of 30° io 45°
below horizortal

Should never be installed at the =nd of a
pipe.

. Should always drain into a sump pit

All of the above

None of the above

mmg 0 Wy
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Subject Review

Statement

6. Circuit valves

1.

A.

B.

™m0

Must be placed in the turf area

May be connected to a manifold at a central
location

Must be electric valves

Must be a piston type valve

Must be a globe type valve

None of the above

Swing check valves

THOO W

Aliow water to flow in only one direction
Are all spring actuated

Cannot be disassembled for maintenance
Never require maintenance

Both A and B

Both Cand D

Hose bibbs

moowy

™

Always have an outlet that is 90° to the inJet
Cannot be buried in a valve box
Are often called hydrants or faucets

. Always have an outleismaller than the inlet

Alwzys have a permanent hand wheel for
operating the valve
None of the above

4. Controlling Water Flow

Answer
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4, Controlling Water Flow

Controllers and Electrical Wiring

Controllers and Electrical Wiring

Controller defined

Types of controliers

Hydraulic

Electro-mechanical

F MC Irrigation Systems - Student’s Guide
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Within theirrigation business, controllers are often
referred to as clocks or timers. But by whatever
name, an automatic controller is a device that
actuates remote control valves. Werefer toavalve
and its group of sprinklers as a circuit. Controllers
ve~y widely in the number of circuits they can
control, from a single circuit to at least 30.

The three types of automatic controllers are hy-
draulic, electro-mechanical, and solid state.

Actually, there is a fourth way to control sprinkler
systems: manually. With manual control, of
course, a person must physically turn on and off the
system. Amanually controlled system typically cost
less than an automatically controlled one. The
inconvenience, however, is a definite drawback.

Hydraulic controllers are seldom used anymore.
Theirdisadvantages outweightheir advantages. As
much as anything, they are victin:s of the advance
of technology. Hydraulic controllers are discussed
in the ABC'’s.

Elzctro-mechanical controllers use 1 combination
of electronic parts «nd mechanical parts (such as
gears). Watering cycles are turned on 2nd off by
means of tripping pins located on a wheel or dial.
Such controllers typically have a day vvheel ard an
hour wheel. The pins trip, or turn on, switches as
the wheels rotate. This starts the watering cycle,
which stays on until the controller timer shuts it off.
The cycle then remains off until the wheels rotate
around aglin and the pins once more trip the
switches.

4-25
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Controllers and Electrical Wiring 4. Controlling Water Flow

For several years, electro-mechanical controllers
have been the most widely used. The use of solid
state controllers is quickly gaining on them, how-
ever.

Solid state Solid state controllers will undoubtedly become
more common than electro-mechanical ones dur-
ing the next decade. They offer the advantage of
being completely electronic. This allows them to
have more features than electro-mechanical con-
trollers, as well as to avoid mechanical breakdown.

Q
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4. Controlling . CI0W

Table 4-1. Advantages and Disadvartages of Controllers

Controllers and Efectricai Wiring

Table 4-1 summarizes the advantages aud disad-
vantages of the differcnt types of controllers.

Controller Type

Advantages

Disadvantages

Hydraulic

Electro-mechanical

Solid State

Manual

Provided a v-ay to actuate
remote control valves be-
fore the invention of valves
with electric solenoids

Not sensitive to surges in
electrical power

Simple to operate

Proven to be reliable
Powered by electricity in-
stead of water

Powered by electricity in-
stead of water

Physically small

Flexible programming
Several options available
Reliable

Less expensive

Can be installed in remote
locations where no electri-
cal power is available
Allows a visual verification
that the system is operating
correctly

C. 1freeze

Requires normally open
valves

Requires clean water to
function correctly

Leaks in tubing can cause
malfunctions

Few options and features
available

Physicall large
Subject to mechanical
breakage

Limited programining

Sensitive to electrical
surges
Cost (sometimes)

Liconvenient

Not conducive to water
censecvation (wasteful if
opertator forgets to shut
off system or cannot get to
the system for an c¢x-
tended period)

Irrigation Systems - Student’s Guide




Controllers and Electrical Wiring

Power requirements

Use an unswitched cir-
cuit

Electricity and the law

4. Centrolling Water Flow

Normally, all three types of controllers require 115
volts AC current for their power. Some controllers
operate on the 115 volts. Other controllers change

" the 115 voits AC to 24 volts. In eit..cr case, a

common wall socket can supply the power.

The power output from most controllers is 24 volts
AC. The output powerisused to actuate the valves.

Controllers that require 115 volts AC curreat can
be plugged into a wall socket or wired directly. In
either case, the current needs to be supplied by an
unswitched circuit. This prevents accidentally
turning off the controller when a switch is tu.aed
off. Ifyou wire a controller directly, always turn of

the circuit breaker to that direct line. Remember:
you must be a licensed electrician to legally tie into
the electrical systera and run a direct line.

As a point of caution, remember that the 115 valt
input power is polarized. That is, the pourtive,
“hot” wire must be connected to positive and the
negative wire must be connected to ground. Polar-
ityisespecially important if more than one control-
ler needs to operate from a single power snpply.

Input power may not always be available at the
exact location where you need to mount a control-
ler. A wall of agarage may not contain an electric
outlet, for example. Insuch cases, you must explain
thesituation to the property owner and request that
heorshe contactalicensed electric ~ TInlessyou
arealicensedelectrician, you cannot legally tie into
the electrical system to add an outlet or to run a
direct line.
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Controller features

Common features

Programming

Irrigation Systems - Student’s Guide

Controllers and Electrical Wiring

Automatic controllers are capable of more than
just opening and closing valves. The features vary
widely with the different types and brands of con-
trollers. Features tha" are s*andard on one brand
may be optional on another.

Standard features frequently include an override
switch, master valve operation, and pump start. An
override switch lets you manually turn off the
sprinkler system when watering is not needed, like
whenit is raining. In fact,some controllers label the
switch as a rain switch. The override switch als
allows you to start the system manually.

The ability to cperate a master valve is an impor-
tant feature. If a sprinkler system uses an atmos-
pheric vacuum breaker, a master valve is required
upstream from the breaker. Also, a master valve is
often used to relieve pressure from the manifold
and the supply line when the system is not operat-
ing.

The ability for the controller to start a pump is
another common feature. The water for some
sprinkler systems comes from a well or a lake and
must be pumped to the system. The pump start
feature allows the controller to start the pump at
the beginning of the watering cycle and to shut off
the pump at the end of the cyci..

Solid state controllers often have features that z.7e
seldom found on the other two types. The most
common of these is multipie programming, or the
ability to have more multiple watering cycles. This
feature is very important because of the increased
use of drip irrigation and the fact that different
types of plants have different wa.er requirements.
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Power backup

Surge protection

Actuating the valves

4. Controlling Wate' Flow

Also common on solid state controllers is a battery
that provides backup power for the program in the
controller’s memory. If the electricity is cut o *, the
battery retains the program until the electricity
comes back on. If th :lectricity were to stay off
long enough, the battery would evertually go dead
and the program would be erased from memory.

Iasuchsituations, many solid state controllers nave
a built-in program that automatically turns on the
system each day, for a brief period, to ensure
watering, The built-in program is powered by
electricity ani will not activate until the electricity
is restored.

Because power surges can damage electronic
components, surge protection is a another feature
often found on solid state controllers.

Controllers must have some way to actuate the
valves. Hydraulic controliers use water pressure.
Electro-mechanical and solid state zontrollers use
an electric charge. The charge i= *7ansmitted to the
valves through wires.

Fortunately, valves that opera " 24 volt AC
current are not polarized. Allt.  -e¢quire is a
“hot” wire and a common wire. You \thave to
worry about which wire goes where. san use

the same common wire for all of the vaiv._ inat the
controller actuates. If a system has more than one
controller, use separate common wires for each
controller.

Irrigation Systems - Student’s Guide
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4. Controlling Water Flow

Electrical wiring

Wire gauge

Conductor wires

Irrigation Systems - Student’s Guide

Controllers and Electrical Wiring

Two types of wire are appro.ed by ihe National
Electrical Code for direct burial: UF and TW.
Bothtypes areapprovedfor circuitsthat operateon
less than 30 volts. Type UF contains a heavier
insulation than type TW and for that reason is used
more often. Checklocal codes tobe certain thatthe
wire you use complies.

The gauge ofawire referstoitssize. Mostwireused
for sprinkler system:s is copper wire of 18, 16, or 14
AWG (American Wire Gauge). The smaller the
gauge number, the larger the wire. For example, 14
AWG wire is larger than 18 AWG wire.

The gaugeis important because the longer the wire
and the higher thc amperage requirement, the
larger the wire size needed. Most controllers and
valves come with documentation thatexplains their
wire requirements, such as the amperage, gauge,
and howfaryou canrun the wire. Normally, you can
run 18 gauge wire 2000 feet. That distance is the
complete circuit, so you could locate a valve 1000
feet from a cauitroller.

Wire usea for sprinkler systems usually contains
numerous individual wires within a jacket or
sheath. Wire such as this is described by two
numbers separated by a slash: 18/8, 16/6, and so
forth. The number on the left of the slash indicates
the gauge of the wire. The number on tne right
indicates how many conductors (individual wires)
arewithinthejacket. For example, 18/8is 18 gauge
wire with 8 conductors, and 16/6 is 16 gauge wire
with 6 conductors.

Each conductorwithin the jacket is usually 2 differ-
ent coler from the other conductors. The white
colored conductor is u.- vally used as the common,
or ground, wire.
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Splicing wire

Installing v *~e

4. Controelling Water Flow

Try to wire your sprinkler systems without splicing
the wire. Run a single piece of wire from the
controller to each valve. The reason for this is
simple: most electrical problems are caused by bad
connections.

When you connect wires, make sure that the ends
are clean and secure. Use crimp connectors if the
wires will be buried. Taping the wires together or
connecting them with wire nuts is not recom-
mended for wires that will be buried.

Always seal a connection regardiess of how you
make the conziection (crimp, taping, or wire nut). A
common sealant used in the irrigation business is
an epoxy resin type. The resin forms a wate~proof
seal to protect the connection fi um moisture.

Leave plenty of slack in the wire throughout the
system. Put a loop in the wire at every 90° wrn.
“Srake” the wire from side to side in the ditch to
ensure that the wire has enough slack. At each
valve, ¢ e a “pig tail” by wranping about 18
inchesc. wir¢ arounda piece of pipe to curl the wire
like a co-d on a telephone receiver. Leave addi-
tional slack at each connection.

Remember: compared to troubleshooting el ciri-
cal problems, wire is cheap.

A good place to run the wire as much as possible is
under the pipe. The pipe will help protect the wire
wher you fill in the trench. Handle the w're
carefully during the entire installation so that you
do not skin off the insulation. A skinned place can
allow moisture v enter and can cause grounding
problems.

Iivigation Systems - Student’s Guid=
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Check the solenoids

Irrigation Systemns - Student’s Guide

Controllers and Electrical Wiring

Verify that the valve solenoids operate before you
bury the wire. Sometimes you can check the
operation just with an ohm meter.

Use conduit for any wire that isabove ground, even
UF and TW wire.
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(This page included for duplexing.)
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4. Controlling Water Flow Subject Review

Subject Review

Controllers and Wiring

Fill In The Blank
Supply the word or words in the answer column to complete the followingstatements.
Then, after the questions are discussed in class, place an “X” through each incorrect

answer and write the correct answer in the answer column. That way, you will know the
correct answers if you later review this information.

Statement Answer

1. The three types of irrigation controllers are
electro-mechanical, hydraulic, and

2. Control valves used with hydraulic controllers
may be normally or normally

3. List three disadvantages of a hydraulic
controller , ,

4. List three functions that you can normally
perform with any controller , ,
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Statement Answer

5. List three functions that are considered extra
options on a controiler , ,

6. Intheirrigationindustry, a controller is usually
called a

1. The two types of wire that can be used under
ground are _and

8. Ifwires will be buried in the ditch, make sure
that any splices are

4-36 Irrigation Systems - Student’s Guide
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4. Controlling Water Flow Subject Review

True or False

o

In the answer column, mark the following statements “T for true or “F” {or false. The
whole statement is false if any part of it is false.

Then, after the questions are discussed in class, place an “X” through an incorrect
answer and write the correct answer in the answer columa. That way, you will know the

correct answers if you later review this information.

Stutement Answer

1. At most, the number of valves that a single
controller can operate is 25.

2. All controller housings are weather tight.

3. Atotaliy electronic controller is more versatile
than an electro-mechanical controller.

4. Not all controllers have protective circuit
breakers.

5. The wire to a valve should be pulled fairly tight
to prevent the wire from moving in the ditch.

6. You can use 18 AWG wire on all sprinkler
systems.

7. Wire listed as 18/8 contains 8 circuit wires and
1 ground wire.

8. Wire that is approved for burial should be
enclosed by conduit if the wire is above ground.
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Subject Review

Multiple Choice

4. Controlling Water Flow

Circle the letter of the choice that best completes the statement.

Then, after the questions are discussed in class, write the letter of the correct answer in
the answer column. That way, you will know the correct answers if you later review this
information.

Statement

Answer

1. The pressure required to operate a hydraulic
controller is

om gowp

75 psi or greater
The number of valves multiplied by .87 psi
Less than 45 psi

. Equal to or greater than the water pressure

in the system
The number of heads multiplied by .87 psi
None of the above

2. The output voltage from most controllers is

O 4-38

AmoOwy

24 Volts DC
24 Volts AC
115 Voits DC

. 115 Volts AC

220 Volts AC
None of the above

Irrigation Systems - Student’s Guide
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4. Controlling Water Flow Subject Review

Statemerit Answer

3. Although it may vary with different brands of
controllers, the number of valves that a single
station normally operates at one time is

A. One

B. Two

C. Three

D. Four

E. Six

F. None of the above

4. If electric power is not available at any of the
reasonable locations for a controller, you
should

A. Install an electric outlet in a suitable place,

such as a garage, and put the controller

there

Run a weather-proof extension cord frrm
outside outlet to where you want to put

w.c controller

Install a manual-start system

Call a licensed electrician to install an

electric outlet

Inform the customer that alicensed electri-

cian must install an electric outlet

None of the above

oy

momoo0
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Statement

4. Controlling Water Flow

Answer

5. Make certain that a controller is connected to

A.

M oW Y 0w

Anoutiet that is used only for the controller
An outlet that has its own circuit breaker
Anoutlet that is can be turned on and off by
a wall switch

. An outlet that cannot be turned on and off

by a wall switch (an unswitched circuit)
Anoutlet onan outside wall so that you can
get to the wiring if necessary

None of the above

6. Regardless of the type of controller used, make
certain that you

A.

mmo 0 W

Sell the controller under a separate
maintenance contract

Mount the controller where young children
cannot easily reach it

Explain to the customer how to operate the
controller

Both A and B

Both Band C

None of the above

7. The commion, or ground, wire is usually

A
B.
C.
D.
E.
F.

Red

Black

White

Orange

The wire largest in diameter
None of the above

Irrigation Systems - Student’s Guide
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Statement

8. Asingle ground wire can be used as the
common wire for a maximum of

Four valves

Four valves if the controller is electro-
mechanical

Twelve valves

. Twelve valves if the controller is program-
mable

One to six valves

None of the above

mmo on wp
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5. Controlling Water Placement

Section overview

Pipe defined

Older pipes may restrict
flow

Irrigation Systems - Student’s Guide

Thissection discusses the main ways in which water
reaches, or is placed at, the locations where water-
ing occurs. First of all, some sort of pipe must
convey the water to a location. Once at a location,
the water must be dispersed through sprinkler
heads and nozzles. Allied with a discussion of
sprinkler heads and nozzles is an explanation of
precipitation and application rates.

Piping

Pipe is any hollow tubular material used to convey
a fluid. Insprinkler systems, of course, the fluid is
water.

The ABC’s of Lawn Sprinkler Systems covers the
subject of pipe fairly thoroughly. Therefore, this
Guide will not dwell on the subject. A few points,
however, are worthy of further discussion.

In houses built during the 1930’s, ‘40’s, and ‘50,
most of the supply lines from the water meters into
the houses were galvanized steel pipe. Over the
years, a certainamountof corrosion can buildupon
the interior of such pipe and restrict the flow
passage.

One form of corrosion can be electrolytic corro-
sion, or corrosion caused by electrolysis. In simple
terms, electrolysisis achemical change inan object
caused by the flow of electrons. A car bactery is a
good example of electrolysis occurring between
different metals and solutions to produce direct
current electricity.

Connecting two dissimilar metals together may
also cause electrolysis depending on the types of
metal. For example, connecting copper pipe to




Piping

5. Controlling Water Placement

steel orironpipe can cause electrolytic corrcsion of
the steel or iron. The way to prevent this is to use
a dielectric fitting or other insulation type fitting.

Be aware that if you connect a sprinkler system to
anold supplysystem, you will probably have to deal
with restricted flow rates. This mzake it doubly
important for you to check the available flow rate
coming from the meter. The most accurate way to
dothisiswithaflowmeter, although other methods
are availat . e.

Irrigation Systems - € _at’s Guide
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5. Controlling Water Placement

Standards

Effects of temperature
on pipe

Irrigation Systems - Student’s Guide

Piping

A standard is a comparison against which the
quantity, quality, or extent of other items may be
measured. For example, the standard measure of
ayard is36inches. Ayardstick 35incheslongwould
be nonstandard. As you can see, standards allows
us to have consistency. Standards also exist for
pipe, particularly regarding the size of pipe.

Private industry often origina.es standards. This
can lead to the existence of many different stan-
dards and can create a confusing situation. To
remedy such confusion, the official representative
of the United States for defining standards is the
American National Standards Institute, or ANSI.

ANSI was formerly known as the American Gtan-
dards Associaticn, or ASA. So, when dealing with
pipe, you may run acioss a standards number with
a prefix of ASA. (In fact, depending on the time
period when the standard was approved, you may
also encounter prefixes of NCANSI, USAA, and
USAS.)

Temperature affects pipe a couple of ways. First,
the temperature of the water affects the pipe. For
mostsprinkler systems, the working temperature of
the water does not vary enough to be a major
concern. Youwill need to use a larger class of pipe
if the water temperature in the system is corsis-
tently hot (90° or above). The hotter the water, the
larger the class number of pipe you should use.

A second way that temperature affects pipe is
called thermal expansion. Pipe, particularly all
types of plastic pipe, expands when it gets hot and
contracts when it get cold. The amount of expan-
sion and contraction can be several inches per
hundred feet depending on the type of plastic and
the amount of temperature change.
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Piping

Water hammer

K. Controlling Water Placement

For example, suppose that you installed a 100 foot
section of PVCon aJuly daywhen the temperature
was 100°. After burying the pipe and running cool
water through it, suppose that the temperature of
the pipe dropped to 50°. The pipe will contract
about three inches. If you have not left sufficient
slack, the force of the contraction could pull apart
fittings.

Impact strength, or the ability to withstand the
shock of ablow, isanother important characteristic
of pipe. Think about the effect of a valve that
quickly shuts off the flow of water in a sprinkler
system. The water is moving, so it has momentum;
the water is also heavy, so it has weight.

The effeci of abruptly stopping that water causes a
shock called water hammer. Water hammer can
actually fatigue pipe and cause it to expand beyond
its normal shape. Insome cases, the expansion can
cause the pipe to rupture.

Make sure that the class of pipe in your sprinkler
systems can withstand the surge pressure of water
hammer. A rule of thumb is to use the 50% rule.
Inotherwords, if the maximum amount of pressure
thatyou expected toenccunter is 100 psi, youwould
want touse at leasta class 200 pipe in order tosafely
allow for surges (50% of 200 is 100).

Another form of water hammer occurs when water
that is flowing straight makes a turn. For example,
water reaching an elbow fitting actually pushes
against the fitting. In some cases, the force is great
enough to dislocated the fitting from the pipe. One
safeguard against this is a thrustblock, which is
some kind of hard material such as a brick, rock, or
piece of wvood. The thrustblock is placed against
the elbow and provides resistance against water
hammer.

Irrigation Systems - Student’s Guide
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5. Controlling Water Placement Piping

Effects of sunlight on Sunlight can deteriorate PVC pipe over a period of

pipe time and cause it toweaxen. You shouldstoi¢ PVC
where it is covered and not expose it to direct
sunlight for long periods.

Conversely, advances in polymer chemistry have
given us polyethylene pipe that can be exposed to
sunlight for long periods without harmful effect. In
fact, polyethylene pipe is often used for drip irriga-
tion andis made to lay directly ontop of the ground.
Youwilllearnmore aboutdripirrigation in Section
7.

o Irrigation Systems - Student’s Guide 5-5




Connecting Pipe

Connecting pipe

Solvent welding

Remove the gloss

5. Controlling Water Placement

Pipe is connected in various ways depending on the
type of pipe. Metal pipe such as galvanized steel is
connected with threaded fittings. Connecticns to
copper pipe are usually soldered, or sweated. PVC
and ABS cor:nections are solvent welded. Poly. th-
ylene pipe cannot be solventwelded. You must use
clamp-type fittings instead.

Solvent welding and soldering are so common in
the irrigation business that each merits further
discussion.

PVC pipe is connected by a process called solvent
welding. The process is called welding rather than
gluing because an actual fusing of materials occurs.
The solvent softens the pipe and the fitting so that
they fuse together when they touch. This is differ-
ent from a glued connection, which would leave a
layer of glue between the pipe and the fitting,

(ABS pipe is also connected by solvent welding,
But to simply di.-ussion, this Guide will refer only
to PVC. Keep in mind that the same information
applies to ABS pipe.)

Before you solvent weld plastic pipe vou must cut
it to the proper length. A hack saw cuts PVC very
well, or you may choose to use one of the cutting
tools especially made for cutting PVC. In either
case, make sure that all cuts are square and that the
ends of the pipe are free from rough edges.

Theinside of the fitting and the outside of the pipe
must be clean and dry. PVC has a glossy coating
that you must remove or the weld may not occur
properly. You can remove the gloss with sandpa-
per,butabettermethodis touse achemical cleaner
or primer.

Irrigation Systems - Student’s Guide
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5. Controlling Water Placement

Apply the solvent

Watch the excess

Irrigation Systems - Student’s Guide

Connecting Pipe

The cleaner slightly softens the PVC so be careful
not to put the pipe and fitting together after you
have chemically cleaned them. They will bond
enough so that you cannot get them apart, yet they
will not be strong enough to withstand water pres-
sure.

After you have cleaned the PVC, apply a generous
coat of solvent, but not an excessive amount. Apply
the solvent to the outside of the pipe and to the
inside of the fitting. The distance from the end of
the pipe to where you stop applying solvent de-
pendson howfar the pipe willfit into the fitting. For
example, if the pipe will fit two inches into the
fitting, start two inches from the end of the pipe and
apply the solvent from there to the end.

Afteryou coat the pipe and fitting with the solvent,
pushthemtogether and turnone or the otherabout
a quarter of a turn. This evenly distributes the
solvent. Hold the pipe and fitting together for 10to
15 seconds, just long enough for them to make the
initialbond, before you proceed to the next connec-
tion.

Be careful not to use too much solvent. Excessive
solventcan formaringon the inside of the pipe and
fitting when you push the two together. Since you
have no way to get inside and clean off the ring, the
solvent will keep softening the PVC and weaken
the plastic.

Wipe off any excess solvent from around the fitting.
If you do not, the solvent develops a film over itself
and will not evaporate. The solvent will then keep
softening the pipe at that point and, over time,
wezken the pipe.

5-17
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Connecting Pipe

Types of solvents

5. Controlling Water Placement

Use enough solvent to forma good bond, butnotso
much thatyou domore harm thangood. Keep from
dripping solvent on other connections that you are
not gluing. Normally, you should wait about 24
hours after solvent welding PVC pipe before you
put full pressure on the piping.

There are several types of welding solvents. Sol-
vents that are referred to as “hot” mean that they
soften the pipe quicker and evaporate faster. Take
care if you use hotter solvents. Once you apply the
solvent, you will need to make the connection
rather quickly before the solvent evaporates.

Most welding solvents are flammable and toxic.
Use them in well ventilated areas and be careful
with open flames around them.

Most of the solvents come in a can with the brush
builtintothe lidof the can. A good practiceisto put
the lid back on the can every time that you use the
solvent. This keeps the solvent from evaporating.

You also need to consider the size of the brush in
relation to the size of the fitting. Use a brush that
is approximately one-half the inside diameter of
the fitting. The brush will hold enough solvent to
evenly coat the inside the fitting, but not so much
that you end up with excess solvent. If you use a
brush too small, it may not hold enough solvent to
completely coat the fitting. If you use a brush too
big, you will not be able to fit it into the fitting.

Irrigation Systems - Student’s Guide
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Soldering defined

Start with flux and sol-
der

Irrigation Systems - Student’s Guide

Connecting Pipe

Connections to copper pipe are made by using a
combination of heat and a fusible metal alloy. This
process is called soldering or, more commonly,
“sweating.” The heat is usually supplied by a
propane torch. The metal alloy s called solder and
usually comes on a spool.

Solderingoften scares people because theyfeel itis
harder to get a good connection than with solvent
welding. But soldering is actually fairly simple
provided you use the right materials, follow a few
simple guidelines, and do not hurry the process.

About the only time that you will need to solder in
the irrigation business is when you connect to a
water supply. Some city codes require that a
permanent tee fitting be sweated into the line if the
building has a copper supply line coming into it.
The only way to do this is to solder the tee into
place.

We will first discuss soldering and then describe
how to fit a tee into an existing water line.

To make soldered connections, you need flux and
solder. Flux is an agent that cleans the tarnish off
of the pipe and the fitting so that the solder and the
copper can bond properly. Use a flux that is
referred to as a non-acid or self-cleaning flux. The
label on the container will identify the flux as being
of this type or not.

The flux removes any chemical barrier that may
prohibit a good bond and allows the solder to flow
more smoothly. The solder is the actual agent that
does the bonding.

5-9




Connecting Pipe

Types of solder

Add a heat source

S. Controlling Water Placement

When you select a solder, avoid the acid core and
flux core solders. Some solders come with a core
that has flux or acid in it to clean the pipe. But by
the time such solder gets hot enough to actually
release the flux or acid, the solder has already
melted and is on the pipe. Therefore the flux does
not really clean well.

The best type of solder for copper sweating is not
available any more, a 50/50 wire solder. The 50/
S0refers to the percentage of lead and zinc in the
solder, 50% eachin this case. The EPA hasbanned
productsthat contain leadif the products come into
contact with potable water supplies. (You maystill
find 50/50 solder, but eventually it will be removed
from the market.)

An acceptable alternative on the market today is
referredtoasa95/5. Suchsolderis 95%tinand 5%
antimony. Thisisa hardersolderandisalittle more
difficult to work with. Nevertheless, it is the best
available at this time.

Not all of today’s solders are 95/5. Most of them
contain a large percentage of tin, but the other 5 or
10% may be antimony, silver, copper, or zinc. Some
ofthese arestill fairly easy towork with; any of them
will make an acceptable bond.

The heat required to melt the solder is usually

supplied by a small propane torch or an acetylene
torch. Use the soldering tip for sweating.

Along with flux, solder, and torch, you need certain
safety equipment.

Irrigation Systems - Student’s Guide
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Remember your safety
equipment

How the bond forms

Irrigation Systems - Student’s Guide

Connecting Pipz

A pair of gloves is necessary to protect your hands
and wrists. The pipe and fittings get very hot when
sweated. You also need a pair of goggles to protect
your eyes in case the flux or solder pops. Another
good idea is to wear a long-sleeved shirt to protect
the lower arms. Remeinber: safety first. Always.

How is the bond actually made between the fitting
and the pipe? When you sweat a fitting, the solder
isactually drawn into the void between the pipe an

the fitting by capillary action. This is why it is
important that they both be really clean and not
scratched. You need a smooth, clean surface so
that the solder can be drawn in consistently around

the joint.

5-11
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Ceanecting Pipe

Guidelines for soldering

Make sure that the pipe
and fitting are dry

Clean the pipe and fii-
ting

o 5-12

5. Controlling Water Piacement

You wili ..ave more success with soidering if you
follow a few simple guidelines. These guidelines
are pres:ntec below. Remember not to rush the
soldering process.

The pipe and fitting must be totally dry before you
solder. Otherwise, the water will keep part of the
pipe or fitting from heating. The solder will not
stick to that area, a:* ¢ « leak will occur there.

Because you will usuzlly be sweating a water line,
some amount of water wiilbe intheline. Even after
youdrain the line, a smaliamount of water may still
be in the bottom of it and come trickling out for a
long time.

The pipe and fitting must be dry, yet water is always
present. What do you do? Bread. Take aslice of
bread, remove the crust, and form the slice into a
ball or oval. Push the bread up the pipe about 2 or
3 inches back from where you will solder.

The wad of bread will temporarily stop the flow of
water. You can then make yoursolder cc ‘nection.
The bread breaks down completely and will not
plugup the line. Whenyou turn the water back on,
open a hose bibb to flush out what is left of the
bread. Remember to oper. a hose bibb and flush
out the remnants of the bree  Let the wat.r flow
outof thebibbfor2 or3minut: to thoroughlyflush
the line.

Always work with a clean pi. and fitting. You
need to remove any dirt and grim, as well as any
filings that may be left from when you cut the pipe.
You can clean the pipe after a cut with fine emery
cloth or sandpaper.

Irripation Systerns - Student’s Guide
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5. Controlling Water Placement

Use flux

Apply the heat to the fit-
ting

Irrigation Systems - Student’s Guide

Connecting Pipe

Be careful not to use an emery cloth or sandpaper
that is course enough to roughen the surface. The
surface must be kept smooth. Any scratches or
grooves on the surface can hinder the actual bond.

Before you solder, coat the fitting and the pipe with
flux. The flux cleans the copper and helns the
solder to flow smoothly and evenly. Flux isusually
applied with a brush. Apply an even coating, but
not excessive, to the inside of the fitting and the

outside of the pipe.

Slide the connection together and rotate it to make
sure that you spread the flux evenly. Once the
fitting istogether and rotated, turn the fitting to the
correct position and you can start the soldering.

Always heat the fitting, not the pipe. The fittings
are normally of a heavier construction than the
pipe. Ifyou heat the pipe, it may get too hotbefore
the fitting has a chance to heat thoroughly. This
situation can cause inconsistent heat around the
connection and create a bad solder connection.
Heat just one side of the fitting; do not try to move
the torch around and heat the entire fitting.

Normally, you can heat a fitting in 7 to 10 seconds.
You will be able to tell when the fitting is hot
enoughbecause the fluxwill start tobubbleand pop
asitmelts. You canscorch afitting if you heat it too
long. A fitting usually turns a blue color if it is
overheated. If the fitting stays blue after it has
cooled off, you should replace the fitting. Solder
will not stick well to a scorched fitting.

Once you see the flux starting to bubble, apply the
solder to the opposite side of the connection. If the
solder sticks and does not melt immediately, pull it
away and heat the fitting for another 2 or 3 seconds.

5-13
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Connecting Pipe

Apply soider opposiie
the heat

5. Controlling Water Placement

Just assoon as the connection is hot enough to melt
the solder, remove the heat from the fitting. Apply
the solder right at the joint where the pipe and the
fitting come together.

The solder will spread naturally around the joint
and be drawn into the void between the pipe and
the fitting.

Always apply the soider to the side of the connec-
tion opposite the heat. That makes sense when you
think about it: if the side opposite the flame is hot
enough to melt solder, the side toward the flame
certain is. The reverse may not be true.

A good practice is to heat the upper part of the
fitting on one side and apply the solder on the lower
side across from the heat. You can be fairly certain
of a good solder joint if you can draw the solcer up
and around the fitting. Regardless of where you
apply the heat, however, make sure that the solder
araws completely around the fitting.

Irrigation Systems - Student’s Guide
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Tips on handling the
solder

Tipsonsoldering several
fittings

Resoldering a fitting

Irrigation Systems - Student’s Guide

Connecting Pipe

Normally, you need about the same amount of
solder wire to make a connection as the size ' the
pipe’s outside diameter. That is, a 1/2 inch pipe
normally requires about 1/2 inch of solder wire; a
3/4 inch pipe normally requires about 3 /4 inch of
solder, and so forth.

Just after you apply the solder, wipe off the joint
with a soft cloth. This removes any excess solder
and sinootihs oui the sweated joint. Any soider left
on the outside has nothing to do with the actual
solder connection. It is just extra and should be
removed (for looks more than anything).

A good way to handle the solder is to take about 18
to 24 inches off of the roll. Do not try to work with
the entire roll. Wrap about half the length around
your hand to make sort of a coil.

This gives you something easy to hold, yet it is a
small enough piece thatyou can easily work with it.

When soldering several fittings, you need to start
with the lowest one and work your way up. That
way, any excess solder from a fitting will not drip on
onethatyouare gettingreadyto solder. Also, ifyou
have several fittings to put together, go ahead and
clean them, put the flux on, and assemble the whole
thing before you start soldering. Then you can
come back and solder all of the fitlings.

Solderingallof the fittings at one time can speed up
the job. A certain amount of the heat applied for
the first fitting heats the next fitting, and so on.

Ifyou need to resolder a fitting, heat it and remove
it from the pipe. Remove any solder that is on the
pipe or fitting and reflux them both. You must
reflux if you resolder, or the connectionwill proba-
bly be faulty.
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Connccting Pipe

Watch out for flammable
backgrounds

Connecting plastic to
copper

5. Coutrolling Water Placcment

If you are sweating a fitting against a wooden wall
or something that is flammable, you need toslide a
piece of tin or some protective barrier between the
fitting and the flammable substance. Remember
thatthe heatfromthe end of the torch extendsquite
a bit farther than the actual flame. Be careful not
to burn yourself or ignite sr-nething.

Thehottest part ofthe flame is at the end of the blue
part of the flame. Normally, on a well adjusted
torch, the blue part is about a quarter of an inch
long.

In some cases you may need to connect plastic to
copper, such as coming off of a copper tee with a
PVC line. The PVC connection needs to be a
threaded fitting. Special adaptors are available
that have a sweat fitting on one end and threads on
theotherend. Be sure tosolderthe adaptorinplace
before you connect the PVC to it. Otherwise, the
heat from the soldering may damage the threads on
the PVC. Wait until the adaptor has cooled com-
pletely before connecting the PVC.

Irrigation Systems - Student’s Guide
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5. Controlling Water Placement

Con=zecting a tee to an
existing water line

Usinga no-stop coupling

Irrigation Systems - Student’s Guide

Connecting Pipe

'The types of copper pipe commonly used for water
lines are fairly soft. When you dig a hole to reach
the water line, be careful not to hit the pipe with the
shovel--you may scar or flatten the pipe. The pipe
needs to be round and unmarked to help ensure a
leakprcof connection.

Select an area of pipe that is round and unmarked
about 8 to 10 inches long. This is where you will
connection the tee.

Use a tubing cutter or hack saw and remove about
a6 to 8 inch section of the pipe. Remove any burrs
from the ends of the pipe.

Because the copper pipe is fairly rigid, you will not
be able to simply replace the cut-out section witha
tee fitting the same length. Instead, youneed three
pieces to install a tee: the tee fitting itself, a short
piece of copper pipe the same outside diameter as
the water line, and a no-stop coupling.

A no-stop coupling does not have a ridge on the
inside for the pipe to butt against. The coupling can
slide completely on the pipe.

Clean and flux the fittings and pipe. Slide the no-
stop coupling onto the existing water line, flush with
the end of the line. Push the tee onto the other
exposed end of the water line. Add the small piece
of pipe to the other end of the tee. Now slide the
no-stop coupling onto the short piece of pipe until
the coupling overlaps the short piece and the water
line about the same amount.

Thisarrangement leaves you4 jointstosolder: 1on
each side of the tee, and 1 on each side of the
coupling. You can then sweat all 4 joints in se-
quence and complete the water connection.
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Connecting Pipe

Intermission to change
the pace

5. Controlling Walter Placement

Before you read about the next subject, sprinkler
heads and nozzles, complete the subject review on
piping and connecting pipe.

Irrigation Systems - Student’s Guide
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S. Controlling Water Placement Subject Review

Subject Review

Piping and Connecting Pipe

Fill In The Blank
Supply the word or words in the answer column to complete the following statements.
Then, after the questions are discussed in class, place an “X” through each incorrect
answer and write the correct answer in the answer column. That way, you will know the

correct answers if you later review this information.

Statement Answer

1. Three main types of thermoplastic pipe are
, , and

2. With PVC 1120 pipe, the first “1” refers to the
,thesecond “1” refersto the ,
and the “20” refers to the

3. The stretching of plastic pipe by
over-pressuring is called

4. Atypeofpipethatisflexible,comesinrolls,
and is resistant to freezing is pipe.

5. The term used for the comparative reference
of differentsizesof pipe is the pipesize.

6. 50/50wiresolderis no longer available
because it contains

7. Solder is drawn into the joint because of

8. The two materials needed to sweat a joint are
solder and .
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L2




Subject Review 5. Controlling Water Placement

True or False

In the answer column, mark the following statements “T”’ for true or “F” for false. The
whole statement is false if any part of it is false.

Then, after the questions are discussed in class, place an “X” through an incorrect
answer and write the correct answer in the answer column. That way, you will know the

correct answers if you later review this information.

Statement Answer

1. Electrolysis may occur when two dissimilar
metals are joined.

2. LP.S. refers only to metal pipe.

3. Aninstallation process that allows for the pipe
to expand and contract is called “snaking.”

4. The force that develops whenvalves quickly
close is called water hammer.

5. An installation device that helps cushion pipe
elbows against water hammer is called a thrust
block.

6. PVC 2210 pipe has a design tensile strength of
2000 psi.

7. All PVC solvents are the same.

8. PVCsolvent canalsobeusedtoweld
polyethylene pipe.
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Multiple Choice

Circle the letter of the choice that best completes the statement.

Then, after the questions are discussed in class, write the letter of the correct answer in
the answer column. That way, you will know the correct answers if you later review this
information.

Statement Answer

1. The official representative of the U.S. in the
field of international standards is

A.

M m Y 0w

ASTM (American Society of Testing

and Materials)

AWWA (American Water Works Associa-
tion)

ANSI (American National Standards
Institute

AAIS (American Association for Interna-
tional Standards)

USSA (United States Standards Associa-
tion)

None of the above

2. The term “schedule” refers to

. The wall thickness of iron pipe only

The wall thickness of PVC pipe only

The O.D. and wall thickness of all pipe
materials, based on the O.D. and wall thick-
ness used in steel pipe

. Thel.D. andtensilestrength ofall pipe

materials
The O.D. minus the I.D.
None of the above
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Subject Review
Statement
3. The wall thickness of a pipe may be determined
by
A. OD.-1D.
B. (ID. + diameter)/2
C. (ID. + radius)/2
D. (ID.x2)-0O.D.
E. BothCand D
F. None of the above
4. The letters which designate copper tube size
are

o p
<w

LTezglow

o
.

~
L laitel

-

mmo QW
Ny R
wn

5. Continuous water hammer and surges can
cause

A. Hydrostatic design stress

B. Hydrostatic pressure vacuum
C. Pipe fatigue

D. Pipe electrolysis

E. Both Aand B

F. None of the above

5. Controlling Water Placément

Answer
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5. Controlling Water Placement

Statement

6. The term “class” refers to the

Design tensile strength of pipe
Design tensile strength of fittings
Design working pressure of pipe
Design process of pipe extrusion
Impact strength of pipe

None of the above

THOOW»

7. A good sign that the fitting is ready to take

solder is

A. The fitting will turn a bluish color

B. The fitting will turn a reddish-orange color
C. The fitting is hot to the touch

D. The flux bubbles and pops.

E. The solder sticks to the fitting

F. None of the above.

8. To solder a 1/2 inch fitting should take
approximately

4 inches of solder

2 inches of solder

1 inch of solder

1-1/2 inches of solder
1/2 inch of solder
None of the above

Mmoo ws
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5. Controlling Water Placement

Sprinkler Types and Nozzles

Sprinkler Types and Nozzles

Sprinkler head defined

Irrigation Systems - Student’s Guide

So far in this Guide, you have learned about con-
nectingto thewa*ar supply and conveying the water
through pipes to various locations. Once you get
the water distributed, you need some way to dis-
perseit. This is the purpose of the sprinkler head.
A sprinkler head is a device that connects to the
piping for the purpose of dispersing water.

Actually, the sprinkler head itself is usually a hous-
ing, or container, for a nozzle. The nozzle is the
component that dispenses the water in a specific
pattern and distance. Two terms that you will see.
associated with nozzles are trajectory zad arc.
Trajectoryis theangle from horizontal at which the
waterstream or spray or flow leaves the nozzle. Arc
is the portion of a circle that the water covers. For
example, a half-circle arc is 180°.

In common terms, the two basic categories of
sprinkler heads are rotary heads and spray heads.

A rotary head disperses water while rotating. A
mechanism--usually a water-driven mechanism--
rotates a nozzle over a given arc. The three most
common types on the market are the impact head,
also called impulse head, the gear drive head, and
the ball drive head.

Because the ABC’s of Lawn Sprinkler Systems
discusses the types of rotary heads quite thor-
oughly, this Guide will not dwell on them. A few
points about rotary heads do merit further discus-
sion.
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Sprinkler Types and Nozzles

Application of rotary
heads

Some drawbacks

Operating pressures

S. Controlling Water Placement

Rotary heads are usually used to water large turf
areas, which most commonly means commercial
applications. The heads may be placed in the turf
area itself, or along the edge and throw water into
or across the area. In either application, one
advantage of rotary heads is their large radius of
throw to cover such areas. Another advantage is
that a system with rotary heads usually costs less
than a comparable system with spray heads. The
rotary heads cost more per head, but it takes fewer
of them to cover an area.

The disadvantages of rotary heads is that they are
sloppy and wasteful. To cover such long distances,
rotary heads throw water high into the air. The
water has more contact time in the air and is more
susceptible to wind deflection and evaporation. In
short, rotary heads are not efficient in conserving
water.

Another disadvantage of rotary heads isthe I'mited
amount of adjustment to reduce their radius of
throw. This, combined with the fact that rotary
heads throw only circular patterns, limits their
usefulness almost entirely to large, open areas.
Trying to use rotary heads in areas with obstruc-
tions such as buildings, walls, streets, sidewalks and
parking lots, will invariably mean that you throw
water into places that may prove objectionable.

Rotary heads, just like spray heads, have a mini-
mum operating pressure, and usually a maximum
operating pressure. The heads operate most effec-
tively in the range between the minimum and the
maximum pressure. Payvery close attention to the
manufacturer’s specifications on heads. Rotary
heads have vastly differing operating ranges de-
pending on the type of head. Some may require 60
or 70 psi, or more, to work properly; others may
operate just fine at 20 or 25 psi.

Irrigation Systems - Student’s Guide
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5. Controlling Water Placement

Water distribution with
impact heads

Gear drive heads

Irrigation Systems - Student’s Guide
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Impact heads distribute water unevenly because
the nozzle assembly “jumps” with each impact.
The “jumping” results in a jerky movement so the
water is not applied evenly.

Also with mostimpact heads, the precipitationrate
changesas you adjust the arc down (from 180° to 90°
for example). The discharge rate remains the
same, however. The discharge rate is how much
water per minute exits the nozzle or the head.
(Some types of rotary heads do allow you to de-
crease the discharge rate as you decrease the arc.)

Precipitation rates and discharge rates are dis-
cussed further at the end of this section.

Interestingly, ball drive heads are actually impact
heads--the spinning ball impacts an “anvil” and
thus rotates the nozzle assembly. A ball drive
nozzle typically rotates more smoothly than an
impulse nozzle and therefore distributes water
more evenly.

From the name, the gear drive head is somewhat
misleading. The head is driven by a turbine or
water wheel. The spinning action of the turbine is
then reduced through a series of gears (much like
a transmission in a car). The gear mechanism
rotates the nozzle very smoothly. The smoothness
of rotation allows the gear drive head to distribute
water more evenly than other types of rotary heads.
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Spray heads

Shrub heads

5. Controlling Water Placement

Sprayheadsare the other common type uf sprinkler
heads. Spray heads typically have a nozzle with a
fixed orifice that is machined or milled. The size of
theorifice, as wellashow itis machined or the angle
at which it is cut, determines the arc of the throw,
the trajectory of the throw, and the discharge rate
of the head.

The discharge rate is how much water per minute
exits the nozzle or thehead. Some spray headshave
a flow adjustment, usually a valve, that you can
adjust with a screwdriver. The adjustment is com-
monly located at the nozzle and allows you to vary
the radius of throw.

Spray heads vary in their trajectories and arcs of
throwand their discharge rates. Most spray nozzles
are available in trajectories from 0° to about 40°.
The arcs vary from the most comrion, 360° or a full
circle,downto about 20°. The various arcs, or spray
patterns, help you to irrigate oddly shaped areas.

Discharge rates vary greatly among spray heads,
just as they do among rotary heads. Always check
the manufacturer’s specifications when determin-
ing discharge rates.

One common application of spray heads is for
watering shrubs and flower beds. Obviously, to
disperse the water past obstructions, shrub heads
needs to be higher than the shrubs. This is accom-
plished by raising the shrub head above the ground
onwhatis called ariser (typically a piece of PVCor

copper).

Risers have a couple of disadvantages. First, they
are a hazard if anyone should trip on one or fall on
one. For thisreason, you should always place them
against a fixed wall or structurg. Second, they need
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5. Controlling Water Placement

Disadvantages of spray
heads

Controlling water place-
ment with spray heads
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tobe higher than the shrubs. Butshrubs may easily
grow above the height of the risers. Fortunately, an
extremely effective and efficient alternative to ris-
ers exists. Section 7, Drip Irrigation, discusses it.

The main disadvantage to spray type nozzles is just
that--they spray. This usually limits the useful
radius of throw to about 15 feet. Also, many spray
heads distribute water in a doughnut shaped pat-
tern. This meansthat they leave a dry areanear the
head itself. The patterns of spray heads must be
overlapped to correct the problem.

Another disadvantage of spray heads, which is
actually a problem of incorrect design, is that they
are often easy to over-pressurize. This condition
causes a very distinct atomizing effect on the water
leaving the nozzle and produces a fog or fine mist.

Infact, the main design factor that affects sprinkler
operation is pressure. Too much pressure not only
causes a head to perform poorly, it can actually
shorten the operating life of the head.

If you do operate a spray nozzle at an ideal pres-
sure, the nozzle will produce droplets of water. But
the droplets are so small that they still susceptible
to wind deflection and eviporation.

It may seem economical to use heads that cover a
large radius and therefore use less heads. In
actuality, such a decision may be false economy.
The loss in water will probably, in the long run,
exceed the cost of the additional heads.

5-29




Sprinkle~ Types and Nozzles

5. Controlling Water Placement

Using more spray heads also gives you more control
of water placement. Typicaily, the shorter the
distribution radius of the head, the more control
you have of where the water lands. Some spray
nozzles have an adjustment on them that is usually
located right at the nozzle. The adjustment allows
you to decrease or increase the radius of the throw
by regulating the amount of water through the
nozzle. But when you adjust the water at the place
where it exits, what you actually do is distort the
pattern of the head itself. This is a distinct disad-
vantage.

Irrigation Systems - Student’s Guide
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S. Controlling Water Placement

Hybrid spray heads:
stream rotor and wob-
bling nozzle

Wobbling nozzle
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Two types of spray heads could be classified as
hybrids. One type is the streom rotor, which ejects
water in a number of small streams from a pop-up
nozzle. These heads have an internal mechanism
that gives you some of the effects of a rotary head
and some of the effects of a spray head. Often the
mechanism s a turbine type gear drive that rotates
an internal nozzle.

These heads were developed for use in places
where runoff is a major problent. For example,
areas that have steep slopes and very nonporous
soilwould cause run off. If you use this type of head,
remember to put them on their own circuit, sepa-
rate from other heads. The reasonis that they have
a low precipitation rate, much lower than regular
spray heads. You should also overlap stream rotors
head-to-head.

The other type of hybrid is really not a spray head
at all even though it is commonly listed as such.
This type of head has a pop-up piston with a nozzle
in it. The nozzle itself moves--it both spins and
pendulates, or wobbles. The moving nozzle is
similar to a rotary head, yet the water going in all

directions at once is similar to a fixed orifice spray
head.

The main advantage of this type of head is that the
wobbling action distributes water better than from
aspray or arotary head. In addition, the wobbling
action and internal nozzle design breaks up the
water into droplets which are less susceptible to
wind deflect.on and evapcration. This type of head
is mentic.ied ou page 15 in the ABC's.
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Sprinkler Types and Nozzles

Precipitation

Precipitation rate

Discharge rate and pre-
cipitation rate

O 5.3

5. Controlling Water Placement

Precipitation and precipitation rate are of utmost
importance to an irrigator. Precipitation 1s the
amount of water applied over a given ar=a. The
amount of water is measured in inches (or some
unit of depth such as millimeters). For example,
suppose that you have a flat, waterproof box 20 feet
square. Ifit:vined 1/2 inch and you took a ruler
and measured the depth of the water anywhere in
that box, it be 1/2inch. (The box could be any size
and this would still be true.) Your box received
1/2 inch of precipitation.

Precipitation as applied by an irrigation system
should be looked at in exactly the same terms. In
other words, you can easily calculate precipitation
if you know the volume of water used and the area
over which you applied it.

Precipitation rate is a measurement of how rapidly
a sprinkler head or a spiinkler system applies
water. The rate is defined as depth of water per
some unit of time. Usually, it is expressed in inches
per hour.

Discharge rate is how much water per minute exits
the nozzle or the head. You cannot simply relate
precipitation rate to the manufacturer’s discharge
rate of the head. The discharge rate is usually
calculated within the range of proper operating
pressures.

Operating pressures outside of the proper range
will change the discharge rate (the greater the
pressure, the greater the discharge rate). Also, the
discharge rates change over time. Older heads may
have a certain amount of washout; the orifices may
have grown larger from water erosion. The piping
may develop constrictions or corrosion, or may
become partially clogged by solids in the water.

Irrigation Systems - Student’s Guide
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Figuring precipitation
rate

Plants and precipitation
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I addition, the discharge rate does not take into
account overlapping. In general, circular pattern
heads, spray or rotary, are overlapped 50% of the
diameter. Said another way, that amount of over-
lap is radius-to- radius or head-to-head.

With such overlap, some areas will be covered by 1
head, other areas by 2 heads, and still other areas
by 3 heads. The amount of precipitation varies
depending on the amount of overlap.

One inch per hour is a number ofien claimed to be
a normal precipitation rate for most conventional,
fixed orifice spray heads. For the reasons just
discussed, you can see that such a number is essen-
tially useless except for initial design estimates.

The only reasonable way to calculate precipitation
is to compare the total volume of water applied to
the actual area of landscape or turf watered.

The most accurate way to measure the amount of
waterappliedistoinstall aflowmeterin thesystem.
Sometimes you can use the water meter for this if
it is legible and operates properly. Formulas also
exist for calculating precipitation rate, but they
tend to be approximations. If you are interested is
such formulas, consumit product documentation
from various head manufacturers or reference
books such as the Turf Irrigation Manual.

Why fuss with precipitation and precipitation rates
anyway? Because different types of plants have
different watering needs. You need to apply the
proper amount of water for the type of plant life
being irrigated. Otherwise, your system is less
efficient and you waste water and the customer’s
money.
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Precipitation rate and
heads on a circuit

Onward and upward

5. Controliing Water Placement

Determining the correct precipitation for different
plant types takes some research on your part. A
variety of sources exist where you can get informa-
tion: county extension agents, the National
Weather Bureau, nurseries, garden clubs, and
books (bookstores and public libraries), for ex-
ample.

Theresearchisworth the effort, however. Remem-
berthediscussionin Section 1aboutyourbecoming
a professional irrigator and not just “someone who
installs sprinkler systems.” Part of being a profes-
sional irrigator is to know about the watering re-
quirements of the plants common to your locale.
With modern irrigation products and technology
available to you, guessing about the amount of
precipitation being applied is unacceptable.

Precipitationis alsoimportant becatseyou need to
put heads with similar precip‘tation rates on the
sarne circuit. Thisallowsthe circuit to cover agiven
area with a consistent amount of precipitatior

Rotary heads typically have a much lower precizi-
fation rate than spicy heads becawse at the same
discharge rate they cover a much larger area. For
that reason, you normally o not want to put rctary
headson the samecircuit withsprayheads. Precipi-
tation rates over a given circuit should be the same
unless you are tailoring certain parts of that circuit
to apply less water to certain areas. This would
make the design process very complicated, how-
ever, and usually less accurate.

Now that we have discussed sprinkler heads a.

nozzles, complete the subjeci review on the next
few pages.
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5. Controlling Water Placement Subject Review

Subject Review

Sprinkler Heads and Nozzles

Fill In The Blank
Supply the word or words in the answer celumn to complete the following statements.
Then, after the questions are discussed in class, place an “X” through each incorrect

answer and write the correct answer in the answer column. That way, you will know the
correct answers if you later review this information.

Statement Answer

1. The main design factor that affects sprinkler
operation is

2. {ncommon terms, the two major categories of
sprinkler heacs are and

3. The mos. common types of drive mechanisms
for rotary heads are , , and

4. The drive mechanism for so-called “gear-
drive” heads is actually a

()

When you design a system that has different

types of heads, with various shapes and sizes of

spray patterns, always take into account the
rate of the ceads.
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Subject Review

Statement

6. Conventional spray heads discharge a flat pat-
tern of spray that is usually in shape.

7. Some sprinklers distribute water more
efficiently by means of a moving nozzle which
creates a action.

8. A system with rotary heads is generally less
than a system with lawn or spray heads.

Irrigation Systems - Student’s Guide
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5. Controlling Water Placement Subject Review

True or False

In the answer column, mark the following statements “T” for true or “F” for false. The
whole statement is false if any part of it is false.

Then, after the questions are discussed in class, place an “X” through an incorrect
answer and write the correct answer in the answer column. That way, you will know the

correct answers if you later review this information.

Statement Answer

1. Generally, the greater the distance water is
thrown, the more it is affected by wind.

2. Ifaturfareaisquite large and you have enough
water supply, you should use the largest radius
rotary heads available.

3. Balland cam drive heads are, in effect, impact
heads.

4. All fixed orifice spray heads distribute water
very evenly within the pattern.

5. Forthesame area, a well designed system with
rotary heads can be just as water efficient as a
well designed system with spray or sprinkler
heads.

6. With most impact heads, as you adjust the arc
down (for instance, from 360° to 180°), the pre-
cipitation rate remains the same.

7. With most impact heads, as you adjust the arc
down, the discharge rate remains the same.

8. Some lawn sprinkler heads have nozzles that
pendulate or wobble to improve water distribu-
.ion within the pattern.
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Multiple Choice
Circle the letter of the choice that best completes the statement.
Then, after the questions are discussed in class, write the letter of the correct answer in
the answer column. That way, you will know the correct answers if you later review this

information.

Statement Answer

1. The application for rotary heads is

A. For the cheapest system possible

B. For large turf areas

C. For small, mostly square yards

D. For mostly square yards with no trees
E. For flower beds

F. None of the above

2. Lawn heads are more efficient than rotary
heads because

They are usually less affected by wind
They waste less water

You can fit them into odd shaped areas
more efficiently

They cost less

A/ B,andC

A B andD

mHmo QW
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Statement Answer

Subject Review

3. Shrub heads on risers

O 0 =

™ m

Should be on both sides of a flower bed to
distribute water evenly

Must be made of copper or brass because
the riser is above ground

Can be a hazard and should always be
placed against a fixed wall or structure
Should be higher than the height of the
shrubs

Both Cand D

. Both A and B

4. Water pressure that is too high for z;sprinkler
system

A.

E MC Irrigation Systems - Student’s Guide
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Is a major cause of water waste because the
heads perform poorly

Can shorten the operating life of the heads
Gives a little extra distance of throw and
thus improves water distribution

. Is generally okay because the heads pop up

to their full height
Both A and B
Both Cand D
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Subject Review 5. Controlling Water Placement

Statement Answer

5. Never include rotary heads and sprinkler or
spray heads on the same circuit because

A. They look unsightly together when they
operatc

Determining the spacingfor gnod overlap is
very difficult

The precipitation rates are greatly different
The discharge rates are greatly different
Both A and B

Both Cand D

o

mTmY0

6. Thereasonableway tocalculate precipitation s

A. To know the discharge rates of the heads
B. To know how long the system has besn
running

To know the distribution profiie of the
heads

Tekraw the actual volume of waterapplied
andthe actualsize vfthearea towhichitwas
applied

Both A and B

Both Cand D

0

=

T 1
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5. Controlling Water Placement

Statement

7. Trajectory isimportant to the irrigator because

A.

mm g 0w

Generally, the higher the throw, the greater
the radius

The higher the throw, the better the water
distribution

Thehigher the throw, the more water lost to
wind

. The higher the throw, the more water

evaporation
Both A and B
Both Cand D

8. All conventional circular patiern spray heads

Throw large drops of watei

Have the same operating pressure range
Must be properly overlapped to improve
water distrubtion

. Havea constant discharge rate regardless of

water pressure
All of the above
None of the above

Irrigation Systems - Student’s Guide
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(This page included for duplexing.)
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Section overview

6. Layout and Design

Layout and design involves much information that
is central to the irrigation business. this section s
fairly lengthy and at first may seem overwhelming,
Remember, however, that you are building your
understanding one piece ata time. Asyou progress
through the areas in this section, the entire subject
of layout and design will make more sense.

The layout and design of sprinkler systems can be
looked at as involving 4 main phases:

1. Drawing an accurate plot plan.

2. Laying out the sprinkler heads .\ 1 the plot
plan.

3. Sectioning the sprinkler heads (adding the
plumbing).

4. Checking your design mathematically.

Before discussing each phase, however, we need to
cover some general information about layout and
design. This information discusses the basics of
designandof hydraulics. Followingthat, the 4 main
phases are then explained.

Design Basics

When a customer wants
the least expensive
system

Ir-igation Systems - Student’s Guide

Your goal is to design a system properly and ac-
cording to good irrigation practices. Rut you also
have to comply with what the property owner
wants.

Many times you will encounter a property owner
who wants the least expensive system. The least
expensive system is seldom, if ever, the most <ffec-
tive and efficient system. The customer needs t-
know this. .

For example. a system that throws water across
sidewalks and driveways will probably be less ex-
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Design Basics

Installation and Design

6. Layout and Design

pensive than one that does not. But over the years,
the customer may actually spend more on water
than on the cost of a more efficient system. In
addition, watering sidewalks and driveways does
not promote water conservation.

A better approach to serving the customer’s needs
is to offer a choice. Design the most efficient and
effective system based on the requirements of the
customer and on good irrigation pra.. es. Be
prepared to support your design when - present
it to the customer. Always explainto\  ustomer
the design and how the system will operate.

Remember that as a professional irrigator, you
promote good irrigaticn practices. Wasting water
is not one of them. Design your systems with good
irrigation practices in mind. Most customers will
recognize thatyour designis professional and is not
priced merely for more money.

If necessary, but only if necessary, you can adjust
the design to lower the total cost of the system. You
need to find that balance between the besi possible
system and one that the customer can afford.
Ideally, they are the same.

The installation of the system may not exactly
match the design. Sometimes you must make cn-
the-job alterations. Trytokeep the installation and
the design as identical as possible, however. Note
any alterations on the design.

Alweys leave a copy of the design with the cis-

omer. He or she needs to know where the system
components are located. The design is also helpful
if another irrigator needs to perform maintenance
on the system at a later date.

Irrigation Systems - Student’s Guide
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6. Layout and Design

Precipitation rate revis-
ited

Precipitation rate and
controllers

Irrigation Systems - Student’s Guide

Design Basics

You learned about precipitation rate in the last
section. But a discussion about design basics is
another good place to mention it. Remember that
precipitation rate measures how much water is
applied to an area and how rapidly.

The precipitation rate for each circuit canbe calcu-
lated. One way to do this is listed on page 91 in the
ABC’s. You will understand each part of the
formula more fully by the time you finish this
section.

The formula calculates the rate for triangular
spaced spray neads. Other formulas exist; some
even tale into account full-circle sprinklers and
part-circie sprinklers on the same circuit.

Calculating the precipitation rate of individual
sprinklers, or circuits, is a way to know how quickly
water will be applied to the landscape. For in-
stance, suppose that you calculated the precipita-
tion rate on a circuit to be 1/2 inch per hour. Ifyou
ran that circuit for an hour, the amount of precipi-
tationwould be the same asifit had rained 1/21inch
in an hour’s time.

You need to know the precipitation rates of the
various circuits to determine how long each circuit
should water. You can then apply the rates when
you explain to the property owner how to set the
length of watering times on the controller.

Knowing the rates is your basis for knowing how
long to set the watering times. The property owner

can then understand each circuit in terms of “so
many minutes” equals “so many inches of rain.”

5-3
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Design Basics

Drawing practices

Problem: low static
pressure

6. Layout v nd Design

Other factors, such as the type of soil and slope of
the land, also affect watering times. Consider such
factors whenyou ¢stermine watering times; do not
rely totally on the caiculation of precipitation rate.

Use common sense in the drawing practices for
your de.3'gis. For example, use a half circle to show
one pipe crossing another. Use short lines at
intersections to show the fittings. Elbows should
have two short lines; tees should have three.

The following symbols are commonly used in the
irrigation business:

@ = Water meter
X— = Backflow prevention device
.@. = Section valve
— — — = Main line piping
Section piping
e Grass head
O = Shrub head

Yourdrawings should always be dr~awell enough
to prevent confusion about the layout and design.

If the staticwater pressure is 30 psi or less, you may
not have enough pressure to operate a sprinkler
system. Let us look at why.

Many types of spray heads have a minimum oper-
ating pressure of about 20 psi. This means that .
of the spray heads--even the last head on the
farthest circuit--must get 20 psi to operate cor-
rectly. If you have only 30 psi to start with, you ran
afford to lose only 10 psi before water reaches that
furthest head. Depending on the route, the water
may lose more than 10 psi before it reaches the last
heads.

«gation Systems - Student’s Guide
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6. Layout and Design

Use a larger supply line

Problem: static pres-
sure too high

Irrigation Systems - S“udent’s Guide

Design Basics

A reasonable and economical way to reduce the
amount of pressure drop is to use a larger size pipe
for the supply line.

Tie into the water line with a tee fitting as close to
the watermeter as possible. This helps prevent any
further pressure loss by running unnecessary pipe.
From the tee, you use a larger supply line. A good
irrigation practice that is commonly followed is to
upsize the pipe at least one size from the size of the
meter.

Forexample, ifyou connected your tee toa3/4 inch
line, you would use a 1 inch supply line. In some
cases, you may ¢ven need a 1-1/4 inch supply line
dependingon the w= er pres "ure and the amount of
pressure loss.

A larger supply line is a good way to improve the
flow and decrease the pressure loss.

A static pr~ssure that is too high can also cause
problemswith asprinkler system. Possibly the most
prevalent mistake that irrigators make is to install
systems that are over »ressured. The reason that
many spray heads1  and fog is because of too
much pressure at the .1ead.

Sprinkler heads have an ideal operating range of
pressure (often from 20 to 35 psi). If the pressure
exceeds that range, the operation and the longevity
of the heads suffer. Over pressurizing occursall too
commonly. As irrigators, we tend to look at having
high pressure as a good thing for a variety of
reasons. (You need fewer sections, valves, pipes,
etc.) But keep in mind that too much pressure can
reduce the effectiveness of a system.

i
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Design Basics 6. Layout and Design

Use a pressure regulator A common remedy for high pressure are pressure
regulators. A variety of types exist, including pre.
sure-regulating valves. The regulators are fairy
expensive, but they greatly prolong the life of a
system.

Irrigation Systems - Student’s Guide
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6. Layout and Design

Basics of Hydraulics

Basics of Hydraulics

Hydraulics defined

Moving water

Irrigation Systems - Student’s Guide

In irrigation, hydraulics is the study of the motion
of water. You need to have a working kuowledge
of hydraulics in order to correctly design irrigation
systems. Fortunately, riuch of the information
concerning hydraulics exists in charts and tables.
Mostofyour calculations require only simple math.

For all practical purposes, water cannot be com-
pressed. Therefore, a mechanical force --
pressure-- is required to move the water. The
pressure may come from a pump or from the weight
of the water itself.

In the irrigation business, pumps are most com-
monly used on large commercial installations. The
pumps are usually the centrifugal type.
Regardless of the type, however, no pump candraw
water upwards more than 33.94 feet. You would
typically want to install a pump no more than 15 or
20 feet above a water source.

Many areas get their water from elevated storage
tanks (water towers). The weight of the water
produces the water pressure. Water weighs 8.34
pounds per gallon. One cubic foot of water weighs
62.37 pounds. The higher the tank, the more water
pressure at grounc level.

Water pressure is something that irrigators are
concerned with in the design of -ystems. The
different parts of a system have different pressure
requirements.
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Basics of iiydaulics

Measuring pressure

Static pressure and
working pressure

Friction

6. Layout and Design

Pressure is measured in pounds per square inch
(psi), or in feet of head. Pounds per square inch is
theforce thatis produced by the weight of the water
on 1 square inch of area. For example, the weight
of 1 foot of water acting on 1 square inch is .433
pouads. Therefore, 1 foot of head (height) equals
.433 pounds per square inch.

Ifyouincreasetheheightof the waterto2.3 feet, the
weightacti ;on 1squareinchis 1 pound. (2.3 feet
X.433 psi/root = 1psi). Therefore, 1 psiequals 2.3
feetofhead. Feet ofheadisfurther explainedinthe
ABC'’s.

Theamount of water pressure when the water is not
moving is called static pressure. You design a
sprinkler system initially based on the static water
pressure. As you progress further with the design,
you must deal with what is called working pressure.
Working pressure involves water that is moving.

The working pressure will always be lower than the
static pressure. Just assoon as water starts moving,
it loses pressure. You have only so much static
pressure to work with. Once the pressure is lost,
you cannot regain it. (Remember, water pressure
may come only from a pump or from the weight of
the water itself.)

Friction is the reason that moving water loses
pressure.

Friction occurs when two objects rub against each
other. Water flowing through a pipe, for instance,
rubs against the walls of the pipe. Friction exists
between the walls of the pipe and the water.

Friction also occurs when the water changes direc-
tions. For example, friction occurs when water

Irrigation Systems - Student’s Guide
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Friction loss

Velocity

Irrigation Systems - Siudent’s Guide

Basics of Hydraulics

passes through a meter, a backflow prevention
device, or even a valve.

The ABC’s explains friction quite well on pages 95
through 98, and introduces the term “friction lczs.”

Theeffect offrictionis toslow down the water. This
is the same result as if you were to decrease the
pressure on the water. Therefore, friction loss is
also called pressure loss. The two terms are used
interchangeably.

Every type of sprinkler head has a minimum oper-
ating pressure. It is the least amouut of water
pressure required for the head to operate correctly.
Any amount less, and the head may work incor-
rectly or not at all. So you can see why working
pressure isso important to a design. You will learn
about calculating working pressure later in this
section.

An important thing to remember about irrigation
hydraulics is that there is a difference between
static pressure and working pressure.

Velocity is of'2n confused with pressure. Velocity
is the speed at which the water is moving in a
system. Pressure is the amount of force moving the
water.

Velocity is important to your design because of a
condition called water ham.mer. Think about water
flowing quickly through a pipe. If you were to
quickly close a valve and shut off the flow, what
would happen? It would be like you running face
first into a brick wall.
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The force that develops from such sudden halts of
water flow is called water hammer. The force is a
temporary increase in water pressure near the
point of stoppage. If the velocity, speed, of the
water is too great, the force of the water hammer
can rupture the pipe, fittings, or valves.

Therefore, a safe range to keep the speed of the
water moving through a sprinkler system is 5 feet
persecond. The range may vary slightly depending
on the size, type, and strength of the pipe material.

Velocity is usually calculated by multiplying the
flow rate in gallons per minute times a factor. The
factor is based on the size and type of pipe. The
muitiplying factors are usually listed on the
manufacturer’s specifications for the pipe or the
sprinkler componernt.

Now that you have covered the basics of design and
hydraulics, try your hand at the subject review on
the next few pages. After completing the review,
contir e reading the rest of this section.

Irrigation Systems - Student’s Guide
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Subject Review
Basics of Design and of Hydraulics
Fill In The Blank
Supply the word or worde in the answer column to complete the following statements.
Then, after the questions are discussed in class, place an “X” through each incorrect

answer and write the correct answer in the answer column. That way, you will know the
correct answers if you later review this information.

Statement Answer

1. A good business practice is to design for the

property owner the most and
system and not just the least expensive system
possibie.

2. PSI stands for

3. One gallon of water weighs pounds.

4. The pressure of water when it is not moving is
called

5. Oneway toreduce the amount of pressure drop
istouse a size pipe for the supply line.

6. The weight of a column of water 1 inch square
and 1 foot high is pounds.

7. Calculating the for each circuit
gives you some basis for setting the controller.

8. Thereason that manyspray heads fog or mist is
because of too much at the head.
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True or False

In the answer column, mark the following statements “T” for true or “F” for false. The
~hole statement is false if any part of it is false.

Then, after the questions are discussed in class, place an “X” tarough an incorrect
answer and write the correct answer in the answer column. That way, youwill know the
cor..ect answers if you later review this information.

Statement Answer

1. Whenyou design an irrigation system, you can
consider the working pressure and the static
pressure as the same.

2. The installation of 4 system may not exactly
matck the design.

5. Elevation has nothing to do with the wrking
pressure in an irrigation system.

4. Generally speaking, water is not compressible.

5. Always leave a copy of the design with the
property owner.

6. One foot of head equals one psi.

7. As a professional irrigator you recognize that
throwing water on streets and sidewalks is
unavoidable, and should therefore be of little

concern to you or to the property owner.

8. Always draw your designs such that only you
know what they mean.

Q 6-12 Irrigation Systems - Student’s Guide
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Multiple Choice
Indicate the letter of the choice that best completes the statement.
Then, after the questions are discussed in class, write the letter of the correct answer in

the answer column. That way, you will know the correct answers if you later review this
information.

Statement Answer

1. Ifthewaterlevelinawater toweris 110 ftabove
ground level, the static pressure at ground level
is

A. 253 feet of head
B. 110 feet of head
C. 38.8 psi
D. 63.6 psi
E. 65.7 psi
F. BandC

2. Two gallons of water weighs

A. 433 Ibs
B. 231 Ibs
C. 8.341bs
D. 10.45 Ibs
E. 16.68 Ibs
F. 18.23 Ibs

( R  Qindentc (o .
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Answer

3. Water pressure can be increased only by

WY oW

Using a larger water meter

Using a smaller pipe size

Raising the elevation of the water source
Pumping the water

Both Aand B

Both Cand D

4. The friction loss of water flowing through pipe
is affected by

mmoY OwEp

The material the pipe is made of
The size of the pipe
The roughness of the inside surface of the

pipe

. The LD. of the pipe

The flow rate and the velocity of the water
All of the above

Irrigation Systems - Student’s Guide
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Statement Answer

5. Calculate the static pressure at points 1, 2, 3,

and 4.
VAV —
Water
98 feet
4
1 3 23 feet
30 feet
2

1. C (98 ft x 433 psi/ft = 42.4 psi)
2. E (128 ft x 433 psi/ft = 55.4 psi)
3. C (98 ft x 433 psi/ft = 42.4 psi)
4, B (75 ft x 433 psi/ft = 32.5 psi)
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Design Phase 1

Design Phase 1: Drawing A Plot Plan

Plot plan defined

Determine the property
boundary lines

Irrigation Systems - Student’s Guide

In the irrigation business, a plot plan is a scale
drawing of the property to be irrigated. A plotplan
shows the dimensions of the property, the land-
scaping, and all structures, as well as indicates the
presence of any iterns on the property such as utility
poles. From a practical standpoint, the definition
should also include the notes thatyou record akcut
the property. As you will see, the notes can be as
important as the measurements themselves.

A good way to produce a plot plan is to make a
freehandsketch ofthe property. Youneed apencil,
drawing paper, compass, and a scaled ruler. You
may also wish to have a T-square, triangle, protrac-
tor, French curves, calculator, and templates.

The drawing paper can be blank, but graph paper
is much easier to use when drawing to scale. The
ruler can be either in 8ths of aninch or 10ths of an
inch. The choiceisyours--buat be consistent. Donot
switch back and forth or ;ou will very likely get
confused and produce inaccurate drawings.

Once you have your drawing materials, you need to
determine the property boundary lines. This is
usually fairly e2- but not always. Property lots
may be irregule  shaped and structures such as
fences may not follow the property lines. An
architect’s plot plar: or a survey plot can help you
determine the boundarylines. Homeowners some-
times have a copy of the architect’s plot plan or the
survey plot.

6-17
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You want 0 determine the boundary line for a
couple of reasons. First, you need to avoid putting
any part of a customer’s sprinkler system on some-
one else’s property. Second, you want to throw as
little water as possible on adjacent properties,

Measuring the property A plot plan must be accurately drawn toscale. This
means, of course, thatyou must accurately measure
the property. “Stepping off” the distance is totally
unaccep:able. Even if you have an architect’s plot
plan, you should re-measure the property and
double check the accuracy of the architect’s plan.
You may {ind that dime:r.sions were changed from
the architect’s plan, or that items were added or
deleted.

Y ouwill need an accurate measuring device. Two
commonly used ones are a measuring tape and a
measuringwheel. The measuring wheel is basically
a counter attached to a wheel. The rotation of the
wheel is shown as a distance on a display. Remem-
ber to keep your lines of measurement straight
regardless of which measuring device you use.

Measure as accurately asyou can. Generally, it is
easier if you round off to the nearest half foot.
Whether you round up or down is up to you, but be
consistent. Decide oa your rules for rounding and
stick with them.

Be sure to take enough measurements to ade-
quately design the system, It is better to have too
many measurements than not enough. You will
waste time and money if you have to return to a
property to get additional measurements.

Irrigation Systems - Student’s Guide

|
I
K




6. Lavout and Design

Indicating landscaping
and other items

Drawing an arc

Q Irrigation Systeias - Student’s Guide

Design Phase 1

Your plot plan should also include the locations of
landscapingitems such astrees, bushes, shrub beds,
flower beds, garden beds, and so forth. You should
also include the locations of any items that may
obstruct the water from a sprinkler systems. These
include objects such as cooling/heating compres-
sors, fire hydrants, mailboxes, utility poles, utility
buildings, retaining walls, fences, and so forth.

Properties sometimesinclude arcs such asa curved
street or a circle driveway. You need to draw such
arcs as accurately as possible. Various methods
exist for doing this. The method explained next is
but one way.

Most cur*2d curbs or circle driveways contain
expansion joints. These are usually wood pieces
placed into the curb or driveway at the point where
the arc actually starts. Measure from a fixed point,
such as the corner of a house, 0 each expansion
joint.

Pick 2 points on the arc that divide the arc into
thirds. For ease of discussion, we will call them
Points A and B (you will have to estimate where the
points are). From Point A, measure to 2 fixed
points, such as the corner of a house and a corner
of a sidewalk, etc.

On the plot plan, draw in the distances fron: the 2

fixed points. The place where the 2 lines cross is
Point A.

Repeat the same procedure for Point B: measur
to 2 fixed points 2nd draw the distances on the plot
plan. The place where the 2 lines cross is Point B.




Design Phase 1

Plot plan notes

6. Layout and Design

You have now identified 4 points on the arc: the
end points (the expansion joints), and Points A and
B. Use a French curve and draw the zrc from one
expansion joint to the other. The arc must pass
through Points A and B.

You now have an accurate drawing of the arc.

After you have drawn a plot plan that includes
everything discussed so far, you next step is to take
some written notes. Do not try to remember the
information--write it down. Be as thorough as you
can with the notes. You may sometimes need to
take a photograph of a property as a further re-
minder. An instant picture camera works well for
this (such as a Polaroid).

The following questions are included to help you
withyour note taking. Make sure that you answer
each of the questions in your notes. If you do, your
plot plan and notes w... be invaluable when you
design the system.

All of the qu=stions are based on one rule: talk to
the property owner. This is very important. You
must find out what the property owner wants. The
following questions help iilustrate why.

Does the preperty owner plan to add items to the
property or remove them?

For example, you need to know if the property
owner plans to add a swimming pool, spa, utility
shed, garden area, and so forth. Conversely, what
if the owner plans to quit using a garden area
(remove it) and cover it with turf? You need to
know this type of information before you design the
system.

Irrigation Systems - Student’s Guide
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Dces the property owner object to water on any
certain areas?

~orexample, the owner may not want water thrown
on the driveway, sidew~lks, fence, or even the
dwelling itself. (The water in some locations con-
tains minerals that can stain brick, wood, and other
building materiils.)

Does the property owner have any special watering
requirements?

(This may also include areas of th: property that
the owner does not want irrigated.)

You already know from previous discussions that
different types of plants require different amounts
of water. Asa profess‘nnalirrigator, you should be
familiar with the watering requirements for the
types of plants common to your locale. Even so,
checkwith the property owner about special watez -
ing requirements.

Doesthe property owner want a manuallyoperated
system?

If so, you need to find out if the ow_.er wants the
valves located in a specific place. The advantages
and disadvantages of a manually operated system
were discussed inSection 4. Some property owners
wantamanuallyoperated system despite the disad-
vantages.

Where does the property owner prefer to have the
controller located? Docs the proposed location
have electricity?

Section 4 discussed controllers, where to locate
them, and how to deal with the situation of no
available electricity. You may wish to review that
information at this tin. 2.
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Observe the surround-
ings

6. Layout and Design

Does the property have sufficient hose bibbs?

Sometimes pr¢ rty owners would like to have
additional hose bibbs arc nd the property. Some
residertial customers prefer to have a hose bibb
near the driveway to make washing their vehicles
more convenient.

Alsoask any other questions that may occur to you
about the particular situation.

Your plot plan notes should also include infor:na-
tion based on your observations. The following
items are reminders of the type of information to
write down.

Note the direction of north in relation to the
prupeny.

Note any rises or falls in elevation.

Changes in elevation, depending on the type of
changes, can affect your design.

Note any underground utility toxes or lines.

Utility companies will often post signs warning
about the location of buried utility lines. As a
general rule, contact the utility companies before
you trench or dig.

Note the types of borders around the property.

The borders may include curbs, gravel snuvulders,
¢rainage ditches, other properties, and so forth.

Irrigation Systems - Student’s Guide
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Design Phase 1

Note the direction of the prevailing winds.

Wind is the nemesis of sprinkler b~ .ds. You need
to consider the direction of the prevailing winds
when you plan your system. Dry spots cain develop
where you least expect them because of wind de-
flecting the water. You may need to add an extra
head at a certain spot, for example, to allow for
wind deflection.

Remember that the higher and the farther the
water is thrown, the more susceptible it is to wind
deflection.

Never depend onthe wind to water an area for you.
In other words, do not design a system such that it
depends on wind-blown water to adequately cover
the irrigated area.

Note if the property is using a water source other
than city water.

If the property is using a water well, you need to
determine the rating of the pump in gallons per
minute and the size of the discharge pipe.

Youmay needtofilt. - "ewaterifitis fromasource
other than city water.

Note the items listed on page 79 in the ABC’s.

Once you have anadequate plot plan, you are ready
to enter phase 2 of layout and design.

6-23
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(This page included for duplexing.)
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Design Phase 2

Design Phase2: Laying Out The Heads

Layout

Heads and patterns

Spacing patterns

Irrigation Systems - Student’s Guide

After you have drawn an accurate plot plan, taken
notes, and talked with (he property owner, you are
ready to layout the sprinkler heads. This involves
deciding on which types of heads and patterns, the
size of the patterns, and how to arrange the pat-
terns.

Sprinkler heads and nozzles were discussed in
Section4 of your Guide and on pages 10 through 28
in the ABC’s. Remember that spray, rotary, and
hybrid type heads exist, as well as both circular and
square patterns.

Onceyou decide on the type of heads to use, you can
look at the patterns available within that type (full
circle, part circle, large square, small square, etc.).
After you determine the types of heads and pat-
terns, you will need to space the heads correctly
within the property.

The two types of ~pacing patterns are triangular
and square. Since the ABC’s explains them, this
Guide will not discuss them in depth.

In triangular spacing, each row is offset from the
row next to it (thus forming triangular patterns in
relation to the heads). The distance between each
head is the same. The distance between ¢ach row
of heads, however, is about about 87% of the
distance between each head. It is fairly easy to
complete a triangulated design with a compass.
The interseciion of the compass arcs from any two
heads is the point where you need a head.

Square pattern spacing is typically used in larger

lawn areas. The distance between each head is the
same as the distance between each row of heads.
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Inconsistency in spacing

6. Layout and Design

Unfortunately, not all property is square or rectan-
gular. Sometimes you will have t¢ adjust the head
spacings based on the shape of the area being
irrigaied. Triangular and square spacing help to get
y« started. But arranging the spacings and pat-
terns relies less ona scientific method and more on
an artistic method. It s often learned by trial and
error.

You want to ensure that the system fully covers the
area being irrigated. This may require that you
alter the spacing between heads, or add an addi-
tional head at certain locations. In other words, do
not be afraid of inconsistency in your spacing if it
ensures complete coverage.

With either triangular or square spacing, consistent

or not, you must consider the overlap of the pat-
terns.
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Overlap

Why have overl::p?

Irrigation Systems - Student’s Guide

Design Phase 2

Overlap is usually expressed as a percentage of the
diameter of the pattern. You may find it more
cusvenient to discuss the size of patterns in terms
ofradius. Justremember thet the diameter is twice
the radius.

Opinions on the currect amount of overlap vary.
For example, the ABC’s mentions that the overlap
of circular pattern spray heads should not exceed
80% ofthe diameter. For example, ifa head throws
a pattern with a 20’ diameter, the spacing between
heads would be 16’ (80% of 20 is 16).

A more effective overlap, perhaps, is to stay in the
range of 50%to 65% of the diameter. That is, never
exceed 65%. In this range, the patterns should
reach from head to head, or close to it.

Square pattern spray heads typically require less
overlap than circular pattern spray heads. An
overlap of 18" to 24" is usually sufficient.

The reason for a head-to-head overlap is that spray
and rotary heads typically do nnt water close to the
head itself. You have to throw water into the
circular pattern to avoid dry spots. Dry spots are
never acceptable in a design. Therefore, if you
must change the spacing between heads, decrease
it rather than increase it.

A well-designed sprinkler system with properly
spaced circular pattern spray heads provides com-
plete coverage because of the overlap. The same
system, however, distributes water very unevenly.
That may come as a suprise, but think about it.
Some areas get watered from three diff :rent direc-
tions; they get triple watered. Other areas get
double watered. And still other areas get watered
only once.
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Where to begin a layout

Q 6'28

6. Layout and Design

Remember that complete coverage does rot nec-
essarily inean even distribution.

There is no one specificway to layout the sprinkler
heads. You may find it helpful to start with the
corner areas. Determine the most effective and
efficient way to irrigate the corner areas and work
outfrom there. (You mayplace ahead to throw out
from a corner or into a corner dep2nding on the
circumstances.)

You can space the other heads based on the posi-
4ons of the corner heads. A convenient step to do
next is to place the heads in th: areas that have
special watering requirements. ¥or example, the
property owner may not want the fence, driveway,
and sidewalks to get wet. Go ahead and place the
heads such that these conditions are met.

Remember that shrubs and flower beds typically
require less water than turf does. Rather than
watering them along with the turf, a more efficient
way is to use drip irrigation. Drip irrigation is
discussed in Section 7. For now, just keep in mind
that shrubs and flower beds can be watered other
than from the turf heads.

Narrow st-ips of turf, such as parkways, are usually
challenging to water. The ABC's, on page 88,
discusses several of the methods used to water
them.

.ifter you layout the heads, you are ready to enter
phase3 oflayout and design. Before youreadabout
phase 3, however, complete the subject review on
phases 1 and 2.
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Thex, after the questions are discussed in class, place an “X” through each incorrect
answer and write the correct answer in the answer column. That way, you will know the

Suspiy ihe word or words in the answer column to complete the following statements.
correct answers if you later review this information.
Statement Answer

1. The two most common m¢thods of placing
sprinkler heads are by and
spacing.

2. The two types of patterns from spray heads are
and

3. The pattern requires the least amount
of overlap.

4. Itisalmost always better to the spacing
between heads to achieve a better fit than to
the spacing,

5. paper is usually helpful in aesigning a
sprinkler system.

6. With true triangular head placement, the
distance between rows is percent of the
spacing between the heads.

6. Layeut and Design Subject Review
Suuject Review
Layout and Design: Phases 1 and 2
Fill In The Blank
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Statement Answer

7. Always check the water pressure at a location
with a

8. __strips of turf are challenging to water
efficiently and effectively.

Irrigation Systems - Student’s Guide
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6. Layout and Design Subject Review

True or False

In the answer cclumn, mark the following statements “T” for true or “F” for false. The
whole statement is false if any part of it is false.

Then, after the questions are discussed in class, place an “X” through an incorrect
answer and write the correct answer in the answer column. That way, you will know the

correct answers if you later review this information.

Statement Answer

1. You shoulu always verify the dimensions of
property with an accurate measuring tool.

2. Witk triangular head placement, the spacing
from head to head and from row to row is the
same.

3. On plotplans, you should include the locations
of shrub and flowerbeds only because they may
create an obstruction.

4. On plot plans, you should always include the
locations of trees, utility poles, and any other
structures such as a storage building.

5. Overlap circuiar pattern sprinklers as little as
possible.

6. Always irrigate . 1y lawn areas with as few
heads as possible to achieve full coverage.

7. Ttis always preferable to water shrubs, flowers,
and lawn at the same time if possible.

8. For certain slopes, you may ave to use
sprinklers with a low precipitation rate.
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Multiple Choice

Circle the lztter of the choice that best completes the statement.

Then, after the questions are discussed in class, write the letter of the correct answer in
the answer colum... Thatway, you will know the correct answers if you later review this
information.

Statement

1. Some of the items that you must know to design
an efficient spri.kler system include

A

B.

. Desires of the propzsrty owner
Size and location of the city water meter

C. Size, shape, and location of flower beds

D

. Location of trees and utility poles

E. A and B only

F.

AB,C andD

2. Sprinkler head spacing should be based on

A

. Types of heads and sizes of patterns

B. Slope of property and location of trees
C. Water pressure

D

. Both A and B

Y, BothAandC

£

A5, and C

1

Answer
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Statement

Answer

]

Subject Review

3. Whenyou needtofind out the size of aproperty,
it it Lofficient to

A.

mE U0 W

Use the measurements from an archii2ct’s
plan of the property

“Step off” the distance, which will measure
close enough for irrigation systems

Use a measuring tape to measure

Use a wheel-type measuring device to
measure

Both Aand B

Bodh Cand D

4. A few dry spots in a design are

A.

MC Irr:zation Systers - Student’s Guiue

Acceptable if the spots are at the bottom of
an incline where run-off water will reack
them

Acceptable because wind and rur-off will
nsually get water *o the spots

Accentable if the design has no more than

three such spots

. Acceptable if the design has no more than

three such spotsand atleast two of the three
appear side by side

Both A and B

Never acceptable

161
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Statement Answer

5. Awell-designed sprinkler systemwith properly
spaced circular pattern spray heads

A. Distuributes water very evenly
B. Distributes water very evenly unless the
ground is hilly
C. Distributes water very evenly if the correct
wind loss factor has been figured into the
design
. Distributes water ve_y unevenly
Distributes water very unevenly unless 1
filter keeps the water clean
F. Distributes water very unevenly only if the
water is blocked by obstructions such as
trees

Mo

€. An effective spacir_ for circular pattern spray
heads is

A. 10-20 percent of the diameter of the spray
pattern

B. 30-40 percent of the diameter of the spray

pattern

40-50 percent of the diameter of the spray

pattern

50-60 percent of the diameter of the spray

pattern

65-85 percent of the diameter of the spray

pattern

None of the above

m O 0
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Statement Answer

7. The spacing of sprinkler heads

A. Can be done scientifically :f you use
Davidson’s Placement Formula

B. Can be done scientifically if you use the

Bourge scaling method

Relies less on a scientific method and more

ou au artistic method

Is often learned by trial and error

Both Aand B

BothCand D

Mmoo 0

8. Overlapping the patterns of circular spray
heads

A. Is necessary to avoid dry spots between
patterns

\s niecessary because water pressure will
always decrease in the summer season

Is necessary because most lawns are 1ectan
gular and the only way to reach the corners
is by overlapping

Both Aand B

Both B and C

. None of the above

N0 w

mm o
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(This page included for duple~’ng.
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Design Phase 3

Design Phase 3: Sectioning The Heads
(adding the plumbing)

Sectioning as a series of
steps

Irrigation Systems - Student’s Guide

Pages 99 through 106 in the ABC’s discuss dividing
the heads into groups (called sectioning). The
information may seem intimidating at first. But
sectioning the heads is really just a series of steps
within itself. Ifyou follow the steps one at a time,
the whole process is easier to understand.

For example, the following list summarizes the
main points from pages 99 through 106, and also
incluaes supplementary information. The list is to
help you get an overview of the steps involved in
sectioning the L. ads.

The list is not a substitute for thoroughly understand-
ing the information on the pages.

Determine thestatic pressure and the size and flow
rate of the water meter. Apply the 75%rule to the
supply volume.

The rating in gallons per minute is imprinted on
some types of meters. Check the meter to see. If
not, you can find out the rating from the meter
manufacturer or from various tables that lisi how
much water can pass through a given size meier at
a given pressure.

Always test the flowrate of the water. Atleast turn
on a hose bibb and see if you get a trickle or a full
stream or water. Donot base your designstrictly on
static pressure because conditions may exist of
which you are not aware. For example, suppose
that the supply line from the water main to the
meter hasa crimpinit. Yourstaticpressure willstill
readthesame. But,ins*2ad of getting 16 ,gallonsper
minute through the meter, you may get cnly 6.
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6. Layout and Design

List the types of sprinklers that you are using, their
‘ischar~e rates, and their minimum and maximum
operating pressures.

Divide the sprinklers into sections, starting at the
source of the water supply.

A good practice, if you have triangular placement
of the heads, is to section the heads by rows. This
also often adds to the corsistency in the overall
aesthetic appeal of the system and usually reduces
the amount of pipe required.

The amount of water available at a given time
determines how many heads that you can put in a
given section. The amount of water used by "1l of
the heads in a section must be less than the total
amount of water available. Otherwise, you have
too many heads in the section.

Estimate where the main supply line will run (you
can change it later if necessary).

Calculate the friction loss for the farthest section
and for the largest section by using the “quick
check” method.

You will aeed to refer to pressure loss tables such
as those in the back of the ABC's.

Pressure loss charts are usually calibrated inpsi per
100 feet. Remember to divide the pressure 1ass
number from the chart by 100, then multiply tnat
answer by the number of feet.

Apply the 90% rule to the static pressure.
If either the farthest or the largest circuit requires

a pressure greater than the design static pressure,
resecti- heads and repeat this step.

Irrigation Systems - Student’s  aide
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6. Layout and Design Design Phase 3

0. Add the piping (after you have successfully sec-
tioned the heads).

Do not size the pipe yet.
7. Add the valves.

Areasonable practice is to put the remote control
valve somewhere c.ose to the middle .fits circuit.
This givesyou have a consistent pressure drop from
the center to either end. In all cases, you cannot
locate it near the center. One reason, of course, is
that thelocations ofthe valves determine where the
.pply line will run.

8. Route :he main supply line.

For some installations, looping the supply line
around the property and back to itself ¢ u be
advantageous. Looping the line gives the effect of i
having 2 supply lines to each section--1 line from
eachdirection. You may be able to reduce the size
of the supply line 1 size as well as reduce the total
amount of pressure loss.

Sometimes the looping requires only a small
amount of extra pipe (an extra 20 feet of pipe to go
underneath a driveway, perhaps). Keep in mird
the economic and design benefits of looping the
supply linc. If it improves the insta™ation, use it.

9, Size the pipe and valves.

When sizing pipe, use the smallest pipe that can
safely carry the amount of water that has to pass
through it. How much water has to pass through a
section of pipe? Let us look at an example.

EMC frrige .n Systems - Student’s Guide l s 6-39
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Suppose that you have the foli. wing arrangement.
of pipe and sprinkier heads. Each head dischargss
4 gallons per minute.

meter

Pipe Section From

meter to head A

head A to head B
head B to head C
head Cto head D

A B C D

Carries The Water For ~ Section Must Carry

Heads A, B, C, and D 16 gpin

Heads B, C, and D 12gpm
Heads Cand D 8 gpm
Head D 4 gpm

Decreasing the pipe size causes the water velocity
to increase (there are hydraulic Jimits to this rule,
of course).

Remember to keep the velocity about 5 feet per
second. You must also check the pressure drop for
each section of pipe to make sure that you have
enough pressure to operate the head. (The discus-
sionabout Design Phase 4 explainsthat rnore fully.)

Fortunately, some pressure loss charts list all this
information: the pressure loss factors, and the
velocity (feet/second) of a given rate (gpm)
through a given size pipe.

Now that you have an overview of sectioning, re-
read pages 99 through 106 in the ABC’s until you
have a thorough understanding of the information.
Pay close attention to the drawings and the mathe-
matics that accompany them.

After you feel comfortable with the information,
retun to this Guide and read about Design Phase
4,

frrigation Systems - Student’s Guide
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6. Layout and Design

Design Phase 4

Design Phase 4: “"heck Your Design
Mathematically

Follow the bouncing
bubble

Irrigation Systems - Student’s Guide

After you complete a design, you need to check it
mathematically. This check ensures that all of your
calculations are correct and that the system will
function as designed.

Pages 107 and 108 in the ABC’s discuss the final
check. Reread those pagesuntil you are thoroughly
familiar with the information.

Notice that you calculate the minimum required
operating pressure for the circuit farthest from the
meter and for the largest circuit. Ifthose two circuit
will operate, you can usually assume that all other
circuits will operate. But check each circuit if you
have any doubt about whether or not itwill operate.

Imagine that you are going to follow a butole from
the water meter to the farthest head in a system.
Youwill need to keep track of ever thing along the
route that causes the water pressure to drop. Do
notinclude any lines that branch off from the route
because that bubble does not branch off--it
bounces along directly to the hcad.

The following list summarizes what to keep track
of:

The water meter itself

Any backflow prevention devices

Any valves

The total length of the pipe

Any change in elevation of 10 feet or more
Any component in the system that causes turbu-
lence in the water

The minimum required pressure for the head

6-41
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Pressure loss also occurs through certain types of
fittings. For practical purposes, the loss is typically
very small and usually can be ignored. If you have
a very large system that is operating very close to
the maximum, you may need to include the fittings.
But usually the accumulative affeci  all of the
fittings is negligible.

Add all of the pressure 10ss numbers together. The
result, plus the minimum head operating pressure,
is the minimum pressure required to operate the
farthest circuit.

This number must be less tlan your design static
pressure. (Remember, design static pressure is
90% of the static pressure.) If the number is larger,
you need to adjust your design and recalculate.

After calculating the pressure loss for the farthest
circuit, repeat the process for the largest circuit.

The mathematics involved for the final check is not
difficult, but you do need to be <areful during the
process. Make sure that you have includ- * a
pressure loss for everything in the systen.
causes pressure loss. Verify that you are usin,
correct table or chart before using a pressure .
number from it.

Irrigation Systems - Student’s Guide
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6. Layout and Design Subject Review

Subject Review
Layout and Design: Phases 3 and 4
Fill In The Blank
Supply the word or words in the answer column to complete the following statements.
Then, after the questions are discussed in class, place an “X” through each incorrect

answer and write the correct answer in the answer column. That way, you will know the
correct answers if you later review this information.

Statement Answer

1. When you size pipe, make sure that the size is
not too _

2. Whenyou use PVC pipe, a safe critical velocity
for the wateris

3. Water flow .g from a sprinkler nozzle may
travel a greater distance than it would from an
open ended water hose because the nozzle
increases the of the water.

4. Anyreduction in the size of pipe through which
water flows, or any abrupt change in the direc-
tion of the flow, causes a in the water

5. Areasonable way to clieck if a sprinkler system
will work correctly is to calculate the pressure

drop (loss) in the circuit and in the
circuit.
Q. Irrigation Systems - Student’s Guide 6-43
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Subject Review 6. Layout and Design

Statement Answer

Choose the size of pipe and the placement of
the valvesso thatyou reduce the total of
pipe needed and reduce the pressure

7. Place manual control valves so that the opera-
tordoesnotget _ __ when turning the valves
0it 67 off.

8. Pressure losses are cumulative only in a direct
from the farthest point to the water
source.

Q 6-44 Irrigation Systems -student’s Guide




6. Layout and Design Subject Review

True or False

In the answer column, mark the following statements “T” for true or “F” for false. The
whole statement is false if any part of it is false.

Then, after the questions are discussed in class, place an “X” through an incorrect
answer and write the correct answer in the answer column. That way, you will know the

correct answers if you later review this information.

Statement Answer

1. Pipe in a sprinkler system is sized to maintain
velocity.

2. Pipein asprinkler system is sized efficiently to
save the buyer money.

3. Whenyou want to estimate how much water is
available for a sprinkler circuit, all you need to
know is the static pressure, meter size, and
service line <ize (main to meter).

4. Frictionloss tables are usually listed in PSI per
100 feet.

5. Headswithgreatly different precipitation rates
should never be operated on the same circuit.

6. All plants require roughly the same amount nf
water, and can be watered at the same time and
with the same amount of water.

7. Plant types and requirements are of no interest
to the professional irrigator.

8. The actual operating pressure at a head does
not matter as long as it is more than the mini-
mum operating pressure needed for the head.

Irrigation Systems - Student’s Guide 6-45
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Multiple Choice
Circle the letter of the choice that best completes the statement.
Then, after the questions are discussed in class, write the letter of the correct answer in
the answer column. That way, you will know the correct answers if you later review this

inforn.ation.

Statement Answer

1. Pipeisprogressively sized down inaa sprinkler
system

To maintain water pressure

To maintain water velocity

Becausesmall pipe costsless thanlarge pipe
. Because the number of circuits keeps in-
creasing

Both A and B

None of the above

om uowy

2. Looping a main supply line in a sprinkler
system can

A. Lower the pressure loss to the circuits

B. Allow you to use smaller pipe for the main
supply line

Increase the water pressure to the system
. Allow you to adjust the heads easier be-
cause of better water pressure

Both A and B

BothCand D

mm o0
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6. Layout and Design

Statement

3. Water hammer

>

mELo0 "

Can be removed if you size the pipe cor-
rectly

Can be removed if you use a larger water
meter

Is only a problem with PVC pipe

. Should be kept at a safe level

Both A and B
None of the above

4. For all practical purposes, static pressure

momg 0 "Wy

Is the same throughout a piping system

Is thesame throughout a piping systemifthe
water is flowing

Isthe same throughouta pipingsystemifthe
water is not flowing

. Differs at each valve in a sprinkler system

islower insmall diameter pipe than inlarge
diameter pipe

Is greater in long sections of pipe than in
short sections of pipe

5. The number of heads in a single section de-
pends on

A.
B. The total gallons of water required by the

amon

Irrigation Systems - Student’s Guide

The total gallons of water available

heads

The size of the pipe
The number of valves
Both A and B
BothCand D

Subject Review

Answer
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Statement Answer

6. Generally, the total pressure loss through a
circuit plus the minimum operating pressure of
the sprinkler heads in the circuit should be no
more than

50% of the static pressure
60% of the staiic pressure
70% of the static pressure
80% of the static pressure
90% of the static pressure
None of the above

Jmoows

7. The fittings in a system

A. Do not cause any pressure loss

B. Cause such a small amount of pressure loss
that usually you can ignore it

Cause a great deal of pressure loss

Cause a pressure loss only if the fittings are
thermoplastic

Cause apressure loss only if they reduice the
size of the orifice through which the water
passes

F. None of the above

=Ne

M
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6. Layout and Design Subject Review

Statement Answer

8. Ycu have a section of 3/4" PVC pipe 72’ long.
On a chart, you find the friction loss factor is
2.87 psi / 100’ at a water velocity of S ft/sec.
The friction loss through that section or pipe is

A. 206.6 psi

B. 25.08 psi

C. 2.06 psi

D. 1.89 psi

E. 0.92 psi

F. None of the above

Irrigation Systems - Student’s Guide 6-49
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(This page included for duplexing.)
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7. Drip Irrigation

Section overview

When water nm..cts the
soil

Speed of percolation

Irrigation Systems - Student’s Guide

In the appendix of your Guide is a publication from
the Texas Water Development Board titled “Drip
Irrigation.” If you have not already read it, please
read it before coniinuing in this section.

This section discusses drip irrigation, how it origi-
nated and why it works successfully. In addition,
this section offers the professional irrigator much
information about the watering requirements of
plants. In fact, even before getting to drip irriga-
tion, you need to know something 2bout the rela-
tionship of water, soils, and plants.

Soil is typically in layers that range from greater
compaction tolighter compaction. The layers may
or may not be well defined, but to some extent the
layers exist in all soils.

Water penetrates the soil one layer at a time.
Another term for penetration is percolation. The
leading edge of the wateras it moves down is called
the wetting front. Each layer fills up until it reaches
a point that is called its field capacity. The field
capacity is how much water the layer will hold
before the water continues to move on down.

Field capacity is not necessarily the same thing as
saturation point. Saturation occurs when the soil i
incapable of holding any more water.

The speed at which water can move through soil
depends directly on the size of the particles in the
soil. Small particles are usually referred to as
“fine”; large particles are referred to as “coarse.”

Asa general rule, the finer the particles, the slower
that water moves through the soil. Clay soils, for
example, have the finest particle size of all. This is
the reason clay soils get gammy and thickwhenwet.
Water moves slowly through clay soils.
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Ore of nature’s cycles:
evapotranspiration

7. Drip Irrigation

Sandy soils, on the other hand, have coarse par-
ticles. Water moves quickly through sandy soils.

It is important for you to know how deeply into the
soil water penetrates and how rapidly.

What happens to the water when you irrigate?
Some of it reaches the plant roots and some of it
does not. The water that reaches the roots is
absorbed and passes up through the plant. The
water carries nutrients throughout the plant.
Eventually, thewater travels out to the leaves of the
plant and is discharged as vapor. This process of
absorbing and losing water is called transpiration.

Evaporation also claims a portion of the water
applied. Some of the water evaporates from the
soil before it ever reaches the plant roots.

These two processes, transpiration and evapora-
tion, are called evapotranspiration. Together, they
make up the actual water requirement of a particu-
lar plant.

Ideally, you want to maintaina moisture level in the
soil at the point where the water is replenished at
exactly the same rate as the plants use it and as it
evaporates.

Plants require oxygen to live, which they take in
throughtheir roots. Ifyou saturate thesoil, yov wall
out all of the oxygen. Plants cannot take in oxygen
from the water. So, in effect, they suffoc.,te from
lack of oxygen.

Incidentally, many plants appear the sanie when
suffering from over watering as from under water-
ing. They begin to wilt and turn yellow. Many
people assume that yellowing leaves indicates lack

Irrigation Systems - Student’s Guide
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7. Drip Irrigation

ET rates

Irrigation Systems - Student’s Guide

of water, so they water the plant more. The plant,
nowever, may be drowning, not suffering from
thirst. Do not assume: always check the.moisture
level of soil witha moisture meter. More about that
later.

Evapotranspirationis oftenabbreviated as ET, and
is usually referred to in terms of rate. The rate is
commonly measured in inches of water per day.
The ET rate tells you how many inches of waters
per day needs to be replenished for a certain type
of plant.

Calculating ET rates is a detailed process because
so many things affect the rate. Almost everything
that the plant is exposed to has an influence: the
temperature, cloud cover, wind, humidity, mulch-
ing, the number of plants, and so forth.

Youcanusually getalistof ET rates from yourlocal
county extension agent. Product literature for cer-
tain brands of irrigation equipment sometimeslists
ET rates also.

Some charts of ET rates list what is called a poten-
tial evapotranspiration rate, or PET. A PET islike
anaverage for aparticular time of year, usually mid
summer, and for different climates.

7-3




7. Drip Irrigation

How much water does i What you want to do as an irrigator is to tell a
plant need? customer about how much water a plant can be
expected to use. A formula exists to help you:

623 x canopy size x PET x plant factor

= Gallons per day for plant

Irrigation efficiency

Where:

623 =

canopy size =

PET =

plant factor =

Conversion factor to convert
inches of water per square foot of
area to gallons. It takes .623
gallons of water to cover a square
foot to a depth of one inch.

Plant area in square feet (the area
under the canopy of the tree, for
instance). If you draw a circle
around the drip line on the
ground, the area of that circle is
the canopy size. Remember the
formula for figuring the area of a
circle: Square the diameter of the
circle and then multiply by 0.7854.

Potential evapotranspiration rate.

A number that varies with the
type of plant. Plant factor num-
bers are sometimes available
from nurseries or in product
literature for certain brands of
irrigation equipment.

Irrigation Systems - Student’s Guide
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7. Drip Irrigation

Irrigation

eificiency = The efficiency of the irrigation in
applying the water. Irrigation is
never 100% efficient; some loss
always occurs. You strive to keep
that loss to a minimum, but you
always have some. Drip irrigation
is very efficient: 85% in hot, dry
climates; 90% in moderately hot
climates; and 95% in cool or
humid climates. Sprinkler irriga
tion efficiency is normally less, and
depends on sprinkler type, cli-
mate, wind, etc.

The formula gives you the gallons of water per day
that need to be applied to a particular plant to
replenish the water used through evapotranspira-
tion.

For example, a shrub with a 3 foot diameter would

require 1.22 gallons per day in a moderate cliniate
if you used drip irrigation:

623 x((3x3)x.7854) x .25x 1.0

= 1.22 gpd
.90
Root depth and irriga- Plants need to grow their roots to a depth that most
tion benefits the plant. For turf grasses, the depth is

about 6 inches in clay soils, and deeper in sandy
soils, down to about 12 inches in some cases.
Watering should encourage proper root growth--
which brings us right back to proper irrigation.

Irrigation Systems - Student’s Guide 7-5




1 inch per week

7. Drip Irrigativn

Let uslook at claysoils as an example. If you water
in only very small amounts, the water penewrates
the soil only to a very shailow level. If you do this
over along period, you encourage the plant rootsto
becomeshallow. The roots growtowhere the water
is.

Do not assume that the water just keeps running,
downthrough the soil. It does not. Infact, if applied
inverysmall quantities, the water maysoak into just
the t up inch or so. It remains there until either the
plants abserb it or it evaporates.

What you want to do is apply enough water to soak
down to the bottom ofthe root zone, but no deeper.
Water that goes below the root zone is basically
wasted because the plants make no use of it.

Asit turns out, applying one inch of water per week
to clay soils typically gives about 5 to 6 inches of
penetration. It gives about 8 inches of penetration
in a loam, and about 12 inchss of penetration in
sand. This is why you hear that number, 1 inch per
week, 30 often in the irrigation business.

Obviously, depending on the type of soil, you can-
not applv the water too rapidiy. The finer the soil
particles, thelessrapidly the soil absorbs water. Try
to apply too muchtoo quickly and you cause runoff.

All this points to an efficient way to water--a slow,
frequent application of water over a long perud.
And that is what drip irrigation is all about. That is
why drip irrigation is embraced by one of the 7
Xeriscape principles.

Irrigation Systems - Student’s Guide
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7. Drip Irrigation

Xeriscape Xeriscape means conserving water through crea-
tive landscaping. Or, said another way, water-
efficient landscaping. The term was coined during
a water conservation project in Denver, Colorado
in 1978.

Xeriscape incorporates 7 principles that lead to
saving water:

1. Planning and design of the landscape

Creating a well-thought-out landscape design
iswhere saving water begins. Plan a landscape
instead of adding one haphazardly.

- 2. Limited turf areas
Limiting the amount of turf area is a very
effective way to save water. Turf grasses
almost always require more water than
<iher landscaping plants.

3. Thorough soil preparation

Addingorganic matterto soil helps to increase
plant health and conserve water.

4, Efficient and effective irrigation
The goal of any irrigation system is to supply
plants with enough water without waste. Drip
irrigation is ideally suited for this.

S. Mulching

The benefits of mulching are discussed later in
this section.

Irrigation Systems - Student’s Guide T-7
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7. Drip Irrigation

Adapted, iower water-demand plants

Select trees, shrubs, and ground covers based
on their adaptability to your region’s soil and
climate.

Proper landscape maintenance

Maintaining a landscape, such a mowing grass
to the proper height, also helps conserve
water. i
As aprofessional irrigator, you should also support
water conservation. The principles of Xeriscape
are excellent practices to follow and promote.

I you are interested in learning more about Xeris- -
cape, check with your local Extension agent. In

addition, you may want to become amember of the

National Xeriscape Council (which, incidentally, is

headquartered in Texas). Their address is:

National Xeriscape Council, Inc.
940 E. Fifty-first St.
Austin, Texas 78751-2241

Irrigation Systems - Student’s Guide
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7. Drip Irrigation

The roots of drip

Fill ‘er up: car

Fill ‘e up: soil

Irrigation Systems - Student’s Guide

Drip irrigation came into being during the late
1960’s and has become prevalent only in the last
several years. Historically, drip irrigation had its
greatest development in the Middie East, particu-
larly in Israel. A number of Israeli drip irrigation
manufacturers sell products in the United States.

Climatically, the Middle East has some very harsh
areas in which to grow crops. Drip irrigation allows
crop growth in such arid regions.

Is it possible to water just as efficiently with a
sprinkler system as with a drip system? No. Let us
'ook atan analogy between gasoline inyour car and
water in soil to explain this.

Suppose that the tank on your car held only 6
gallons and that you could drive for 1 week on that
amount. You put in 6 gallons, drive your car until
the tank is almost empty, then put in about 6 more
gallons. You have to stop every week to put in 6
gailons.

Youcouldrefill the tank when itis only half empty--
after half a week--but you would still have to stop.
Imagine how convenient it woula be if your tank
were refilled at the same rate that you burned the
gasoline. You would always have 6 gallons of
gasoline and would never have to stop for more.

Now consider a situation where the bottom root
zone of a plant is 6 inches down. Starting with
completely dry soil, you need to “fill’er up” to get
the water down 6 inches. Assume that you accom-
plish this by running a sprinkler system for 1 hour
to apply 1inch. That amount of water soaks down
6 inches, which is exactly what you want. Apply
more than that and you just waste water.

7-9




Stable soil moisture

7. Drip Irrigation

Assume further that the soil will dry out corapletely
again in 1 week. Now what do youdo? You could
wait1week, let the soildry outcompletely, and then
aoply another 1 inch of water. (That, by the way, is
what turf grass authorities suggest for turf--soak it
deeply, let it dry out almost to the point of wilting,
then soak it again.)

Or, you could wait half a week and apply 1/2 inch
of water. But 1/2inch of water soaks down only 3
inches, not 6inches. And youwant the roots tostay
6 inches deep, not come up to 3 inches looking for
water.

Imagine how convenient it would be for the plant if
the water in the soil was replaced at the same rate
as it was lost. Drip irrigation can accomplish this.
Sprinklers cannot. As we just pointed out about
sprinkless, watering 1/2 inch every half week does
not produce the same results as watering 1 inch
every week.

(Incidentally, the feeder roots uf most plants, even
shrubs and trees, are in the top six inches of soil.
This is orie reason why you want to remove grass
from beneath trees--it competes for the water.)

Dripirrigation canmaintain a stable content of soil
moisture. This causes much less stress on plants
than a “feast or famine” way of watering. Yon can
keep plants in a situation of always having water
available. They never have too much or too little.
Driprrigation applies waterunderlow pressure, at
low flow rates, at frequent intervals, and usually at
specific points (directly at the plant).

Drip irrigation is practical for fairly long distances

because it operates at low pressures--usually be-
tween 10and 40 psi. Because the water movesvery

Irrigation Systems - Student’s Guide
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7. Drip Irrigation

Emitters

Supplylines and laterals

Irrigation Systems - Student’s Guide

slowly, it produces very little pressure loss. This
allows you to distribute water to plants scattered
over a large area and still have enough pressure to
operate. That operating pressure is the pressure
required to operated an emitter.

The outlet which dispenses water from a drip line
to the plants is called an emitter. Strictly speaking,
a holeina dripline is an emitter, although emitters
are usually thought of as devices. Several types of
device emitters are available. The Drip Irrigation
publication in your Guide shows 2 types.

Some emitters compensate for differencesin pres-
sure to achieve a given flow. This type is useful if
you have vast changes in elevation to aliow for.
Other types of emitters arerated to disperse a given
amount of water over a certain period of time.
Most emitters, and irrigation products in general,
are rated in gallons per hour instead of gallons per
minute. Still other types of emitters have multiple
outlets.

Any emitter creates a flow restriction, which causes
a pressure drop at that particular point. The
pressure drop is created by one of two methods.
One method, of course, is the hole itself--a very tiny
orifice throughwhich the water escapes. The other
method is by channeling the water througha tortu-
ouspath ormaze. The more complicated the maze,
the greater the pressure drop. This is how emitters
can be constructed to deliver a certain amount of
water within a certain amount of time.

Like emitters, the other components of drip irriga-
tion systems are basically very simple. A drip
system needs a supply line just as does a sprinkler
system. Supply lines are usually made of flexible,
1/2 inch polyethylene pipe. They are usually con-

7-11
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Spacing intervals

Above or below ground

7. Drip Irrigation

nected with a quick-connect fitting such as a press-
lock or barbed type.

From the supply line, you build a pipe line, or
lateral line, to each particular plant. The lateral
lines can be tubing, such as double-walled, or very
small, flexible polyethylene tubing, sometimes
called micro tubing.

Double-walled tubing has a small tube attached
piggyback to a bigger tube. The Drip Irrigation
publicaticn in your Guide illustrates this type.
Notice that the bigger tube must fill with water
before the smaller tube can. This helps equalize
the pressure and distributes the water more evenly.
The holes in double-walled tubing are often cut by
a laser.

Space the emitters or double-walled tubing at fairly
frequent intervals. The spacings of the plants will
often dictate the spacings of the emitters. For
double-walled tubing, the distance between later-
als depends on the type of soil. The finer the soil,
the broader the wetting pattern is goingto be. You
canspace theintervals furtherapartinclaysoilthan
you can in sandy soil. Double-walled tubing is
generally spaced 12 to 18 inches.

The double-walled tubing and micro tubing can be
placed above or below ground. Burying thermn
belowmulchis particularly effective. (Incidentally,
mulch offers a variety of benefits: it insulates the
soil, moderates the soil temperature, reduces
evaporation, reduces erosion, and helps reduce the
amount of weeds. Encourage property owners to
use it where applicable.)

Irrigation Systems - Student’s Guide

21J




7. Drip Irrigation

Pressure regulators

Injectors

Irrigation Systems - Student’s Guide

Using the tubing above ground has several advan-
tages. The tubing can be easily moved. For
instance, you could pull it off a garden when you
needed to till and plant, then replace it. Most drip
products are polyethylene and relatively immune
to freeze damage. Most of the products also drain
naturally (walled tubing tends to flatten and
squeeze out the water).

If you bury the tubing, keep it between 3 and 6
inches deep. Be careful not to go below the root
zone of the plants being irrigated. Also remember
that the pear-shaped wetting profile expards out to
the sides. It gets fatter as the water gets deeper. As
you bury the drip strip, you are also lowering the
level at which you get the fattest point of that
wetting pattern.

A pressure regulating device is often a necessary
component of a drip system. The 2 types are fixed
and adjustable. Fixed regulators limit the output
pressure toa presetrate (usually about 15 psi). The
output pressure can vary, however, if the input
pressure is too great (usually above 70 psi). Adjust-
able regulators allow you to set the output pressure
within a specified range.

Another useful component in drip systems are
chemical and fertilizer injectors. A variety are on
the market and are commonly used in agricultural
applications. They allow you to apply pesticides or
fertilizers through the drip system.

A fertilizer injector is very useful for adding chlo-
rine to a drip System. A major cause of emitter
plugging in double-walled tubingis bacteria grow-
ing around the openings, around the orifices.
Chlorine will eliminate the bacteria. If you use
chlorine tablets, make certain that they dissolve
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Compatibility with exist-
ing systems

Advantages and disad-
vantages of drip

7. Drip Irrigation

completely into very small particles. Otherwise,
you may clog the emitters with pieces of tablet.

Drip irrigation is very compatible with sprinkler
systems. The drip system can be on one circuit,
controlled by the controller just as the other cir-
cuits. The main problem is whether or not the
control’=- allows sufficient watering time per cycle.
Drip irrigation requires fairly long watering times,
particularly during the summer.

You can use the same type of solenoid valve that
you use for the rest of your sprinkler system. Most
manufacturers have connectors that allow you to
connect the drip tubing to PVC or polyethylene.

The Drip Irrigation publication in your Guide lists
the major advantages and disadvantages of drip
irrigation. Notice that the advantages outnumber
the disadvantages.

Drip irrigation systems are fairly quick and easy to
put together. The products themselves typically
have a very low cost per component. But you must
have a product for every plant. If you have alot of
plants, you can need a lot of products, and that can
run into a high cost.

On the other hand, drip irrigation products are
perfect for the do-it-yourself person because they
are so easy to put together. Be aware that drip
equipment from different manufacturers may not
be compatible. Generally, it is advisable to use the
same brand of product throughout a drip system.

As a general rule, you cannot use drip irrigation to
water turf. It is impractical from a maintenance
standpoint and often from an installation stand-
point.

Irrigation Systems - Student’s Guide
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7. Drip Irrigation

Coring tool and mois-
ture sensor

Practice makes perfect

Irrigation Systems - Student’s Guide

As the “Drip Irrigation” publication points outs,
sait buildup may be a problem with drip irrigation
is scme locations. The salts in the water and soil
tend to precipitate at the edges of moist areas. If
you anticipate problems with salt accumulation,
locate emitters so that the wetting patterns over.ap.

Two pieces of equipment that you should be famil-
iar with as a professional irrign.tor are a coring tool
and a moisture sensor. They are niot actually part
of adripsystem, buttheyare useful when determin-
ing the efficiency of a drip system.

A coringtoolallowsyou to take a plugsample ofsoil
and plant material and visually determine root
depths. A moisture sensor indicates the relative
wetness of soil. You can check the moisture at
various depths depending o:: how deeplyyou insert
the sensor probe.

Both a coring tool and a moisture sensor make it
easier to determine the moisture contentat a given
depth.

Now that you have learned about drip irrigation,
complete the subject review on the ne:  few pages.
Also note that Laboratory Exercise J is on drip
irrigation.

7-15
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7. Drip Irrigation

(This page inc.uding for duplexing.)
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7. Drip Irrigation Subject Review

Subject Review

Drip Irrigation

Fill In The Blank
Supply the word or words to complete the following statements.
Then, after the questions are discussed in class, place an “X” through each incorrect

answer and write the correct answer in the answer column. That way, you will know the
correct answers if you later review this information.

Statement Answer

1. Drip irrigation, properly operated, allows for
very successful plant growth because plants
have less because of variations in soil

2. Itis generally not possible to achieve the same
growing efficiency with sprinklers as with drip
irrigation because sprinklers apply water much
too

3. Dirip iirigation allows the ability to accurately
adjust rates to individual plant

4. When using drip irrigation in some areas, it is
necessary to be aware of possible build-
up around the wetting pattern of an emitter.

5. Drip emitters restrict and control water flow by

means of a smali or by a water channel
that takes a path.
Irrigation Systems - Student’s Guide 7-17
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Subject Review 7. Drip Irrigation

Statement Answer

6. Water containing any solid particles requires
the use of 2 on a drip system.

7. Emitter plugging is frequently caused by the
growth of in the orifice.

8. Indrip tubing, such as double-walled, the small
laser-drilled orifices serve the same function as

7-18 Irrigation Systems - Student’s Guide
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7. Drip Irrigation Subject Review

True or False

In the answer column, mark the following statements “T” for true or “F” for false. The
whole statement is false if any part of it is false.

Then, after the questions are discussed in class, place an “X” through an incorrect
answer and write the correct answer in the answer column. That way, you will know the

correct answers if you later review this information.

Staiement Afswer

1. Modern drip systems are usually very depend
able if designed, installed and opvrated prop-
erly.

2. The penetration of soil by water as it saturates
the soil and moves downward is referred to 1s
percolation.

3. Water penetration is fastest through fine soils,
like clay.

4. Water retention is greatest in coarse, sandy
soils.

5. Evapotranspiration rates depend, to some
degree, on whether or not mulch is used.

6. Drip irrigation allows for better growth with
less water use than conventional methods.

7. Mulchesshould onlybe used around shrubsand
trees, and never around flowers.

8. Tree growth is unaffected by grass growing
beneath it.
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Multiple Choice

Indicate the letter of the choice that best completes the statement.

Then, after the questions are discussed in class, write the letter of the correct answer in
the answer column. That way, you will know the correct answers if you later review this

information.

Statement Answer

1. Lrip irrigation is characterized by which fea-
tures:

Low flow rate and low pressure
Long watering periods
Frequent watering intervals
Selective areas of application
Only A and B

A B,C,and D

mTHOOwEs

2. Drip irrigation is very suitable to water plants
that are spread out over a farge area because

It is very inexpensive

It requires no maintenance

Tt uses low flow rates and has low pressure
1055€s

Aand B

BandC

None of the above

AWMy owp
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7. Drip Irrigation Subject Review

Statement Answer

3. Water penetrates faster through

A. Course, sandy soil

B. Fine-textured soils like clay
C. The wetting front

D. The root zones of plants

E. Soil covered by tree foliage
F. None of the above

4. The water requirement of a given plant in a
given climatic condition in a given planting
situation can be defined as

A. Wetting front

B. Evapotranspiration

C. Precipitation rate

D. Field capacity

E. .623 X gallons per day

F. Root zone reservoir capacity

5. Drip irrigation is impractical for use in

A. Orange groves

B. Pecan groves

C. Ground cover

D. Chinese tomatoes
E. Turf

F. Hothouses

o Irrigation Systems - Student’s Guide 7-21
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Subject Review

Statement

7. Drip Irrigation

Answer

6. The daily water requirement in gallons for a
given plant can be determined by:

A.
B.
C.

Mo

Bernoulli’s equation

(Irrigation + rain) - evaporation

.623 X canopy area X potential
evapotranspiration X plant factor / irriga-
tion efficiency factor

Potential evapotranspiration rate
Potential evapotranspiration rate -
evaporation / (irrigationefficiency factor +
canopy type)

None of the above

7. Thebasicreason why drip irrigation is very suc-
cessful for watering plants is that

mEm O QW

It is very inexpensive

It is suitable for use with dirty water

It allows chiemical injection pumps to be
used for fertilizer distribution

Soil moisture content can be kept at arela-
tively constant and proper level

It reduces weed growth

Both Aand B

Irrigation Systems - Student’s Guide
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7. Drip Irrigation Subject Review

|
|
Statement Answer

8. The reasons why drip irrigation is considered
very water efficient are

Precise water placement and control

Less water lost to wind and evaporationand
reduced weed growth

Saturation is avoided because water is
applied slowly

Energy savings because of lower power
requirements

Both A and B

A,B,C,andD

om g9 0 Wy
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(This page included for duplexing.)
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8. Irrigation Considerations

Section overview

Cedes and Ordinances

Irrigation Systems - Student’s Guide

This section discusses subjects with which a profes-
sional irrigator needs to be familiar. The subjects
include codes and ordinances, landscape design
and irrigation, beautification, and the efficiency of
water use.

Most cities in Texas have structured codes govern-
ing plumbing, particularly the way in which cross
connections may be made to the potable water
supply. The rules and regulations are usually very
specific, and frequently cover such areas as the
types of backflow prevention devices that are ac-
ceptable and the burial depth of service lines.

Irrigation is relatively new in terms of being con-
trolicd by iaws. Because of this, irrigation in many
cities falls under the code administration of the
plumbing group.

Often, however, plumbing codes have little rela-
tion to modern technology. The codes have a
tendency to be a decade or more behind. This is
somewhatnormal: technology changes much more
rapidly than the legislative processes to create and
change laws. Technology evolves and challenges
the laws to catch up.

Municipal utility districts, often referred to as
“MUDs”, have rules governing plumbing and irri-
gation that are frequently outdated. So codes and
ordinances become restrictions that may or may
not be realisticc. Remember that the underlying
reason for most of the codes, however, is to deter
the irrigator from doing something irresponsible.

Most cities that have laws also have employees
whose job it is to determine whether or not these
laws are being complied with. In the case of
irrigation systems, this personis the code inspector.

o
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8. Irrigation Considerations

The code inspector ensures that the irrigator and
the consumer comply with city codes, even if those
codes are outdated. The code inspector does not
interpret the code, but rather enforces those inter-
pretations which have been made.

The situation is similar to that of a judge and a
police officer. A judge interprets the meanings of
law and makes some judgment on right and wrong.
The police officer does not wreate laws nor inter-
pret them, but rather enforces the law against the
masses. That is exactly what enforcement of codes
and ordinances is about.

The code inspector is not your enemy. At times,
that may be difficult to accept. Bureaucracies, and
their representatives, sometimes exhibit an atti-
tude of confrontation instead of cooperation.

It is your responsibility to understand and comply
with the codes and ordinances of your community.
If the codes are outdated, then you need to use the
slow, but always successful, process of educating
your community about the new technologies. Visit
withyour plumbing commission and your plumbing
code group. Visit with your city council. Talk with
the people involved: do it in the sense of profes-
sionalism rather than just violating the law and
going about your business.

Get the codes and ordinances revised. Demon-
strate your willingness to comply with the law, but
also show your determination to require laws as
current as possible.

Irrigation Systems - Student’s Guide
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8. Irrigation Considerations

Landscape design and
irrigation

Irrigation Systems - Student’s Guide

All of the plants in a landscape have to be watered.
That is where we, as irrigators, come in. Irrigation
serves the landscape.

Interestingly, professional irrigators and profes-
sional landscapers seldom, if ever, design a land-
scape together. More often than not, the irrigator
is concerned that the landscaper has laid out de-
signs that are difficult, if notimpossible, to irrigate,
andfor no better reason than thelandscaper has no
understanding of irrigation technology.

The landscaper, onthe other hand, is often upset at
the irrigator for tearing up the landscape while
installing an irrigation system. Landscapers also
feel sometimes that irrigation products, such as
risers, are unsightly intrusions into the landscape
design.

Sowe are often at odds with one another, irrigators
and landscapers.

Remember the discussion about Xeriscape in
Section 7? Xeriscape is the meeting ground of
irrigation and landscaping. Customers are de-
manding effective, efficient, and economical de-
signs of landscape and irrigation. Landscape pref-
erences are changing rapidly to include efficiency
and effectiveness, not just beauty at any cost.
Fortunately, irrigation technology is on the zoom
and able to keep pace.

It is very important for an irrigator to understand
some things about plants, particularly about plant
watering requirements. You have to determine the
nutrient and water needs of plants and design your
irrigation and fertilization system around that,
rather than give some blanket coverage and expect
high levels of growth.
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Beautification

8. Irrigation Considerations

Learn about landscape design. Talk with land-
scapers and offer to cooperate with them, Share
what you know about irrigation. Together, irriga-
tors and landscapers can produce landscapes that
offer the best of both worlds.

It is important for the irrigator and the landscaper
to understand that beautification is not something
that we now do just as a commercial practice.
Humans need green things around them for a
number of reasons.

Not the least of which is that it is soothing to be in
a garden atmosphere. When the wealthy folks of
many years past wanted to contemplate how they
were going to change the world, they sometimes
strolled through hedge mazes in manicured gar-
dens in the countryside.

When you and I think about a pastoral setting, a
place where we can get back to nature, so to speak,
we think of a garden or a golf course or apark or a
woodland setting, We never think about standing
on squares of concrete as a soothing place of
contemplation. Humans have always leaned to-
ward having green areas around them, This is not
all psychological,

We have always tried to culture plants because we
need plants as food. Plants freshen our air and
dampen sound. The plants around us provide a
myriad of benefits, and we are wise enough to
recognize that,

So beautification becoines more than an effort in
commerce, You beautify real estate not only to
make it more valuable, but because it enhances the
enjoyment of the property. The beautification is
pleasant to look at, has a soothing effect on passers

Irrigation Systems - Student’s Guide
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8. Iirigation Considerations

Efficient water use

Irrigation Systems - Student’s Guide

by, and certainly serves the residence better to be
in good condition rather than bad.

Where we start getting into some problems is with
grandiose designs and landscaping with plant
materials that are not indigenous or even well
suited to anarea. It costs alot of money and wastes
a lot of water. Beautification needs to use water
efficiently. !

Thereare anumber of practices that canreduce the
amount of water we use to sustain landscape and
beautification. First,use automatic controllers and
moisture sensors to determine when it is time to
water. There is no point in watering to the point of
run-off or to apply more inches of water than you
would wish for in terms of rain.

Second, use equipment thatis designed to conserve
water. The Texas Water Development Board
helps folks understand that water waste is easily
turned into water conservation. They say that
sprinklers should be designed to have a low angie
of throw, should throw a raindrop-like drop rather
than a spray mist or fog, and should be designed to
have uniform coverage and predictable precipita-
tion rates.

Third, administer the sprinkler equipment so that
you avoid under watering and over watering, par-
ticularly over watering becauseit is z terrible waste
of a valuable resource.

Design and install your sprinkler systems in such a
way that the moisture gets on plant material, not on
paving or other areas where run-off occurs. Water
during times when there is low wind and low
evaporationrates. Earlyinthe morningis generally
the best time to water.
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8. Irvigation Considerations

Fourth, take responsibility for instructing the user
or the consumer on how best to use water. Sprin-
klers are a great asset and a great labor saving
device, but they can also be a terrible source of
water waste. Asa professional irrigator, youshould
beinterested in protecting the potable water and in
conserving water by using it efficiently.

Irrigation Systems - Student’s Guide
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Laboratory 1

Backflow Prevention Devices

Purpose

Approximate time to
complete lab

Work area required

Materials required

Irrigation Systems - Student’s Guide

This lab allows you to disassemble and reassemble
various backflow prevention devices. You can
examine the insides of the devices and get a better
understanding of how the devices operate and how
to service them.

Four hours.

Fairlylarge counter tops are bestsuited for thislab.
Individual desks will suffice, but are much less
desirable.

You (the student) should bring as many of the
following items as you have:

Backflow prevention devices
Protective covering for the counter tops, such as
newspapers, plastic drop cloths, or cloth rags.
The covering is optional if the lab is being held
in a shop or other suitable area.
Paper towels or rags
Wrenches
Open end
Adjustable
Socket (optional)
Screwdrivers
slotted
phillips
Pliers
Adjustable-jaw
Needle nose
Lock-jaw (optional)
Hammer
Flashlight (optional)

LE1-1




Laboratory 1

Procedure

Backflow Prevention Devices

Ideally, you should disassemble and reassemble
each type of device. The number of students, the
number of devices, and the amount of lab time may
prevent this. Ifso, youwill have to choose a partner
and work in pairs.

Each pair should disassemble and reassemble at
least two types of devices. (If there are still more
students than devices, you will have to form groups
of three, and so on.)

Complete the following steps for this lab. Remem-
ber to answer the review questions during the
course of the lab.

Identify the boxes that contain the backflow pre-
vention devices. Make sure that you return each
device to its box at the end of the lab.

Helptheinstructorunpackallof the devices and lay
them out in one location.

Identify the different types of devices. Discuss
some of the advantages and disadvantages of each.
Refer to the Febco handbook in the appendix if
necessary.

Find the manufacturer’s specifications that accom-
pany each device. Spend about 10 minutes reading
through the specifications to get a feel for the type
of information in them. Remember: it is always
important to read the specifications for any prod-
uct.

Irrigation Systems - Student’s Guide
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Backflow Prevention Devices

Irrigation Systems - Student’s Guide

Laboratory 1

Discuss the direction of water flow through each of
the devices. Notice the directional arrows on the
outside of the devices and think about how the
devices prevent flow in the opposite direction.

Choose a device to work with and begin disassem-
bling it.

Remember to complete the review questions for
the lab.

S.ay aware of the time so that all devices can be
reassembled by the end of the class session. If you

want to work extra, arrange it with the instructor.

As a group activity, discuss the answers to the lab
review questions.

LE1- 3
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Laboratory 1 Backflow Prevention Devices

Review questions Answer the following questions based on the dis-
cussior and “hands on” work in the lab.

1. Ho many different types of backflow prevention
devices were with the sample goods?

2 How can you recognize the different typas? (For
each type, list the identifying characteristics. Write
across the full width of the page.)

3. How easy or difficultare the devices to disassemble
and reassemble? (For each type listed under
Question 2, mention whether it was easy or diffi-
cuit.)

4, What tools were required for each de.ice? Some
devices may require only wrenches and screwdriv-
ers; others may require wrenches, screwdrivers,
and pliers, etc. (For each type listed under Ques-
tion 2, mention the tools required.)

Q LEL -4 Irrigation Sysiems - Student’s Guide

232




Backflow Prevention Devices

Tips

Irrigation Systems - Student’s Guide

Laboratory 1

What did you learn from this lab that you did not
already know?

Sketchany details thatyou wish torememberabout
the inside construction of the devices. Be sure to
label your drawings as to the type of device.

LEL- 5
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Laboratory 1 Backflow Prevention Devices

Notes:

o LE1-6 Irrigation Systems - Student’s Guide
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Laboratory 2

Solvent Welding, Soldering, Types of Pipe

Purpose This lab allows you to practice connecting different
types of pipe. You will have hands on experience
with compression fittings, solvent welding and sol-
dering. In conjunction, various types of pipe will be

discussed.
Approximate time to Four hours.
complete lab
Work area required Alarge, open area with few flammable materials is

best suited for this lab. The area must be well
ventilated--this is vitally important! An exposed
cement floor is much preferred over other flooring.
If you must work on tile, linoleurn, wood, or carpet-
ing, be certain to cover the flooring with a drop
cloth or rags.

Safety precautions Locate thefire extinguisher that is closest to the lab
area. Know exactly where it is--in a crisis situation
you will not have time to look for it.

You must wear goggles and gloves whenever you
solder. No exceptions. For example, if only one
pair of goggles exists for the class, the whole class
must share them, one student at a time. If help
avoid this situation, bring your own pair of goggles
and gloves.

Handle the propane torch safely. Do not point the
flame at another person or bring it near any flam-
mable material. Remember thatthe heat of a torch
extends much further than the visible part of the
flame.

Irrigation Systems - Student’s Guide LE2-1
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Laboratory 2

Materials required

Solvent Welding, Soldering, Types of Pipe

You (the student) should bring as many of the
following items as you have.

(You can often get free pieces of scrap plastic and
copper pipe from plumbing supply houses and
irrigation supply houses. In addition, such supply
houses often have free samples of solvents and
primers.)

Polyethylene pipe and fittings

Various lengths and diameters of PVC and ABS
pipe

Various PVC and ABS fittings to fit the pipe

Various lengths of copper pipe

Various copper fittings to fit the pipe

Protective covering for the floor if it is tile, lino-
leum, wood, or carpetiag. Plastic drop cloths or
cloth rags work well.

Heavy work gloves (very i1anortant to have your
own)

Goggles (very important to have your own®

Paper towels ur rags

Various solven:s for thermop!astic pipe

Yorisuzcleaners r primers for tnermoplastic pipe

Hacksaw

Propane torch

Soldering tip for torch

Matches or cigarette lighter

Solder

Flux

Utility knife or pocket knife

Pliers
Adjustable jaw
Lock jaw (optional)

Wire cutters

Portable vise (optional, but strongly suggested)

C-clamps (optional, but strongly suggested)

Two foot length of 2X4 or 2X2 (optional, but
strongly suggested)

Irrigation Systems - Student’s Guide
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Solvent Welding, Soldering, Types of Pipe

Procedure

Irrigatior. Systems - Student’s Guide

Laboratory 2

Complete the following steps for this lab.

Heip the iustructor unpack the samples of polyeth-
ylene pipe and compression fittings from the boxes
of irrigation products supplied by the vendors.

Ifyou have a knife, help cut the PE pipe into pieces
about six inches long. Cut enough pieces for each
student to have two pieces.

Make sure that you have two pieces anda compres-
sion fitting.

Attach the two pieces of PE pipe with the compres-
sion fitting. When finished, try to pull the two
pieces apart by hand.

Decide ifyouwant tovolunteer to assist the instru-:-
tor with an experiment. The instructor will explain
the experiment at this stage of the lab.

Answer and discuss Review Questicn 1 before
proceeding with Step 6.
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Laboratory 2

Solvent Welding, Soldering, Types of Pip2

Help gather the pieces of thermoplastic pipe and
fittings, and the solvents and primers. In the
process, identify the differe "t types of thermoplas-
tic pipe.

Select at least thre~ pieces of pipe and three fit-
tings. The pieces can be short, four to six inches. If
the amount of pipe is limited or the pieces are long,
you may have to help cut short pieces with a
hacksaw.

Praciice sclvent welding the pipe and fittings.
Make sure tiiat you are in a ventilated area. If
necessary, you may need to review the information
on solvent welding in Section 4.

Complete at least three solvent welds:

1. Try to weld the pipe and fitting correctly.
Set this aside to cure.

2. Purposely weld the pipe and fitting incor-
rectly.

Here are some ways to do it incorrectly: appiy an
excessive amount of solvent; apply tos little sol-
vent; apply solvent without first using primer, 2nd
sc forth. Be creative--but do i. wrong.

Set the connection aside to cure.

3. Tryonce again to weld the pipe and fitting
correctly. Set this aside to cure.

Irrigation Systems - Student’s Guide
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Solvent Welding, Soldering, Types of Pipe

10.

Irrigation Systems - Student’s Guide

Laboratory 2

Ifthe class has enoughhacksawsto go around, form
groups and make sure that each g...4p has a hack-
saw.

For each of the three types of welded samples, cut
in half the pipe and fitting. Cut through both the
fitting and pipe.

(Itissufficient for eachgroup to cut apart five or six
samples. Your group does not need to cut apart all
three samples for each member.)

One student may need to hold the pipe and fitting
with p.iers while another student cuts. Optionaily,
clamip the pipe and fitting to a 2X4 or 2X2 and rest
the board across something (like a desk or
counter). One student can hold the board steady
while another student cuts.

Answer and discuss Review Questions 2 and 3
before proceeding with Step 10.

Selectatleast three pieces of copper pipe and three
copper fittings. The pipe pieces should be at least
six inches long. If the amount of pipe is limited or
the pieces are long, you may have to help cut short
pieces with a hacksaw.

Important: Because of using short pieces, one
student will need to hold the pipe with pliers while
anoiher student practices soldering. Remember
that the student holding the pipe must stand to the
side of the flame, not directly in front of it.

Optionally, clamp the pipe and fitting to a 2X4 or
2X2 and rest the board across something (like a
desk or counter). One student can hold the board
steady while another student cuts.

LE2- 5
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Laboratory 2

11.

iz,

Solvent Welding, Soldering, Types oI Pipe

Practice soldering the pipe and fittings. If neces-
sary, you may need to review the information on
soldering in Section 4.

Solder at least three connections:

1. Try to solder the pipe and fitting correctly.
Set this aside to cool.

2. Purposely solder the pipe and fitting incor-
rectly.

Here are some ways to do it incorrectly: overheat
the fitting (“cook” it until it turns blue); apply the
solder to the same side of the fitting as the torch
(beforethe side opposite the torchhashad achance
to heat); apply the solder with using fiux; rough up
the end of the pipe with sandpaper or a file before
soldering it to the fitting, and so forth.

Set the connection aside to cool.

3. Try once again to weid the pipe and fitting
correctly. Set this aside to cool.

If you have enough hacksaws to go around, form
groups and make sure that each group has a hack-
saw.

For each of the three types of soldered samples, cut
in half the pipe and fitting. Cut through both the
fittingand pipe, very near the actual solder connec-
tion itself.

(Itissufficient for each group to cut apart five or six

samples. Your group does not need to cut apart all
three samples for each member.)

frrigation Systems - Student’s Guide
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Solvent Welding, Soldering, Types of Pipe

13.

14.

15.

Irrigation Systems - Student’s Guide

Laboratory 2

One student may need to hold the pipe and fitting
with pliers while another student cuts. Optionally,
clamp the pipe and fitting to a2X4 or 2X2 and rest
the board across something (like a desk or
counter). One student can hold the toard steady
while anotiicr student cuts.

Answer and discuss Re "~w On»zstions 4 and 5
before proceeding with Stcp :3.

If time permits, practice soriie more on solvent
welding or soldering. Choose the one that you are
least comfortable doing.

Help to clean the lab. If you rearranged furniture
or equipment, place it back as you found it.

Answer Review Question 6. If you have questions

o: comments about any of the review questions,
share them with the group.

LE2- 7




Laboratory 2

Review questions

Solvent Welding, Soldering, Types of Pipe

Answer the following questions based on the dis-
cussion and “hands on” work in the lab.

Was anyone in class able to pull apart the PE pipe
and compression fitting? Ifso, describe where the
separation occurred (did the pipe pull loose from
the fitting or did the fitting itself separate, etc.)

What is your reaction to solvent welding? - is
easier than you expected? Why? More difficult?
Why? Do you feel comfortable with solvent weld-
ing, or do you need more practice?

What did the solvent weided bonds look like after
you cut in half the pipe and fitting? Describe the
differences between the correctiy welded connec-
tion and the incorrectly welded one.

What is yourreaction to soldering? Isis easier than
you expected? Why? More difficult? Why? Do
you feel comfortable with soldering, ordoyou need
more practice?

Irrigation Systems - Student’s Guide
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Solvent Welding, Soldering, Types of Pipe Laboratory 2

5. What did the soldered bonds look like after you cut
in half the pipe and fitting? Describe the differ-
ences between the correctly soldered connection
and the incorrectly soldered one.

6. What did you learn frora this lab that you did not
already know? Be specific.

Irrigation Systems - Student’s Guide 'y
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Laboratory 2 Solvent Welding, Soldering, Types of Pipe
Notes:
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Purpose

Approximate time to
complete lab

Work area required

Materials required

Irrigation Systems - Student’s Guide

Laboratory 3

Drip Irrigation

This lab allows you to assen:ole and disassemble
variousdrip irrigation components. You can exam-
ine the components and get a better understanding
of how they operate and how to service them.

Three hours.

An outside area with access to a hose bibb is
required for this lab. In addition, an inside area
with fairly large counter tops is strongly recom-
mended.

Paper towels or rags
Screwdrivers
slotted
Pliers
Adjustable-jaw
Hammer
Utility knife

LE3-1




Laboratory 3 Drip Irrigation

Procedure Complete the following steps for this lab.

1. Help tne instructor to identify the boxes that con-
tain the drip irrigation products. Make sure that
you return each device to its box at the end of the
lab.

2. Help the instructor to unpack all of the products
and lay them out in one location.

3. Identify the different types of products.

Getacopy of the manufacturer’s specifications that
accompany the products. Spend about 10 minutes
reading through the specifications to get a feel for
the types of information in them.

4, Disassemble some of the emitters. This may re-
quire cracking the emitters with a hammer. Look
at the pa*h of water flow thrcugh the emitters and
discuss how the emitter achieves pressure loss.

s, Cut open some the double-walled tubing and in-
spect the 2 chambers.

6. Assemble 1onthedrip kits. Attachthekittoahose
bibb and run water through the system.

7. If time allows, and a suitable area is availaie, bury
1 strip of the double-walled tubing and rur wvater
through it for a short while. Dig down into the scil
and observe the type of watering pattern produced.

QO 3.2 Irrigation Systems - Student’s Guide
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Drip Irrigation

Ircigation Systems - Studer * * Guide

Laboratory 3

Determine how well the pressure regulators work.
For example, attach 2 or more regulators together
and see if the pressure is reduced proportionately.

Answer the lab review questions.

LE3-3
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Laboratory 3

Review questions

Tips

Drip Irrigation

Answer the following questions based on the dis-
cussion and “hanrds on” work in the lab.

How many different types of drip irrigation prod-
uct? vave with the sample goods? Describe them.

Describe the different types of emitters. How do
they achieve pressure loss to regulate flow?

How easy or difficult was the drip kit to assemt ..?
Describe the water flowand pattern(s) from the kit.

Were the pressure regulators effective? Describe
the effects of using 2 or more regulators together.

What did you learn from this lab that you did not
already know?

Sketchany detailsthatyou wish toremember about
drip products. Be sure to label your drawings.

Irrigation Systems - Student’s Guide
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Purpose

Approximate time to
complete lab

Lab area required

Materials required

Irrigation Syster~ - Student’s Guide

Laboratory 4

Irrigation Equipment

Thislab allows you to become familiar with various
equipmentused in the irrigation business. You can
see demonstrations of the equipment and ask
questions about how to operate and service the
equipment.

Four hours.

An outside area where the irrigation equipment
can be demonstrated.

Vehicles to transport the

students to var:ous ven Or
locations (See Step 1 below)

LE4-1
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Laboratory 4

Procedure

Irrigation Equipment

Complete the following steps for this lab.

Find out from your instructor which types of irriga-
tion equipment ,ou will see demonstrated, and
where.

If necessary, travel to the vendor’s location for a
demonstration of the equipment. Try to see dem-
onstrations ofat least twodifferent pieces of equip-
ment. If supervised by and acceptable to the
vendor, operate the equipment.

If possible, tour at least one plumbing/irrigation
supply house (more if available).

Visit with the owner/manager(s) of the supply
house(s) and find out what products the vendor(s)
stocks.

If possible, visit at least one job site where a
sprinkler system is currently being installed. The
system can be residential or commercial. Ifyouare
employed in the irrigation business, try to visit one
of the systems being installed by your company.

Answer the lab review questions.

Irrigation Systems - Student’s Guide
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Irrigation Equipment

Review questions

Irrigation Systems - Student’s Guide

).aboratory 4

Answer the following questions based on the dis-
cussion and “hands on” work in the lab.

How many different types of irrigation equipment
did you see demonstrated? Describe them.

If you were allowed to operate any of the equip-
ment, what was the easiest part about the opera-
tion? The most difficult?

What types of irrigation products did the plumb-
ing/irrigation supply house(s) carry? Did the
owner/manager(s) seem knowledgeable about the
irrigation business? Why or why not.

What did yo learn from this lab that you did not
already know?

LE4-3
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Lal.cratory 4 Irrigation Equipment

Notes:
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Drawing Exercise 1

Laying Out Heads

Purpose This drawing exercise atlows students to become
familiar with their drawing instruments and to
practice triangulation and head placement.

Plot plan used for this Plot Plan 1 (the instructor will distribute it during
exercise class)
Approximate time to Four hours.
complete drawing
Materials required Drawing compass
Engineer scale (10 scale ruler)
Eraser
Template (optional)
Triangle (optional)
Conditizns affecting the The property owner does notwant water thrown on
design the house, driveway, sidewalk, patio, or fence.

The valves may be located vhroughout the yard.

Irrigation Systems - Student’s Guide DE1-1




Drawing Exercise 1 Laying Out Heads
Procedure Complete the following steps for this drawing
exercise:
1. Determine the type of heads and the size and shape
of patterns that you will use for the plot plan.
2. Lay out the neads based on the conditions affecting
the design.
3. Use triangulction to correctly space the heads and
TOWS.
4. Answer the review questions.
O DE1-2 Irrigation Systems - Student’s Guide
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Laying Qut Heads

Review questions

Irrigs ‘ion Systems - Student’s Guide

Drawing Exercise 1

Answer the following questions based on class
discussion and “hands on” work with the drawing.

Whatxvas the most difficuli part about this drawing
exercise?

Whatdidyoulearn about layoutfromlooking atthe
layouts of the other students?

Think about your layout in terms of square and
round patterns. How would the layout differ if you
used square patterns (if you did not use any)? How
would itdiffer ifyou used round patterns (ifyou did
not use any)?

What did you learn from this drawing exercise that
you did not already know? Be specific.

DE1- 3
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Drawing Exerzise 1 Laying Out Heads

Notes:

O DE1-4 Irrigation Systems - Student’s Guide
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Purpose

Plot plan used for this
exercise

Approximate time to
complete drawing

Materials required

Conditions affecting the
design

Irrigation Systems - Student’s Guide

Drawing Exercise 2

Sectioning the System

This drawing exercise allows students to layout the
main line and lateral lines, size the piping, and
calculate the pressure loss for the sprinkler system.

Plot Plan 1 (same plot plan as used for Drawing
Exercise 1)

Four hours.

Drawing compass

Engineer scale (10 scale ruier)
Eraser

Template (optional)

Triangle (optional)

Calculator

The property owner does notwant water thrown on
the houvse, driveway, sidewalk, patio, or fence.

The valves may be located throughout the yard.

257
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Drawing Exercise 2

Procedure

.DE2-2

Sectioning the System

Complete the following steps for this drawing
exercise:

Note: You may nezd to review Section 6 in your
Guide, and pages 99 through 108 in the
ABC'’s before starting this exercise.

Determine the static pressure and the size and flow
rate of the water meter. Apply the 75% rule to the
supply volume.

List the types of sprinklers that you are using, their
discharge rates, and their minimum and maximum
operating pressures.

Divide the sprinklers into sections, starting at the
source of the water supply.

Estimate where the main supply line will run (you
can change it later if necessary).

Calculate the friction loss for the farthest section
and for the largest section by using the “quick
check” method.

You will need to refer to pressure loss tables such
as those distributed by the instructor for Drawing
Exercise 1.

Add the piping (after you have successfully sec-
tioned the heads).

Do not size the pipe yet.

‘:’ :.— -
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Sectioning the System Drawing Excrcise 2

7. Add the valves

A reasonable practice is to put the remote control
valve somewnere close to the middle of its circuit.
This givesyou have a consistent pressure drop from
the center to either end. In all cases, you cannot
locate it near the center.

8. Route the main supply line.
9, Size the pipe and valves.
When sizing pipe, use the smrllest pipe that can

safely carry the amount of water that has 0 pass
through it.

10. Ainswer the review questions.
- 250
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Drawing Exercise 2

Review questions
1.
2.
3.
4.
DE2 - 4

Sectioning the System

Answer the following questions based on class
discussion and “hands on” work with the drawing.

What was the most difficult part about this drawing
exercise?

Did you {ind that you needed to change the l1yout
of the sprinkler heads wher you began to secticn
the system? If so, explain.

Think about your drawing in terms of square and
round patterns. How would the piping diffcr if you
used square patterns (if you did not use any)? How
would it differ if you used round patterns (if you did
not use any)?

‘what did you learn from this drawing exercise that
you did not aiready know? Be specific.

Irrigation Systems - Student’s Guide




Purpose

Plot plan used for this
exercise

Approximate time to
ccmplete drawing

Materials required

Conditions affect; g the
design

Irrigation Systems - Student’s Guide

Drawing Exercise 3

Pricing the Components

This drawing exercise allows students to route the
wire for a sprinkler system and to locate the con-
troller. In aadition, the students will price the
various components used in the sprinkler system.

Plot Plan 1 (same plot plai. as used for Drawing
Exercises 1 and 2)

Four hours.

Pencil

Drawing compass

Engineer scale (10 scale ruler)
Eraser

Template {optional)

Triangle (optional)

Calcnlator

Price information

The property owner does not want water thrown on
the house, driveway, sidewalk, patio, or fence.

The valves may be located throughout the yard.
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Drawing Exercise 3

Procedure

Pricing the Components

Complete the following steps for this drawing
exercise.

Note: Youmay need to review pages 110 through
114 in the ABC’s before starting this exer-
cise.

Make sure that you have completed Drawing
Exercises 1and 2 before continuing with this exer-
cise.

Determine wh=re you will locate the controller for
the irrigation system.

Route the wire from all of the valves to the control-
ler.

List the types of irrigation components used in your
system design, including backflow prevention
device(s), valves, heads, pipe, fittings, cont: oller,
and miscellaneous parts.

Determine the total cost of the components in the
system. If necessary, contact a plumbing/irrigation
supply house and get vrice information.

Determine how ..uch labor you would charge for
the system. Remember to consider such things as
how the system was installed, by hand, tren ‘her,
vibraplow, etc.

Determine a total cost of the system that you would
pr<sert to the property owner.

Answer the review questions.

Irrigation Systems - Student’s Guide
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Pricing the Components

Review questions

Irrigation Systems - Student’s Guide

Drawing Exercise 3

Answer the following questions based on class
discussion and “hands on” work with the drawing.

What was the most difficult part about this drawing
exercise?

Did you find that you needed to change the layout
whenyou located the controller and ran wire? If so,
explain.

What was the most difficult part about pric .ng the
system? The easiest? Be specific.

What did you learn from this drawing exercise that
you did not already know? Be specific.

DE3 - 3
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Drawing Exercise 3 Pricing the Components

Notes:

O DE3-4 Irrigation Systems - Student’s Guide
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Designing a Complete System

Purpose

Plot plan used for this
exercise

Approximate time to
complete drawing

Materials required

Conditions affecting the
design

Irrigation Systems - Student’s Guide

Drawing Exercise 4

This drawing exercise allows students to design a
complete system from beginning to end. It is the
equivalent of Drawing Exercises 1, 2, and 3.

The students will practice triangulation and head
placement, layout the main line and lateral lines,
size the piping, calcuiate the pressure loss for the
sprinkler s ’stem, route the wire, locate the control-
ler, and price the various corponents used in the
sprinkler system.

PlotPlan 2 (the instructer wiil provide copies tothe
students)

Eight hours.

Pencils

Drawing compass

Engineer scale (10 scale ruler)
Eraser

Template (optional)

Triangle (optional)

Calculator

Price information

The property owner does not want water thrown on
the house, driveway, sidewalk, patio, or fence.

The valves must be Jocated at a central manifold
near the house.

The property owner wants drip irrigation used
where applicable.

DE4-1
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Drawing Exercise 4

Procedure

4.

Designing a Complcte System

Complete *he following steps for this drawing
exercise:

Note: You may need to review Section 6 in your
Guide, and pages 99 throuvzh 114 in the
ABC’s before starting this exercise.

Determine the type of heads and the size andshape
of patterns that you will use for the plot plan.

Layout the heads based on the conditions affecting
the design.

Use triangulation to correctly space the heads and
Tovs.

Determine the static pressure and the size and flow
rate of the water ineter. Apply the 75%rule to the
supply volume.

List the types of sprinklers that you are using, their
discharge rates, and their minimum apd maximum
operating pressures.

Divide the sprinklers into sections, starting at the
source of the water supply.

Estimate where the main supply line will run (you
can change it later if 1ecessary).

Calculate the friction loss for the farthest section
and for she largest section by usi  he “quick
check” method.

You will need to refer to pressure loss tables such
as those distributed by the instructor “>r Drawing
Exercise 1.

Irrig.tion Systems - Student’s Guide
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Designing a Complete System Drawing Exercise 4

9. Add the piping (after you havr successfully sec-
sioned the heads).

Do not size the pipe yet.

10. Add the valves
Areasonable practice is to put the remote control
valve somewnere close to the middle of its circuit.
This gives you have a consistent pressure drop from

the center to either end. In all cases, you cannot
locate it near the center.

11. Route the main supply line.

12. Size the pipe and valves.
When sizing pipe, use the smallest pipe that can
safely carry the amount of watcr that has to pass

through it.

13. Determine where you will locate the controller for
the irrigation system.

14. Route the wire from all of the valves to the control-
ler.
185. List the types of irrigation components used in your

systern design, including backflow prevention
device(s), valves, heads, pipe, fittings, controller,
drip irrigation parts, and miscellaneous parts.

16. Determine the total cost of the components in the

system. If necessary, contact a plumbing/irrigation
supply house and get price information.

Irrigation Systems - Student’s Guide DE4- 3
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Drawing Exercise 4

17.

18.

19.

Designing a Complete System

Determine how much labor you would charge for
the system. Remember to consider such things as
how the system was installed, by hand, trencher,
vibraplow, etc.

Determine a total cost of the system that you would
present to the property owner.

Answer the review questions.

Irrigation Systems - Student’s Guide
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Designing a Complete System

Review questions

Irrigation Systems - Student’s Guide

Drawing Exercisc 4

Answer the following questions based on class
discussion and “1ands on” work with the drawing.

What was the most difficult part about this drawing
exercise?

Did you find that you needed to change the layout
for any reason? If so, explain.

Think about your drawing in terms of square and
round patterns. How would the piping differ if you
used square patterns (if you did not use any)? How
would itdiffer ifyou used round patterns (ifyou did
not use any)<

What did you learn from this drawing exercise thar
you did not already know? Be specific.

DE4- 5
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Drawing Exercise 4 Designing a Complete Sysiem

Notes:
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Appendix A - Licensed Irrigators Act
L ..

PERMANENT RULES
AND
LICENSED IRRIGATORS ACT

P.O. Box 12337
Capitol Station
Austin, Texas 78711
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Appendix A - Licensed Irrigators Act

THE

TEXAS BOARD OF
IRRIGATORS

presents

THE BOARD'S
PERMANENT RULES
AND
LICENSED IRRIGATORS ACY

Office of the Board

Stephen F. Austin Building, Room 647
1700 North Congress Avenue, Austin, Texas

Official Mailing Address:
Post Office Box 12337
Austin, Texas 78711
(512) 463-7990

BOARD MEMBERS

S. Dale Qusley, Chairman Fort Worth
Herman R. Johason, Sr., Vice-Chairman Corpus Christi
Hugh Rushing, Jr., Member Austin
Douglas D. Hawthorne, Member Dallas
Joan A. Heidman, *fember Dz.las
William C. Lucas, \._.nber Garland
PAST BOARD MEMBERS
Henry V. Alford Dallas
Robert 1. Goehrs Houston
Weldon Pool Tyler
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ERIC

Aruitoxt provided by Eic:

Appendix A - Licensed Irrigators Act

LICENSED IRRIGATORS ACT
Article 8751, V.T.C.S.,
as Amended by
S.B. 249

SECTION 1, DEFINITIONS.
In this Act:
(1) “"Person” means a natural person.
(2) “Board” means the Texas Board of Irrigators.

(3) “Executive director” means the executive director of the Texas Water
Commission.

(4) “Executive secretary” means the executive secretary of the hoard.
(5) “Commission’’ means the Texas Water Commission

(6) “lIrrigation system” means an assembly of component parts permanently
instzlled with and for the controlled distribution and conservation of water for the purpose
of i.rigating any type of landscape vegetation in any location or for the purpose of dus
reduction or erosion control.

(7) “trrigator” means a person who sells, designs, consults, installs, maintains,
alters, repairs, or services an irrigation system including the connection of such systemin
and to a private or public, raw or potable water supply system or any water supply. The
term does notinclude(a)a person who assistsinthe installation, maintenance, alteration,
repair, or service of an irrigation system under the direct supervision of a licensed
irrigator, and {b) an owner of a business that regularly employs a licensed irrigator who
directly supervises the business’s sale, design, consultation. installation, maintenance,
alteration, repair, and service of irrigation systems.

(8) “Licensed irrigator’” means an irrigator who is licensed under this Act.

(9) “Installer” means a parson who actually connects an irrigation system to a
private or public, raw or potable water supply system or any water supply.

(10} “Licensed installer” means an installer who is licensed under this Act.
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Appendix_A - Licensed Irrigators Act

SECTION 2. EXEMPTIORS.

This Act does not apply to:
(1) any person licensed by the Texas State Board of Plus1bing Examiners;

(2) aregistered professional angineer or architect or landscape architect if his or
her acts are incidental tu the, ‘rstit of his or her profession;

(3) irrigation or yard sprinkler work done by a property owner in a “uilding or on
premises owned or occupied by him or her as his or her home;

(4) irrigation oryard sprinkler work done by a maintenance person incidental to and
on premises owned by the business in which he or she is regularly s:aployed or engaged
and who does not engage in the occupation of licensed irrigator or in yard sprinkler
construction or maintenance for the general public;

(5} irrigation oryard sprinkler work done on the premises or aquipment of a railroad
by a regular employae o the railroad who does not engage in the occupation of licensed
irrigator or in yard sprinkler construction or mzintenance for the general public;

(6) irrigation andyard sprinkler work dosic by 2 person whois regularly employed by
a county, city, town, special district, or political subdivision of the state on public property;

(7) atemporary or portable water device such as a garder, hose, hose sprinkler,
soaker hose, or agricultural irrigation system;

(8) aportable orsotid set or other type of commercial agricultural irrigation system;
or

(9) irrigation or yard sprinkler work done by an agriculturist, agronomist,
horticulturist, fores..., gardener, contract gardener, garden or lawn caretaker,
nurseryman, of grader or 2ultivaiur of land on land owned by himself or herself.

SECTION 3. TEXAS BOARD OF IRRIGATS AL

(a) Thereis created a Texas Board of Irrigators composed of six members, each oi
whom shall be a citizen of the United States and a resident of this state.

(b} Each mensder of the board and his or her successor shall ka appointed by the
governor with the advice and consent of the sencte. Ywo members shuli be members of
the public not licensed under this Act, and four members shall be licensed irrigators who
have been actively engaged in the practice of irrigation of the type licensed under this Act
fora period of atleast five years. Appointments to the board shail be made without regard
to the race, creed, sex, religion, or national arigin of the appointees.
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Appendix A - Licensed Irrigators Act

{c}) Except for the initial appointees to the board, the members of the board hold
office for terms of six years, with the terms of two members expiring on January 31 of
eac:: vdd-numbered year. In making initial appointments, the governor shall designate
two members to serve terms expiring January 1, 1981, two membsrs to serve terms
expiring January R1, 1983, and two merr “ars to serve tarms expiring January 31, 1985.

(d) The board shall select one of its members as chairman. The Chairman shall
serve fcr the term provided by the rules of the board and may be removed for cause, but his
or her removal does not disqualify him or her from continuing as a member of the board.

{e) Four members of the board constitute a quorum for transactio2 of business.

(f} Theinitialboard shall hold its first meeting within 30 days after all members have
qualified, and the board shall hold at ieast two regular meetings each year at a time and
place designated by the chairman. The board may hold special meetings at times and
pl7 ces considered necessary by a majority of the members of the board.

{g) Each member shall receive as compensation for hic or her services an amount
provided by the General Appropriations Act for each day he or she is actively engaged in
official duties in addition to actual travel expenses.

(h} Itisaground forremoval of a member from the board thatthe mamber does not
attend at least one-half of the i1egularly scheduled meetings held by the hoard in a
calendar year.

SECTION 4. CONFLICT OF INTEREST.

A member of the board may not be an officer, employee, or paid consultant of a trade
association in the field of landscape irrigation. No board member may be related within
the second degree by aftinity or within the second degree by consanguinity to a person
wio is an orficer, employee, or paid consultart of a trade association in the irsigation
industry.

SECTION 6. EXECUTIVE SECRETARY; EMPLOYEES.

{a} The board may employ an executive secretary to perform the duties and
functions provided by this Act and as directed by the board.

-(b) Tha executive director'shall provide necessary services to assist the executive
secretary ‘'nd the board in performing their duties and functions under this Act.

{c} The commission shall hear all contested cases as defined in the Administrative
Procetiire and Texas Register Act, as amended (Article 6252-13a, Vernon’s Texas Civil
Statutes), arising under this Act. The board is subject to the open meetings faw, Chapter
271, Acts of the 60th Lagis -ture, Regular Sessi~n, 1967, ac amended (Article 6252-17,
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Appendix A - Licensed Irrigators Act

'- Vernon's Texas Zivil Statutes}, and the Administrative Procedure and Texas Register Act,
as amended (Article 6252-133, Vernon's Texas Civil Statutes).

(d) Apersonwhoisrequiredto register as a lobbyist under Chapter 422, Acts vf the
53rd Le Jislature, Regular Session, 1973, as amended (Article 6252-9¢c, Vernon’s Texas
Civil Stats tes), 1ray not act as the general counsel to the board.

. SECTION 6. BOARD FINANCES.,

{a) Moneypaidtotheboard under this Act shalibe depositedin the State Treasury in
a special * 1d known as the Texas Board of Irrigator’s Fund.

(b) The Texas Joard of irrigators Fu. d shali be used to pay expenses under thisAct.

{c) Before September 1 of each year, th< board sk.all make @ written report to the
governor accounting for all receipts and disbursements under this Act.

SECTION 7. RULES.

{a) The board shall adopx only those rules consistent with this Act to govern the
conduct of its business and proceedings and shall adopt standards aoverning revccation
of certificates of registration and connections to public or private water supplies by a
licensed irrigater or a licensed installer.

{b) The board does not have author‘ty to amend or enlarge by rule on any provision
of this Act, to change the meaning of this Act by rule in any manner, to adopta rule that is
contrary to the underlying and fundamental purposes of this Act, or to make a rule that is
uynreasonable, arbitrary. capricious, illegal, or unnecessary.

{c) The board shall adopt no rules which would preclude advertising or competitive
bidding.

(d) If the anpropriate standing committee of either house of the legislature acting
under Subsection {  Section 5, Administrative Procedure and Texas Register Act, as
added (Article 6252-13a, Vernon's Texas Civil Statutes), transmits to the board
statements opposing adoption of a rule under that section, the rule may not take effect, or
g »f the rule has already teken effect, the rule is repealed effective on the date the board
R 4 receives.tha.committee’s statements.

SECTION 8. REGISTRATION REGUIREMENT.

{a) No person may act as an irriyator or installer unle~, he or she has a valid
certificate of registration under this Act.

{b) The board sha.’ issue certificates of registration to persons uf good moral
character who have shown themselves fit, competent, and qualified to act as licensed
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irrigators or licensed installers by passing a uniform, reasonable examination which wiil
include the princip'ss of cross connections and safety devices to preventcontamination of
potable water supplies.

{c) The board sh)il provide in its vules for the preparation, administration, and
grading of examinations tc acquire certifi “ates of registration under this Act. The fee for
irking the examination shall be set by the Board not to exceed $100 for the irrigator
certificate of registration and not to exceed $75 for the installe: sertificate of registration.

{d) Aperson holding a certificate of registration under this 4ct shall notbe required
to comply with-any other licen. ".1g requirements of other state agencies to perform
connactions to private or public raw or potable water supply systems.

{e) Not later than the 30th aay aftsr the day on which a prrson completes an
examination administered by the board, tha boarc shall send t¢ e person his or her
examination results. /f requested in w..ting by a person wi. * fails the examination, the
board shall send to the person not latsr than the 30th day ahe~ the day on which the
request is received by the board an analysis of the person's performanc? on the
examination.

SECTION 9. RECIPROCITY.

{a) The board may cei.fy for registration without examination an applicantwho is
registerad as a licensed irrigator or licensed installer in another ciate or country that has
requirements for registration that are # |east substantially equivalent to the
requirements of this state and that extends ...e same privilege of reciprocity to licensed
irrigators or licensed installers registered in t.is state.

(b) Theapplication for registration under this section shall be accompaniedby a ree
of notto exceed $100 for a licensed irrigator or $75 for a licensed installer as determined
by the board.

SECTION 10. RENEWAL.
(a) Certificates of registration expire on August 31 of each year.

. . {b) Theboard or .ie exev live secretary shall notify every person registered under
this Act of the date of expiration of his or F.er certificate and the amount oi the fee thatis
required for renewal for one year. Yhe netice shall be mailed at least two months in
advance of the date of expiration of the certificate.

(c) Aperson mayrenew his or her certificate a’ 2ny time during the months of July
and August of each year by payment of the fee adopt .d by the bcard in an amount of not
more than $150 for a licensed irrigator or $1C0 for a licersed instalier.

01y
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(d\ Failure of 5 registrant to renew his or ker certificate by August 31 does not
deprive thd registrant of the right to renewal, but the fee paid for renewal of a certificate
after the August 31 expiration dat~- all be increased 10 percent for each month or part of
a month that renewal payment is delayed. If the registrant fails to renew within 80 days
after the date of expiration of the registration certificate, the registrant must reapply for
registration and must qualify under Section 8 of this Act to act as a licensed urrigator ur
licensed installer,

{e) Renewal certificates carry the same registration number as the original
certificacas,

(f) By rule, the board may adopt a system under which certificates of registration
may expire on various dates during the year. Renewals may be made at 50y time: during
the two-month period before the designated expiration date, and renew iees paid after
the expiration da‘< shall be increased 10 percent for each month ~- part of a month that
renewal cGyivent is delayed. If a regictrant fails to renew within 90 days after the
expiraiion dste of the registration, the registrant must reapply for registration and must
qualify under Section 8 of this Act to act as a licensed irrigator or a licensed installer. For
the year in which the expiration date is changed, registration fees payable on August 3°
shall beprorated on a monthly basisso that each registrant will pay only that portion of the
registration fee thatis allocable to the number of months duringwhich the registration is
valid, and on reiiewal of the registration on the new expiration Jate, the total of the
registration fee is payable.

SECTION 11. REVOCATION,

{g) The commission may revoke a certificate of registration of any regi.trant whom
it finds guilty of:

{1} violations of this Act or rules adopted under tiiis Act;
(2) fraud or deceit in obtaining a certificate of registration; or

(3) gross negligence, incompetency, or misconduct while acting as a licensed
irrigator or licensed installer.

{b} The conimission shall hear complaints under Subsection (a) of this.section
subject to standards adopted by the board in its rules.

{c) Any person may file a complaint w.iit the board. The complaint shall be in
writing, shall be notarized, and shall set forth the facts alleg..d. Three copies uf the written
allegations shall be filed with the executive director. One copy shall be sent by certified
mail to the alleged violator.

(d) On receipt of written allegations, the board, if it considers the information
sufficient to support further action shall issue ar order referring the complaint to the
commission for setting a hearing.

Q
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{e} Ifthe executive director determines through investigatic 1that evidence exists of
a violation, he may reier such evidence to the board or may yroceed direciy to the
commission to request sztting of a hearing.

() Ths commission may compel the ».tendance of a witness before it gs in civil
cases in the district court by issuance of a subpoena.

SECTION 12. PENALTY; INJUNCTION.

(a) A person who represents himself or herself as a licensed irrigator or licansed
installer in this state without being licensed or exempted under this Act, who presents or
attempts to use as his or her own the certificate rf registration or the seal of another
personwhois a licensed irrigator or licensed installer, who gives false or forged evidence
of any kind to tae board or to any member of th:2 board in obtaining or assisting in
obtaining for anuiher a certificate of registration, shall be guilty of a Class C
misdemeanor. Each day a violation of this subsection occurs constitutes a separate
offence.

{b) A person who violates this Act or a rule or order ni the commission adopted
under this Act is subject to a civil penalty of not to exceed $1,000 for each offense. Each
day a violation is commit :d is a separate offense,

{c) An action to recover the penalty under Subsection {b) of this section may be
brought by the board in any court of competent jurisdiction in the county in which the
offending activity occurred, in which the defendant resides, or in Travis County.

(d} The board may enforce this Act or a valid rule or order of the commission by
injunction or other appropriate remedy. The action may be brought by the board in a court
of competent jurisdiction in the county in which the offending activity occurred, in which
the defendant resides, or in Travis County.

{e) Atthe reguest of the board, the attorney general shall institute and vonduct a
suitin the name Jf the state to recover the civi penaltyas providedur  rSubsection (b) of
this section r for injunctive relief or other appropriate remedy, or for both.

SECTION 13. ENFORCEMENT OF ACT.

The executive directur with the assistance of the atorney general shall enforce this
Act and the rules adopted by the board.

SECTION 14. LOCAL RULES AND REGULATIONS.
The regulatory auihority of any city, town, county, special purpose district, or other

political subdivision of th 1 state may require licensed irrigators or iizensed installers to
crmply with any reasonable inspection requirements or ordinances and regulations
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designed to protect the public water supply and pay any reasonable fees imposed by that
local entity relating to work performed by licensed irrigators within its jurisdiction.

SECTION 15. CERTIFICATION OF CERTAIN PERSONS.

Apersonwho holds alicense as a landscape irrigator under Chapter 457, Acts of the
61st Legislature, Regular Session, 1969, as amended {Article 249¢, Vernon's Texas Civil
Statutes), on the effective date of this Act is entitled to be certified as a licensed irrigator
without meeting the requirements of Section 8 of this Act: however, persons seeking to
bacome licensed installers must comply with Section 8 of this Act.

SECTION 16. SUNSET PROVISION.

The board is subject 12 the Texas Sunset Act, and unless continued in existence as
provided by that Act, the board is abolished and this Act expires effective September 1,
1991.

o 23
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GENERAIL PROVISIONS
§§421.1421.4

The following rules are adopted under the authority of Article 8751, Section 7,
Vernon'’s Texas Civil Statutes.

§421.1. DEFINITIONS.

The following words and terms, when used in this Part X1V, shall have the follow-
ing meanings, unless the context clearly indicates otherwise:

{1} *‘Board” means the Texas Board of lrrigators.
(2) “Commission” means the Texas Water Commission.

(3) "Complainant’’ means anyone who has fited with the board a notarized
complaint which states matters within the board’s jurisdiction.

(4) “Executive director” means the executive director of the Texas Water
Commission.

{5) “Executive secretary’’ means the executive secretary of the board.

(6) *Installer” means a person who actually connects an irrigation system to a
private or public, raw or potable water supply system or any water supply.

{7) “|rrigation system’’ means an assembly of component parts permanently
installed with and for the .ontrolled distribution and conservation of vrater for the
purpose of irrigating any type of landscape vegetation in any location or for the purpose
of dust reduction or erosion control.

18) “Irrigator” means a persun who sells, designs, consults, installs, maintain~
alters, repairs, or services an irrigation system including the connection of such system in
and to a private or public, raw or potable water supply system or any water supply. The
term does not include (a) a person who assists in the installation, maintenance, alteration,
repair, or service of an irrigation system under the direct supervision of a licensed irriga-
tor, and (b) an owner of a business that regularly employs a licensed irrigator who

4211
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directly supervises the business’s sale, design, consultation, installation, maintenance,
alteration, repair, and service of irrigation systems.

{9) “|icensed installer’’ means an installer registered under Texas Civil Statutes,
Article 8751, pursuant to these sections.

(10) “Licensed irrigator’’ means an irrigator regiscered under Texas Civil Statutes,
Article 8751, pursuant to these sections.

(11) “Person’’ means a natural person.

(72) “Respondent’’ means anyone against whom a notarized complaint, which
states matters within the board’s jurisdiction, has been filed with the board.

§421.4. PURPOSE.

The nurposes of the provisions of this Part X1V are to implement the powers and
duties assigned to the Texas Board of Irrigators, and its executive secretary by Texas Civil
Statutes, Article 8751 and other laws of this state, and to establish the general policies
which are specifically applicable to the board. The provisions of this Part X1V shall be
given a reasonable, fair, and impartial interpretation.

4212
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GEMNERAL PROVISIONS AFFECTING BOARD
§§421.21-421.48

The following rules are adopted under the authority of Article 8751, Sectirn 7,
Vernon's Texas Civil Statutes.

§421.21. OFFICE; MAILING ADDRESS.

The official place of business of the board shall be the otfice of its executive secre-
tary in the Stephen F. Austin State Office Building in Austin, Texas. The official mailing
address of the board shall be P.0. Box 12337, Austin, Texas 1 3711.

§421.24. PERSON FOR SERVICE OF PROCESS.

The executive secretary, at the address of the board’s official place of business, shall
be the person upon whom service of process may be served in judicial proceedings against
the board.

§421.27. OFFICIAL SEAL.

The official seal of the board will bear the words ‘‘Texas Board of Irrigators’’ en-
circling the oak and olive branches common to other official seals.

§421.30. MEETINGS AND NOTICES THEREOF.

(a) The board shall hold at least two regular meetings each year at tim.
places designated by its chairman.

(b) The board may hold other meetings at times and places considered nece.
sary by a majority of the members of the board or the chairman of the board.

—h

(c) The board shall give notice of its meetings and shall hold its meetings in
accordance with the open meetings law, Texas Civil Statutes, Article 6252-17.

421-3
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§421.33. QUORUM.

Four members of the board shall constitute a quorum for the transactien of busi-
ness. The chairman of the board is a voting member.

§421.36. OFFICERS AND EMPLOYEES.

(a) The board shall elect a chairman who shall hold office for two years and
thereafter until his successor has been elected. The cnairman may be removed by the
board for cause, but his removal does not disqualify him from continuing as a member of
the board. When present, tiie chairman shall preside at all meetings, sign all certificates of
registration issued, and perform all other duties pertaining to the office.

(b) The board shall elect a vice.chairman who shali hold office for two years
and thereafter until his successor has been elected. In the abssc? of the chairman, the
vice chairman shall fulfill all responsibilities ot the chairman.

{c) Where there is 8 vacancy in the office of thie chairman or vice chairiman, the
board shall elect a member to fill the vacan~ for the remainder of the unexpired term.

(d) The board may employ an e. sutive secretary to serve at the will of the
! .id. The executive secretary shall perform the duties and funciions provided by Texas
Civil Statutes, Article 8761 and as directed by the board. The board shall airange for
necessary office space with the executive director to house the staff and records.

{e) The executive secretary is authorized 10 request necessary services from the
exec’ live director.

§421.39. OFFICIAL RECORDS.

1' (a) Among other official records required by faw, or by rules of other agencies,
| there shall be kept in the office of the executive secretary accurate and current records
| including but not limited to:

|

(1) Minutes: A record containing, in chronological order, minutes of all
the meetings of the board.
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{2) List of registrants: A list containing the name, last known address and
registration number of all persons who hold certificates of registration which are cur-
rently renewed.

(3) Renistrant records: An individual record for each registrant containing
the original application, relevant verification and evaluation data, examination and grade
2cords, the date of registration, and a record of annual renewals and fees received after
registration, and when applicable, a record of alleged violazions, suspensions, and
revocations.

{4) Budge: Records: Records showing funds burgeted, committed, spent,
and remaining, and projects of appropriate requests for consit'eration in budget develop-
ment, as well as financial records required by various state agencies.

{b} Subject to the limitations and exceptions provided under the Open Rec "ds
Act, Texas Civil Statutes, Article 6252-17a, information colle<ted, assembled, or main-
tained by the board or its executive secretary is public information open to inspection
and copying durine gular business lours

§42°.42. SIGNING CERTIFICATES

Each certificate of registration shall be signed by the chairman and vice-chairman of
the board and shall bear the seal of thry Texas Board of I - ors.

§421.45. LIAISON WITH SECRETARY OF STATE.

The executive secret: ¢ shall be the liaison through whom all required documents
may be submitted on behalf of the board to the secretary of state for filing and publica-
tion. The executive secretary may designate one or more persons to act as liaison in the
executive secretary’s absence.

§421.48. IRRITATION STANDARDS AND TESTING PROCEDURES.

The brard shae!! remain cutrent on national isrigation testing procedures as well as
national and local requirements governing irrigation .ystems.

421-5
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APPLICAT!ON FOR REGISTRATION
§§423.1423.22

The following ruies are adopted under the authority of Article 8751, Section 7,
Vemon'’s Texas Civil Statutes.

§423.1. ELIGIBILITY FOR CERTIFICATES OF KEGISTRATION.

(a) The board may issue certificates of registration only to individuals who are
eligible for registration as licensed irrigators or licensed installers under Texas Civil Sta-
tutes, Ariicle 8751 and these sections. No certificate of registration may be issued to any
firm, partnership, corporation, or other group of persons.

{b} No individual is eligible to receive alicensed irrigator’s or licensed installer’s
certificate of registration unless he has applied for it pursuant to these sections and:

(1) the board has determined that he is a person of good moral character
who has passed a uniform, reasonable examination for irrigators or installers, as applic-
able, administered by the board in accordance with these sections; or

(2) the board has determined that he is a person registered as the equiva-
lent of a licensed irrigator or licensed installer in another state or country that has re-
quirements for registration that are substantially equivalent to the requirements of Texas
and that extends the same privilege of reciprocity to licensed irrigators or licensed instal-
lers registered in Texas.

§423.4. APPLICATIONS FOR CERTIFICATES OF REGISTRATION.
(a) Every person applying for a licensed irrigator’s or licensed installer’s certi-
ficate of registration shall complete a required application form and submit it to the

executive secretary with the required application or examination fee.

(b) in addition to submitting his completed application form and application
fee, an irrigator or installer holding a certificate of registration in another state or country
who wishes to be considered for registration in Texas under reciprocity, shall submit to

423-1
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the executive secretary his certification record from the state or country in which he is
registered.

{c) Upon request, the executive secretary shall furnish the required application
form and instructions for obtaining a licensed irrigator's or licensed installer’s certificate
of registration.

§423.7. APPLICATION AND EXAMINATION FEES; FORM OF PAYMENT.

Personsapplying for an irrigator’s certificate of registration shallremit an applica-
tionand examination feeof $75. Persons applying for an installer’s certificate of registra-
tion shall remit an application and examination fee of $35. Payments shall be made by
personal check, moneyorder, or cashier's check made payable to the Texas Board of
Irrigators. These fees shall not be refundable.

§423.10. APPLICATION PROCESSING.

{2) Applications for registration shall be submitted to the board in a complete
form and accompanied by the required application or examination fee, as appiicable.

(b} Applications for registration by examination may be made at any time but
must be accompanied by the examination fee and received by the executive secretary
at least 30 days prior to the applicant’s examination date. Applicants shall be responsible
for fulfilling application requirements by the deadline.

{c) The board shall verify and evaluate each submitted application, and if.the
board or the executive secretary should require additional relevant information, the appli-
cant shall submit such information within the time and form requested.

(d} Rejection of an application for registration shall be by letter sent by certifies
mail to the applicant explaining the board’s reasons for rejection, outlining the proce-
dures under which reconsideration may be possible, and explaining the applicant’s right
to a hearing.

423-2
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§423.13. DETERMINATION OF APPLICATION FOR
REGISTRATION UNDER RECIPROCITY.

The board's approval of an application for registration under reciprocity shall be
given by letter which assigns the applicant a registration number, A certificate of registra-
tion and identification card shall be issued upon the applicant's compliance with §425.41
of this titic (relating to Seal Required) and §425.44 of this title (relating to Seal and
Rubber Stamp Facsimile Design) as applicable.

§423.16. INCOMPLETE APPLICATION RETURNED.

ff an applicant resubmits an incomplete application after the executive secretary
has returned the 2pplication to the applicant with written instructions to completely
answer all or particular parts of the application, the executive secretary may return the
application to the applicant again without any further action or explanation.

§423.19. REJECTION OF APPLICATION.

{a) The board, or the executive secretary on behalf of the board, may rejecta
an application if:

(1) the applicant has not completely filled in the required application form
and submitted it to the executive secretary in accordance with these sections; or

{2) the applicant has failed to remit the required application or examina-
tion fee in accordance with these sections.

{b) The board may reject an application if the board finds that the applicant is
not of good moral character.

§423.22. HEARING ON REJECTED APPLICATION.

{a) If the board rejects an application for a certificate of registration, the af-
fected applicant may request a hearing by the board on the board's reasons for rejection
as stated in the letter of rejection.

{b) The applicant must request a hearing in writing within 10 days after the

applicant receives his letter of rejection.
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{c) The board sha'l hold jts hearing on the reasons for rejection after it receives
the written request for the hearing.

{d) During the hearing, the board shali consider any relevant evidence and argu-
ment presented by the applicant in support of his anplication.

{e) The board shall inform the applicant of its final decision on his application

by certified mail. If the final decision is to uphold its rejection cf the application, the
board shall state in its final decision the reasons and relevant facts for rejection.

423-4
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+

EXAMINATIONS
§§423.41423.62

The following rules are adopted under the authority of Article 8751, Section 7,
Vernon's Texas Civil Statutes.

§423.41. ELIGIBILITY FOR WRITTEN EXAMINATIONS.

The board, or any board members, or the executive secretary on behalf of the
board shall administer written examinations only to persons who the board has deter-
mined to be of good moral character and who have completed the required application
form and have submitted it and the required examiration fee to the executive secretary
in accordance with these sections.

§423.44. NOTIFICATION OF EXAMINATION DATE, TIME, AND PLACE.

The executive secretary shall notify each person eligible to take the written exami-
nation of his examination date, time, and place by first-class mail.

§423.47. STUDY MATERIALS.

.Upon request, the executive secretary shall furnish information regarding study
materials o persons eligible to take the written examination.

§423.50. APPEARANCE FOR EXAMINATION; FAILURE TO APPEAR.

Applicants shall personally appear for the written examination at the de: nated
date, time, and place and be prepared to present sufficient identification. An applicant
who fails to appear for an examination shall forfeit the required examination {ee except
upon written request showing good cause why the applicant failed to appear, as deter-
mined by the board.

§423.53. EXAMINATION CONDITIONS.

Examinations shall be conducted under conditions assuring honest results. The
executive secretary, individual board membders, or their designees shall monitor all tests.
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=xaminees shall not be permitted to communicate with anyone except a board member
during the examination period.

§423.56. GRADING; MINIMUM PASSING SCORE.

A score of 70% or more on each and et ery section of the applicable examination is
required for registration as a licensed irrigator or licensed installer.

§423.59. NOTIFICATION OF EXAMINATION RESULTS AND PERFORMANCE.

Within 30 days after the day on which an applicint completed an examination, the
executive secretary on behalf of the board shall send the applicant his examination results
by first-class mail. If requested in writing by an applicant who fails the examination, the
executive secretary on behalf of the board shz!l send to the applicant, withia 30 days
after the day on which the request is received by the board, an analysis of the applicant’s
performance on the examination.

§423.62. REEXAMINATION; FEE.

An applicant who fails the written examination must repeat the entire examination
and make full payment of the applicable examination fee.
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CERTIFICATE OF REGISTRATION
§5425.1-425.25

The following rules are adopted under the authority of Article 8751, Section 7,
Vernon’s Texas Civil Statutes,

§425.1. ISSUANCE OF CERTIFICATE; REGISTRATION FEE.

{a)  Once *"3 board has determined that an applicant has passed the board’s
written examination, and the 2pplicant has paid to the executive secretary the registration
fee in accordance with subsection (b) of this section and has complied with §425.41 of
this title (relating to Seal Required) and §425.44 of this title (relating to Seal and Rubber
Stamp Facsimile Design) as applicable, the executive secretary shall issue a certificate of
registration and identification card to the applicant.

{b) The registration fee shall be the applicable amount specified in §425.19 of

this title {relating to Renewal of Certificate; Same Registration Number) prorated on a

monthly basis beginning with the month during which the board informed the applicant

that he passed the examination through the following August. Payment of the fee shall be

made withir, 60 days after the date of the letter sent by the executive secretary to the

applicant, notifying him of the amount of the fee. Payment shall be made by personal
'k, money order, or cashier’s check made payable to the Texas Board of Irrigators.

§425.4. DESCRIPTION OF CERTIFICATE.

Cenrtificates of registration shall identify the registrant by name and registration
number, show effective date and Vear, confirm the registrant’s qualifications, and
acknowledge the registrant as a licensed irrigator or licensed installer.

§425.7. DISPLAY OF CERTIFICATE.
Every person holding a certificate of registration shall display it at his place of busi-

ness or employment and be prepared to substantiate his annual renewal for the current
year.
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§425.10. REPLACEMENT OF CERTIFICATE.

A certificate of registration or identification card may be issued to a registrant to
replace a lost or destroyed certificate or card provided that:

{1) his current annual renewal is effective;

{2} the registrant makes proper request for such replacement certificate or
card and submits a notarized affidavit co.itaining an acceptable explanation of the loss
or destruction of the original certificate or card; and

{3) the registrant péys the $10 replacement fee for each certificate or card.
§425.13. EXPIRATION OF CERTIFICATE.

Certificates of registration shall expire on August 31 of each year unless renewed in
accordance with §425.19(a) of this title {relating to Renewal of Certificate; Same Regis-
tration Number).

§425.16. NOTICE OF CERTIFICATE EXPIRATION; CHANGE OF ADDRESS.

{a) The executive secretary shall notify each licensed irrigator and licensed in-
staller of the date of expiration of his certificate and the amount of the fee that is re-
quired for the annual renewal of registration. Such notice shall be sent by first-class mail
by June 30 of each year to each licensed irrigator's or licensed installer’s last known
address.

{b}) Licensed irrigators and licensed installers shall immediately notify the
executive secretary in writing of any change in mailing address,

§425.19. RENEWAL OF CERTIFICATE; SAME REGISTRATION NUMBER.

(a} A licensed irrigator or a licensed installer may renew his certificate of regis-
tration at any time during the months of July and August of each year by payment of a
renewal fee in the amount of $75 for a licensed irrigator or $50 for a licensed installer.
Payment shall be made by personal check, money order, or cashier’s check made payable
to the Texas Board ot Irrigators.

425-2
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{b) Renewal of a certificate of registration shall be effected by issuance of a cur-
rent identification card. Each identification card shall show the name of the registrant,
the card’s expiration date and thc number of the certificate of registration which it
renews,

§425.22. FAILURE TO RENEW CERTIFICATE
OF REGISTRATION; NOTICE; PENALTY.

(a) Failure of a licensed irrigator or a licensed installer to renew his certificate
of fcgistration by August 31 of each year does not deprive him of the right to renewal,
but his registration shall be automatically suspended and the fee paid for renewal of a
certificate of registration after the August 31 deadline shall be increased 10% for each
month or part of a month that the renewal payment is delayed. If the licensed irrigator
or licensed installer fails to pay his renewal fee within 90 days after the August 31 dead-
line, his registration shall automatically expire and he must requalify under Texas Civil
Statutes, Article 8751, §8, and must comply with Chapter 423 of this title (relating to
Registration of Irrigators and Installers) to obtain alicensed irrigator or licensed installer
certificate of registration.

{b) The executive secretary shall immediately notify each licensed irrigator
and licensed installer who has failed to renew his certificste of registration by August 31
of such failure by certified mail sent to his last known address.

{c) Any imrigator or installer who acts as 8 licensed irrigator or licensed installer
when his registration has been automatically suspended or has automatically expired pur-
suant to these sections isin violation of Texas Civil Statutes, Article 8751 and is subject to
the penalties provided in section 12 thereof.

§425.25. UNAUTHORIZED USE OF CERTIFICATE.

{a) Only a licensed irrigator or licensed installer may use or attempt to use his
certificate cf registration.

(b) Anyone who uses or attempts to use as his own the certificate of registra-

tion of someone else who is a licensed irrigator or licensed instalier violates Texas Civil
Statutes, Article 8751 and this section.

425-3
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(c) Any licensed irrigator or licensed installer who authorizes anyone else to use
his certificate of registration to act as a licensed irrigator or licensed installer violates this
section.

425-4
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SEAL
§§425.41425.53

The following rules are adopted under the authority of Article 8751, Section 7,
Vernon’s Texas Civil Statutes.

§425.41. SEAL REQUIRED,

(a) Each licensed irrigator, upon registration and before issuance of his ceitifi-
cate of registration, shall obtain a seal, or a rubbar stamp in lieu thereof, of the design
authorized by the board. The seal shall be placed on all professional documents, induding
contracts, maps, plans, designs, drawings, specifications, estimates, and reports issued by
aregistrant for use in this state.

{b) Each licensed irrigator shall file with the boaid in duplicate a sample impres-
sior. of his seal or rubber stamp facsimile on letterhead or other business stationery which
he proposes to use, A licensed irrigator shall notify the board of any changes in his seal or
rubber stamp facsimile,

(c) Each licensed irrigator who, on August 28, 1979, held a valid license as a
landscape irrigator under Texas Laws 1973, chapter 629, as amended, and therefore is
registered pursuant to Texas Civil Statutes, Article B751, §15 shall file with the Board be-
fore January 1, 1981, in duplicate, a sample impression of his seal or rubber stamp fac-
simile of the design required by §425.44 of this subchapter (relating to Seal and Rubber
Stamp Facsimile Design) on letterhead or other business stationery which .e uses,

§425.44. SEAL AND RUBBER STAMP FACSIMILE DESIGN.

The required seal and rubber stamp impressions shall be circular and not less than
one and cne-half inches in diameter. The words "*State of Texas' shall be at the top be-
tween the two knurled circles and the words *‘Licensed Irrigator’* shall be in a like posi-
tion at the bottom, The licensed irrigator's name shall be placed horizontally in the cir-
cular field accompanied by this certificate number. Letters and figures shall be as bold as
possible to insure legibility and durability.

4255
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§425.47. AUTHORIZED USE OF SEAL AND RUBBER STAMP FACSIMILE.

{a) The licensed irrigator shall sign his legal name on each professional docu-
ment and shall affix the imprint of his seal or rubber stamp facsimile of the seal over that
signature. Use of a rubber stamp facsimile is encouraged for application on all tracings to
produce legible reproduction of all copies or prints made from such tractigs. If a rubber
stemp facsimile of the seal is used, the license ¥ irrigator shali affix his signature to the
documents and shall stamp the documents with the rubber seal over the signature.

{b) The presence of the licensed irrigator’s seal imprint over his signature on any
document constitutes his acceptance of all professional responsibility for the dacument
and the work done pursuant tG and in accordance with the document,

{c) The licensed irrigator is responsible for the security of his seal and rubber
stamp.

§425.50. UNAUTHOR!ZED USE OF SEAL QR RUBBER STAMP.

(a) Only a licensed irrigator or a person acting under his direction and on his
behalf may use or attempt to use his seal or rubber stamp.

(b) Anyone who uses or attempts to use as his own the seal or rubber stamp
of someone else who is a licensed irrigator violates Texas Civil Statutes, Article 8751 and
this section.

(c) Any licensed irrigator who authorizes anyone else to use his seal or rubber
stamp except on his behalf and under his direction virlates this section.

§425.53. REQUIRED USE OF SEAL.

Each licensed irrigator must affix his seal, or rubber stamp impression in licu there-
of, to the original index page identifying all drawings covered, to the original cover and
index page identifying all specification pages covered, and to other documents of service
as well, which are developed and issued under the direction or authorship of the licensed
irrigator. In the absence of index pages or covers identifying all pages bound, each page
of all original contract documents of service, including drawings, must have the seal, or
rubber stamp impression in lieu thereof, of the responsible licensed irrigator affixed

425-6
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there*a. The absence of a seal or rubber stamp impression affixed tc any contract docu-
ments or plans is a violation of this section.
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STANDARDS FOR CONNECTIONS
TO POTABLE WATER SUPPLIES
§§427.1427.10

The following rules are adopted under the authority of Article 8751, Section 7,
Vernon’s Texas Civil Statutes.

§427.1. LOCAL REGULATION.

Where any city, town, county, special purpose district, or other political subdivision
of the state requires licensed irrigators or licensed installers to comply with reasonable
inspection requirements or ordinances or regulations designed to protect the public water
supply, any of which relates to work performed or to be performed within such political
subdivision’s territory by licensed irrigators or licensed installers, a licensed irrigator or
licensed installer shall comply with such requirements, ordinances, and regulations.

§427.4. ABSENCE OF LOCAL REGULATION—BACKFLOW PREVENTION DEVICES.

Where a licensed irrigator’s or a licensed installer’s connection of an irrigation sys-
tem or yard sprinkler system to a public or a private potable water supply is not subject
to any inspection requirement, ordinance, or regulation of any city, town, county, special
purpose district, or other political subdivision of the state, the licensed irrigator or licensed
installer making such connection shall install one of the following devices:

(1) Vacuum breakers. Vacuum breakers are designed to prevent onily back-
syphomage. Therefore, vacuum breakers shall not be used in systems where back-pressure
may occur. In this :bchapter, back-pressure means any pressure, regardless of its source,
against'the outlet side of the backflow preventiri device, which exceeds the supply pres-
sure against the inlet side of the device. Whera vacuum breakers may be used, they shall
be installed at least 12 inches above the surrcunding ground.

(2) Atmospheric vacuum breakers. In addition to the prohibition and
installation requirements of subsection (8) of this section, continuous pressure on the
supply side of an atmospheric vacuum breaker is prohibited. Therefore, atmospheric
vacuum breakers shall be installed in either of the two following ways:
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{a) A separate atmospheric vacuum broaker shall be installed on the
discharge side of each water controf valve, between the valve and ali of the sprinkler heads
such valve controls.

(b} A single atmospheric vacuum breaker may be installed in the
pressure main only if there is a single, automatic master water control valve in the pres:
sure main. The sutomatic master water contro! valve shall be installed between the water
supply and the atmospheric vacuum breaker,

(3) Pressure-type vacuum breaker. Subject to the prohibition and installa-
tion requirements of subsaction (a) of this section, a single pressure-type vacuum breaker
may be used in systems where the sprin :ler main may be pressurized at all times.

(4) Double check assembly backflow preventor. A doible check assembly
(DCA) backflow preventor may be used where water supply prezsure and back pressure
on the device may continuously exist.

{5) Reduced pressure principle device. A reduced pressure principle device
shall be installed above ground in & location so as to insure that the device will not be sub-
merged during operation. Ir addition, adequate provisions shall b» made for any water
wiich may be discharged through the device’s release valve. A licensed irrigator may not
incorporate this device in an irrigation system design without first obtaining informed ap-
proval to do so from the party for whom he is designing the system.

§427.10. CONNECTIONS TO ALTERNATIVE WATER SUPPLIES.

(a) Because of tire danger of contaminating potable water supplies, the design
and installation of irrigation systems and yard sprinkler systems which incorporate con-
nections to alternate potable and nonpotable water supplies are not recommended and
are discouraged unless absolutely necessary.

{b) Where an irrigation system or yard sprinkler system is designed to have alter-
nate water supplies, one being a potable water supply and the other a nonpotable water
supply, a licensed irrigator or licensed installer shall not install any connection for alter-
nate potable and nonpotabic water supplies except one which:

(1) provides for a complete absence of pipe between the two water supplies
{i.e., air gap);

427-2
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{2} makes impossible the connection of the two water supplies to each
other; and

{3} makes impossibie the simuitaneous connection of both water supplies
to tne irrigation system or yard sprinkler system.

{c) The installation of any mechanical connection device as a substitute for or
equivalent of the connection required by subsection (b} of this section is prohibited and
is a violation of this section.
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COMPLAINT PROCESS
§§429.1420.22

The following rules are adopted under the authority of Article 8751, Section 7,
Vernon's Texas Civil Statutes.
§429.1. COMPLAINT.

(a) Any person knowledgeable of any probable violation of Texas Civil Statutes,
Article 8751 or of these sections may file a written complaint with the board.

{b) Any person knowledgeable of any probable act of a licensed irrigator cr
licensed installer which may constitute gross negligence, incompetency, or misconduct
while he is acting as a licensed irrigator or licensed installer may file a written complaint
with the board.

{c) A written complaint shall include the name and address of the person
against whom the complaint is filed and the aileged facts and shall be notarized.

§429.4. BOARD'S RECEIPT OF COMPLAINT.

Upon the board’s receipt of a complaint, the executive secretary shall:

{1)  send three copies of the complaint to the executive director;

(2) send one copy of the complaint by certified mail to the respond2nt; and

(3}  send a copy of the complaint to the chairman ¢f the board.

§429.7. INVESTIGATION OF COMPLAINT.

{a)  The chairman of the board may appoint not more than three members of
the board to investigate a complaint. The chairman may appoint one or more ticensed
irrigators to assist board members in the investigation of a complaint.

{b) The executive secretary shall furnish each appointed board member with a

copy of the complaint file.

429-1

305

Q Irrigation Systems - Student’s Guide




Appendix B - Permanein ‘iles

Texas Board of Irrioators
Violation of Statute or Board Rules

{c) Appointed members shall investigate the matters complained of and may
take steps to secure the respondent’s voluntary compliance with Texas Civil Statutes,
Article 8751 and these sections, or otherwise informally resolve the matter.

{d} Upon completion of the investigation, the investigating board members shall
file with the executive secretary a written report, including a detailed descrintion of the
investigation and any informal resolution, and any recommendations to the board. The
report shall be signed by at least one of the board members investigating the complaint.

{e) Upon receipt of the investigation report, the executive secretary shall send,
by first-class mail, copies of the report to the complainant and respondent. notifying
them of the deadline for filing written responses to the report. The executive secretary
shall also send a copy of the report to the chairman of the board.

{f) Any response of the complainant or respondent to the investigation report
must be in writing and filed with the executive secretary within 14 days after the execu-
tive secretary mailed copies of the report to the complainant and respondent.

{q} Upon receipt of a response to an investigation report, the executive secre-
tary shall send copies of the response to the chairman of the board and the board mem-
bers investigating the complaint.

§429.10. INFORMAL RESOLUTION OF COMPLAINT.

Where the chairman of the board determines that a complaint is informally resolved:

{1} The executive secretary shall so inform the complainant and respondent in
writing, notifying them that the board will take no further action on the complaint unless

requested to do so by the complainant; and

{2) The board members investigating the complaint shal biief the board, at its
next meeting, on the complaint, investigation and resolution.

§429.13. SETTING COMPLAINT ON BCARD AGENDA; NOTICE.

Where the chairman of the hioard dete: mines that a complaint is not informally re-
solved, he myy place consideration of the complaint on the agenda for a board meeting.
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The executive secretary shall send notice of the meeting to the complainant and respond-
ent by first-class mail, and to the executive director.
§429.16. EOARD CONSIDERATION OF COMPLAINT;

BOARD ACTION ON COMPLAINT.

(a) During its consideration of a complaint, the board shall hear any relevant
evidence and argument presented on behalf of the complainant and the respondent.

(b) After hearing relevant evidence and argument, the board may consider
whether the information presented in the complaint and at its meeting is sufficient to
warrant further action by the commission, the executive director, or the attorney general.
If the board considers such information sufficient, it shall issue an order referring the
complaint to the commission, or request the executive director or the attorney general, or
both, to take appropriate measures to enforce Texas Civil Statutes, Article 8751 and the
bozard’s rules. If the board considers the information insufficient to warrant further action
by the commission, executive director or attorney general, it may take any action it
deems appropriate,

(c) The executive secretary shall notify the complainant and respondent of any
decision or action of the board by letter sent by first-class mail,

§429.19. COPIES OF BOARD ORDER.

Where the board enters an order referring a complaint to the commission, the
rxecutive secretary shall issue the order by filing copies with the commission and the
executive director and sending copies by certified mail to the complainant and the res-
pondent.

§429.22. PROBABLE VIOLATION REPORT OF BOARD MEMBER.
{a) Where a2 member of the board becomes aware of a probable violation of
Texas Civil Statutes, Article 8751 or of these seztions, such member may file a written re-

port with the board, ¢etting forth the name of the person about whom the report is filed
and the facts pertaining to the probable violation.
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{b) A board member’s report of a probable violation shall be processed by the
board pursuant to §8§429.1, 429.4, 429.7, 429.10, 429.13, 429.16, and 429.19 of this
title (relating to Complaint Process) and this section.
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ENFORCEMENT
§§429.51-429.55

The {ollowing rules are adopted under the authority of Article 875", Section 7,
Vernon's Texas Civit Statutes.

§429.51. Civil Penalty.

{a) Apersonwhoviolates Texas Civil Statutes, Article 8751; a rule adopted by
the board pursuant to Article 8751; or an order of the commission issued
after a hearing, pursuantto Article 8751, §5(c); and/or an order revoking a
certificate of registration under Article 8751, §11, is subject to a civil
penalty of notto exceed $1,000.00 for each offense. Each day a violation is
committed is a separate offense.

(b) An action torecover the penalty under subsection (a} of this section may be
brought by the board in any court of competent jurisdiction in the county in
which the offending activity occurred, in which the defendant resides, or in
Travis County.

§429.53. Injunctions.

The board may enforce Texas Civil Statutes, Article 8751, a board rule, or
commission order by injections or other appropriate remedy. The action may be
brought by the board in a court of competent jurisdiction in the county in which the
offending activity occurred, in which the defendant resides, or in Travis County.

§429.55. Action By Attorney General.

At the request of the board, the attorney general shall institute and conduct a
suitin the name of the state torecover the civil penalty as provided under §429.51 of
this title (relating to Civil Penalty) or for injunctive relief or other appropriate reinedy
or for both.
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LICENSED IRRIGATOR STANDARDS
§§431.14317

The new sections are adopted under Texas Civil Statutes, Article 8751, Sectien 7,
which provides the Texas Board of Irrigators with the authority to adopt rules consistent
with the Anre

LSRR CH Iy 193 §3

§431.1. PURPOSE OF STANDARDS.

{a) The correct practice of irrigation as a profession i3 escential for ti2 protec:
tion and conservation of the water resoucres of the state. Tne installation of irrigation
systems should be conducted by individuals with high ethicut staridards. The Legislature
has vested in the Texas Board of Irrigators the authority and duty to establish and en-
fo-ce standards of professional conduct and ethics for practitioners of the irrigation in-
dustry. These standards of conduct have been adopted by the Texas Board of lrrigators
to ensure compliance with and enforcement of the statutory charge to the board.

{b) Every applicant for registration as a licensed irrigator shall become fully
informed of the obligations and responsibilities inherent in the practice of irrigation
as outlined by these Standards of Conduct. Each licensed irrigator shall be deemed to
have notice of these Standards of Conduct, and shall be required to abide by the
standards.

§431.2. INTENT.

(a) These Standards of Conduct are established to prescribe responsibility and
knowledgs on the part of the irrigator and to aid in governing the iriigation industry.

(b) The board shall determine what actions constitute viclations of the Stan-
dards and institute appropriate disciplinary action which may lead to the .uspersion or

revocation of a license in accordance with the applicable state statutes,
(

§431.3. PROFICIENCY IN FIELD OF IRRIGATION;
REPRESENTATION OF QUALIFICATIONS.

{a) Competence in the performance of services of a licensed irrigator requires
that the licensee’s knowledge and skill encompass the currently accspied practice and
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knowledge of selling, designing, consulting, installing, maintaining, ultering, repairing,
or servicing an irrigation system including the connection of such system in and to a pri-
vate or public, raw or potable water supply system or any water supply. Licensed irriga.
tors must therefore maintain proficiency in the field of irrigation,

(b) A licensed irrigator shall accurately and truthfully represent to a prospec-
tive client his qualifications and capabilities of resources to perform the services requested
and shiali not perform services for which he is not quaiified by experience or knowledge in
the technical field involv.d.

§431.4. ADVERTISEMENT.

{a) A licensed irrigator shal! display his registration number in the form of
i B * in block letters at least two inches high, on both sides of all vehicles used
by him or by his employees for installation, service or repair of izrigation systems.

(b) All advertisements, including business cards, of a licensed irrigator shall
display his registration number in the form of "'LI "

§431.5. CONTRACTS.

(a) A licensed irrigator’s agreement to install an irrigation system, if in writing,
shall specify his name, business address and telephone number, date that the agreement
was signed by each party thereto, total agreed price, and the design number cr a copy of
the design. If there is no written design, the agreement shall contain a brief description of
the major components of the system to be installed.

(b) All written contracts to install irrigation systems shall include the state-
ment: “Irrigation in Texas is regulated by the Texas Board of {rrigators, P.O. Box 12337,
Austin, Texas 78711, (512) 463-7990.”

§431.6, DESIGN.

(a) No licensed irrigator may design an irrigation system, or a portion thereof,
so as to require the use of any component part in a way which exceeds the manufac-
turer’s performance limitations for the part, unless the use is necessary to accommodate
special site conditions. Special site conditions shall be noted on the design or in the writ-
ten agreement if there is no written design.
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Appendix B - Permanent Rules

Texas Board of Irrigators
Licensed lrrigator Standards

(b} Adequate design and specifications of an irrigation system to be installed are
the responsibility of the licensed irrigator who designs or supervises the designing of the
system regardless of whether a fee is collected for the desian work.

{c) The design shall include a statement of area coverage of the irrigation
system, and any system which does not provide 100% coverage shall be so noted on the
design or in the agreement if there is no written dasign.

§431.7. WARRANTIES.
On all installations of new irrigation systems (i.e., excluding remodeling and reno-

vation) a licensed irrigator shall present the customer a written statement of his guaran-
tees for materials and labor furnished in the installation of the irrigation system.
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Appendix C - Examples of Local Codes

The following examples show how greatly local irrigation/plumbing codes can vary

from city to city across Texas.

City Backflow Location of Type of Box Tie in Req.
Device Req. Device
Amarillo DCA Between Not Schedule 40
(must be 24" water meter  specified OT betier
below ground) and sprinkler PVC
system
Canyon Atmospheric Not Not Galvanized
vacuum specified specified steel, Type K
breaker copper, or
A DCA may be Schedule 40
substituted PVC
Dallas AVB or PVB Anyplacein  Large Match
(ifaDCAis yard concrete or existing
used, it must be Turf area service
12" deep with plastic
12" gravel
below)
Euless DCA Out of city Standard Copper
easement
Houston Pressure At cross Not Match
vacuum connection applicable existing
breaker point service
(cannot
increase pipe
size without
a plum~Ning
permi. )
Richardson DCA On private Plastic or No
property concrete compression
fittings
permitted
314
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(This page included for duplexing.)
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COMMON TERMINOLOGY OF THE TURF IRRIGATION INDUSTRY

As semantics is always a problem when dealing with areas all over this and
other nations, the use of the following list of terms is explained as the

terms are used in this manual.

These terms and meanings are generally

accepted as standards within the irrigation industry.

ABS
ABS pipe

Absorption rate

Angle valve

Anti-siphon device

Application rate

Arc

Architect scale

As-built-plan

Atmospheric
vacuum breaker

Automatic
control valve

Automatic
drain valve

Automatic nystem

Acrylonitrile butadiene styrene.

Black, semi-rigid plastic pipe; limited in irrigation
usage. Utilizes solvent welded fittings.

The rate at which a soil will absorb water. It is not a
static rate as it incorporates the jinfiltration rate and
the infiltration capacity of the soil.

A valve from which water flows out at a 90 degree plane
from the plane at which it enters.

A device to protect domestic water from possibly
contaminated water in sprinkler system lines. Also
called a vacuum breaker.

The rate at which water is applied to the turf by the
sprinklers in pattern.

The degrees of coverage of a sprinkler from one side of
throw to the other. A 90 degree arc would be a quarter
circle sprinkler.

A device that expresses foot measurements in parts of an
inch. Ex: 1/4" = 1'0". A measuring scale.

A finished plan of an installed irrigation system
designating valve, sprinkler and controiler locations,
routirg of pipe and control 1lines and all other
pertinent information.

An anti-siphon device which uses a floating seat to
direct water flow. Water draining back from irrigation
lines is directed to the atmosphere to protect domestic
water supply.

A valve in a sprinkler system which is activated by an
automatic controller by way of control lines.

A valve that opens automatically when pressure drops
within a sprinkler line so that water remaining in the
line will drain.

An irrigation system which will water in accordance to a

pre-set program decided upon, and programmed, into the
automatic controllers.
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Available pressure

AWWA
Backflow

Backflow

prevention device

Bellied pipe

Block (of heads)
Block system

Body (of head)

Booster pump

Bubbler head

Bushing

Bush down

Bush up

By-pass—-valve

Pressure of water in a pipe measured when there is a
flow condition.

Abbreviation for American Wzter Works Association.
Water which drains back, or is sucked back, from
irrigation lines. Contamination of this water by
insecticides, herbicides, fungicides, fertilizers, and
bacteria is possible.

A device which prevents backflowing water from
irrigation lines, possibly contaminated, from mixing
with domestic water supplies.

Pipe enlarged at one end to accept the spigot end of
another piece of pipe.

A section of sprinklers controlled by one valve.

An irrigation system in which several groups of
sprinklers are controlled by one valve for each group.

The exterior case or shell of the sprinkler.

A pump which has a pressurized suction and is designed
to raise the existing pressure of the water in the
irrigation main.

A sprinkler heaa that sprinkles water rather than
spraying it. Bubblers are normally used in very small
planting areas, or to water the root system of a tree.

The method of adapting a fitting to either a larger or
smaller size.

To use a bushing to go from a large pipe to a smaller
one.

To use a bushing to go from a small pipe to a larger
one.

A pressure relief valve in a pumping station which opens
when pumping pressures rise, dumping excess water bacy
into the reservoir, eliminating repetitive on-off cycles
of the pumps.

Universal abbreviation for cast iron pipe.

Universal abbreviation for copper tube size.

Universal abbreviation for copper.

A method of rotating a sprinkler stream by the collision
of two solid pieces of material.
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Cancel switch

Cap

Channel locks

Theck valve

Class (of pipe)

Compression fitting

Control lines

Control wires

Controller

Coupling
Coupler key

Coverage

Cross

Cross connection

Cycle

Design

Also called a rain switch. A means of overriding the
watering cycle of a controller without interrupting
future watering programs.

A fitting that either threads or is solvent welded onto
a pipe to prevent flow.

A type of plier. Also called a slip-joint plier. Used
because of its ability to grasp pipe tightly.

A valve which permits water to flow in one direction
only.

A method by which pipe is grouped according to the
working pressure at which it can be used. Class 160

pipe can be used where pressures don't exceed 160
P.S.I., etc.

A fitting that is secured by the compression of a rubber
ring caused by the snug threading of its end caps.

Lines which transmit information from the controller to
the valves.

The wires which transmit the signals to open and close
form the automatic controller to the automatic valves.

The timing mechanism and its mounting box. Thz con-
troller signals the automatic valves to open and close
on a pre-set program.

A fitting used to join two pieces of pipe together.

A hollow shaft to which a sprinkler or hose can be
atteched and which is inserted into a quick coupling
valve, causing the valve to open and provide water.

Coverage can relate the actual throw of water from a
head to the recommended throw, or the efficiency of
water application to an irrigated area.

A four-way fitting.

Any connection made between a domestic or potable water
supply and a potential source of contamination or
pollution.

Refers to one complete run of a controller through all
programmed controller stations.

To recommend the use of sprinkler system components
which make up the total system. A design can be an
informal field plot location or a formal hydraulically
engineered drawing.
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Diaphragma

Direct burial wire
Distribution
Distribution curve
(of sprinkler head)
Distribution
pattern

Domestic water
Double check valve
Drain valve

DRI splice

Dusl programming

Dump valve

Electronic valve

Electrolysis

Engineers' scale

Elevation gain

Elevation loss

Evapotranspiration

The portion of an automatic valve which regulates the
passage of water through the valve.

Plastic coated single strand copper wire for use as a
control line for electric valves,

The manner in which a sprinkler applies water to the
irrigated area.

A curve showing the rate of water application by a
sprinkler at various points along the radius.

The pattern of water application by a sprinkler over the
area the sprinkler covers. Usually applied to sprinklers
in pattern.

Water meant for human consumption.
water,

Potable, or drinking

A backflow prevention device employed in irrigation
systems.

A valve used to drain water from a line. It can be a
manual drain valve in mains or laterals or an automatic
drain valve in nonpressurized lines.

Trade name for a waterproof splicing device

The feature on some automatic controllers which allows
two diverse watering schedules.

A valve pre-set to open at a certain pressure to prevent
damage to a sprinkler system caused from excess pumping
pressure.

Automatic valves usually controlled by a 24-30 volt
current carried in direct burial ground wire between the
controller and valves.

A chemical reaction caused by the joining of two
dissimilar metals.

A device that expresses foot measurements as a certain
number of feet per inch. Ex: 1" = 10'0".

Pressure gained as water is used downhill from ite
source. It is figured at the rate of .433 pounds per
square inch for each foot of elevation.

Pressure lost as water is used uphill from its source.

The rate at which water is evaporated into the air and
absorbed into the soil
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FIP

Female adapter

Field capacity

Flow
Flow control valve
Flow restriction

Flux

Foot-head

Friction loss

GPH

GPM

Gate valve
Gauge (wire)
Gear driven
Glove valve
Grid

Head

fiead to head
spacing

Abbreviation for threads. Female Iron Pipe.

A fitting with a slip socket on one end and a female
threaded socket on the other.

The amount of water a layer of soil will hold before the
water continues to move down.

The movement of water.
A valve which is pre-set and remains constant.
Physical restriction in the lines of water flow.

A chemical oxidizer used in soldering a connection in
copper.

A measurement of pressure. Equivalent to .433 pounds
per square inch and equal to one foot of elevation.

That loss incurred when water is moving through an
enclosure.

The universal abbreviation for gallons per hour. The
standard for flow measurement of water in drip irri-
gation.

Abbreviation for gallons per minute.

A valve utilizing a rising and descending gate to
control the flow of water. Gate valves are normally
used as a mainline shut~off valve rather than as a
sprinkler section or zone valve because they wear
quickly with heavy use.

A standard used in wire sizing. The larger the gauge
number, the Jmalier the wire in diameter.

A method of rotating a sprinkler stream utilizing a
series of reduction gears to facilitate smooth rotation.

A valve through which water flows in the inlet, up
through the sealing and flow control opening and out the
outlet.

A cross-hatched pattern printed on som¢ drafting paper
that disappears when reproduced. Usually printed in
standard scales.

A sprinkler head.

Spacing of sprinklers so that the radius of the sprink-
lers match the spacing of them.




Hose bibb

Hose thread

Hydraulics
Hydraulic ram

Hydraulic system

Hydraulically
controlled

Tmpact or
impulse drive

In-pattern

Insert fittings

Isolate

Late:

The valve to which a garden hose attaches. Also called
a rose faucet. Hose threads are spaced further apart
than standard IPS threads.

The type of thread used on garden hoges. It is a
different thread than the standard iron )»ipe size
threads so that it can be quickly attached to an outlet.

The st.dy of liquid movement and its dynamics.

The shock wave caused by filling a pipe with water at a
faster rate than air can escape.

A sprinkler systen that utilizes water as a replacement
for electric current to open and close valves.

An automatic valve which is controlle’ by the controller
supplying and releasing water under pressure to the
diaphragm or piston of the valve t’.:ough use of control
tubing.

Universal abbreviation for inside or interior diameter
of pipe.

Universal abbreviation for iron pipe size.

The method of providing rotational movement to a
sprinkler head by utilizing a weighted or spring loaded
arm that is repulsed by the water stream, and upon
returning, collides with the head, forcing movement.

Refers to the precipitation rates of sprinklers when
their throws overlap.

Fittings designed to be pushed inside of a pipe.
Usually barbed and secured with stainless steel clamps.
Normally used on polyethylene pipe.

A method of rendering a portion c¢f a looped sprinkler
mainline inoperative so that repairs can be made without
rendering the system useless.

A field or section pipe line other than the main
pressure liae. This 1ine is pressurized when the
controller actuates the section valve.

A piping method which allows water to circulate without
end.

A pipe sized to carry the water for the irrigation
system from source to section valve. ™ *s line may
stand under constant pressure wher .ne system is
inoperative.




Male adapter
Manual drain wvalve
Manual system
Master valve

MIP

Moisture control
Multi-cycling
Hon-pressure lines
Normally closed

valve

Normally opan
valve

NSF
Nozzle

0D

Uperating cycle

Operating pressure

Orifice

Cverlap

Over watering
PE

P.S.I.

A fitting with a slip socket at one end and a male
threaded end on the other.

A manual valve, usually a boiler drain, used to drain
the water from a main line prior to a freeze or for
repairs.

A system in which control valves are opened manually.

A valve installed at the supply point of the main which
controls water flow into the system.

Abbreviation for Male Iron Pipe threads.
An automatic feature on some controllers that allows the
system to come on only if the moisture content of the

soil is correct.

Many short watering cycles rather than one long cycle.
Helps to eliminate run-off and flooding.

See lateral.

An automatic valve through which no water will flow
unless external influences are applied to cause the
valve to open.

An automatic valve through which water will flow
unless external influences are applied to close the
valve.

Abbreviation for National Sanitation Foundation.

A device through which sprinkler system water is
channeled to form the desired pattern and radius.

The universal abbreviation for outside diameter or
dimension in pipe.

One compiete run by a controller through all of its
active staticms.

The pressure at wh'ch a system or sprinkler operates.

The opening in a nozzle through which water is forced.
Its size determines radiuvz and pattern.

The amount one sprinkler pattern overlaps another.
Applying more water than necessary to “urf or plantings.
Universal abbreviation for Polyethylene.

Abbreviation for pounds per square inch.

i
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P.V.C. Pipe

PR pipe
Pen-tite comnectors

Percolation

Pipe wrench

Piston

Plug

Potable water

Pressure

Pressure 10ss

Pressure rating

Pressure regulator

Pressure relief
valve

Pregsure vacuum
breaker

Program
Programmiag

Pump circuit

Unplasticized polyvinyl chloride pipe.
Black, flexible plastic pipe.
Trade name for a waterproof wire splicing device.

The penetration of soil by water. The rate of perco-
lation is affected by the type of soil, slope of
terrain, run-off, etc.

A tool expressly designed for holding pipe.

(1) The portion of an automatic valve which regulates
the passage of water through the valve. (2) The portion
of a pop-up sprinkler head that is pushed up when water
pressure is applied.

A fitting that goes into pipe or fittings to stop the
flow of water.

Water which is meant for human consumption. It can be
used for irrigation systems as long as protection is
provided to prevent contamination to the domestic

supply.
The force of water, measured in PSI or foot-head.

The loss of pressure under flow conditions caused by
friction of water passing thrcugh a closure.

A rating of pipe for given pressures.

A device which regulates available pressure to a pre-set
maximum under static or flow condition.

A valve which will open when the pressure exceeds a
preset point,

A backflow prevention device which incorporates the use
of a spring loaded seat for positive sealing to protect
domestic water from possibly contaminated irrigation
water.

The watering schedule of an automatic sprinkler.

The act of planning and entering the watering program
into the automatic controller.

The feature on some automatic controllers which allows a
connection to be made with the pump starter of the pump
so that the starter will be energized when the watering
cycle begins. May also activate a master valve.




Quick coupling
system

Quick coupling
valve

Rain switch

Remote control
valve

Riser

Run—off

SDR

Saddle

Scale

Scale drawing

Section (noun)

Section (verb)

Sleeve (conduit)

Sleeve (valve)

Slip fitting

A sprinkler system which uses quick coupling valves,
keys and “.-pact heads. The valves are permanently
installed with the keys and sprinklers manually moved
from valve to valve.

The valve used in a quick coupling system which is acti-
vated by a coupling key.

(1) A feature on many controllers which lets the owner
stop watering during rainy periods without interrupting
the program. (2) A device which will automatically
cancel watering when a pre-set amount of rain occurs.

An automatic valve which opens or closes when energized
by a controller.

(1) A threaded nipple to which a sprinkler is attached.
(2) A tall nipple used to water over shrubs or ground
cover.

Water which is not absorbed by the ground to which it is
applied. Caused by water being applied at too rapid a
rate, watering for too long a period of time, or by a
slope.

Abbreviation for Standard Dimension Ratio. The SDR is a
nominal or approximately equal measurement of pipe.

A type of fitting which goes over the pipe. A hole is
drilled through the pipe to furnish water to the outlet
of the saddle.

A device that converts feet to fractions of an inch for
reduction purposes in desigring. Ex: Architects scale,
engineers scale.

A miniature drawing of a large object.

A group of sprinkler heads which operate from one valve.

The act of placing certain sprinkler heads within a
section in the design phase.

A pipe placed under a sidewalk or driveway that is large
enough to permit the passage of active sprinkler pipes
or wiring.

Any protective device that allows access to a section
valve. A sleeve can be a short length of large diameter
pipe, with or without cap, or a manufactured valve box.

A type of fitting that is solvent welded on PVC or ABS
pipe.
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Snaldng pipe

Socket

Solder

Solenoid

Solvent

Solvent welding

Spacing
Spigot
Spring check valve

Sprinkler
Static pressure

Station

Stop and waste
valve

Strap wrench

Supply (water)

Surge

Sweated fittings

The practicc of undulating pipe from side to side in the
bottom of a .rench to counteract expansion and contrac-
tion breakages.

The belled end of a piece of pipe or the slip end of a
PVC or ABS fitting.

An alloy of lead and tin that melts at a relatively low
temperature and sets as soon as it cools. Solder is
used to join copper fittings in a sprinkler system.

The solenoid is the device on an automatic electric
valve that permits the flow of water into the upper
chamber of a valve, permitting it to open or close. It
is a simple electromagnet.

A material which causes a partial dissolving of PVC or
ABS pipe and fittings so that a chemical fusion can be
accomplished between the pipe and fitting.

The act of chemically fusing pipe and fittings together
using solvent.

The distance between sprinkler heads.
The end of a piece of pip2; not the beliied end.

A valve that utilizes a spring loaded seat to permit
water to flow in one direction only.

“he sprinkler liead.

The pressure of water when it is not moving.

(1) A position on the controller that is responsible for
a particular valve or section. (2) A group of sprinkier
heads, a section or zone.

A valve required by most cities so that property owners
can shut off all water to the house. They are usually
located near the house or, in cold climates, may be

insida.

A vrench used in piping that utilizes a canvas trap to
grip the pipe.

The origir: of water used in & sprinkler system.

An energy wave in pire lines caused by sudden opening or
closing of valves.

A fitting that has been connected utilizing a soldered
joint,
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Swing check valve

Swing joint

Tee

Thermal expansion

Threaded fitting

Torch

Underspaced

Uniformity of
spplicatiomn

Vacuum breaker
Valve

Valve-in-head

Velocity (of water)

¥.cer demand

Water bhammer

Water pressure

Water ram

A valve which allows water :o flow in only one direc-
tion, using a flexible hinge and the weight of water to
seat.

A threaded connection between the pipe and sprinkler
which allows movement to be taken up in the threads
rather than as a sheev force on the pipe. Also used to
raise or lower sprinkiers to final grade.

A fitting that permits pipe to be connected at a 90
degree angle from itself on one side only. It is shaped
like the letter "T".

The »~xpansion or contraction of pipe due to differences
in temperature,

A fitting which has threads to receive the standard pipe
thread.

A device used to :cat copper prior to tne application of
solder on a sweated joint, usually utflizing either
propane or acetylene as a fuel source.

Heads spaced too close together, resulting in over
watering and wet spots.

A general term designating how uniform the application
of the sprinkler is over the area it is covering while
in pattern.

See atmospheric or pressure vacuum breaker.

L device that controls *he flow of water.

Indicates that the automatic ccntrol valve is part of
the sprinkler.

The speed at which water travels. Usually expressed in
FPS (feet per second).

The amount of water, measured in GPMs, that is »xpended
through the sprinkler heads when operating.

A shock wave created by a fast closing valve.

Pressure which water exerts, measured in pounds per
square inch or in foot-head.

A shock wave that occurs when water at high pressure is
introduced into an air filled pipe. Since the air
cannot escape, a pulsating wave is created which exceeds
the pressure of the water entering the pipe.
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Watering
requirements

Watering time

Wetting front

Wire nat

Working pressure

Wye strainer

Xeriscape

The irrigation or water requirements of the area to be
covered, based on variables of season, types of
plantings, and available demand.

The length of time a station or section of heads remains
on.

The leading edge of water as it moves down.

A device that insulates & wire splice by threading onto
two twisted wires.

Actual pressure taken at any given point when a
sprinkler system is operating. Usually taken at the
base of a sprinkler head.

A strainer that resembles the letter "Y" in its con-
figuration. It utilizes a wire or nylon mesh strainer
to strain foreign particies out of water.

Optimized vegetation, water use, ard landscape arrange-
ment.

STANDAKD “DESIGNATION CODES" FOR FRESSURE RATED PLASTIC PIPES:

1120—PVC pipe, Type one, Grade one, 2000 psi hydrostatic design stress.

13220—PVC pipe, Type one, Grade two, 2000 psi hydrostatic design stress.

2110—PVC pipe, Type two, Grade one, 1000 psi hydrostatic design stress.

2306—Polyethylene pipe, Type two, Grade three, 600 psi design stress.




