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ODbjective

To provide the participants with basic knowledge of micro irrigation
systems and the available resources for use in system planning and
design.

Specifically:
1. System design considerations and components within the

context of Conservation Practice Standard 441 (Irrigation
System, Microirrigation)

2. Introduction to NRCS micro irrigation design spreadsheet tool

Small-scale is considered as systems with a fraction of an acre to a few
acres in size including high tunnels (0.07 ac).
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Background

«  Small-scale micro-irrigation is on the rise, especially in the South and
East.

*  Producers are taking advantage of NRCS' programs to install micro-
Irrigation systems to enhance conservation, produce quality, and
Income.

* Regardless of how small the micro-irrigation system is, it must be
planned, designed, installed, and maintained properly or the system will
perform poorly or even fail.

» Regardless of the size, design concepts, criteria, procedures, and
components are for the most part the same.

* Regardless of the size, NRCS must ensure designs meet standard 441.



NRCS Needs

* Need adequate knowledge to engage the producers and
third-party designers /distributors for proper design.

* Need to possess some design capabilities for small-scale
systems.

* Need to know how to verify third-party designs and
Installations for compliance with NRCS standards.



Design Verification Checklist

AgWRAP Micro-irrigation System
Review Checklist

Thez purpass of this checkiist = D defnmine s morc-nrgson sptem desn’s conformancs with LEDE-HRCS
‘Conssrration Practios Swndsmds 2401 irfgedion Sysem, Microirdgation] and 2449 [infgatan Water
Manmgement|. Positive respanss ta ol quetions confirmscomplmnoz. Any negrive responsesindice®= additomn
MEOnMALion IS neomscary.

Apphcant Name:

County:
Desizner: B 8. Hobbs Compaiy

Reviewed y: Date:

is crap Type indieted an desgn? i YE= E WD
i the dischange =t each point less than 50 gailfhr? B E WD
i the type of water sounce indated on the plans? B E WD
s backfiow [prevention induded in the desgn? B E WD
b & waber meter incuded in the desgn® B E WD
is the discharnge rate of the emitter/bubbler/sprayer/spinner  listed? B E WD
is the number and spacing of emitters shown on the drewingls]® B E WD
is the cecirn apsrating precoure lted? B E WO
is the cosfident of variation (0w far the emitber bess than 79%7 B E WD
ts the meinline sive and maximum Siow rabe lsted in the desEn? B E WD
is the pipsiine valocdity below 3 Ssatjssoand? B E WO
Are filters inchudesd in the desn? B E WD
ic fifar omlaction based on & pressune drop of 3 pSi Or koo aonocs the fiber? B = E W
Wil backweashing of the filters ooour when the pressure drop resches 20 psi? B YES B WD
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NODA BCS Dirsesson of Saul & ‘Wader Conseriadon MWay 2012
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is there doqumentation supporting the system will mest poak waber B E NO

demand

IRAIGATION WATER MANAGEMENT

I there an Oparation & Maintenunoe Plan? B E NO
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Dpms the pilmn address how o manege sshinity and shallow water tables? B YE: B WO

Dioes the plan explein the frequency of irrgeation and 2ppiction rates? B E NO

s syshem aperation such as start-up, shut-down, fushing, winterzing, and B E NO

trouble-shooting inciuded in the plan?

THIS PLAN MEETS COES NOT MEET APPLCABLE STANDARDS.

‘Comments:

NCDw S5 Dirvesian of Soil & Water Conssration May 2012




NRCS Irrigation Resources

* NEH - Irrigation Guide (Part 652, 1997)
* NEH - Section 15 - Irrigation (Part 623, 1991)
* NEH - Chapter 15 — Irrigation (Part 650, EFH)

* NRCS Irrigation Training Toolbox

* NRCS Science & Technology Training Library
* NRCS State Irrigation Guides

http://directives.sc.eqgov.usda.gov/OpenNonWebContent.aspx?content=17837.wba



http://directives.sc.egov.usda.gov/OpenNonWebContent.aspx?content=17837.wba

Section 15 - Irrigation (NEH Part 623)

http://directives.sc.eqgov.usda.gov/viewDirective.aspx?hid=21440

Chapter 1 - Soil-Plant-Water Relationships

Chapter 2 - Irrigation Water Requirements

Chapter 4 - Border Irrigation

Chapter 5 - Furrow lIrrigation

Chapter 7 - Trickle Irrigation <€ In final revision
Chapter 8 - Irrigation Pumping Plants

Chapter 9 - Water Measurement

Chapter 11 - Sprinkle Irrigation

Chapter 12 - Land Leveling



http://directives.sc.egov.usda.gov/viewDirective.aspx?hid=21440

NRCS Science & Technology Training Library

https://nrcs.sc.egov.usda.gov/st/ntsc training/Shared%20Documents/Water.aspx

= Topic : Water Management {12

Soil Plant Air Water Hydrologic Analysis
Model

Designing Micro-irrigation Systems

Ewvaluation of Magnetic Meters for
Irrigation Pipeline Measurement

Introduction to Micro-irrigation
Introduction to the Irrigation ToolBox

Irrigation for Small Farms

Manure Application through Center Pivots

MREI: Drainage Water Management
Awareness — Basic Principles and
Practices

Subsurface Drip Irrigation
The Terrace Design Tool

Utah's Grade Plane Solution for Land
Leveling

Variable Frequency Drives for Irrigation
Pumping

Learn to use the Soil Plant Air Water (SPAW] Hydrologic Analysis Model to conduct
water budgets of farm fields and simulate hydrologic performance of existing or planned
ponds, waste storage fadlities, and wetlands.

Learn the basics of micro-rrigation and begin learning how to put newfound knowledge
to work with a spreadsheet for designing small micro-irrigation systems.

This webinar discusses how a magnetic flow meter works, advantages and
disadvantages of this type of meter, test results, and new guidelines for fisld
applications.

Irrigation systems can be expensive to install and operate; learn about micro-irrigation
as an alternative to save water and money.

Viewers learn about the Irrigation ToolBox and are introduced to a collection of
irrigation related lesson plans, books, videos, and photos,

Reliable harvests can be the difference between success and failure for small-scale
farmers; learn about irrigation alternatives for small-scale farmers to help them along
the pathway to success,

Viewers of this webinar learn about the considerations and data nesds related to
zelecting sprinkler packages for the application of agricultural wastewater,

Participate in this training to raise your awareness level of basic agricultural drainage
water management principles and practices.

Viewers learn about the basics of design, operation, and maintenance of Subsurface
Drip Irrigation {SDI) systems.

Take this training to learn the capabilities of the new Terrace Design Toal {TOT) and the
basice of how TOT functions.

Viewers learn about the Land Leveling standard (464) and tools and programs available
to assist MRCS planners and engineers design and apply this practice.

Viewers are introduced to a Techical Mote on Variable Freguency Drive pumps.
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https://nrcs.sc.egov.usda.gov/st/ntsc_training/Shared Documents/Water.aspx
http://conservationwebinars.net/

NRCS Irrigation Toolbox

http://irrigationtoolbox.com/WebPages/Chapter%207.html

Watch “Video 020
“Mlicro Irrigation Management”

Olrrigation el
TOOLROX il ke

Table of Contents |Chapter 1 |Chapter 2 |Chapter 3 | Chapter 4 |Chapter 5 |Chapter 6 |Chapter 7 |Chapter 8
| Videos | Photo Librarv | PowerPoints |Extension Documents | Technical Papers | Fillable Forms | Search

ToolBox version 01.29.2010

Outside the ToolBox_
National Engineering Handbook | Technical Releases | Technical Notes |User Guides

Table of Contents
L.
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. Irrigation Svstem Planning
. Irrigation System Design

. Water Measurement

Soil-Water-Plant Relationship

. Irrigation Scheduling

. Soil Moisture Measurement

. Irrigation Water Management

. Irrigation Svstem Evaluation d



http://irrigationtoolbox.com/WebPages/Chapter 7.html
http://irrigationtoolbox.com/WebPages/VideoPages/Video020.html

Other References

B.C. Trickle
lrriganion Manual

Schwank!
UC Cooperative Extension
9240 S. Riverbend Ave.
Parlier, CA 93548

Maintaining
Microirrigation
Systems

s g AL ¥

1322322222223 1%Y

- % . microirrigation.com

AquaFlow 3
Design Software

Drip and Micro Irrigation

Design and Management
for Trees, Vines, and Field Crops
Practice plus Theory

3¢ Edition - 2007

Charles M. Burt, Ph.D., P.E.
Stuart W. Styles, D.E., P.E.

Irrigation Training and Research Center (ITRC)
and ing (BRAE) Dept

California Polytechnic State University (Cal Poly)
San Luis Obispo, California 93407-0730
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Other References

[

COOPERATIVE EXTEMSION:

Mariheest Fugiansl fqrcunt Engnesdng Service
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USDA-NRCS Micro Irrigation Design Tool
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Recent Micro-Irrigation Activities

— Ruben Perez Hammonton, NJ
— Barbara Broxterman Morgantown, WV
— Yasmin Bennett Walterboro, SC

— Anthony Harvey Gainesville, FL

— Joy Sherrod, John Clark Tarboro, NC

— Jill Malton Salisbury, NC

— Leslie Wright Rutland, VT

— Daniel DePietro Tolland, CT

— Clare Prestwich WNTSC, Portland, OR



Definition

Micro irrigation Is the broad classification of
frequent, low volume, low pressure application
of water on or beneath the soil surface by drip
emitters, spaghetti tubes, drip tubes, basin
bubblers, and spray or mini sprinklers.
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Basic Micro Irrigation System Components

e Control Head
e Mainline
e Manifolds Primary Filtler —)

Flow Control
Chemical Tank

o Laterals/Emitters

e Flush lines Farm~ i j_‘ i Ife-:m;urr Filter
et low Mater _J
Water SR )

e Valves & else Supply

22
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Typical Small-Scale Site

Water Source: Stream or Pond




Buried PVC Mainline

Typical Small-Scale Site




. lI-Scale Site
Typical Sma
Hderants/Zone Controls
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Typical Small-Scale Site
Tubing
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vpical Small-Scale Site

Manifold-Lateral
Connection




ontrol Head with Sand Media Filter




Why Pressure Tank?




one Control and Lay flat Mains and Manifolds




Paired Laterals with Lay flat




@
=
G
>
c
o
=
S
k=2
=
P
O
Q
o
>
o
a







Line source

Thick
wall
drip
hose

Thin wall

drip line
Cut away
view of
internal
Water emitter
exit hole

Polyethylene (PE) ‘

Connector plastic pipe

f@ﬁl}iﬂﬂiﬂ;ﬂ?f'ﬂg!mm1'l|1!|!‘;iq|'|piqlIaq;!mlvpiqe[||S|txptl1lll‘nlq(;\l}lwl‘omlw‘

' 3 PHICOT R RuLEn

Line source emitters are suitable for closely spaced row crops in fields
and gardens.

Thick line is more robust than thin, with higher pressure and flow
ratings. Both types can be used above or below ground.

39



Pomt source
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such as frult trees and in V1neyards
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Basin Bubbler

Single port Multiple port Single port




Sprayers & Mini Sprinklers
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Emitter Flow-Pressure Relationship

Q=k (P

Q = Flow rate (gph)
P = Pressure (psi)

X = Emitter discharge exponent (0-1)
k = A constant (depends on units & emitter geometry)

The lower the exponent, the more turbulent and thus more
efficient flow.
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Example Drip Tape — Chapin BTF
5/8”, 8 mil, 12” emitter spacing, 0.5
gpm/100 ft, 10 psi

Thin wall
drip line

Polyethylene (PE) '

Connector —§ plastic pipe

Emitter cv K X Flow path | Flow path

width (in) | depth (in)
Chapin 0.03 0.068 0.525 .028 .024




Example Drip Tape — Chapin BTF
5/8”, 8 mil, 12” emitter spacing, 0.5
gpm/100 ft, 10 psi

Maximum Length of Run for 90% Uniformity — 0% Slope

5/8 Chapin Tape

1.8 230

15 259

133 280

1.0 337

0.85 374

0.65 445

0.5 528 € 0.3 gph

0.4 610

0.3 736

0.25 828

0.2 958

0.1 1500
[ I 1

Flow Rates (GPM/100ft)

0 200 400 600 800 1000 1200 1400 1600
Length of Run (ft)




NATURAL RESOURCES CONSERVATION SERVICE
CONSERVATION PRACTICE STANDARD

IRRIGATION SYSTEM, MICROIRRIGATION

CODE 441

DEFINITION

An irrigation system for frequent application of
small quantities of water on or below the soil
surface: as drops, tiny streams or miniature
spray through emitters or applicators placed
along a water delivery line.

PURPOSE

This practice may be applied as part of a
conservation management system to achieve
one or more of the following purposes:

+ Efficiently and uniformly apply irrigation
water and maintain soil moisture for plant
growth.

* Prevent contamination of ground and
surface water by efficiently and uniformly
applying chemicals.

* Establish desired vegetation.

* Reduce energy use.

CONDITIONS WHERE PRACTICE APPLIES

design discharge less than 60 gal/hr at each
individual lateral discharge point.

NRCS Conservation Practice Standard,
Irrigation System, Sprinkler (442), applies to
systems with design discharge of 60 gal’hr or
greater at each individual lateral discharge
point.

CRITERIA

General Criteria Applicable to All Purposes

The system shall be designed to uniformly
apply water and/or chemicals while
maintaining soil moisture within a range for
good plant growth without excessive water
loss, erosion, reduction in water quality, or salt
accumulation.

Microirrigation systems consist of point-source
emitter (drip, trickle, and bubbler), surface or
subsurface line-source emitter, basin bubbler,
and spray or mini sprinkler systems.

The system shall include all irrigation
apburtenances nhecessaryv for proper operation.



Main Criteria in Micro Irrigation Standard 441

* Water Quantity: The water source must be reliable and capable of

meeting the peak crop demand for the area to be irrigated.

* Uniformity of Application: Emitter discharge in subunits or zones
and along laterals shall not exceed a total variation of 20 percent of the
average emitter discharge rate.

e Water Quality: The irrigation water supply shall be tested and
assessed for physical, chemical and biological constituents to determine
suitability and treatment requirements (filtration/chemigation) for use in a
microirrigation system.




Corn water uptake (mm/day)

Root Depth (cm)

120

Typical Corn Water Use (Evapotranspiration, ET)

Peak water demand

7
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Note: Root depth, root zone, and water use change over time



System Capacity per Acre:

453 x Peak crop water use (ET)
hrs of operation x Efficiency

gpm per acre =



System Capacity Example:

Peak crop water use: 0.25 inch/day
22 hours
80% uniformity

m/ac = 423X0.25 =g 4 gpm/acre
P 22 x0.80 P

Range in the East: 3.5 - 8 gpm/ac



Required pump capacity (gpm) to meet peak daily crop
water use of 0.25 inch/day

Irrigated Hours of Irrigation Per Day

Acreage 4 8 12

1]

2 |
3 216 108 54 36 18
4 288 144 7?2 48 24
5 360 180 90 60 30
10 720 360 180 120 60




Few Options for Insufficient Water

* Reduce demand
* Reduce land size
* Design at below peak crop water use

* Increase supply
* On-site pond/tank storage
e Off-season pumping and storage



POOR UNIFORMITY

Depth of
Water

GOOD UNIFORMITY
NEVER PERFECT)

Depth of
Water

For Design Purposes:

Need quantitative criteria for
acceptable uniformity.

Why Uniformity is Important?

High Uniformity = expensive
Low Uniformity = Inefficient and
wasteful



What Causes Non-uniformity (variability)?

In a brand new system
* Manufacturing coefficient of variation of emitters (CV)
* Pressure differences in the system

In an aging system

* Clogging

* Manufacturing coefficient of variation of emitters (CV)
Pressure differences in system

Aging of materials

Unegual set times

Clogging




Emitter Flow-Pressure Relationship

Q=k (P

Q = Flow rate (gph)
P = Pressure (psi)

X = Emitter discharge exponent (0-1)
k = A constant (depends on units & emitter geometry)

Pressure variations = Flow variations = Non-uniformity.
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Emission Uniformity - EU

FU = [ Hmin L 100
qave

90 - 100% Excellent
80 - 90% Good

70 - 80% Fair

Less than 70% Poor

Typically EU is used as a design target and a means of comparing
various products’ hydraulic performance and cost.



Components
of a small-
scale micro-
Irrigation
system
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IWM & O&M Plans

Proper water management and frequent
system maintenance and evaluation are
critical to success or failure of an irrigation
system regardless of its robustness.



Design Procedure
(Start at Emitter, End at Pump)

Eae
:’ L: (FEFmUZEH INJECTOR

Pl

SILTER _'"|~‘
Lk J.—".IALUE
£
(| #*— PRESSURE VALVE
L J\m
Tl K =
| :
< o Start design at Emitter
C : Lateral
= .
— Manifold/block
R FLATUEE TGO DRIF TAFE {FP&) FIUSh|ng
& f Mainline
PRESSURE VALVE
Pump
Filtration

[ TAlEe =
[

S
( Jdanlvy1d
#

.‘\:‘ LR RN
S3Ad




Take Home Messages:

» Regardless of the size, micro Irrigation
design concepts, criteria, procedures, and
components are for the most part the same.

* Work with the industry to do your design.
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