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Preface

Irrigation is vital to produce acceptable quality and yield of crops on arid
climate croplands. Supplemental irrigation is also vital to produce accept-
able quality and yield of crops on croplands in semi-arid and subhumid
climates during seasonal droughty periods. The complete management of
irrigation water by the user is a necessary activity in our existence as a
society. Competition for a limited water supply for other uses by the public
require the irrigation water user to provide much closer control than ever
before. The importance of irrigated crops is extremely vital to the public's
subsistence.

Today's management of irrigation water requires using the best information
and techniques that current technology can provide in the planning, design,
evaluation, and management of irrigation systems. Support for many of the
values included in this chapter come from field research, established design
processes, and many system designs and evaluations over many years. Field
evaluations must always be used to further refine the planning, design,
evaluation, and management process. This design guide in the Natural
Resources Conservation Service (NRCS), National Engineering Handbook
series provides that current technology.

Irrigation Guide, Part 652, is a guide. It describes the basics and process for
planning, designing, evaluating, and managing irrigation systems. It pro-
vides the process for states to supplement the guide with local soils, crops,
and irrigation water requirement information needed to plan, design, evalu-
ate, and manage irrigation systems.

Irrigation Guide, Part 652, is a new handbook to the family of references in
the NRCS, National Engineering Handbook series. It is written for NRCS
employees who provide technical assistance to the water user with con-
cerns for both water quantity and quality. Other technical personnel for
Federal, State, private, and local agencies will also find the guide useful as a
basic reference when providing technical assistance relating to planning,
designing, evaluating, and managing irrigation systems. College and univer-
sity instructors will also find the guide useful as a classroom reference.

In addition to the irrigation Guide (part 652), chapters in the National
Engineering Handbook irrigation section (now part 623) describe:
< Soil-plant relationships and soil water properties that affect move-
ment, retention, and release of water in soil
< lIrrigation water requirements
e Planning farm irrigation systems
e Measurement of irrigation water
< Design of pumping plants
< Design criteria and design procedures for surface, sprinkler, and
micro irrigation methods and the variety of systems for each method
that can be adaptable to meet local crop, water, and site conditions
and irrigation concerns

(210-vi-NEH, September 1997) i



Acknowledgments

Part 652, Irrigation Guide, is an addition to the National Engineering Hand-
book series. The document was initially prepared by Elwin A. Ross, irriga-
tion engineer, NRCS, Engineering Division, Washington, DC, (retired) with
primary input and review from Leland A. Hardy, irrigation engineer,
Midwest National Technical Center, NRCS, Lincoln, Nebraska, (retired).

Principal NRCS staff who contributed to the development and review of
this publication were;

John Brenner, irrigation engineer, North Platt, Nebraska

Jerry Walker, irrigation engineer, Temple, Texas

Carl Gustafson, state conservation engineer, Amherst, Massachusetts
David Nelson, assistant state conservation engineer, Amherst,
Massachusetts

John Dalton, agricultural engineer, Bozeman, Montana (retired)

Jim Suit, state conservation engineer, Bozeman, Montana

State conservation engineers coordinated a multidiscipline (representing
soils, agronomy, water quality, and water management) review in all states.

William J. Carmack, national water management engineer, (retired),
Ronald L. Marlow, water management engineer, NRCS, Washington, DC,
and Thomas L. Spofford, irrigation engineer, NRCS, National Water and
Climate Center, Portland, Oregon provided leadership and coordination.

Editing and publication production assistance were provided by the Techni-
cal Publishing Team, NRCS, National Cartography and Geospatial Center,
Fort Worth, Texas. Final technical review was provided by Elwin A. Ross
and Leland A. Hardy.

(210-vi-NEH, September 1997)



Irrigation Guide

Contents:

Chapter 1 Introduction

Chapter 2 Soils

Chapter 3 Crops

Chapter 4 Water Requirements

Chapter 5 Selecting an Irrigation Method

Chapter 6 Irrigation System Design

Chapter 7 Farm Distribution Components

Chapter 8 Project and Farm Irrigation Water Requirements
Chapter 9 Irrigation Water Management

Chapter 10 Conservation Management Systems and Irrigation Planning
Chapter 11 Economic Evaluations

Chapter 12 Energy Use and Conservation

Chapter 13 Quality of Water Supply

Chapter 14 Environmental Concerns

Chapter 15 Resource Planning and Evaluation Tools and Worksheets
Chapter 16 Special Use Tables, Charts, and Conversions

Chapter 17 Glossary and References

Index

(210-vi-NEH, September 1997) iii



Chapter 1

Introduction

Contents:

652.0100 Purpose and objective 1-1
652.0101 Water and energy conservation 1-1
652.0102 Soil conservation, water quality, and pollution abatement 1-2
652.0103 Using the guide 1-3
(2) Using irrigation ProCeAUIES ........covivereieiiiiesec e 1-3
(D) USING WOTKSNEELS ...t 1-3
652.0104 Irrigation guide outline 1-4
(B8) GENEIAL ... s 1-4
(b) Soil-water-plant data .............ccoeceriiieieiiiree 1-4
(c) Irrigation and distribution SYStEMS .........ccccoeriirniiennee e 1-4
(d) Irrigation planning and Management ..........cccccovviiineneneieneneneese s 1-5
(€) SPECIAI LOOIS ...oovviiiiiei et 1-5
652.0105 Use of computers 1-6
652.0106 State supplement 1-6
(210-vi-NEH, September 1997) 1-i



Chapter 1

Introduction

652.0100 Purpose and
objective

The Irrigation Guide provides technical information
and procedures that can be used for successful plan-
ning, design, and management of irrigation systems. It
is a guide only and does not imply or set Natural
Resources Conservation Service (NRCS) policy.

Irrigation systems should apply the amount of water
needed by the crop in a timely manner without waste
or damage to soil, water, air, plant, and animal re-
sources. This includes, but is not limited to, offsite
water and air quality and desired impacts on plant and
animal (including fish and wildlife) diversity. Other
beneficial uses of irrigation water are frost protection,
crop quality, crop cooling, chemigation, desirable
saline and sodic balance maintenance, and leaching of
undesirable soil chemicals.

The Irrigation Guide includes current information and
technical data on irrigation systems and hardware,
automation, new techniques, soils, climate, water
supplies, crops, tillage practices, and farming condi-
tions. Included are irrigation related technical data for
soils and irrigation water requirements for crops. In
some instances statements are based on field experi-
ences of the primary authors.

The objective of this guide is to assist NRCS employ-
ees in providing sound technical assistance for the
maintenance of soil productivity, conservation of
water and energy, and maintenance or improvement of
the standard of living and the environment. Basic data
used will help ensure the planned irrigation system is
capable of supplying the amount of water needed by
plants for planned production and quality during the
growing season. Procedures for optimizing use of
limited water supplies are also included.

Planning for an irrigation system should take into
account physical conditions of the site, producer
resources, cropping pattern, market availability, water
quantity and quality, and effects on local environment.
Economics should provide the basis for sound conser-
vation irrigation decisions, but may not be the ultimate
consideration. This is because many other factors may
influence final decisions.

652.0101 Water and energy
conservation

Conservation irrigation is an integral part of a com-
plete farm management program of soil, water, air,
plant, and animal resources. It is a principal consider-
ation in the NRCS Conservation Management System
approach to conservation planning on irrigated crop-
land, hayland, and pastureland. Irrigation must be
complemented with adequate management of nutri-
ents and pesticides, tillage and residue, and water.
Proper water management results in conservation of
water quantities, maintenance of onsite and offsite
water quality, soil chemical management (salinity,
acidity, applied fertilizers, and other toxic elements),
and irrigation related erosion control.

For the farm manager, benefits must justify the costs
of purchasing and operating the irrigation system and
the time required to adequately operate, manage, and
maintain the irrigation system while leaving a reason-
able return on investment. For the groundskeeper,
park or landscape superintendent, nursery grower, or
homeowner, irrigation must maintain the desired
growth of grass, ornamentals, flowers, and garden
crops while minimizing costs, labor, inefficient water
use, and nutrient and chemical losses.

Escalating costs of energy used for pumping makes
every acre-inch of excess water a concern to many
irrigators. Improving and maintaining pumping plants,
irrigation equipment, irrigation application efficien-
cies, and following an irrigation scheduling program
can lead to significant reductions in pumping costs.

Escalating costs of farm equipment, fuel, seed, fertil-
izer, pesticide, and irrigation equipment also make
every irrigation and field operation a financial concern
to the farmer. Field operations should be limited to
those necessary to grow a satisfactory crop. Conserva-
tion irrigation typically reduces:
e Overall on-farm energy use
« Soil compaction, which affects root develop-
ment and water movement
e Water quantities used
e Opportunity for ground water and surface
water pollution
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Applying water too soon or in excess of crop needs
results in inefficient irrigation application. Too often
irrigation decisionmakers subscribe to "when in doubt
irrigate," rather than scheduling irrigations based on
soil moisture monitoring and measured crop need.

Another factor leading to inefficient water use is the
use-it-or-lose-it perception. Some irrigators and irriga-
tion districts feel they must divert and use all the
water allocated to them whether they need it or not.
This can result in less than desired crop yield and
product quality. It also increases leaching of nutrients,
toxic elements, and salts below the root zone and
increases the potential for erosion.

The direct cost of water to irrigators, when the water
is supplied by irrigation companies or irrigation dis-
tricts, varies between $5 and $600 per acre per year. In
many areas, however, water is relatively low in cost.
Low cost water can lead to inefficient use if an irriga-
tor uses a convenient application time rather than
providing the labor to fully manage the water.

652.0102 Soil conserva-
tion, water quality, and
pollution abatement

Irrigation induced soil erosion is a problem on specific
soils in certain areas. Soil erosion can take the form of
wind erosion when smooth and bare ground occurs
between harvest and new crop growth periods. Soil
erosion by water can result from high application rates
in the outer part of center pivot systems, excessive
furrow or border inflows, and uncontrolled tailwater
or runoff. The use of surface irrigation on moderately
steep to steep topography or leakage in the delivery
system can also cause soil erosion by water.

Soil erosion can produce sediment loads in irrigation
ditches, drains, tailwater collection systems, roadside
ditches, streams, and reservoirs. Sometimes it takes
careful study of a site to realize that erosion is taking
place. Soil erosion on irrigated fields generally can be
controlled by careful planning, proper design, and
adequate water, soil, and residue management. Offsite
sediment damages are often a result of soil erosion from
cropland, tailwater ditches, and surface water drains.

Pollution of ground and surface water by agricultural
chemicals in irrigation water runoff or deep percola-
tion is an increasing problem. Higher amounts of
fertilizers are being used today than in the past.
Chemigation can improve the application of chemicals
through sprinkler systems, but can also create poten-
tial environmental problems through spills and im-
proper or careless application. Leached chemicals,
including salts in irrigation water, can degrade ground
and surface water qualities. All of these problems can
be minimized by proper planning, design, system
operation, and water management.

Inefficient irrigation can have offsite benefits. Wetland
habitat can be created from conveyance system leak-
age and application of excess irrigation water. How-
ever, excess irrigation water may contain undesirable
or toxic organic or inorganic chemicals. In some parts
of the United States, local, State, and Federal regula-
tions are such that no irrigation runoff or subsurface
drainage effluent from irrigation practices shall enter
public water. In these areas irrigation runoff must be
contained onsite, reused, or disposed of safely.
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652.0103 Using the guide

The Irrigation Guide is prepared for local use; how-
ever, it is recognized that this guide may not directly
apply to all areas. This guide contains sound water and
irrigation system management concepts. It is a dy-
namic document available in computer electronic files
or looseleaf form. As new, revised, or area-specific
information becomes available, the guide can and
should be updated. Irrigation is a rapidly evolving
science and industry. Frequent revisions and additions
are expected.

(a) Using irrigation procedures

The best available procedures and data should always
be used, whether they are included in this irrigation
guide or available elsewhere, for example, from Agri-
cultural Research Service, Universities, Cooperative
Extension Service, Bureau of Reclamation, or private
industry.

Not all tables, charts, and procedures available in
other readily available references are duplicated in the
guide. Also, areas of the guide that describe proce-
dures may not include all the processes and material
needed to carry out the procedure. For instance, to
perform a side roll sprinkler system design requires
the use of National Engineering Handbook, Section 15,
Chapter 11. However, most references referred to in
the guide are available for field office use.

A personal library or reference folder(s) containing
specific data and examples is recommended for tech-
nicians performing procedures. This library can be
used until computer software programs are available
and can then be used as a reference when the proce-
dure is accomplished. Such a library or reference
folder(s) can contain the following types of material:
< lIrrigation guide tables, charts, references,
procedures, materials, and forms, including
examples.
« Tables for local climate, soils, crops, and plant
water requirements.
< Available tables and figures from the National
Engineering Handbook, Part 623, Irrigation.
< Information or aids from other sources for
planning, design, management, and system
evaluation.
« Previous jobs that have been designed, docu-
mented and approved.

(b) Using worksheets

The use of worksheets in this guide is optional. They
should only be used if they are advantageous in saving
planning time and providing documentation. Only
those parts of the worksheets that apply to the particu-
lar job should be used. Blank master worksheets are
included in chapter 15 of this guide.
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652.0104 Irrigation guide
outline

(a) General

Chapter 1, Introduction—This chapter introduces
the irrigation guide, its purpose and contents. It also
discusses water and energy conservation needs and
opportunities, soil conservation, water quality, and
pollution abatement concerns and opportunities.

(b) Soil-water-plant data

Chapter 2, Soils—This chapter describes soil basics:
soil surveys, physical soil characteristics, and the
relation of soil characteristics to different irrigation
methods and systems. Several soil properties directly
influence the design, management, and operation of an
irrigation system.

Basic soil-water irrigation related parameters included
in chapter 2 are variables and are to be used as a guide
only. The parameters include:
e Estimated available water capacity by horizons
or 1 foot (0.3 meter) increments
e Water intake characteristics for furrow and
border (basins) irrigation
e Intake rates or maximum application rates for
sprinkle irrigation
e Up-flux or upward water movement in soil

Specific local soils and their characteristics pertaining
to irrigation are included in the state supplement
section.

Chapter 3, Crops—This chapter describes the crop
characteristics pertaining to irrigation; i.e., growth
characteristics, rooting depth, and moisture extraction
patterns, Management Allowable Depletion (MAD)
levels, and effects of temperature, sodicity, and salin-
ity. Management, including critical irrigation and
moisture stress periods for plants and other special
irrigation considerations, is included as a primary
irrigation tool.

Crops respond to irrigation when rainfall does not
maintain favorable soil moisture levels. When rainfall
events are spaced too far apart for optimum plant-
water conditions, plant biomass, yields, and quality are
affected. Knowledge of actual crop rooting depths,
water requirements at different growth stages, critical
moisture stress periods, crop temperature modifica-
tion effect, seed germination, and pesticide control are
all necessary in determining when and how much
water to apply.

Chapter 4, Water Requirements—This chapter
describes methods for determining crop evapotranspi-
ration (ET.) and net irrigation water requirement.
Water budget and balance analysis use are also de-
scribed. Estimated evapotranspiration values for peak
daily, monthly, and seasonal periods for locally grown
crops are included in the state supplement section.

(c) Irrigation and distribution
systems

Chapter 5, Selecting an Irrigation Method (Sur-
face, Sprinkle, Micro, or Subsurface)—This
chapter includes factors that affect irrigation method
selection and system adaptation. The factors are
largely functions of crop selection and rotation, soils,
topography, climate zone, tillage practices, labor
availability (including skills), economics, water avail-
ability in quantity and quality, type of delivery sched-
ule, and the irrigation decisionmaker’s personal
preference.

Chapter 6, Irrigation System Design—Criteria
and references for the implementation of the more
commonly used irrigation methods and applicable
systems are included in this chapter.

Chapter 7, Farm Distribution Components—This
chapter describes alternatives and various compo-
nents of the farm distribution system. Water measure-
ment should be a part of any distribution system as it
is the key to proper water management.
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(d) Irrigation planning and
management

Chapter 8, Project and Farm Irrigation Water
Requirements—Procedures for determining large
scale water requirements are described in this chapter.
It also includes the application of water budget analy-
ses to group and project level water requirement
versus availability.

Chapter 9, Irrigation Water Management—Good
irrigation water management should be practiced with
all irrigation application systems. New techniques for
irrigation scheduling and system automation are
available and are a part of the information in this
chapter. Field and climatic data should be accurately
collected and an analysis of irrigation need, timing,
and application amount made available to the irrigator
promptly. Procedures for establishing soil intake
characteristics and evaluation of existing irrigation are
described.

Chapter 10, Conservation Management Systems
and Irrigation Planning—This chapter contains
the basic steps for planning ecosystem-based resource
management systems including irrigation system
planning. The planning process as it pertains to irri-
gated cropland is described.

Chapter 11, Economic Evaluations—This chapter
includes the criteria that can be used in evaluating
pumping plant operating costs. It also describes the
procedures for making economical pipe size determi-
nations and other economic factors and processes that
can be used in planning.

Chapter 12, Energy Use and Conservation—This
chapter reviews alternative energy sources and costs
used in pumping and gives examples of irrigation
system comparison and tillage and residue manage-
ment that relate to overall on-farm energy require-
ments. Improving water management almost always
decreases water and energy use except where inad-
equate irrigation has occurred and more water is
needed to meet yield and quality objectives.

Chapter 13, Quality of Water Supply—Quality of
water to be used for irrigation of crops is briefly de-
scribed in this chapter. To meet crop yield and quality
objectives, a reliable supply of high quality water is
desired. However, with proper management, applying

saline water on salt tolerant crops, liquid waste from
agricultural related processing and products, treated
municipal sewage effluent, and other low quality water
should be considered as an irrigation water source.

Chapter 14, Environmental Concerns—A direct
relationship can be established between downstream
water quality and irrigation. This relationship is pre-
sented in chapter 14. Improper selection of an irriga-
tion method and system for a given site or the misman-
agement of any system can result in poor water distri-
bution uniformity, soil erosion, excessive runoff, and
excessive deep percolation. Runoff can carry agricul-
tural chemicals and plant nutrients in solution or
attached to soil particles (e.g., phosphates). Excess
irrigation water moving below the plant root zone
(deep percolation) can carry soluble salts, nutrients
(nitrates), pesticides, and other toxic elements that
may occur in the soil profile. Excess irrigation water
and whatever it contains in solution generally ends up
either as ground water recharge or returns to down-
stream surface water.

(e) Special tools

Chapter 15, Resource Planning and Evaluation
Tools and Worksheets—Included in this chapter are
aids, tools, and processes that can facilitate irrigation
system planning, design, and evaluations. Example
Irrigation Water Management or Irrigation Water
Conservation Plans are also included. Master blank
worksheets are included to help the technician or
water user.

Chapter 16, Special Use Tables, Charts, and
Conversions—This chapter contains special use
tables, charts, and conversion factors that are useful in
the planning, design, and evaluation processes. En-
glish units are used along with metric conversions as
they reasonably apply. A complete metric conversion
table relating to irrigation is included.

Chapter 17, Glossary and References—This
chapter contains a list and definition of the more
commonly used irrigation terms. Many terms are local,
and some duplication is necessary. References avail-
able and used in irrigation system planning, design,
management, and evaluation are included.
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652.0105 Use of computers

Only state approved computer software is available to
the field office for official use. These programs help to
facilitate planning, design, and evaluation of irrigation
systems and related components. The technician or
engineer is fully responsible for plan or design integ-
rity, adequate documentation, and obtaining necessary
reviews and engineering approval.

Information contained in this guide describes availabil-
ity and use of computer software for performing
certain tasks. Additions or revisions to the guide
including instructions or references to user manuals
will be made as new software becomes available.

652.0106 State supplement

1-6 (210-vi-NEH, September 1997)
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652.0200 Introduction

Plant response to irrigation is influenced by the physi-
cal condition, fertility, and biological status of the soil.
Soil condition, texture, structure, depth, organic
matter, bulk density, salinity, sodicity, acidity, drain-
age, topography, fertility, and chemical characteristics
all determine the extent to which a plant root system
grows into and uses available moisture and nutrients
in the soil. Many of these factors directly influence the
soil’s ability to store, infiltrate, or upflux water deliv-
ered by precipitation or irrigation (including water
table control). The irrigation system(s) used should
match all or most of these conditions.

Many conditions influence the value of these factors.
The estimated values for available water capacity and
intake are shown as rather broad ranges. Working
with ranges is a different concept than used in previ-
ous irrigation guides. In the field, ranges are normal
because of many factors. The values in local soils data
bases need to be refined to fit closer to actual field
conditions. The actual value may vary from site to site
on the same soil, season to season, and even throughout
the season. It varies throughout the season depending
on the type of farm and tillage equipment, number of
tillage operations, residue management, type of crop,
water quality, and even water temperature.

Soils to be irrigated must have adequate surface and
subsurface drainage. Internal drainage within the crop
root zone can be either natural or from an installed
subsurface drainage system.

This guide describes ways to interpret site conditions
for planning and design decisions. Where necessary,
actual field tests should be run to determine specific
planning and design values for a specific field. Evalua-
tion results can also be used to fine tune individual
irrigation system operations and management. When a
particular soil is encountered frequently in an area,
efforts should be made to gather field data to verify
the site conditions or to use in refining values in the
guide. These field derived values should be added as
support for data presented in the guide.

652.0201 General

Soil consists of mineral and organic materials, cover-
ing much of the Earth’s surface. It contains living
matter, air, and water, and can support vegetation.
People have altered the soil in many places. Soil is one
of the resources of major concern to USDA and the
Natural Resources Conservation Service. The soil
functions as a storehouse for plant nutrients, as habi-
tat for soil organisms and plant roots, and as a reser-
voir for water to meet evapotranspiration (ET) de-
mands of plants. It contains and supplies water, oxy-
gen, nutrients, and mechanical support for plant
growth.

Soil is a basic irrigation resource that determines how
irrigation water should be managed. The amount of
water the soil can hold for plant use is determined by
its physical and chemical properties. This amount
determines the length of time that a plant can be
sustained adequately between irrigation or rainfall
events, the frequency of irrigation, and the amount and
rate to be applied. Along with plant ET, it also deter-
mines the irrigation system capacity system needed
for desired crop yield and product quality.

(a) Soil survey

NRCS is responsible for leadership of the National
Cooperative Soil Survey. Partners include other Fed-
eral, State, and local agencies and institutions. Soil
survey data and interpretations have information that
can be used for planning, design, and management
decisions for irrigation.

Soil map units represent an area on the landscape and
consist of one or more soils for which the unit is
named. Single fields are rarely a single map unit or a
single soil. Many soil map units include contrasting
soil inclusions considered too minor to be a separate
map unit. Because of variations in soil properties that
exist in map units, additional onsite soils investiga-
tions are often needed.
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Soil properties within a profile can be modified by
land grading, deep plowing, subsoiling, or other deep
tillage practices. Shallow tillage practices can affect
water infiltration and soil permeability rates. These
property changes may not be reflected in the map unit
description. Personnel doing irrigation planning are
expected to obtain accurate onsite soil information to
make recommendations. Adjacent farms may need
different recommendations for the same soil series
because different equipment, tillage practices, and
number of tillage operations are used.

(b) Soil survey data base

Soil survey data are available from the local National
Soil Information System (NASIS) Map Unit Interpreta-
tion Record (MUIR) soil data base on the Field Office
Computing System (FOCS). Irrigation related software
applications access this data base through a soil char-
acteristics editor to create point data located within a
field or operating unit. Where maximum and minimum
ranges of soil attribute data are contained in the data
base (for example, percent rock or available water
capacity), the editor can be used to select or input the
appropriate value. If a soil profile has been examined
in the field, then data for the profile are entered in-
stead of using the data base. Soil data points created in
this way can be used to create summary soil reports,
or the data can be used directly either manually or in
irrigation related software applications.

(c) Soil limitations for irrigation

Exhibit 2-1 displays soil limitations when determining
the potential irrigability of a soil. It displays specific
limits and restrictive features for various soil proper-
ties; however, it does not necessarily mean the soil
should not be irrigated. A restriction indicates there
are limitations for selection of crops or irrigation
method and will require a high level of management.
Some restrictions may require such an excessive high
level of management that it may not be feasible to
irrigate that soil. Likewise, a deep well drained loamy
soil with minor restrictions can become nonirrigable
due to poor water management decisions and cultural
practices.
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Exhibit 2-1  Soil properties, limits, and restrictive features for irrigationl/

|
Property Limits Restrictive features
USDA surface texture COS, S, FS, VFS, High intake for surface irrigation
LCOS, LS, LFS, LVFS systems.

USDA surface texture SIC, C, CS Low intake for level basin and
center pivot irrigation systems.

Slope surface >3% Water runoff.

Weight percent of stone particles >25% Large stones, reduced plant root

>3" (weighted avg. to 40" depth) zone AWC.

Ponding + Soil air is removed.

Depth to high water table <3ft Restricted plant root zone.

during growing season

Available water capacity <.05in/in Limited soil water storage for

(weighted avg. to 40" depth) plant growth.

Wind erodibility group 1,2,3 Soil blowing damages young
plants, reduces crop yield and
quality.

Permeability, 0-60" <.02 in/hr Water percolates slowly.

Depth to bedrock <40in Restricted plant root zone.

Depth to cemented pan <40in Restricted plant root zone.

Erosion factor of surface, k >.35 Erodes easily.

Flooding

Salinity, 0-40"

Sodicity, 0-40" SAR

Calcium carbonate equivalent
(% in thickest layer, 10-60" depth)

Sulfidic materials, Great Group

Soil reaction, pH, at any depth 0-60"

Occasionally, frequently

>1 dS/m

>13

>40

Sulfaquents, sulfihemists

<5.0 or >8.0

Soil air is removed, plants
damaged.

Excess calcium and magnesium
ions.

Excess sodium ions.

Excess lime.

Excess sulfur.

Too acid or too alkaline.

1/ Part 620, NRCS, National Soil Survey Handbook, 1993.
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652.0202 Physical soil
characteristics

(a) Soil properties and qualities

Soil properties and qualities are important in design,
operation, and management of irrigation systems.
These properties include water holding capacity, soil
intake characteristics, permeability, soil condition,
organic matter, slope, water table depth, soil erodibil-
ity, chemical properties, salinity, sodicity, and soil
reaction (pH).

(b) Soil-water holding capacity

The potential for a soil to hold water is important in
designing and managing an irrigation system. Total
water held by a soil is called water holding capacity.
However, not all soil-water is available for extraction
by plant roots. The volume of water available to plants
that a soil can store is referred to as available water
capacity.

(1) Available Water Capacity (AWC)
This is the traditional term used to express the amount
of water held in the soil available for use by most
plants. It is dependent on crop rooting depth and
several soil characteristics. Units of measure are
expressed in various terms:

e Volume unit as inches of water per inch or per

foot of soil depth
e Gravimetric percent by weight
« Percent on a volume basis

In fine textured soils and soils affected by salinity,
sodicity, or other chemicals, a considerable volume of
soil water may not be available for plant use.

(2) Soil-water potential

Soil-water potential is a more correct way to define
water available to plants. It is the amount of work
required per unit quantity of water to transport water
in soil. In the soil, water moves continuously in the
direction of decreasing potential energy or from higher
water content to lower water content. The concept of
soil-water potential replaces arbitrary gravitational,
capillary, and hygroscopic terms. Total water potential

consists of several components. It is the sum of
matric, solute, gravitational, and pressure potential.
Refer to the National Engineering Handbook (NEH),
Section 15, Chapter 1, Soil-Plant-Water Relationships
for a detailed explanation of this concept.

The soil-water potential concept will become more
integrated into field procedures as new procedures
evolve. For practical reasons, the terms and concepts
of field capacity and permanent wilting point are
maintained. Units of bars and atmospheres are gener-
ally used to express suction, tension, stress, or poten-
tial of soil water.

(i) Field capacity—This is the amount of water a
well-drained soil holds after free water has drained
because of gravity. For coarse textured soil, drainage
occurs soon after irrigation because of relatively large
pores and low soil particle surface tension. In fine
textured soil, drainage takes much longer because of
smaller pores and their horizontal shape. Major soil
properties that affect field capacity are texture, struc-
ture, bulk density, and strata within the profile that
restrict water movement. Generally, fine textured soil
holds more water than coarse textured soil. Some
soils, such as some volcanic and organic soils, are
unique in that they can retain significant volumes of
water at tensions less than one-tenth bar, thereby
giving them a larger available water capacity.

An approximation of field capacity soil-water content
level can be identified in the laboratory. It is the water
retained in a soil when subjected to a tension of one-
tenth atmosphere (bar) for sandy soils and one-third
atmosphere for other finer textured soils.

Field capacity water content level can be estimated in
the field immediately following a rain or irrigation,
after free water has drained through the soil profile.
Some judgment is necessary to determine when free
water has drained and field capacity has been reached.
Free water in coarse textured soils (sandy) can drain
in a few hours. Medium textured (loamy) soils take
approximately 24 hours, while fine textured (clayey)
soils may take several days.

(ii) Permanent wilting point—This is the soil-
water content at which most plants cannot obtain
sufficient water to prevent permanent tissue damage.
The lower limit to the available water capacity has
been reached for a given plant when it has so ex-
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hausted the soil moisture around its roots as to have
irrecoverable tissue damage, thus yield and biomass
are severely and permanently affected. The water
content in the soil is then said to be the permanent
wilting percentage for the plant concerned.

Experimental evidence shows that this water content
point does not correspond to a unique tension of 15
atmospheres for all plants and soils. The quantity of
water a plant can extract at tensions greater than this
figure appears to vary considerably with plant species,
root distribution, and soil characteristics. Some plants
show temporary plant moisture stress during hot
daytime periods and yet have adequate soil moisture.
In the laboratory, permanent wilting point is deter-
mined at 15 atmospheres tension. Unless plant specific
data are known, any water remaining in a soil at
greater than 15 atmosphere tension is considered
unavailable for plant use.

Major soil characteristics affecting the available water
capacity are texture, structure, bulk density, salinity,
sodicity, mineralogy, soil chemistry, and organic
matter content. Of these, texture is the predominant
factor in mineral soils. Because of the particle configu-
ration in certain volcanic ash soils, these soils can
contain very high water content at field capacity
levels. This provides a high available water capacity
value. Table 2-1 displays average available water
capacity based on soil texture. Table 2-2 provides
adjustments to the available water capacity based on
percent rock fragments. Generally, rock fragments
reduce available water capacity.

The available water capacity value shown on the Soil
Interpretation Record (SOI-5) accounts for the esti-
mated volume of coarse fragments for the specific soil
series. However, any additional coarse fragments
found upon field checking must be accounted for.
Coarse fragments of volcanic material, such as pumice
and cinders, can contain water within the fragments
themselves, but this water may not be available for
plant use because of the restricted root penetration
and limited capillary water movement. A process to
adjust the available water capacity based on additional
field information is displayed in table 2-3.

Table 2-1 Available water capacity (AWC) by texture
—

Texture  Texture AWC AWC Est.
symbol range range typical

AWC
(infin)  (in/ft) (in/ft)

COS Coarse sand .01-03 1-4 .25
S Sand .01-03 1-4 .25
FS Fine Sand .05-.07 6-.8 .75
VFS Very fine sand .05-.07 6-.8 75

LCOS Loamy coarsesand .06-.08 .7-1.0 .85
LS Loamy sand .06-.08 .7-1.0 .85

LFS Loamy fine sand 09-.11 11-13 1.25
LVFS Loamy very finesand .10-.12 10-14 125

COSL Coarse sandy loam .10-.12 12-14 1.3
SL Sandy loam 11-.13 13-16 145

FSL  Fine Sandy Loam A3-.15 16-18 1.7
VFSL Very fine sandy loam .15-.17 1.8-2.0 1.9

L Loam A16-.18 19-22 20
SIL  Siltloam 19-21 23-25 24
Sl Silt 16-.18 1.9-22 20
SCL Sandy clay loam J14-.16 1.7-19 1.8
CL  Clay loam 19-.21 23-25 24
SICL Silty clay loam J19-.21 23-25 24
SC  Sandy clay A5-.17 18-2.0 1.9
SIC  Silty clay A5-.17 18-2.0 1.9
C Clay Jd4-.16 17-19 18
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Table 2-2 Correction of available water capacity for rock fragment content¥
|

---------------------------- % coarse fragments (by volume) - - - - --------ciiii o

Soil 0 10 20 30 40 50 60 65 70
----------------------------- % passing #10 sieve (by weight)- - ------------comiai o
100 85 70 55 45 35 25 20 20

Clay J14-16  .12-14 .11-12  .09-10 .08-.09 .06-.07 .05-.06 .04-.05 .03-.04
Silty clay JA5-17  .13-15 .11-13 .10-11 .08-10 ..07-.08 .06-.07 .05-.06 .04-.05
Sandy clay A15-17  .13-15  .12-14 .10-11 .08-.09 .07-.08 .06-.07 .04-.05 .04
Silty clay loam JA19-21 .17-19  .15-17  .13-15 .11-13  .09-.11 .08-.09 .06-.07 .06
Clay loam JA19-21  .17-19  .15-17  .13-15 .11-13  .09-11 .08-09 .06-.07 .06
Sandy clay loam J14-16 .12-14 .11-13 .10-11 .08-10 .07-.08 .06-.07 .05-.06 .04-.05
Silt loam JA19-21  .17-19  .15-17  .13-15 .11-13  .09-11 .08-09 .06-.07 .06
Loam .16-.18 .14-16 .13-14 .11-13 .10-11 .08-.09 .07-.08 .05-.06 .05
Very fine sandy loam  .15-17 .13-15 .12-14 .10-12 .09-10 .07-.09 .07-.08 .05-.06 .04-.05
Fine sandy loam J13-15  .12-14  .10-12 .09-11 .08-.09 .06-.08 .06-.07 .04-.05 .04-.05
Sandy loam JA1-13  .10-12  .09-10 .07-09 .07-.08 .05-.07 .05-.06 .04-05 .03-.04
Loamy very finesand .10-.12 .09-11 .08-10 .07-08 .06-.07 .05-.06 .04-.05 .03-.04 .03-.04
Loamy fine sand .09-11 .08-10 .07-09 .06-.07 .05-.07 .04-.06 .04-05 .03-.04 .03
Loamy sand .06-.08 .05-.07 .05-.06 .04-06 .04-.05 .03-.04 .03-.04 .02-.03 .02
Fine sand .05-.07 .04-06 .04-06 .03-05 .03-.04 .03-.04 .02-.03 .02-.03 .01-.02

1/ Use this chart only when NASIS or more site specific information is not available. Compiled by NRCS, National Soil Survey Laboratory,
Lincoln, Nebraska.
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Table 2-3 Available water capacity adjustment factors ¥

Modifying factor
(%)

Wy
Increased
AWC

Decreased
AWC

Rock content

Sodicity

Salinity

Organic matter
(0 to +10%)

Soil structure
(-10% to +10%)

Compaction (-20% to 0)

Restrictive layers
(0 to +10%)

Rocks decrease soil and pore space volume

Sodium salts disperse clays, decreases soil
aggregation and destroys structure increasing
soil density.

Increased salt concentration makes it more
difficult for the plant to take in water by
osmosis. The tension required to extract
water from the soil is increased.

In general, OM increases aggregation
and improves soil structure, decreases
soil density, and increases AWC. In
sandy soils, OM provides fine particles,
which effectively reduces average

particle size.

Granular, blocky, columnar and

Prismatic (low density)

Restrictive layers in the subsoil can
effectively increase AWC of upper

Single grain (sand - large sized pores release
large proportion of gravitational water).

Massive or platy (usually high density).

Compaction increases soil density, reduces
pore space and decreases permeability.

Restrictive layers can restrict root develop
ment and water movement lower in the soil

layers after an irrigation or rain. Water, profile.

held up by the restrictive layer, has the
potential to be all or partially used by

the plants.

See footnote at end of table.

(210-vi-NEH, September 1997)
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Table 2-3 Available water capacity adjustment factors Y—Continued

—

W “_u
Modifying factor Increased Decreased
(%) AWC AWC

Soil condition—the soil's Good soil condition results in decreased Poor soil condition results in increased soil

physical condition related soil density, increased soil micro- density, a more massive soil structure,
to tillage, micro-organism organism activity, increased pore space. decreased pore space, decreased soil
activity, erosion. micro-organism activity.

(~10% to +10% )

Depth within the soil In general, with increased depth, soils be-
come
profile (-5% per foot) more consolidated or dense, are affected by

mineralization, have less structure and or-
ganic matter.

Vegetative cover Root penetration improves soil
(0 to +5%) structure and condition, and
decreases soil density.

1/ Density can make AWC differences of -50% to +30% compared to average densities. Dense soils have low available water capacity because
of the decreased pore space.
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Different soils hold water and release it differently.
When soil-water content is high, very little effort is
required by plant roots to extract moisture. As each
unit of moisture is extracted, the next unit requires
more energy. This relationship is referred to as a soil
moisture release characteristic. Figure 2-1 shows
water release curves for typical sand, loam, and clay
soils. The tension in the plant root must be greater
than that in the soil at any water content to extract the
soil water. Typically with most field crops, crop yield
is not affected if adequate soil water is available to the
plant at less than 5 atmospheres for medium to fine
textured soils.

At soil-water tensions of more than about 5 atmo-
spheres, plant yield or biomass is reduced in medium
to fine textured soils.

Salts in the soil-water solution decrease the amount of
water available for plant uptake. Maintaining a higher
soil-water content with more frequent irrigations
relieves the effect of salt on plant moisture stress.
Table 2-4 displays AWC values adjusting for effect of
salinity versus texture. EC, is defined as the electrical
conductivity of the soil-water extract corrected to

77 °F (25 °C). Units are expressed in millimhos per
centimeter (mmho/cm) or deci Siemen per meter (dS/
m). 1 mmho/cm = 1dS/m. See section 652.0202(i) for
additional information.

Tension levels for field capacity and wilting point in
table 2-4 are assumed.

AWC is the major soil factor in irrigation scheduling.

Only a partial depletion of the AWC should be allowed.

For most field crops and loamy soils, 50 percent is
allowed to be depleted to limit undue plant moisture
stress. For most vegetables, 30 percent depletion is
desirable. As an example, data from figure 2-1 pro-
vides the following approximate potential (tension)
levels for three general soil types:

Tension at
30% depletion

Soil Tension at
50% depletion

Depletion at 5
bars tension

clay 4.5 bars 2.5 bars 55%
loam 2 bars 1.2 bars 70%
sand <1 bars <1 bars 84%

Allowed soil-water depletion is a management deci-
sion based on the type of crop grown, stage of crop
growth, total AWC of the soil profile, rainfall patterns,
and the availability of the pumped or delivered water.
It is referred to as the Management Allowed Depletion,
or MAD level. See Chapter 3, Crops, for MAD levels for
optimum yield and quality of most crops. The conven-
tional concepts of total soil volume AWC and MAD do
not apply to microirrigation where root volumes and
wetted volumes are restricted.

NEH, Section 15, Chapter 1, Soil-Plant-Water Relation-
ships provides an excellent and thorough description
of soil-water relationships; therefore, the information
included here is quite limited.

Figure 2-1  Typical water release curves for sand, loam,
messss—— and clay
I Field capacit
100 r

80
30% level

D
o

50% level

40

Available water (%)
Permanent wilting point 1 15 bars

0
0 2 4 5 6 8 10 12 14
Soil water potential (-bars)
Texture Tension level (atmospheres or bars)
@ field capacity @ Perm. wilting point
Course 0.1 15.0
Medium & fine 0.33 15.0
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Table 2-4 Available water capacity adjustments because of salinity &/
|

Soil texture e Electrical conductivity (ICe X 103)- - - - - - - - - v ommem e oo
8

clay 14-.16 13-.15 12-.14 11-.13 10-.12 .09-.11 .07-.08 .04-.05
silty clay 15-.17 14-.16 13-.15 J12-.14 11-.12 .09-.11 .07-.08 .05-.06
sandy clay 15-.17 14-.16 13-.15 12-.14 11-.12 .09-.11 .07-.08 .05-.06
silty clay loam 19-.21 .18-.20 17-.18 15-.17 14-.15 J12-.13 .09-.10 .06-.07
clay loam 19-.21 .18-.20 17-.18 15-.17 14-.15 12-.13 .09-.10 .06-.07
sandy clay loam .14-.16 13-.15 J12-.14 J11-12 .09-.11 .08-.09 .06-.07 .03-.04
silt loam 19-.21 .18-.20 17-.18 15-.17 14-.15 12-.13 .09-.10 .06-.07
loam .16-.18 15-.17 14-.16 13-.15 12-.13 10-.11 .08-.09 .05-.06
very fine sandy loam  .15-.17 .14-.16 13-.15 A2-.14 A1-.12 .09-.11 .07-.08 .05-.06
fine sandy loam 13-.15 J12-.14 11-.13 J11-.12 .09-.11 .08-.09 .06-.07 .04-.05
sandy loam 11-.13 10-.12 10-.11 .09-.11 .08-.09 .07-.08 .05-.06 .03-.04
loamy very fine sand  .10-.12 10-.11 .09-.11 .08-.09 .07-.08 .06-.07 .04-.05 .02-.03
loamy fine sand .09-.11 .09-.10 .08-.10 .07-.09 .06-.08 .06-.07 .04-.05 .03-.04
loamy sand .06-.08 .06-.08 .05-.07 .05-.06 .04-.06 .04-.05 .03-.04 .02-.03
fine sand .05-.07 .05-.07 .04-.06 .04-.06 .04-.05 .03-.04 .02-.03 .02

1/ Compiled by NRCS National Soil Survey Laboratory, Lincoln, Nebraska.
2/ 15 mmhos conductivity results in 75 to 95 percent reduction in available water capacity.
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(3) Soil texture

Soil texture refers to the weight proportion of the soil
separates (sand, silt, and clay) for the less than 2 mm
fraction, as determined from a laboratory particle size
distribution analysis. It defines the fineness or coarse-
ness of a soil. Particle sizes larger than 2 mm are
classed as rock or coarse fragments and are not used
to define texture. Table 2-5 shows terms and symbols
used in describing soil textures.

Fine textured soils generally hold more water than
coarse textured soils. Medium textured soils actually
have more available water for plant use than some
clay soils. Water in clay soils can be held at a greater
tension that reduces its availability to plants.

Figure 1-2, of NEH, Part 623, Chapter 1, Soil-Plant-
Water Relationship, displays what is commonly re-
ferred to as the USDA textural triangle. It describes
the proportions of sand, silt, and clay in the basic
textural classes. Texture determines the amount of
surface area on soil particles within the soil mass. Clay
and humus both exist in colloidal state and have an
extremely large surface area per unit weight. They
carry surface electrical charges to which ions and
water are attracted.

The USDA Soils Manual includes the following general
definitions of soil textural classes in terms of field
experience. These definitions are also specifically
used in estimating soil-water content by the feel and
appearance method. See Chapter 9, Irrigation Water
Management and Chapter 15, Irrigation Water Manage-
ment Plan.

Sand—Sand is loose and single-grained. The indi-
vidual grains can be readily seen and felt. Squeezed in
the hand when dry, sand falls apart when pressure is
released. Squeezed when moist, it forms a cast, but
crumbles when touched.

Sandy loam—A sandy loam is soil containing a high
percentage of sand, but having enough silt and clay to
make it somewhat coherent. The individual sand
grains can be readily seen and felt. Squeezed when
dry, a sandy loam forms a cast that falls apart readily.
If squeezed when moist, a cast can be formed that
bears careful handling without breaking.

Table 2-5 General terms, symbols, and size of soil
— separates for basic soil texture classes
(USDA, SCS 1993)

Texture Soil Symbol

Sandy soils:

Coarse Sands
Coarse Sand COSs
Sand S
Fine sand FS
Very fine sand VFS
Loamy sands
Loamy coarse sand LCOS
Loamy sand LS
Loamy fine sand LFS
Loamy very fine sand LVFS

Loamy soils:

Moderately coarse  Coarse sandy loam COSL
Sandy loam SL
Fine sandy loam FSL

Medium Very fine sandy loam VFSL
Loam L
Silt loam SIL
Silt Sl

Moderately fine Clay loam CL
Sandy clay loam SCL
Silty clay loam SICL

Clayey soils:

Fine Sandy clay SC
Silty clay SIC
Clay C

Size of soil separates:

Texture Size (mm) Texture Size (mm)

GR >2.0 FS 0.25-0.10

VCOS 2.01.0 VFS 0.10-0.05

COSs 1.0-05 Sl 0.05-0.002

MS 0.5-0.25 C <0.002

2-11
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Loam—A loam is soil having a relatively even mix-
ture of different grades of sand, silt, and clay. It is
friable with a somewhat gritty feel, but is fairly
smooth and slightly plastic. Squeezed when dry, it
forms a cast that bears careful handling, and the cast
formed by squeezing the moist soil can be handled
freely without breaking.

Silt loam—A silt loam is soil having a moderate
amount of fine sand with a small amount of clay. Over
half of the particles are silt size particles. When dry, a
silt loam appears cloddy, but the lumps can be readily
broken. When pulverized, it feels soft and floury. When
wet, the soil runs together readily and puddles. Either
dry or moist, silt loam forms a cast that can be handled
freely without breaking. When moist and squeezed
between thumb and finger, it does not ribbon, but has
a broken appearance.

Clay loam—A clay loam is moderately fine-textured
soil that generally breaks into clods or lumps that are
hard when dry. When the moist soil is pinched be-
tween the thumb and finger, it forms a thin ribbon that
breaks readily, barely sustaining its own weight. The
moist soil is plastic and forms a cast that bears much
handling. When kneaded in the hand, clay loam does
not crumble readily, but works into a heavy compact
mass.

Clay—A clay is fine-textured soil that usually forms
very hard lumps or clods when dry and is very sticky
and plastic when wet. When moist soil is pinched
between thumb and finger, it forms a long flexible
ribbon. Some clays that are very high in colloids are
friable and lack plasticity at all moisture levels.

Organic—Organic soils vary in organic matter con-
tent from 20 to 95 percent. They generally are classi-
fied on the degree of decomposition of the organic
deposits. The terms muck, peat, and mucky peat are
commonly used. Muck is well-decomposed organic
material. Peat is raw, undecomposed, very fibrous
organic material in which the original fibers constitute
all the material.

(4) Soil structure

Soil structure is the arrangement and organization of
soil particles into natural units of aggregation. These
units are separated from one another by weakness
planes that persist through cycles of wetting and
drying and cycles of freezing and thawing. Structure
influences air and water movement, root development,
and nutrient supply.

Structure type refers to the particular kind of grouping
that predominates in a soil horizon. Single-grained and
massive soils are structureless. In single-grained soils,
such as loose sand, water percolates rapidly. Water
moves very slowly through most clay soils. A more
favorable water relationship occurs in soils that have
prismatic, blocky and granular structure. Platy struc-
ture in fine and medium soils impedes the downward
movement of water. See figure 2-2. Structure can be
improved with cultural practices, such as conservation
tillage, improving internal drainage, liming or adding
sulfur to soil, using grasses in crop rotation, incorpo-
rating crop residue, and adding organic material or soil
amendments. Structure can be destroyed by heavy
tillage equipment or excess operations.

Texture, root activity, percent clay, percent organic
matter, microbial activity, and the freeze-thaw cycle all
play a part in aggregate formation and stability. Some
aggregates are quite stable upon wetting, and others
disperse readily. Soil aggregation helps maintain
stability when wet, resist dispersion caused by the
impact from sprinkler droplets, maintain soil intake
rate, and resist surface water and wind erosion. Irriga-
tion water containing sodium can cause dispersing of
soil aggregates. See discussion of SAR in Section
652.0202(i). Clay mineralogy has a major influence on
soil aggregation and shrink-swell characteristics. See
NEH, part 623, chapter 1, for additional discussion.
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Figure 2-2  Examples of soil structure
|

Platy—The units are flat and plate-
like. They are generally oriented
horizontal. (Soil Survey Manual,
fig. 3-26, p. 159)

Prismatic—The individual units are
bounded by flat to rounded vertical
faces. Units are distinctly longer
vertically, and the faces are typically
casts or molds of adjoining units.
Vertices are angular or subrounded,
the tops of the prisms are somewhat
indistinct and normally flat. (Soil
Survey Manual, fig. 3-27, p. 159)

(210-vi-NEH, September 1997)
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Figure 2-2  Examples of soil structure—Continued
|

Columnar—The units are similar to
prisms and are bounded by flat or
slightly rounded vertical faces. The
tops of columns, in contrast to those
of prisms, are very distinct and
normally rounded. (Soil Survey
Manual, fig. 3-28, p. 160)

Blocky—The units are block like or
polyhedral. They are bounded by
flat or slightly rounded surfaces that
are casts of the faces of surrounding
peds. Typically, blocky structure
units are nearly equi-dimensional,
but grade to prisms and plates. The
structure is further described as
angular blocky (with sharp corners)
and subangular blocky (with
rounded corners). (Soil Survey
Manual, fig. 3-29, p. 161)
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Figure 2-2  Examples of soil structure—Continued
|

Granular—The units are approxi-
mately spherical or polyhedral and
are bounded by curves or irregular
faces. (Soil Survey Manual, fig. 3-30,
p. 161)
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(5) Soil bulk density

Refers to the weight of a unit volume of dry soil, which
includes the volume of solids and pore space. Units
are expressed as the weight at oven-dry and volume at
field capacity water content, expressed as grams per
cubic centimeter (g/cc) or pounds per cubic foot
(Ib/ft3). Soil is composed of soil particles, organic
matter, water, and air.

(6) Soil pore space

Bulk density is used to convert water measurements
from a weight basis to a volume basis that can be used
for irrigation related calculations. Many tools are avail-
able to measure bulk density in the field as well as in the
laboratory. They are described in Chapter 9, Irrigation
Water Management. Exhibit 2-2 displays the process to
determine the total volume of water held in a soil.

Pore space allows the movement of water, air, and
roots. Dense soils have low available water capacity
because of decreased pore space. Density can make
AWC differences of -50 percent to +30 percent com-
pared to average densities. Sandy soils generally have
bulk densities greater than clayey soils. Sandy soils

have less total pore space than silt and clay soils.
Gravitational water flows through sandy soils much
faster because the pores are much larger. Clayey soils
hold more water than sandy soils because clay soils
have a larger volume of small, flat-shaped pore spaces
that hold more capillary water. Clay soil particles are
flattened or platelike in shape, thus, soil-water tension
is also higher for a given volume of water. When the
percent clay in a soil increases over about 40 percent,
AWC is reduced even though total soil-water content
may be greater. Permeability and drainability of soil
are directly related to the volume and size and shape
of pore space.

Uniform plant root development and water movement
in soil occur when soil profile bulk density is uniform,
a condition that seldom exists in the field. Generally,
soil compaction occurs in all soils where tillage imple-
ments and wheel traffic are used. Compaction de-
creases pore space, decreasing root development,
oxygen content, and water movement and availability.
Other factors affecting soil bulk density include freeze/
thaw process, plant root growth and decay, worm-
holes, and organic matter.

Exhibit 2-2 Process to determine total volume of water held in a soil

I
Let: D, = bulk density Schematic:
D, = particle density (specific gravity)
Wi = weight of soil solids (oven dry)
Wy, = weight of soil water X
Vs = volume of solids Air Va
Vp = volume of pores (both air & water) ¥ * Vp
Vi = volume_of water Wy Water Vi
Vs + V,, = total soil volume v v v
w
f i
D, = Ws D =W Ws Solids Vs
b Vs +V, YA DbeS:Db(Vs+Vp) ¢ ¢
Vs -Dy % Solids = —5_— x 100 = 25 x 100
Vs+V, D, Vs +V, D,

o 100 Dy 100D
% pore space = - x
=, H

S

% volume of water = Vw 100 = \\//va x D}, x 100

stVp s

% volume of water x 12 in/ft
100

Volume of water (in/ft) =

% water = Wy 100
W

2-16 (210-vi-NEH, September 1997)



Chapter 2 Soils

Part 652
Irrigation Guide

(c) Soil intake characteristics

Soil intake/water infiltration is the process of water
entering the soil at the soil/air interface. NEH, Part
623, Chapter 1, Soil-Plant-Water Relationship provides
detailed discussion of the water infiltration process.

Infiltration rates change during the time water is
applied, typically becoming slower with elapsed time.
They typically decrease as the irrigation season
progresses because of cultivation and harvest equip-
ment. This is especially true if operations are done at
higher soil-water content levels. Preferential flow
paths, such as cracks and wormholes, influence infil-
tration and permeability. Infiltration rates are also
affected by water quality; for example, suspended
sediment, temperature, sodicity, and SAR, affect
water surface tension.

Soil intake characteristics affect design, operation, and
management of surface irrigation systems.

(1) Surface irrigation systems

The water infiltration capability of a soil is referred to
as soil intake characteristic. For surface irrigation
systems, intake characteristic is expressed by the
equation:

b
F=aT, +c
where:

F = Cumulative intake for an opportunity time
period (inches)

a = Intercept along the cumulative intake axis

T, = Opportunity time (minutes)

b = Slope of cumulative intake vs. time curve

¢ = Constant (commonly 0.275)

(See NEH, Part 623, Chapter 4, Border Irrigation, and
Chapter 5, Furrow Irrigation.)

Soil intake characteristics directly influence length of
run, required inflow rate, and time of set that provide a
uniform and efficient irrigation without excessive deep
percolation and runoff. Table 2-6 displays estimated
soil infiltration characteristics for border, furrow and
fixed set or periodic move sprinkler irrigation systems
based on surface soil texture.

For surface systems, water is considered ponded
where it is 2 to 8 inches deep. Water infiltration for
borders and basins is vertically downward. For fur-
rows, infiltration is vertically downward, horizontal,
and upward into furrow ridges. More field testing has
been done for borders than for furrows; therefore,
intake estimates for borders are more readily avail-
able. These intake characteristics can be converted for
use with furrows, but the intake process differences
must be accounted for in the conversion.

Figure 2-3 displays intake groupings used for design-
ing border and basin and contour surface irrigation
systems. Figure 2—4 displays intake groupings used for
designing furrow irrigation systems. Furrow intake
characteristics differ from border and basin intake
characteristics because of the direction of water
movement near the soil surface and the percent of soil
surface covered by water.

Table 2-6 Soil intake ranges by surface texture
—

Soil  eeeeea---- Intake characteristics - - - - --------
texture Sprinkle Furrow Border & basin
C,SIC A-2 d1-5 A1-3
SC, SICL d1-4 2-.8 .25-.75
CL, SCL 1-5 2-10 3-10
SIL, L 5-7 3-12 5-15
VFSL,FSL .3-1.0 4-19 1.0-3.0
SL, LVFS 3-125 5-24 15-40
LFS, LS 4-15 .6-3.0 20-40
FS, S S5+ 10+ 3.0+

CS 10+ 40+ 4.0 +

1/ These are estimates based on soil texture. They should be used
only where local data are not available.
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Figure 2-3  Intake families for border and basin irrigation design

|
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—,7b
F= aTO+ [

F = cumulative intake for an opportunity time T period (inches)
a = intercept along the cumulative intake axis

To = opportunity time (minutes)

b = slope of cumulative intake vs. time curve

¢ = constant (commonly 0.275)
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Figure 2-4  Intake families for furrow irrigation design ¢
|

Cumulative intake, F (inches)

30 40 50 60 80 100 200 300 400
Time, T (minutes)
_ b
F= aTO +c

F = cumulative intake for an opportunity time T period (inches)
a = intercept along the cumulative intake axis

To = opportunity time (minutes)

b = slope of cumulative intake-vs. time curve

¢ = constant 2 (commonly 0.275)

1/ Source: NEH, Section 15, Chapter 5, Furrow Irrigation.
2/ Constant can be adjusted based on local information.
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(2) Sprinkler irrigation systems

For sprinkle irrigation, infiltration is referred to as
either an intake rate or maximum application rate,
expressed as inches per hour (in/hr). Application rates
and timing vary according to type of sprinkler or spray
head. With impact heads, water on the ground surface
is at a single point only with each head rotation. With
spray heads, water is on the ground surface continu-
ously, but at very shallow depth. Soil surface storage is
important where water is applied in short time peri-
ods; i.e., the outer end of low pressure center pivot
laterals.

Caution should be used when comparing average
sprinkler application rates with published soil infiltra-
tion values. Some of the problems include:

e Low angle nozzles apply proportionally more
water in the area nearest the nozzle.

« Peak instantaneous application rates under
continuously self-moving sprinkler laterals can
be very high. However, when expressed as an
average hourly rate over the total irrigated
area, these rates may appear quite low. For
example: A 1-inch irrigation application being
made at the outer end of a quarter mile long
Low Pressure In Canopy center pivot lateral
can apply water at instantaneous rates exceed-
ing 50 inches per hour for 2 to 10 minutes, but
the average hourly rate is considerably less. In
medium and fine textured soils, the amount
infiltrated during the application period can be
very low.

Adequate soil surface storage is required to limit
translocation of water within the field and perhaps
field runoff during the infiltration process. Sprinkler
systems should be designed with application rates that
do not exceed the soil intake rate unless soil surface
storage or other considerations are made.

Water droplet impact on a bare soil surface from
sprinkler systems can cause dispersion of some soils.
The bigger the droplets, the more the potential disper-
sion and microcompaction of soil particles. Bigger
droplets are generally a result of inadequate operating
pressure or long distances from the nozzle to the point
of impact. This action forms a dense and less perme-
able thin surface layer that can reduce the infiltration

rate significantly. This condition is most likely to
occur on soils that are

« sodic,

e poorly graded,

e bare,

e contain low organic matter,

< hauve little or no surface residue, and

< have limited vegetation canopy.

Table 2-7 displays the estimated maximum net appli-
cation amounts and rates for center pivot systems. The
table displays the sprinkler intake group and the
amount of soil surface storage needed to apply an
allowable irrigation amount. All systems are consid-
ered to be 1,320 feet in length. The following systems
are compared in the table;
« High pressure impact heads with a peak rate of
1.0in/hr.
* Medium pressure impact heads with a peak
rate of 1.5 in/hr.
e Low pressure impact heads with a peak rate of
2.5in/hr.
« Low pressure spray, two direction system with
peak rate of 3.5 in/hr.
* Low pressure spray, one direction system with
peak rate of 6.0 in/hr.

Values for various slopes for the maximum allowable
net application amount without additional storage
created by special practices, are:

Field Approximate soil
slope surface storage
(%) (in)

0-1 0.5

1-3 0.3

3-5 0.1

>5 0.0

The infiltration process is different when using sprin-
kler and border (or furrow) irrigation. With border
irrigation, a small head or depth of water (pressure) is
placed on the soil surface. With sprinkler and microir-
rigation, the soil surface remains mostly unsaturated.
The association with sprinkle application rate and
border intake family is through surface texture.
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Table 2-7 Maximum net application amounts with zero potential runoff for center pivot systems

L]
Border Typical Pressure & Maximum allowable net application amount
intake application sprinkler
group rate Y type e surface storage- - ----------
0.02/ 0.1 0.3 0.5
(in‘hr) (in) (in) (in) (in)
A (0.1) 1.0 High-impact 0.2 0.4 0.8 11
15 Medium-impact 0.2 0.3 0.7 0.9
2.5 Low-impact 0.1 0.3 0.6 0.8
3.5 Low-spray 0.1 0.3 0.5 0.7
2 direction
6.0 Low-spray 0.1 0.3 0.5 0.7
1 direction
B (0.3) 1.0 High-impact 0.8 1.2 1.3 2.2
15 Medium-impact 0.5 0.7 1.2 1.7
2.5 Low-impact 0.2 0.5 0.8 1.2
3.5 Low-spray 0.2 0.3 0.7 1.0
2 direction
6.0 Low-spray 0.1 0.3 0.5 0.8
1 direction
C (0.5) 1.0 High-impact 2.0 2.5 3.3 4.0
15 Medium-impact 1.0 14 1.9 25
2.5 Low-impact 0.4 0.7 1.2 1.6
3.5 Low-spray 0.3 0.5 0.9 1.3
2 direction
6.0 Low-spray 0.1 0.3 0.7 0.9
1 direction
D (1.0) 1.0 High-impact 4.0 4.0 4.0 4.0
15 Medium-impact 4.0 4.0 4.0 4.0
2.5 Low-impact 14 1.9 2.6 3.2
3.5 Low-spray 0.6 11 1.7 2.2
2 direction
6.0 Low-spray 0.3 0.6 0.9 1.3
E(15+) No general restrictions within practical design criteria.

Local experience may dictate specific restrictions.

1/ If higher rates are used, the application amounts should be appropriately reduced. The rates shown are not
necessarily the maximum allowable application rate.

2/ Estimated soil surface storage (without additional storage created by special practices, such as pitting,
damming, diking, and contour furrows).
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Table 2-8 displays estimated maximum sprinkler Table 2-9 gives information that can be used to refine
application rates for fixed set or periodic move sprin- infiltration values. Field measurements and local

kler systems. It is recognized that border intake fami- experience should be used to support or change pub-
lies or groups do not relate to the infiltration process lished values.

using sprinkle irrigation. However, many field techni-
cians are familiar with soils identified by these groups,
so they are used for familiarity.

Table 2-8 Maximum sprinkler application rate—periodic move and fixed set sprinkler (for alfalfa-grass, grass, or clean
— tilled with residue > 4,000 Ib/ac)

Sprinkler ~ Design ~ ce-eeeeeeeeeeaaaaae Net sprinkler application (in) - - ----------------------
intake slope
group (%) <1.0 15 2.0 25 3.0 35 4.0 4.5 5.0
A 0.4 or less 070 025 015 0.15
0.75t0 1.25 0.45 0.20 0.15 0.10
2.0 0.35 0.20 0.15 0.10
3.0 0.30 0.20 0.15 0.10
5.0t08.0 0.25 0.15 0.15 0.10
B 0.40 or less 1.70 0.70 0.50 0.40 0.35 0.30 0.30 0.30 0.25
0.75t0 1.25 1.20 0.60 0.45 0.40 0.35 0.30 0.30 0.30 0.25
2.0 1.00 0.60 0.45 0.40 0.35 0.30 0.30 0.25 0.25
3.0 0.80 0.55 0.45 0.40 0.35 0.30 0.30 0.25 0.25
5.0t08.0 0.70 0.50 0.40 0.35 0.30 0.30 0.30 0.25 0.25
C 0.40 or less 2.75 1.15 0.85 0.75 0.65 0.60 0.55 0.50 0.50
0.75t0 1.25 2.05 1.05 0.85 0.70 0.65 0.60 0.55 0.50 0.50
2.0 1.65 1.00 0.80 0.70 0.60 0.55 0.55 0.50 0.50
3.0 1.40 0.95 0.75 0.65 0.60 0.55 0.55 0.50 0.50
5.0t08.0 1.15 0.85 0.75 0.65 0.60 0.55 0.50 0.50 0.45
D 0.40 or less 5.40 2.40 1.85 1.60 1.45 1.35 1.25 1.20 1.15
0.75t0 1.25 4.00 2.25 1.80 1.55 1.40 1.30 1.25 1.20 1.15
2.0 3.30 2.10 1.75 1.55 1.40 1.30 1.25 1.20 1.15
3.0 2.90 2.00 1.70 1.50 1.40 1.30 1.20 1.15 1.10
5.0t08.0 2.40 1.85 1.60 1.40 1.35 1.25 1.20 1.15 1.10
E All slopes No restrictions within practical design criteria
Cover adjustment for clean tilled crops Note:  Sprinkler intake groups are based on major soil texture
* with 3,000 to 4,000 Ib/ac, use 90% of above groups, as follows:
* with 2,000 to 3,000 Ib/ac, use 80% of above A—Border intake family - 0.1
* with 1,000 to 2,000 Ib/ac, use 70% of above B—Border intake family - 0.3
* with less than 1,000 Ib/ac, use 60% of above C—Border intake family - 0.5
D—Border intake family - 1.0
Includes the following reduction of intake for surface storage: E—Border intake family - 1.5 +
0.75 to 1.25 = 04in
2.0 = 03in
3.0 = 02in
50 to 80 = 0.0in
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Table 2-9 Soil intake family adjustment factors

|

Texture Fine textured soils generally have slower intake rates than coarse textured soils.
Structure The arrangement of soil particles into aggregates affects intake as follows:

< Single grain or granular structure = most rapid intake
« Blocky or prismatic structure = moderate intake
* Massive or platy structure = slowest intake
Bulk density Dense soils have grains tightly packed together. The effect of density on intake can be -50% to
+30% from the typical.

Modifying factors:

Modifying factor
(%)

"
Increased
intake rate

Decreased
intake rate

Initial water content
—20% to +20%

Organic content
—-10% to +10%
Compaction

-50% to 0

Hardpan
-50% to 0

Gravel or coarse sand

layer, near surface
-30% to 0

Salinity and sodicity
—20% to +10%

Surface crusting
—20% to 0

Sediments in the
irrigation water
—20%to 0V

Cracking
—40% to +40%

Low initial water content.

High organic content improves soil
structure and promotes good
condition.

Calcium salts can flocculate
the surface soil.

Cracking increases initial intake.
Intake rate can be high until cracks
close because of added moisture
causing soil particles to swell.

See footnote at end of table.

(210-vi-NEH, September 1997)

High initial water content.

Low organic content provides for a more
massive soil structure.

Compaction results in higher density with
less pore space to hold water.

Hardpan (a very dense layer).

The soil layer above an abrupt boundary of
coarse material must be saturated before
water will move into the coarse material
below.

Sodium salts can disperse and puddle the
soil.

Surface sealing.

Colloidal clays and fine sediment can
accumulate on the soil surface.

On highly expansive soils, intake rate can
be very slow after cracks close because
the soil particles swell.
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Table 2-9 Soil intake family adjustment factors—Continued

|

Modifying factor
(%)

"
Increased
intake rate

Decreased
intake rate

Vegetative cover
—20% to +20%

Soil condition

(physical condition of
the soil related to micro-
organism activity and
erosion) —10% to +10%

Ripping, subsoiling
0 to +20%

Soil erosion
-20% to 0

Root penetration promotes improved
soil structure and lower soil density.
Worm activity increases providing
macropores for water to follow.

Good soil condition reduces
soil density.

Ripping when soil is dry can break up
hardpans, shatter dense soils, and in
general improve the soil condition
below plow depth. The effect is
temporary unless the cause of
increased density is eliminated.

Bare soil tends to puddle under sprinkler
systems using large droplet sizes increasing
soil density at the soil surface.

Poor soil condition increases soil density,
restricts root development, and restricts
worm activity.

Erosion exposes subsurface layers that are
lower in organic content, have poor
structure, can have increased salinity or
sodicity, and generally have higher density.

1/ This estimate may need local adjustment.
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Center pivot systems, because of their configuration,
have higher application rates in the outer fourth of the
circle. The longer the pivot lateral, the higher the
application rate in the outer portion. To maintain their
usefulness on medium or fine textured and sloping
soils, surface storage is essential to prevent transloca-
tion of applied water. Surface storage can be provided
by:

= Soil surface roughness or cloddiness developed

from tillage equipment

e In-furrow chiseling or ripping

e Crop residue on the soil surface

e Basin tillage

« Permanent vegetation

« Any combination of these

Surface storage must be available throughout the
irrigation season. Tables 2-10a through 2-10g display
the surface storage needed for various sprinkler intake
groups for continuous/self-moving sprinkler systems.
These tables are based on surface soil texture.

Figures 2-5a and 2-5b provide a process to estimate
surface storage for reservoir tillage (constructing in-
row dikes or dams and small reservoirs) of varying
spacing, widths, and heights. Figure 2-5a provides
dike nomenclature.

Figure 2-5b provides the maximum capacity of applied
depth of irrigation water as a function of dike height
and bottom width of reservoir. This figure was devel-
oped for furrow slope of 1 percent only.

Table 2-10a Amount of surface storage needed for no
meesssmm  runoff—Silty clay (sprinkler intake rate
group =0.1-0.2 in/hr)

Table 2-10b  Amount of surface storage needed for no
s UN0ff—Silty clay loam (sprinkler intake
rate group = 0.1 - 0.4 in/hr)

Application ~ ------- Total amount of application - --------
sprinkler rate - ---------oo-- (inches) - --------vvmnnnn-
(in/hr) 0.5 1 1.5 2 2.5 3

Application ~ ------- Total amount of application - --------
sprinkler rate - ---------oo-- (inches) - --------vvnnnnn-
(inhr) 0.5 1 1.5 2 2.5 3

1 00 04 07 11 16 20
2 01 05 09 14 18 22
3 01 05 10 14 19 24
4 01 06 10 15 20 24
5 01 06 11 15 20 25
6 02 06 11 15 20 25

10 02 06 11 16 21 26
25 02 07 12 17 21 26
50 02 07 12 17 22 27
100 02 07 12 17 22 27
200 02 07 12 17 22 27

1 00 00 03 06 09 12
2 00 03 07 10 14 18
3 00 04 08 12 16 20
4 01 05 09 13 17 22
5 01 05 09 14 18 22
6 01 05 10 14 19 23

10 01 06 10 15 20 24
25 02 07 11 16 21 26
50 02 07 12 17 21 26
100 02 07 12 17 22 27
200 02 07 12 17 22 27
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Table 2-10c
|

Amount of surface storage needed for no

runoff—Silt loam (sprinkler intake rate group

=0.1-0.6 in/hr)

Table 2-10e

Amount of surface storage needed for no

e runoff—Fine sandy loam (sprinkler intake

rate group = 0.3 - 1.0 in‘hr)

Application
sprinkler rate
(in/hr)

--------------- (inches) - ----------------
05 1 15 2 25 3

Application
sprinkler rate
(in/hr)

--------------- (inches) - ----------------
05 1 15 2 25 3

00 00 00 00 02 04
00 01 04 07 10 14
00 03 06 10 13 17
00 01 07 11 15 19
00 01 08 12 16 20
01 05 09 13 17 21
01 05 10 14 19 23
02 06 11 16 20 25
02 07 12 16 21 26
02 07 12 17 22 27
02 07 12 17 22 27

00 00 00 00 00 00
00 00 00 00 01 03
00 00 02 05 07 10
00 01 04 07 10 13
00 02 05 09 12 16
00 03 06 10 13 17
01 04 08 12 16 20
01 06 10 15 19 24
02 06 11 16 21 25
02 07 12 16 21 26
02 07 12 17 22 27

Table 2-10d
|

Amount of surface storage needed for no

runoff—Loam (sprinkler intake rate group =

0.2-0.7 in/hr)

Table 2-10f
|

Amount of surface storage needed for no
runoff—Loamy fine sand (sprinkler intake
rate group = 0.4 - 1.5 in/hr)

Application
sprinkler rate
(in/hr)

--------------- (inches) -----------------

Application
sprinkler rate
(in/hr)

--------------- (inches) -----------------
0.5 1 15 2 2.5 3

00 00 00 00 00 00
00 00 00 00 00 00
00 00 00 00 02 04
00 00 01 04 06 08
00 01 03 06 09 12
00 02 04 07 10 14
00 03 07 11 14 18
01 05 10 14 18 23
02 06 11 15 20 25
02 07 11 16 21 26
02 07 12 17 22 26

1 0.0
2 0.0
3 0.0
4 0.0
5 0.0
6 0.0
10 0.0
25 01
50 0.2
100 0.2
200 0.2

0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.2 0.4
0.0 0.1 0.3 0.5 0.8
0.0 0.3 0.5 0.8 1.0
0.3 0.6 0.9 13 1.6
0.5 0.9 1.3 1.8 2.2
0.6 11 0.5 2.0 2.4
0.7 11 1.6 2.1 2.6
0.7 1.2 1.7 2.1 2.6
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Table 2-10g Amount of surface storage needed for no Figure 2-5a Nomenclature—dike spacing and height;
e runoff—Fine sand (sprinkler intake rate s furrow width and ridge height and spacing
group = 0.5 in/hr +)

1= dike spacing

Application ~ ------- Total amount of application - ----- - - - H = furrow ridge height
sprinkler rate  --------------- (inches) - -------vmmvmnn- h= dike height
(in/hr) 0.5 1 15 2 25 3

Wb = furrow width

S = furrow ridge spacing Furrow dike

1 00 00 00 00 00 00

2 060 00 00 00 00 00

3 00 00 00 00 00 00

4 060 00 00 00 00 00

5 00 00 00 00 00 00

6 060 00 00 01 02 04 \t
10 00 01 04 06 09 12 H
25 01 14 08 12 16 20

50 01 06 10 14 19 23

100 02 06 11 16 20 25 b*|
200 02 07 12 16 21 26 S

Figure 2-5b Dike spacing, height, and surface storage capacity (maximum capacity of applied depth of irrigation water as a
= function of dike height and bottom width of reservoir for field slope of 1%; for slopes other than 1%, divide
storage volume by actual percent slope)

20
19
18
17
16
15
14
13
12
11

=
o

Storage volume (cubic feet)

o P, N W b 01O N 0 ©

0 1 2 3 4 5 6
Dike height (inches)
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Table 2-11 displays estimates of effective surface
storage for various tillage operations for basin storage
on level or nearly level slopes. These estimates are
based on averages from many field measurements.
Tables 2-12 and 2-13 can be used to estimate effective
surface storage with cloddy bare ground and residue
only on level or nearly level slopes.

Table 2-11
—

Estimated effective basin surface storage

Tillage operation Effective storage depth (in)

Basin tillage 1.2

Reservoir (dammer-diker) 0.75
Subsoiler 0.16

Field cultivator 0.12

Table 2-12  Surface storage available for rough and
s cloddy bare ground

Slope (%) Surface storage (in)

0.5 0.5

2.0 0.3

4.0 0.1

4.5 0

Table 2-13  Surface storage available with residue
|

Residue (%) Surface storage (in)

0 0.0

10 .01
20 .03
30 .07
40 A2
50 .18
60 24
70 .35

(d) Organic matter

Soil organic matter is the organic fraction of the soil. It
includes plant and animal residue at various stages of
decomposition and cells and tissues of soil organisms.
Organic matter directly influences soil structure, soil
condition, soil bulk density, water infiltration, plant
growth and root development, permeability, available
water capacity, biological activity, oxygen availability,
nutrient availability, and farmability, as well as many
other factors that make the soil a healthy natural
resource for plant growth. Organic matter has a high
cation adsorption capacity, and its decomposition
releases nitrogen, phosphorous, and sulfur. Site specific
organic matter values should always be used for plan-
ning and managing irrigation systems. Published values
often are from sites that were managed quite differently.

(e) Soil depth

Depth is the dimension from the soil surface to bed-
rock, hardpan, water table; to a specified soil depth; or
to a root growth restrictive layer. The deeper the soil
and plant roots, the more soil-water storage is avail-
able for plant use. Crop rooting depth and the resulting
total AWC control the length of time plants can go
between irrigations or effective rainfall events before
reaching moisture stress. Equipment compaction
layers or natural occurring impervious layers restrict
the downward movement of water and root penetra-
tion. Providing artificial drainage of poorly drained
soils increases soil depth for potential root develop-
ment. Adequate soil drainage must be present for
sustained growth of most plants.

An abrupt change in soil texture with depth can re-
strict downward water movement. For example, a
coarse sand underlying a medium or fine textured soil
requires saturation at the interface before substantial
water will move into the coarser soil below. When a
coarse textured soil abruptly changes to a medium or
fine textured soil with depth, a temporary perched
water table develops above the slower permeable soil.
Stratified soils or shallow soils over hardpans or
bedrock can also hold excess gravitational water at
the interface. The excess water can move upward
because of the increased soil particle surface tension
(suction) as the soil water in the upper profile is used
by plants. Thus, an otherwise shallow soil with low
total AWC can have characteristics of a deeper soil.
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(f) Slope

Slope (field) gradient is the inclination of the soil
surface from the horizontal, expressed as a percent-
age. For example, a 1.5 percent slope is a 1.5-foot rise
or fall in 100 feet horizontal distance. In planning
irrigation systems, slope is important in determining
the type of irrigation system best suited to the site. It is
also important in determining optimum and maximum
application rates (or streamflow rates) for applying
water.

Erosion potential from excessive surface irrigation
flows increases as the slope and slope length increase.
Potential runoff from sprinkler systems also increases
as the slope increases, thus raising the opportunity for
erosion to occur.

(g) Water tables

Water tables can be a barrier for root development
because of restricted oxygen availability. Through
planned water table control and management, shallow
ground water can supply all or part of the seasonal
crop water needs. The water must be high quality, salt
free, and held at or near a constant elevation. The
water table level should be controlled to provide water
according to crop needs. Figure 2—-6 displays approxi-
mate water table contribution, based on soil texture
and depth to water table. Some stratified soils respond
poorly to water table control because of the restric-
tions to water movement. The NRCS computer model
DRAINMOD can be used to analyze water tables and
subsurface water movement. Documentation for the
program includes definitions of factors.

(h) Soil erodibility

The erodibility of a soil should be considered in the
planning stage of any irrigation system. The rate and
method at which water is applied should be controlled
so that it will not cause excessive runoff and erosion.

Factors influencing soil erosion, such as stream size
for surface systems, surface storage because of resi-
due, microbasins, and vegetative cover, are not related
to soil properties. Table 2-14 shows soil erodibility

hazard for surface irrigation. It is based on soil struc-
ture, permeability, percent organic matter, percent silt
and very fine sand, and field slope. Three classes
indicate degree of erosion hazard on irrigated crop-
land for planning surface irrigation. For erosion factor
K, see section Il of the Field Office Technical Guide.

Figure 2-6  Water table contribution to irrigation
s requirement, as a function of soil type
(texture) and water table depth

Soil type Line number

Sticky clay
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Table 2-14  Soil erodibility hazard (S K values) for surface irrigation

——
Slope e USLE "K"values - - - - -----cmmammm e
(%) 10 15 17 20 24 28 32 37 43 49 55 64
0.1 .01 .02 02 02 02 .03 .03 .04 04 05 .06 .06
0.2 .02 .03 03 04 05 06 .06 .07 09 10 11 13
Slight
0.3 .03 .05 05 06 07 .08 .10 .11 A3 15 17 19
0.4 .04 .06 07 08 10 11 13 15 A7 |20 22 .26
0.5 .05 .08 0 10 12 14 16 .19 22 25 28 .32
1.0 10 15 A7 | 20 24 28 32 .37 43 49 55 64
15 15 .23 26 30 36 42 48 56 65 .74 83 .96
Moderate
2.0 .20 .30 34 40 48 56 64 74 86 .98 | 110 1.28
3.0 .30 45 51 60 72 84 96112 129 147 165 1.92
4.0 40 .60 68 .80 .96 [1.12 128 148 1.72 1.96
5.0 .50 .75 .85 [1.00 120 140 1.60
6.0 .60 90 | 1.02 120 144 1.68
7.0 .70 1 1.05 119 140 1.68
Severe
8.0 80 | 120 136 1.60
9.0 90 | 135 153
10.0 1.0 1.50
Hazard class S K value
Slight <02
Moderate 02-1.0
Severe >1.0
Where:

S = Slope in direction of irrigation
K = USLE Soil Erodibility
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(i) Chemical properties

Soil is formed primarily from the decomposition of
rocks. Exposure of the rock surface to water, oxygen,
organic matter, and carbon dioxide brings about
chemical alterations on the rock material. Oxidation,
reduction, hydration, hydrolysis, and carbonation
contribute to rock disintegration and creation of new
chemical compounds and solutions. The chemical and
mineralogical composition of the soil vary with re-
spect to depth or horizon. Weathering intensity de-
creases with depth from the surface. The longer the
weathering has proceeded, the thicker the weathered
layer and the greater the difference from the original
material. In mineral soils, organic matter content
generally decreases with depth.

The colloidal fraction (diameter less than 0.001 mm) of
the soil plays an important part in the chemistry of the
soil. Microbiological activity is greatest near the sur-
face where oxygen, organic matter content, and tem-
perature are the highest.

Cation Exchange Capacity (CEC) is the total amount
of cations held in a soil in such a way that they can be
removed by exchanging with another cation in the
natural soil solution, expressed in milliequivalents per
100 grams of oven-dry soil (meg/100 gm). The cation
exchange capacity is a measure of the ability of a soil
to retain cations, some of which are plant nutrients. It
is affected primarily by the kind and amount of clay
and organic matter. Soils that have low CEC hold
fewer cations and may require more frequent applica-
tions of fertilizers than soils with high CEC. See NASIS
MUR data base or SCS-SOI-5 for CEC estimates for
specific soil series.

(J) Saline and sodic soil effects

Salt affected soils are generally classified as follows,
using electrical conductivity of the soil-water extract,
EC,, as the basis:

Salinity EC.
Very Slight 0-4dS/m
Slight 4-8dS/m
Moderate 8-16dS/m
Strong > 16 dS/m

EC. is the electrical conductivity of soil-water extract
corrected to 77 °F (25 °C), usually expressed in units
of mmho per centimeter or deci-Siemens per meter.

1 mmho/cm =1 dS/m

As water is evaporated from the soil surface or used
by plants, salts and sodic ions within the soil-water
solution are left behind either on the ground surface or
within the soil profile. Accumulated saline salts can be
reduced by leaching with excess water through the
soil profile. This may need to be done regularly to
maintain a proper salt balance for desirable plant
growth. Figure 2-7 displays the effect of soil salinity
on AWC on a clay loam soil.

A detailed description of soil and water salinity and
sodicity is given in the American Society of Civil
Engineers Report No. 71, Agricultural Salinity Assess-
ment and Management (ASCE 1990), and in the Na-
tional Engineering Handbook, Part 623, Chapter 2,
Irrigation Water Requirements (USDA 1993).

Sodium Adsorption Ratio (SAR), is the standard mea-
sure of the sodicity of a soil or quality of the irrigation
water. It replaces the previously used exchangeable
sodium percentage (ESP).

Figure 2-7  Example soil-water retention curves for clay
= |0am soil at varying levels of soil salinity—
EC,
Electrical conductivity
351 of the saturated-soil extract
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SAR is calculated from the concentration of sodium,
calcium, and magnesium ions in the soil-water extract
or irrigation water. See Chapter 3, Crops, and Chapter
13, Quality of Water Supply, for discussion of plant
effects and quality of irrigation water. Sodium salts
decrease the ability of the soil to infiltrate water be-
cause of soil structure dispersion or defloculation.
Figure 2-8 displays losses in permeability because of
SAR and electrical conductivity of irrigation water.

(k) Soil reaction/acidity

Soil reaction is the degree of acidity of a soil, ex-
pressed as a pH value. Soil reaction is significant in
crop production and in soil management because of
the effect on solubility and availability of nutrients. A
change in the degree of reaction may increase the
solubility of other nutrients. This affects the amount of
nutrients in the soil solution available for plant use,
which significantly affects plant growth and crop yield.
Figure 2-9 graphically displays the effect of pH on
nutrient availability in soils.

Figure 2-8

Threshold values of sodium adsorption ratio of topsoil and electrical conductivity of infiltrating water associated

=eessmm— With the likelihood of substantial losses in permeability

30

25

Area of likely
— permeability
hazard

20

15

Area of unlikely
permeability hazard

10

Sodium Adsorption Ratio (SAR) in topsoil

Electrical conductivity of infiltrating water, mmho/cm
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Figure 2-9  Effect of pH on nutrient availability in soils (the wider the bar, the more available is the nutrient)

I
Nutrient availability in soils: The wider the bar, the more available is the nutrient.
Medium | Slightly | s | sterd | siightly | Medium
Strongly acid slightl slightl Strongly alkaline
o acid acid a%idy aIk%Iin)é alkaline | alkaline oy
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. Manganese " T

_Bacteria and actinomycetes
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652.0203 Explanation of
tables and data bases

State Soil Survey Database (SSSD) is a regional data
base included in state soil survey data. It provides the
soil data base for the Field Office Computer System
(FOCS). SSSD has two major data sets: Map Unit
Interpretations Record (MUIR) and Soils Interpreta-
tions Record (SIR) by soil series. From these, the
NRCS soil interpretation record SCS-SOI-5 is devel-
oped and summaries of interpretations made.

National Soils Information System (NASIS) is the next
generation of SSSD. When activated, NASIS will con-
tain county specific values instead of ranges. In addi-
tion, it will provide metadata (data about data). For
example: Was county specific available water capacity
for those soil series and texture measured, calculated,
or estimated.

652.0204 State supplement

(a) Soil surveys

About (number) different soil series are irrigated in
(state). These series are described in published or
interim soil survey reports that cover approximately

percent of the potentially irrigable and
existing irrigated area in the state. Soil series and
interpretations are also available in Section Il of the
Field Office Technical Guide.

(b) Soil properties

Table 2-15 displays soil properties and design values
for irrigation, by soil series, for all the irrigated or
potentially irrigated soils in (state) . Values
displayed are interpreted data taken from Section Il of
the Field Office Technical Guide, or represent actual
field or laboratory tests. Soils specifically having field
or laboratory test data are also indicated.

Table 2-15  Soil properties and design values for irrigation 1/
I
Soil series Depth Texture(s) Depth to AWC Depth ---Cumulative AWC ---  ----Intake 2/ - --- Max sprink
name water table Low Med. High Furrow Border appl. rate
(in) (ft) (in/in) (ft) (in) (in) (in) Ig Ig (in/hr)
Fairdale 0-8 SIL, L 3-5 .18-.22 1 2.1 2.3 26 .2-10 1-10 .25-4
8-30 SIL, L 16 -.20 2 40 45 5.0
30-45 SICL, L A15-.19 3 5.9 6.6 7.3
45 - 60 S,GR-LS, GR .03 -.04 4 7.3 8.2 9.1
5 7.7 8.2 9.1

1/ Having specific field or laboratory test data.

2/ Range of estimated intake is provided. Use a mid value for trial designs.
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652.0300 Purpose and
objective

The purpose of irrigation is to supplement natural
precipitation so that moisture requirements of crops
being grown are met. Crop response to irrigation
varies with soils, fertility, type of plants, stage of
growth, and local climate. Where crop stress caused
by moisture shortage is prevented by proper and
timely irrigation, other factors can become inhibitors
to desirable yield and quality.

Knowledge of how plants respond to, and use, soil
water throughout their growing season is essential to
successfully design and manage an irrigation system.
Continuous plant uptake of soil nutrients has a poten-
tial for improving ground water quality. Profitable crop
production is generally the objective of agriculture.
With proper management, soils (or water) affected by
salinity or sodicity can sustain plant growth in perpe-
tuity. Irrigation provides the insurance for high quality
and desirable quantity crops at reduced risk in semi-
arid, subhumid, and humid areas. It is a necessity in
arid regions. The effect of irrigation both onsite and
offsite on soil, water, air, plant, and animal resources
along with human considerations needs to be consid-
ered.

(a) Soil condition

For desirable crop growth, good soil condition is key
to optimum soil aeration, water infiltration, permeabil-
ity, and uniform root development. It also helps reduce
runoff and potential soil erosion. Good soil condition
can be maintained or improved by eliminating excess
tillage operations, avoiding field operations while soil-
water content is high, using organic material or crop
residue, and using grass and legumes in rotation. To
reduce opportunity of soil compaction on irrigated
pastures, livestock should be excluded during and
after irrigation until adequate soil surface dry-out
occurs.

(b) Nutrient management

A healthy plant uses water more efficiently than a
plant that lacks nutrients and trace elements. Total
water use by a healthy plant is greater than that for a
plant deprived of nutrients. However, the yield per unit
of water is much greater for healthy plants.

Soil fertility is maintained with proper nutrient man-
agement by maintaining proper soil reaction (pH level)
and by using an appropriate cropping system. Liming
may be needed on acid soil. On saline soils, leaching of
excess salts is generally needed. On sodic soils, both
soil amendments and leaching may be needed. Soil
tests, field observations, planned yield and quality, and
field experience help determine the type and amount
of fertilizers and other elements to use. Using excess
fertilizer or poor application timing can result in
movement of chemicals below the root zone into the
ground water or off the field.

(c) Soil, water, pest, nutrient, and
crop residue management

Optimum production requires the operator to control
weeds and insects, use high quality seed of adapted
varieties, apply fertilizer according to plant needs, and
practice good soil and water management during all
parts of the growing season. Crops grown should be
selected to fit the soil, water, climate, irrigation sys-
tem, farm equipment, and market availability. Plant
population can generally be increased when practicing
good soil, water, pesticide, nutrient, and crop residue
management.
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652.0301 Crop growth
characteristics

(a) Response to water, crop yield,
and quality

Water is only one component needed to achieve de-
sired crop yield and quality. A practical definition for
water use efficiency is the amount of yield per unit of
area per unit of water, e.g., 6 bushels of wheat per acre
per acre-inch of applied water. Such yield water use
comparison units can provide a basis for comparison
when improvements are made.

Maintaining soil water within a desirable depletion
range (preferably less than 5 bars tension) generally
provides the expected yield and quality. The effect on
yield and quality depends on how severe and during
which period of crop growth water deficit occurs.
Applying excess irrigation water over and above that
necessary to grow a successful crop will not increase
yields and generally reduces yields.

Other factors, such as the lack of available nutrients,
trace elements, and uncontrolled pest activity, may
limit crop yield. Excess irrigation water can leach
essential plant nutrients and some pesticides and their
metabolites below the root zone. This is especially
true with nitrates, which are quite mobile in water.
Excess irrigation water percolating below the root
zone can pollute ground water.

(b) Critical growth periods

Plants must have ample moisture throughout the
growing season for optimum production and the most
efficient use of water. This is most important during
critical periods of growth and development. Most
crops are sensitive to water stress during one or more
critical growth periods in their growing season. Mois-
ture stress during a critical period can cause an irre-
versible loss of yield or product quality. Critical peri-
ods must be considered with caution because they
depend on plant specie as well as variety. Some crops
can be moderately stressed during noncritical periods
with no adverse effect on yields. Other plants require
mild stress to set and develop fruit for optimum har-
vest time (weather or market).

The need for an irrigation should be determined by an
onsite examination of the soil for water content or by
any irrigation scheduling method for which basic data
have been established. Using only plant appearance as
the moisture deficit symptom can lead to misinterpre-
tation, which generally results in reduction of yield
and product quality. When the plant appears to be dry,
it may already be in a moisture stress condition. Some
plants temporarily wilt to conserve moisture during
otherwise high evapotranspiration periods of the day.
Dry appearance may also be caused by other problems
(lack of nutrients, insect activity, disease, lack of
essential trace elements). Critical water periods for
most crops and other irrigation considerations are
displayed in table 3-1. Irrigation scheduling techniques
are described in more detail in Chapter 9, Irrigation
Water Management.
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Table 3-1 Critical periods for plant moisture stress

|

Crop Critical period Comments

Alfalfa hay At seedling stage for new seedlings, just Any moisture stress during growth period
after cutting for hay, and at start of reduces yield. Soil moisture is generally
flowering stage for seed production. reduced immediately before and during

cutting, drying, and hay collecting.
Beans, dry Flowering through pod formation. Sensitive to over-irrigation.

Beans, green
Broccoli
Cabbage
Cauliflower
Cane berries

Citrus

Corn, grain

Corn, silage

Corn, sweet

Cotton

Cranberries

Fruit trees

Grain (small)

Blossom through harvest.

During head formation and enlargement.
During head formation and enlargement.
During entire growing season.

Blossom through harvest.

During entire growing season.

From tasseling through silk stage
and until kernels become firm.

From tasseling through silk stage and
until kernels become firm.

From tasseling through silk stage until
kernels become firm.

First blossom through boll maturing
stage.

Blossom through fruit sizing.

During the initiation and early development
period of flower buds, the flowering and
fruit setting period (maybe the previous
year), the fruit growing and enlarging
period, and the pre-harvest period.

During boot, bloom, milk stage, early head
development and early ripening stages.

(210-vi-NEH, September 1997)

Blossom and next season fruit set occurs
during harvest of the previous crop.

Needs adequate moisture from germination
to dent stage for maximum production.
Depletion of 80% or more of AWC may be
allowed during final ripening period.

Needs adequate moisture from germination
to dent stage for maximum production.

Any moisture stress, even temporary, ceases
blossom formation and boll set for at least 15
days after moisture again becomes available.

Stone fruits are especially sensitive
to moisture stress during last 2
weeks before harvest.

Critical period for malting barley is at soft
dough stage to maintain a quality kernel.
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Table 3-1 Critical periods for plant moisture stress—Continued

|

Crop Critical period Comments

Grapes All growth periods especially during fruit See vine crops.

filling.

Peanuts Full season.

Lettuce Head enlargement to harvest. Water shortage results in a sour and strong
lettuce. Crop quality at harvest is controlled
by water availability to the plant, MAD
15— 20% is recommended.

Melons Blossom through harvest.

Milo Secondary rooting and tillering to boot

stage, heading, flowering, and grain
formation through filling.
Onions, dry During bulb formation. Maintain MAD 30 — 35% of AWC. Let soil dry

Onions, green

Nut trees

Pasture

Peas, dry

Peas, green

Peppers

Potato

Radish

Sunflower

3-4

Blossom through harvest.

During flower initiation period,

fruit set, and midseason growth.

During establishment and boot stage to
head formation.

At start of flowering and when pods are
swelling.

Blossom through harvest.

At flowering stage and when peppers are
in fast enlarging stage.

Flowering and tuber formation to harvest.

During period of root enlargement.

Flowering to seed development.

near harvest.

Strong and hot onions can result from mois-
ture stress.

Pre-harvest period is not key because nuts
form during midseason period.

Maintain MAD less than 50%. Moisture stress
immediately after grazing encourages fast
regrowth.

Sensitive to irrigation scheduling. Restrict
MAD to 30 — 35% of AWC. Low quality tubers
result if allowed to go into moisture stress
during tuber development and growth.

Hot radishes can be the result of moisture
stress.
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Table 3-1 Critical periods for plant moisture stress—Continued

Crop

Critical period

Comments

Sorghum grain

Soybeans
Strawberries

Sugar beets

Sugarcane

Tobacco

Tomatoes

Turnips

Vine crops

Watermelon

Secondary rooting and tilling to boot stage,
heading, flowering, and grain formation
through filling.

Flowering and fruiting stage.

Fruit development through harvest.

At time of plant emergence, following

thinning, and about 1 month after
emergence.

During period of maximum vegetative
growth.

Knee high to blossoming.

When flowers are forming, fruit is setting,
and fruits are rapidly enlarging.

When size of edible root increases
rapidly up to harvest.

Blossom through harvest.

Blossom to harvest.

Frequent light applications during early
growth period. Temporary leaf wilt on hot
days is common even with adequate soil water
content. Excessive fall irrigation lowers sugar
content, but soil moisture needs to be
adequate for easy beet lifting.

Strong tasting turnips can be the result of
moisture stress.
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Table 3-2 Adapted irrigation methods

|
Crop Management - --------------mamo s Adapted irrigation methods - - - - - - - - ---- - - oaaii o
depth ------comeiii o Surface--------------------- Sprinkler Micro- Subirr.
------ level ------ ----------graded----------
(ft) border furrow border furrow corrug.
Alfalfa 5 X X X X X X
Beans, dry 3 X X X X X
Beans, green 3 X X X
Cane berries 3 X X X X X X
Citrus 3 X X X X
Corn, grain 4 X X X X
Corn, silage 4 X X X X
Corn, sweet 3 X X X X
Cotton 3 X X X X
Grain, small 4 X X X X X X X
Cranberries 2 X X
Grass, seed 3 X X X X X X
Grass, silage 3 X X X X X X
Milo (sorghum) 3 X X X X
Nursery stock 0-3 X X X X X X X
Orchard 5 X X X X X X X
Pasture 3 X X X X X
Peanuts 3 X X X X
Peas 3 X X X X X
Potatoes 3 X X X X
Safflower 5 X X X X X
Sugar beets 5 X X X
Sunflower 5 X X X X X
Tobacco 3 X X
Tomatoes 2 X X X X X
Turf, sod 2 X X X
Turf 2 X X X X
Vegetables U X X X X X X
Vegetables 2 X X X X X X X
Vegetables 3 X X X X X X X
Vegetables 4 X X X X X X X

1/ 1-foot depth—Lettuce, onions, spinach.

2/ 2-foot depth—Cabbage, brussel sprouts, broccoli, cauliflower.
3/ 3-foot depth—Turnips, parsnips, carrots, beets, green beans.
4/ 4-foot depth—Squash, cucumber, melons.
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(c) Irrigation related management

Determining when to irrigate a specific crop requires
the selection of a Management Allowable Depletion
(MAD) of the available soil water. MAD is defined as
the percentage of the available soil water that can be
depleted between irrigations without serious plant
moisture stress. MAD is expressed as:

= apercentage of the total Available Water Con-

tent (AWC) the soil will hold in the root zone,
= asoil-water deficit (SWD) in inches, or
< an allowable soil-water tension level.

Different crops tolerate different soil-water depletion
levels at different stages of growth without going into
moisture stress. Some crops have critical growth
periods during only one stage of growth, while others
have critical periods during several stages of growth.

MAD should be evaluated according to crop needs,
and, if needed, adjusted during the growing season.
Values of MAD, during the growing season are typi-
cally 25 to 40 percent for high value, shallow rooted
crops; 50 percent for deep rooted crops; and 60 to 65
percent for low value deep rooted crops.

Recommended MAD values by soil texture for deep
rooted crops are:

« Fine texture (clayey) soils 40%

e Medium texture (loamy) soils  50%

e Coarse texture (sandy) soils  60%

Table 3-2 displays adapted irrigation methods for
various crops, and table 3-3 lists recommended MAD
levels by crop development stages for a few crops.
Caution: Medium to fine textured soils can reduce
MAD values given in this table.

Table 3-3 Recommended Management Allowable
— Depletion (MAD) for crop growth stages

(% of AWC) growing in loamy soils .2/

Crop  eeeeeee-- Crop growth stage - - --------
Estab- Vege- Flowering Ripening
lishment tative yield maturity
formation
Alfalfa hay 50 50 50 50
Alfalfa seed 50 60 50 80
Beans, green 40 40 40 40
Beans, dry 40 40 40 40
Citrus 50 50 50 50
Corn, grain 50 50 50 50
Corn, seed 50 50 50 50
Corn, sweet 50 40 40 40
Cotton 50 50 50 50
Cranberries 40 50 40 40
Garlic 30 30 30 30
Grains, small 50 50 403 60
Grapes 40 40 40 50
Grass pasture/hay 40 50 50 50
Grass seed 50 50 50 50
Lettuce 40 50 40 20
Milo 50 50 50 50
Mint 40 40 40 50
Nursery stock 50 50 50 50
Onions 40 30 30 30
Orchard, fruit 50 50 50 50
Peas 50 50 50 50
Peanuts 40 50 50 50
Potatoes 35 35 35 504
Safflower 50 50 50 50
Sorghum, grain 50 50 50 50
Spinach 25 25 25 25
Sugar beets 50 50 50 50
Sunflower 50 50 50 50
Tobacco 40 40 40 50
Vegetables
1to 2 ftrootdepth 35 30 30 35
3to 4 ftrootdepth 35 40 40 40

For medium to fine textured soils:

1/ (Most restrictive MAD) Some crops are typically not grown on

these soils.

2/ Check soil moisture for crop stress point approximately one-
third of the depth of the crop root zone.

3/ From boot stage through flowering.

4/ Atvine Kill.
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(d) Rooting depth and moisture o oilexatact avaiiable sofl water from a dee
extraction patterns uniform, well drained soil under average :
unrestricted conditions (depths shown are
The soil is a storehouse for plant nutrients, an environ- for 80% of the roots)
ment for biological activity, an anchorage for plants,
and a reservoir for water to sustain plant growth. The Crop Depth Crop Depth
amount of water a soil can hold available for plant use (f) (ft)
is determined by its physical properties. It also deter-
mines the frequency of irrigation and the capacity of
the irrigation system needed to ensure continuous Alfalfa 5 Peas 2-3
crop growth and development. Asparagus 5 Peppers 1-2
Bananas 5 Potatoes, Irish 2-3
The type of root system a plant has is fixed by genetic Beans, dry 2-3 Potatoes, sweet  2-3
factors. Some plants have tap roots that penetrate Beans, green 2-3 Pumpkins 3-4
deeply into the soil, while others develop many shal- Beets, table 2-3 Radishes 1
low lateral roots. The depth of the soil reservoir that Broccoli 2 Safflower 4
holds water available to a plant is determined by that Berries, blue 4-5 Sorghum 4
plant’s rooting characteristics and soil characteristics Berries, cane 4-5 Spinach 1-2
including compaction layers and water management. Brussel sprouts 2 Squash 3-4
The distribution of the plant roots determines its Cabbage 2 Strawberries 1-2
moisture extraction pattern. Figure 3-1 shows typical Cantaloupes 3 Sudan grass 3-4
root distribution for several field and vegetable crops. Carrots 2 Sugar beets 4-5
Typical rooting depths for various crops grown on a Cauliflower 2 Sugarcane 4-5
deep, well drained soil with good water and soil man- Celery 1-2 Sunflower 4-5
agement are listed in table 3—4. Chard ) 1-2 Tobacco 3-4
Clover, Ladino 2-3 Tomato 3
For annual crops, rooting depths vary by stage of Cranberries 1 Turnips 2-3
growth and should be considered in determining the Corn, sweet 2-3 Watermelon 3-4
amount of water to be replaced each irrigation. All Corn, grain 3-4 Wheat 4
plants have very shallow roots early in their develop- Corn seed 3-4
ment period; therefore, only light and frequent irriga- Corn, silage 3-4
tions are needed. Because roots will not grow into a Cotton 4-5 Trees
dry soil, soil moisture outside the actual root develop- Cucumber 1-2 Fruit 4-5
ment area is needed for the plant to develop a full root Eggplant 2 Citrus 3-4
system in the soil profile. Excess moisture in this area Garlic 1-2 Nut 4-5
will also limit root development. Grains & flax 3-4 )
Grapes 5 Shrubs & misc. trees
For most plants, the concentration of moisture absorb- Grass pasture/hay  2-4 for windbreaks
ing roots is greatest in the upper part of the root zone Grass seed 3-4 <10ft tall 2-3+
(usually in the top quarter). Extraction is most rapid in Lettuce 1-2 10-251t tall 3-4+
the zone of greatest root concentration and where the Melons 2-3 >25fall ot
most favorable conditions of aeration, biological Milo 2-4
activity, temperature, and nutrient availability occur. Mustard 2 Other
Water also evaporates from the upper few inches of Onions 1-2 Turf (sod & lawn) 1 -2
the soil; therefore, water is diminished most rapidly Parsnips 2-3 Nursery stock ~ 1-3
from the upper part of the soil. This creates a high soil- Peanuts 2-3 Nursery stock  pots

water potential gradient.
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Figure 3-1  Root distribution systems—deep homogenous soils with good water management and no soil restrictions
|
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In uniform soils that are at field capacity, plants use

water rapidly from the upper part of the root zone and

more slowly from the lower parts. Figure 3-2 shows
the typical water extraction pattern in a uniform soil.
About 70 percent of available soil water comes from
the upper half of a uniform soil profile. Any layer or
area within the root zone that has a very low AWC or
increased bulk density affects root development and
may be the controlling factor for frequency of irriga-
tions.

Figure 3-3 illustrates the effect on root development
of some limitations in a soil profile. Variations and
inclusions are in most soil map units, thus uniformity
should not be assumed. Field investigation is required
to confirm or determine onsite soil characteristics
including surface texture, depth, slope, and potential
and actual plant root zone depths.

Soil texture, structure, and condition help determine
the available supply of water in the soil for plant use
and root development. Unlike texture, structure and
condition of the surface soil can be changed with
management.

Figure 3-2  Typical water extraction pattern in uniform
s S0il profile
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Note:  Approximately 70 percent of water used by plants is
removed from the upper half of the plant root zone.
Optimum crop yields result when soil-water tensions in
this area are kept below 5 atmospheres. Very thin tillage
pans can restrict root development in an otherwise
homogenous soil. Never assume a plant root zone.
Observe root development of present or former crops.

Numerous soil factors may limit the plant’s genetic
capabilities for root development. The most important
factors are:

= soil density and pore size or configuration,

= depth to restrictive layers and tillage pans,

« soil-water status,

< soil condition,

« soil aeration,

e organic matter,

e nutrient availability,

« textural or structural stratification,

« water table,

< salt concentrations, and

= soil-borne organisms that damage or destroy

plant roots.

Root penetration can be extremely limited into dry
soil, a water table, bedrock, high salt concentration
zones, equipment and tillage compaction layers, dense
fine texture soils, and hardpans. When root develop-
ment is restricted, it reduces plant available soil-water
storage and greatly alters irrigation practices neces-
sary for the desired crop production and water con-
servation.

Root penetration is seriously affected by high soil
densities that can result from tillage and farm equip-
ment. Severe compacted layers can result from heavy
farm equipment, tillage during higher soil moisture
level periods, and from the total number of operations
during the crop growing season. In many medium to
fine textured soils, a compacted layer at a uniform
tillage depth causes roots to be confined to the upper 6
to 10 inches. Roots seek the path of least resistance,
thus do not penetrate a compacted dense layer except
through cracks. Every tillage operation causes some
compaction. Even very thin tillage pans restrict root
development and can confine roots to a shallow depth,
thereby limiting the depth for water extraction. This is
probably most common with row crops where many
field operations occur and with hayland when soils are
at high moisture levels during harvest.
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Compaction layers can be fractured by subsoiling
when the soil is dry. However, unless the cause of
compaction (typically tillage equipment itself), the
number of operations, and the method and timing of
the equipment’s use are changed, compaction layers
will again develop. Only those field operations essen-
tial to successfully growing a crop should be used.
Extra field operations require extra energy (tractor
fuel), labor, and cost because of the additional wear
and tear on equipment. The lightest equipment with
the fewest operations necessary to do the job should
be used.

For site specific planning and design, never assume a
plant root zone depth. Use a shovel or auger to ob-
serve actual root development pattern and depth with
cultural practices and management used. The previous
crops or even weeds will generally show root develop-
ment pattern restrictions. See NEH Part 623, (Section
15), Chapter 1, Soil-Plant-Water Relationship, and
Chapter 2, Irrigation Water Requirements, for addi-
tional information.

Figure 3-3
|

Effect of root development on soils with
depth limitations

L 7 — ngh water table:
Dry soil at or below - - - —

wilting percentage

Severe éompacted Iayer
(may be < .25 inch thick)
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652.0302 Crop and irriga-
tion system water require-
ments

(a) Crop evapotranspiration

Plants need water for growth and cooling. Small
apertures (stomata) on the upper and lower surfaces
of the leaves allow for the intake of carbon dioxide
required for photosynthesis and plant growth. Water
vapor is lost to the atmosphere from the plant leaves
by a process called transpiration. Direct water evapo-
ration also occurs from the plant leaves and from the
soil surface. The total water used by the specific crop,
which includes direct evaporation from plant leaves
and the soil surface and transpiration, is called crop
evapotranspiration (ET,.). Processes to determine
local crop evapotranspiration are described in NEH,
Part 623, Chapter 2, Irrigation Water Requirements,
and in Chapter 4, Water Requirements, of this guide.

(b) Irrigation frequency

How much and how often irrigation water must be
applied depends on the soil AWC in the actual plant
root zone, the crop grown and stage of growth, the
rate of evapotranspiration of the crop, the planned soil
Management Allowable Depletion (MAD) level, and
effective rainfall. More simply put; it depends on the
crop, soil, and climate.

Never assume a plant root zone for management
purposes. Check actual root development pattern and
depth. See section 652.0301(d).

Once a MAD is selected, determining when to irrigate
simply requires estimation or measurement of when
the soil moisture reaches that level. Coarse textured
and shallow soils must be irrigated more frequently
than fine textured deep soils because fine textured
deep soils store more available water. The moisture
use rate varies with the crop and soil. It increases as
the crop area canopy increases, as humidity decreases
and as the days become longer and warmer.

Frequency can be estimated by dividing the MAD by
the estimated or measured evapotranspiration of the
crop as follows:

MAD (inches)
Crop ET rate (in/day)

Irrigation frequency (days) =

A much higher quality product is produced if the MAD
level is kept less than 35 percent in some crops, such
as potatoes, pecans, vegetables, and melons. This is
also true for mint.

Several methods are available for irrigation scheduling
(determining when to irrigate and how much to apply).
They are described in Chapter 9, Irrigation Water
Management.

(c) Net irrigation requirement

The net amount of water to be replaced at each irriga-
tion is the amount the soil can hold between field
capacity and the moisture level selected when irriga-
tion is needed (MAD). Maintaining the same soil
moisture level throughout the growing season is not
practical and probably not desirable. Ideally, an irriga-
tion is started just before the selected MAD level is
reached or when the soil will hold the irrigation appli-
cation plus expected rainfall. The net amount of water
required depends on soil AWC in the plant root zone
and the ability of a particular crop to tolerate moisture
stress. If the MAD level selected is 40 percent of AWC
in the root zone (Soil-water Deficit = 40%), it is neces-
sary to add that amount of water to bring the root zone
up to field capacity. For example if the total soil AWC
in the root zone is 8 inches and MAD = 40%:

Net irrigation = 40% x 8in

=3.2in

In semihumid and humid areas, good water managers
do not bring the soil to field capacity with each irriga-
tion, but leave room for storage of expected rainfall.
When rainfall does not occur, the irrigation frequency
must be shortened to keep the soil moisture within the
MAD limit. It is a management decision to let MAD
exceed the ability of an irrigation system to apply
water. For example, if a center pivot sprinkler system
applies a net of 1 inch per cycle, let MAD be equal to 1
inch plus expected rainfall. MAD for a surface irriga-
tion system will be typically greater as heavier applica-
tions are required for best uniformity across the field.
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(d) Gross irrigation requirement

The gross amount of water to be applied at each
irrigation is the amount that must be applied to assure
enough water enters the soil and is stored within the
plant root zone to meet crop needs. No irrigation
system that fully meets the season crop evapotranspi-
ration needs is 100 percent efficient. Not all water
applied during the irrigation enters and is held in the
plant root zone. Also, all irrigation systems have a
distribution uniformity less than 100 percent. Applying
too much water too soon (poor irrigation water man-
agement) causes the greatest overuse of water. Irriga-
tion systems and management techniques are available
that reduce the avoidable losses. They are described in
chapters 5, 6, 7, 8, and 9 of this guide.

Unavoidable losses are caused by:

« Unequal distribution of water being applied
over the field.

« Deep percolation below the plant root zone in
parts of the field.

e Translocation or surface runoff in parts of the
field.

= Evaporation from the soil surface; flowing and
ponded water.

< Evaporation of water intercepted by the plant
canopy under sprinkler systems.

= Evaporation and wind drift from sprinklers or
spray heads.

* Nonuniform soils.

For a given irrigation method and system, irrigation
efficiency varies with the skill used in planning, de-
signing, installing, and operating the system. Local
climatic and physical site conditions (soils, topogra-
phy) must be assessed. To assure that the net amount
of soil water is replaced and retained in the root zone
during each irrigation, a larger amount of water must
be applied to offset the expected losses. The gross
amount to be applied is determined by the equation
shown at the bottom of this page.

For more information on irrigation and system require-
ments, see Chapter 4, Water Requirements; NEH Part
623, Chapter 2, Irrigation Water Requirements; and the
West National Technical Center publication, Farm
Irrigation Rating Index (FIRI), A method for planning,
evaluating and improving irrigation management.

Net amount to be replaced (in)

Gross irrigation amount (in) =

Overall irrigation efficiency of system imcluding management (%)
_ Management Allowable Depletion (MAD)

Overall irrigation efficiency
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652.0303 Reduced irriga-
tion and restricted water

supply

Several opportunities are available to the irrigator in
semiarid, subhumid, and humid areas for reduced
irrigation water application:

* Maximizing effective rainfall.

« Deficit or partial season irrigation.

» Selection of crops with low water requirements
during normal high water use periods; i.e.,
small grains, (or accept the risk of drought
periods).

« Selection of drought resistant crops and variet-
ies that provide yields based on water availabil-
ity, i.e., alfalfa hay, grass pasture (accept the
reduced yields caused by drought periods).

= lIrrigate just before critical growth period(s) of
the crop to minimize critical plant moisture
stress during those periods.

* Use state-of-art irrigation scheduling tech-
niques that use local area climate and onsite
rainfall data, and field-by-field soil moisture
status monitoring.

« Use tillage practices that allow maximum
surface storage and infiltration of rainfall
events, reducing runoff and soil surface
evaporation.

« Follow an intensive crop residue management
and mulch program and minimize tillage to
reduce soil surface evaporation.

« Reduce irrigated acreage to that which can be
adequately irrigated with the available water

supply.

Risk is less when growing crops on deep, high AWC,
loamy soils and in climatic areas that have adequate
rainfall for the crop. The risk is greater when growing
crops on low AWC soils even in areas that have ad-
equate rainfall during the growing season. When
growing high value crops, an irrigation system and
adequate water supply are highly desirable for insur-
ance against potential crop loss. A detailed economic
analysis should be completed to provide estimates of
optimum net benefits. The analysis should include cost
of water, pumping costs, reduced yields caused by
reduced crop water use, and reduced tillage operation
costs. Subsequent management decisions should be
based on this analysis. See chapter 11 for additional
discussion.

In some areas irrigation water delivery systems, in-
cluding management, limit on-farm water management
improvements. Rotational delivery systems have the
lowest on-farm water management potential, while on
demand delivery systems have the highest.

Improving both management and the irrigation system
can reduce the amount of water applied and more
effectively use existing water supplies. Improving
water management, including irrigation scheduling
and adequate water measurement, is always the first
recommended increment of change. Improving exist-
ing irrigation systems is the next. Unless the existing
irrigation system is unsuitable for the site, crop grown,
or water supply, converting to another irrigation
method seldom produces benefits equal to improve-
ments in water management. See Chapter 5, Selecting
an Irrigation Method, for additional information on
selecting and applying the best method or system for
the site.
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T — See Chapter 5, Selecting an Irrigation Method, Chapter
652.0304 Ad apted i rriga_ 6, Irrigation System Design, and chapters 3, 4, 5, 7, and

tion systems

All crops can be efficiently irrigated by more than one
irrigation method and system. Crops grown and their
cultural requirements aid in determining the irrigation
method and system used. Crops can be placed in
broad categories as follows:

Category 1. Row or bedded crops:
sugar beets, sugarcane, potatoes,
pineapple, cotton, soybeans, corn,

11 of the National Engineering Handbook, Part 623
(section 15) for more information on adapted irriga-

tions systems.

Table 3-5 Irrigation system vs.
L]

crops grown

Irrigation system

Surface

sorghum, milo, vegetables, vegetable Basins, borders X
and flowe_r seed, melons, tomatoes, and Furrows, corrugations %
strawberries. .
Contour levee - rice
Category 2. Close-growing crops (sown, drilled, .
or sodded): Sprinkler
small grain, alfalfa, pasture, and turf. Side (wheel) roll lateral X
Hand move lateral X X
Category 3. Water flooded crops: Fixed (solid) set % %
rice and taro. . i
Center pivot, linear move X
Category 4. Permanent crops: Big guns - traveling, stationary X
orchards of fruit and nuts, citrus )
groves, grapes, cane berries, blueber- Micro
ries, cranberries, bananas and papaya Point source X
plant:_:\tlons, hops, _anq trees and shrubs Line source %
for windbreaks, wildlife, landscape, in bubbl
and ornamentals. Basin bubbler X
Mini sprinklers & spray heads X
A comparison of irrigation system versus crops that o
can be reasonably grown with that system is displayed Subirrigation X

in table 3-5.
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652.0305 Temperature—
effects and management

Crop yield and quality can be negatively affected by
temperature extremes, both cold and hot. Application
of water in a timely manner can provide some degree
of protection. Water can also be applied to cool plants
to maintain product quality, to delay bud development,
and to provide frost protection of buds, flowers, and
young fruit.

(a) High temperatures

Extremely high temperatures can

e put plants into a temporary plant moisture
stress,

e hasten untimely fruit development and ripen-
ing,

e cause moisture stress in ripening fruit,

e sunburn berries and other fruit,

e overheat bare soils during seed germination
(i.e., lettuce), and

< overheat standing water in basin irrigation.

Water used for temperature modification as a crop and
soil coolant is typically applied with a sprinkler/spray
system.

(b) Low temperatures

When temperatures drop below the critical tempera-
ture, damage can occur to both annual and perennial
plants. If ambient air temperature and humidity are
severely low, permanent damage to fruit, citrus, and
nut trees can occur. When it drops below freezing, the
developing buds and flowers on fruit and berry plants
can be damaged. Temporary freeze back of new
growth in grasses and legumes can occur, and healthy
annual plants can be killed or damaged beyond recov-
ery.

Water can be applied to provide frost protection to
about 25 °F. Sprinkler/spray systems that apply water
overhead onto the plant canopy are typically used.
This allows a protective layer of ice to build up on the
leaves, blossoms, and buds. Frost protection involves
heat release caused by changing water to ice. The
process must be understood to determine the applica-
tion rate and timing of water for adequate frost protec-
tion. Some limited success has been attained with
under-tree spray systems and surface flooding sys-
tems.

See NEH, Part 623 (Section 15), Chapter 2, Irrigation
Water Requirements, for further information.
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652.0306 Salinity and sod-
icity effects

(a) General

In arid areas nearly all irrigation water and soils con-
tain salts, some of which are toxic to plants and ani-
mals. When water is removed from the soil profile by
plant transpiration and soil surface evaporation, salts
remain in the soil profile and on the soil surface. If the
soil-water solute is high in sodium, the soil becomes
sodic. All other ionic concentrations in solution (i.e.,
calcium, magnesium, potassium) cause salinity. These
conditions are particularly common where most of the
crop water requirement comes from irrigation. The
problem eventually becomes serious if
e irrigation or natural precipitation is not
sufficient to leach the accumulating salts,
e water and soil management are less than
adequate,
< soil and water amendments are inadequate, or
e the soil is poorly drained.

Salinity and sodicity problems can also develop as a
result of saline seeps, use of poor quality irrigation
water including flooding by brackish water near the
ocean, or by using drainage water from upslope irriga-
tion. As salt concentrations increase above a threshold
level, the growth rate, mature size of crops, and prod-
uct quality progressively decrease.

Principal objectives of water management are to
maintain soil tilth, soil-water content, and salinity and
sodicity levels suitable for optimum plant growth. A
natural occurring internal drainage or an installed
drainage system within the usable soil profile is essen-
tial. See Chapter 13, Quality of Water Supply, for
additional information.

(b) Measuring salinity and
sodicity concentration

A method has been developed to measure and quantify
salinity and sodicity levels in soils. Thus, the salinity of
a soil can be determined by measuring the electrical
conductivity, EC,, of the soil-water extract expressed
in millimhos per centimeter or decisiemens per meter,

corrected to a standard temperature of 77 °F (25 °C).
1 mmho/cm =1 dS/m.

Salt molecules in solution produce electrically-charged
particles called ions. lons can conduct an electrical
current. The greater the concentration of ions in a
solution, the greater the electrical conductivity of the
solution.

To measure sodicity in soil, the Sodium Adsorption
Ratio (SAR) is used. It is a measure of the ratio of
sodium to calcium plus magnesium present.
SAR = Na a
OCa + Mg [2
2

(c) Effects of salinity on yields

Crop yields and quality are reduced when salinity
levels exceed a certain threshold. See NEH, Part 623,
Irrigation, Chapter 1, Soil-Plant-Water Relationships
(table 1-8), and Chapter 2, Irrigation Water Require-
ments. The information presented provides two essen-
tial parameters for expressing salt tolerance:
* The salinity threshold level above which re-
duced yield will occur
« The percent yield reduction per unit salinity
increase beyond the threshold level

(d) Effect of salinity and sodicity
on AWC

Plants extract water from the soil by exerting an
adsorptive force or tension greater than the attraction
of the soil matrix for water. As the soil dries, remain-
ing water in the soil profile is held more tightly by soil
particles. Salts also attract water. The combination of
drying soils and elevated salt concentrations results in
less water at a given tension being available for plant
uptake. The reduction in water available to the crop as
salinity increases is evident in figure 2-7, chapter 2,
which shows the volumetric water content versus soil-
water potential for a clay loam soil at various degrees
of soil salinity, EC,. Table 2-4 provides a process to
estimate AWC based on texture and EC, of 0 to 15
mmho/cm.
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If the salt content of the soil cannot be maintained or
reduced to a point compatible with the optimum yield
of a crop, a more salt-tolerant crop should be grown or
the operator must accept reduced yields. Most often,
salinity or sodicity is not maintained below plant
thresholds because less than adequate soil and water
management practices are followed.

(e) Management practices for
salinity and sodicity control

The major objective of salinity management is to keep
soil salinity and sodicity below thresholds for seed
germination, seedling establishment, crop growth, and
quality while minimizing the salt loading effects of
drainage outflow. Procedures that require relatively
minor changes in management are:

« Improved irrigation water management

« Improved crop residue management

« Adding soil and water amendments

« Selection of more salt-tolerant crops

« Leaching with additional irrigation water

e Preplantirrigations

e Changing of seed placement on the furrow bed

Maintaining a higher soil-water content decreases soil-
water tension; thereby, increasing water available to
plants. Alternatives that require significant adjust-
ments are:

e Changing the water supply

e Changing irrigation methods

e Land leveling for improvements to surface

drainage and irrigation water distribution
« Modifying the soil profile
e Providing for internal drainage

ASCE Report No. 71, Agricultural Salinity Assessment
and Management (1990) gives specific recommenda-
tions regarding salinity and sodicity assessment and
management.

Irrigated agriculture cannot be sustained without
adequate leaching and internal drainage to control
buildup of calcium, sodium, and other toxic ions in the
soil profile. Where subsurface drainage systems are
installed to improve downward water movement and
removal of the required leaching volume, soluble salts
plus other agricultural chemicals and fertilizers move
with the drainage water. They have the potential to
move to streams, wetlands, estuaries, and lakes.

Where possible, leaching events should be planned
when soil nitrate levels are low. The leaching require-
ment for salinity control can be minimized with good
irrigation water management and with adequately
designed, installed, and operated irrigation water
delivery and application systems.

Drainage outflow with high salt concentrations can be
disposed of through use of evaporation ponds (the
salts remain), or often water can be directly reused as
an irrigation water supply for applications where
saline water is acceptable, such as irrigation of salt-
tolerant plants or for industrial uses. In some areas
drainage outflow with high salt concentration may not
be allowed to be released to public waters without a
point-discharge permit, or it must be desalted. In most
high salt content water reuse operations, the salt
moves and precipitates out at another spot. It does not
go away.

When irrigating with high salt content water, internal
soil drainage and leaching are required to maintain an
acceptable salt balance for the plants being grown.
The salt concentration in drainage outflow can be
quite high, and concern for safe disposal still exists.
Some saline and sodic tolerant crops require high
quality water for germination and establishment. Once
the crop is established, poorer quality water can be
used. Generally, water containing different saline-
sodic concentrations should not be mixed.

(f) Toxic elements

Toxicity problems can be the same or different from
those of salinity and sodicity because they can occur
between the plant and the soil and may not be caused
by osmotic potential or water stress. Toxicity normally
results when certain ions are present in the soil or
absorbed with soil-water, move with the plant transpi-
ration stream, and accumulate in the leaves at concen-
trations that cause plant damage. It also can result
from water sprayed directly on leaf surfaces. The
extent of the damage depends on the specific ion
concentration, crop sensitivity, crop growth stage, and
crop water use rate and time.

The usual toxic ions in irrigation water include chlo-
ride, sodium, and boron. Excessive chlorine in domes-
tic water systems and salts from water softeners in
home systems can also be a problem. Not all crops are
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sensitive to these ions, but some crops are very sensi-
tive. Chemical analysis of plant tissue, soil-water
extract, and irrigation water is most commonly used to
identify toxicity problems.

The affect of toxic elements (i.e., selenium) on water-
fowl from drainage outflow has also been observed in
several areas. Toxic elements that occur naturally in
the soil (i.e., selenium and boron) in high concentra-
tions or were used as pesticide control in past years
(i.e., arsenic and mercury) are of great concern. lrriga-
tion water that deep percolates below the plant root
zone can potentially carry these dissolved toxic ele-
ments downslope into the ground water and can
eventually flow into wetlands, estuaries, streams, and
lakes.

See NEH Part 623, Chapter 2, Irrigation Water Require-
ments, for further information on management of soil
salinity and sodicity and on assessment of boron and
other toxic elements.

652.0307 Crop data bases

The Field Office Computer System (FOCS) includes a
plant data base that is site specific and can be used
directly by applications for planning and designing
irrigation systems.
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652.0400 General

Determination of irrigation water requirements re-
quires a measurement or estimate of the rate of crop
water use. Daily and weekly crop water use estimates
are needed to schedule irrigation applications and
determine minimum system capacities. Seasonal or
annual water use is required to size irrigation reser-
voirs and diversion facilities and to establish water
rights. Therefore, a procedure to determine both short-
and long-term rates of water use is necessary. Chapter
2, Irrigation Water Requirements, NEH, Part 623,
describes the processes needed to determine crop
evapotranspiration and irrigation water requirements
for a crop, field, farm, and project.

Crop evapotranspiration (ET.), sometimes called crop
consumptive use, is the amount of water that plants
use in transpiration and building cell tissue plus water
evaporated from an adjacent soil surface. Crop evapo-
transpiration is influenced by several major factors:
plant temperature, ambient air temperature, solar
radiation (sunshine duration/intensity), wind speed/
movement, relative humidity/vapor pressure, and soil-
water availability. Daily, weekly, monthly, and sea-
sonal local crop water use requirements must be
known. These data are essential for planning, design-
ing, and operating irrigation systems and for making
irrigation management decisions, such as determining
when and how much to irrigate.

Seasonal water requirements, in addition to crop water
needs, may also include water used for preplant irriga-
tion, agricultural waste application, leaching for salt
control, temperature control (for frost protection, bud
delay, and cooling for product quality), chemigation,
facilitation of crop harvest, seed germination, and dust
control.

652.0401 Methods for
determining crop evapo-
transpiration

(a) Direct measurement of crop
evapotranspiration

Direct measurement methods for ET, include:
= aerodynamic method
» detailed soil moisture monitoring
e lysimetry
= plant porometers
« regional inflow-outflow measurements

All these methods require localized and detailed mea-
surements of plant water use. Detailed soil moisture
monitoring in controlled and self-contained devices
(lysimeters) is probably the most commonly used.
Little long-term historical data outside of a few ARS
and university research stations are available. Use of
lysimetry is discussed in more detail in Chapter 2,
Irrigation Water Requirements, NEH, Part 623. The use
of soil moisture monitoring devices to monitor crop
ET is described in NEH, Part 623, Chapter 1, Plant-
Soil-Water Relationships.

(b) Estimated crop evapo-
transpiration—ET,

More than 20 methods have been developed to esti-
mate the rate of crop ET based on local climate fac-
tors. The simplest methods are equations that gener-
ally use only mean air temperature. The more complex
methods are described as energy equations. They
require real time measurements of solar radiation,
ambient air temperature, wind speed/movement, and
relative humidity/vapor pressure. These equations
have been adjusted for reference crop ET with lysim-
eter data. Selection of the method used for determin-
ing local crop ET depends on:
« Location, type, reliability, timeliness, and
duration of climatic data;
< Natural pattern of evapotranspiration during
the year; and
= Intended use intensity of crop evapotranspira-
tion estimates.

(210-vi-NEH, September 1997) 4-1



Chapter 4 Water Requirements

Part 652
Irrigation Guide

Although any crop can be used as the reference crop,
clipped grass is the reference crop of choice. Some
earlier reference crop research, mainly in the West,
used 2-year-old alfalfa (ET,). With grass reference crop
(ET,) known, ET estimates for any crop at any stage
of growth can be calculated by multiplying ET, by the
appropriate crop growth stage coefficient (k, usually
displayed as a curve or table. The resulting value is
called crop evapotranspiration (ET.). The following
methods and equations used to estimate reference
crop evapotranspiration, ET,, are described in detail in
Part 623, Chapter 2, Irrigation Water Requirements
(1990). The reference crop used is clipped grass. Crop
coefficients are based on local or regional growth
characteristics. The following methods are recom-
mended by the Natural Resources Conservation Ser-

vice (NRCS).
(1) Temperature method
« FAO Modified Blaney-Criddle (FAO Paper 24)
« Modified Blaney-Criddle (SCS Technical Re-
lease No. 21). This method is being maintained
for historical and in some cases legal signifi-
cance. See appendix A, NEH, Part 623, Chapter
2, Irrigation Water Requirements.

(2) Energy method

e Penman-Monteith method
(3) Radiation method

« FAO Radiation method (FAO Paper 24)
(4) Evaporation pan method
The FAO Modified Blaney-Criddle, Penman-Monteith,
and FAO Radiation equations represent the most
accurate equations for these specific methods. They
are most accurately transferable over a wide range of
climate conditions. These methods and equations are
also widely accepted in the irrigation profession today
(ASCE 1990).

The intended use, reliability, and availability of local
climatic data may be the deciding factor as to which
equation or method is used. For irrigation scheduling
on a daily basis, an energy method, such as the Pen-
man-Monteith equation, is probably the most accurate
method available today, but complete and reliable
local real time climatic data must be available. For
irrigation scheduling information on a 10+ day average
basis, use of a radiation method, such as FAO Radia-
tion, or use of a local evaporation pan, may be quite
satisfactory.

For estimation of monthly and seasonal crop water
needs, a temperature based method generally proves
to be quite satisfactory. The FAO Modified Blaney-
Criddle equation uses long-term mean temperature
data with input of estimates of relative humidity, wind
movement, and sunlight duration. This method also
includes an adjustment for elevation. The FAO Radia-
tion method uses locally measured solar radiation and
air temperature.

4-2 (210-vi-NEH, September 1997)



Chapter 4 Water Requirements

Part 652
Irrigation Guide

652.0402 Crop evapo-
transpiration

Monthly and seasonal crop ET data for (state) was
developed using the equation(s). Crop
planting and harvest dates were determined by using
local long-term mean temperature data and verified
with university extension and local growers. The
process provides:
e Estimated crop ET and net irrigation require-
ments by month and by season
« Amount of effective rainfall
e Estimated planting and harvest dates for all
local crops

Note: The following crop ET and related tables and
maps can be included to replace or simplify crop ET
calculations. These maps and tables would be locally
developed, as needed.

e Crop evapotranspiration tables, curves, and

maps

e Climatic zone maps with peak month ET

e Precipitation maps

e Wind speed maps

* Relative humidity tables or maps

« Net solar radiation tables or maps

(a) Daily crop ET rate for system
design

Estimates of daily or weekly crop ET rates are neces-
sary to adequately size distribution systems. They are
used to determine the minimum capacity requirements
of canals, pipelines, water control structures, and
irrigation application systems. Daily ET rates also
influence the administration of wells, streams, and
reservoirs from which irrigation water is diverted or
pumped. To provide the required flows, daily (or
several day averages) crop ET rate for the peak month
must be used.

Estimated daily crop ET is not the average daily use
for longer time periods. Daily crop ET is best esti-
mated using real time day-specific information and the
appropriate ET equation.

652.0403 Net irrigation
water requirement

The net irrigation water requirement is defined as the
water required by irrigation to satisfy crop evapotrans-
piration and auxiliary water needs that are not pro-
vided by water stored in the soil profile or precipita-
tion. The net irrigation water requirement is defined as
(all values are depths, in inches):

Fp=ET,+A,, - Py - GW — ASW

where:

F, = netirrigation requirement for period consid-
ered

ET. = crop evapotranspiration for period consid-
ered

A, = auxiliary water—leaching, temperature
modification, crop quality

P. = effective precipitation during period consid-
ered

GW = ground water contribution

ASW = change in soil-water content for period
considered

Effective precipitation is defined as that portion of
precipitation falling during the crop growing period
that infiltrates the soil surface and is available for
plant consumptive use. It does not include precipita-
tion that is lost below the crop root zone (deep perco-
lation), surface runoff, or soil surface evaporation.

Along with meeting the seasonal irrigation water
requirement, irrigation systems must be able to supply
enough water during shorter periods. The water sup-
ply rate generally is expressed in acre inches per hour
or acre inches per day and can be easily converted to
cubic feet per second or gallons per minute (1 ft3/s =1
ac-in/hr = 450 gpm). The simplified equation can be
used:

QT=DA

where:
Q = flow rate, acre-inch per hour
T =time, hours
D = depth, inches (water applied or crop ET)
A = area, acres
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The irrigation system must be able to supply net water
requirements plus expected losses of deep percola-
tion, runoff, wind drift, and evaporation. It must ac-
count for the efficiency of the irrigation decisionmaker
to schedule the right amount of water at the right time
and the ability of an irrigation system to uniformly
apply that water across a field. Net and gross water
application and system capacity are related by an
estimated or measured application efficiency:

Fn Cc

F.=— C =N
g Ea g Ea
where:

Fy =gross ap.plic.atior_l, inches
F, = netapplication, inches
E, = application efficiency, expressed as decimal
Cy = gross system capacity, gallons per minute
C, = net system capacity, gallons per minute

The designer must also account for system down time,
i.e., moving of sprinklers, break downs, and water
used on another field or by another irrigator, such as
in a rotation delivery schedule. For sprinkler systems,
it is common to use 22 hours per day or 6 days per
week for actual water application time.

The most conservative method of designing irrigation
system capacity is to provide enough capacity to meet
the maximum expected or peak evapotranspiration
rate of the crop. This normally is the peak daily rate,
but can be any selected period. In the most conserva-
tive case, rainfall and stored soil moisture are not
considered. This design procedure relies on determin-
ing the distribution of crop ET during the year for the
principle irrigated crops. The crop ET for the peak
day, week, and month also varies from year to year. A
frequency or risk analysis can be provided whereby
system capacity and related cost reduction may be
realized. Where effective rainfall and maximum avail-
able soil-water storage are used, further reduction of
system capacity and water supply may be realized.

See NEH, Part 623, Chapter 2, Irrigation Water Re-
quirements, for further information on determining net
irrigation requirement.

Table 4-1 displays an example calculation and tabular
method of presenting monthly crop ET, effective
precipitation (R.), and net irrigation requirement
(NIR) for pasture grass using FAO Blaney-Criddle
equation. When determining crop ET from TR-21
(Modified Blaney-Criddle), crop ET was calculated
and displayed using normal and dry years. Normal
year (50% chance occurrence) precipitation would be
equaled or exceeded in 1 out of 2 years. Dry year (80%
chance of occurrence) precipitation would be equaled
or exceeded 8 out of 20 years.

This process carried through the many computer
software programs that were developed and became
available in many states. However, computer software
programs that have been developed when using FAO
Blaney-Criddle equation, do not contain the normal
and dry years calculation process. The normal and
dry year concept for determining crop ET can still be
used; however, basic input data of precipitation must
be adjusted. Long-term mean data are typically dis-
played in NOAA climate data publications, and a
frequency analysis must be obtained or provided to
determine dry year precipitation. This concept can
also apply to determination of crop ET during wet
years.

Figure 4-1 displays monthly crop ET and monthly
effective precipitation for an arid climate condition
where effective precipitation during growing season is
minimal. Figure 4-2 shows monthly crop ET and
effective precipitation for a subhumid climate condi-
tion where effective precipitation can meet crop ET
during the early and latter part of the growing season.

Note: Where precipitation exceeds crop evapotranspi-
ration, an opportunity exists for leaching of nutrients
and pesticides. This may occur if soil moisture is at
field capacity so that precipitation will provide the
excess soil water available for leaching. These displays
are then basic water budgets in graphic form.
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Table 4-1 Example tabular display—crop evapotranspiration using FAO Blaney-Criddle equation

owner __John Irrigator Location _ Redmond Latitude __44°6' Elevation ¥ 2500 ft
crop __Pasture Crop curve number used 17 Planting date _Apr 17 Harvest date _OCt 24
Item April May June July Aug Sep Oct Total
Mean temp (°F) 442 508 588 64.3 640 563 48.3

Mean precip (in) 053 066 080 046 0.52 0.39 0.58 3.94

Effective precip—R, (in) 0.37 0.44 0.59 0.34 0.38 0.24 0.35 2.71

Ratio sun/cloud .70 .70 .90 .90 .90 .70 .70
Rel hum (%) 20-50 20-50 20-50 20-50 20-50 20-50 20-50
Ave wind (mph) 4-10 4-10 4-10 4-10 4-10 4-10 4-10
Crop ET (in/mo) 0.76 3.55 6.4! 747 6.43 327 123 29.12

Net irrig req—NIR (in/mo) 0.39 3.11 582 713 6.05 3.03 0.88 26.41

1/ Crop ET is corrected downwards 10% per 1,000 meters above sea level.
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Figure 4-1  Example monthly crop evapotranspiration, arid climate in normal year
|
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Figure 4-2  Example monthly crop evapotranspiration, subhumid climate in normal year
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652.0404 Management
allowable soil-water
depletion

Management Allowable Depletion (MAD) is generally
defined for each local crop. It is a grower’s manage-
ment decision based on yield and product quality
objectives whether or not to fine tune generalized
MAD values. MAD is the greatest amount of water to
be removed by plants before irrigation so that undesir-
able crop water stress does not occur. Historically, an
allowable depletion of between 30 and 60 percent of
the soil Available Water Capacity (AWC) has been
used for management purposes. See Chapter 3, Crops,
for summary of recommended MAD levels for various
crops. Estimated irrigation frequency, in days, is based
on the MAD level for the AWC in the total crop root
zone and the estimated crop ET.

Irrigation frequency, in days, can be determined by:

MAD x Total AWC for crop root zone in inches
Daily ET, rate in inches/day

652.0405 Auxiliary water
requirements (other needs)

In addition to crop evapotranspiration water require-
ments, irrigation systems can also meet special needs
of crops and soils. These other uses need to be consid-
ered when determining the seasonal water require-
ments and minimum system capacities. Auxiliary uses
include the following and are described in more detail
in NEH, Part 623, Chapter 2, Irrigation Water Require-
ments:
e Leaching requirement for salinity and sodicity
management
e Frost protection (fruits, citrus, berries,
vegetables)
e Bud delay
e Crop and soil cooling
e Wind erosion and dust control
e Chemigation
« Plant disease control
e Seed germination
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652.0406 Water table
contribution

Upward flow of water from a water table can be used
to meet part of or all the seasonal crop water require-
ment. Reasonable estimates need to be made of the
water supplied by a water table. See figure 2-6 in
chapter 2 of this guide. Methods to predict upward
soil-water flow rates (upflux) from a water table are
given in NEH Part 623, Chapter 2, Irrigation Water
Requirements, and in the water table management
software program DRAINMOD. Soil parameters re-
quired for these procedures are quite variable and may
require field data to evaluate specific sites.

652.0407 Water require-
ments for soil-water
budget/balance analysis

The components of a soil-water budget/balance analy-
sis must include all water going in and all water going
out of an area for the period of consideration. The
basic purpose for such an analysis is to determine the
location of all water applied. Generally a soil-water
budget analysis is determined for a period involving a
month, an irrigation season, a year, or maybe even for
an average over several years. Availability of climatic
data may also dictate the time period for the analysis.
For example, if long-term mean temperature is the
only reliable data available, determining monthly and
seasonal water requirements may be the most accu-
rate analysis that can be done. This would dictate a
reasonably accurate analysis period of a month or
longer.

If complete and reliable daily climatic data (tempera-
ture, solar radiation, wind movement, and relative
humidity) are available nearby, then a daily soil-water
accounting or balance can be developed because
accurate daily water requirements can be estimated.
The soil-water budget/balance analysis process is a
tool that can be used for determining gross water
applied and contributions of irrigation water and
precipitation to downstream surface water and ground
water. The soil-water budget/balance can be displayed
in equation form as follows (sum may be positive if
soil water is stored in the plant root zone):

Fg=ET,+A,, +Dp +RO+SDL-P - GW - ASW

where:

F, = Gross irrigation water applied during the
period considered

ET. = Crop evapotranspiration during the period
considered

A, = Water applied for auxiliary purposes during
the period considered

D, = Deep percolation below the root zone from
irrigation and precipitation

RO = Surface runoff that leaves the site from

irrigation and precipitation
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SDL = Spray, drift losses, and canopy intercept
evaporation from sprinkler irrigation system
during the period considered

P = Total precipitation during the period
considered

GW = Ground water contribution to the crop root

zone during the period

ASW = Change in soil-water content within the crop
root zone during the period

Note: Only those factors that apply to the site under
consideration need to be used. Typically all factors
would not be used for an analysis of one site.

Generally the soil-water budget analysis can be
thought of as supporting a planning process where the
soil-water balance analysis can be thought of as sup-
porting an operational process. With appropriate soil-
water content monitoring, accurate estimated daily
crop ET and measurement of system inflow and sur-
face outflow, a reliable daily soil-water balance can be
developed. These daily values can be summarized for
any desirable longer period that data are available.

The period of reliable climatic data is key to the soil-
water budget/balance analysis. For development of a
soil-water balance, only immediate past events are
evaluated. It is not an irrigation scheduling tool. For
example, a soil-water balance is an analysis process of
what water went where for the last year, last month,
last week, last event, or from some specific date up to
the present time. Each rainfall and irrigation event
versus daily crop ET and soil-water content change
can be evaluated. It requires appropriate and current
monitoring of soil-water content, irrigation water
applied, onsite rainfall measurement, runoff, and full
climatic data for daily crop ET determination.

For development of a soil-water budget, historic
climate data along with estimated or measured soil-
water content, irrigation flows, and losses would be
used. The time period for an analysis for an average
condition is whatever is necessary to provide reliable
data. As an example, a site with fairly consistent
climate from year to year, but with a rather short
number of years record, might provide satisfactory
results. Whereas a site with wide ranging climate from
year to year might require a much longer period of
record. An analysis showing the average for the last 5
years, or for a specific year of importance, could use
climate data for that specific period only.

(210-vi-NEH, September 1997)

Table 4-2 displays a simple and basic soil-water bud-
get using assumed and estimated values. The input
data can be refined to whatever degree is necessary
with field observations or measurements, or both. In
this table, a water surplus of 1.7 inches for the season
is indicated, and the water will go into deep percola-
tion below the root zone.

A soil-water budget can be developed for planning
purposes or as an evaluation tool. As the example
shows, the consultant can use any level of accuracy
desired or necessary.

(a) Example soil-water budget

A simplified soil-water budget would be displayed
using the following assumptions;
e Crop is grain corn.
e Mature rooting depth = 48 inches.
* Total AWC = 8.0 inches.
 MAD = 50%.
< Soil profile is at field capacity at start of
season.
e Sprinkler irrigation system with gross
application for each irrigation = 6.0 inches.
< Application efficiency of 67% providing a net
application = 4.0 inches.
* DU =100% with no surface runoff.
« Precipitation infiltration for all season = 70%
of total.
* No contribution from a shallow water table.

All crop ET, irrigation, and precipitation units are in
inches.

Additional and more detailed examples of a soil-water

budget and a soil-water balance are in Chapter 8,
Project and Farm Irrigation Water Requirements.
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Table 4-2 Example soil-water budget |
—
652.0408 State supplement
Month  Crop Soil  Precipitation Irrigations --- Water - -
ET water total effect? no. net def. surplus
used water (=)  (+)
applied

May 2.3 23 30 21 0 O 0.2

June 4.8 50 20 14 1 40 0.4
July 8.1 81 O 0 2 80 01

Aug 6.6 6.7 O 0 2 80 1.3
Sept 20 20 15 10 0 O 1.0

Total 23.8 24.1 45 5 20 1.72

1/ Assuming all effective precipitation infiltrated into the soil.
2/ Typically lost to deep percolation. The total is in inches.
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652.0500 General

Irrigation application method and system selection
should result in optimum use of available water. The
selection should be based on a full awareness of
management considerations, such as water source and
cost, water quantity and quality, irrigation effects on
the environment, energy availability and cost, farm
equipment, product marketability, and capital for
irrigation system installation, operation, and mainte-
nance. The purpose of this chapter is to provide neces-
sary planning considerations for selecting an irrigation
method and system. Most widely used irrigation meth-
ods and systems with their adaptability and limitations
are described. Also see National Engineering Hand-
book (NEH), part 623 (section 15), chapters 3, 4, 5, 6,
7,8,9,and 11.

In some areas, operators are accustomed to a particu-
lar irrigation method and system of applying water.
They continue to install and use this common system
even though another system may be more suitable,
apply water more efficiently with better distribution
uniformity, be more economical to install and operate,
and have fewer negative impacts on ground and sur-
face water.

The consultant and irrigation decisionmaker should
compare applicable methods and systems on common
grounds. These can include:

« Gross irrigation water needs

< Energy requirements

« Effects on quantity and quality of ground water

and downstream surface water
< Installation and annual operating costs
e Labor skills needed

Generally more than one irrigation method and system
can be installed and efficiently operated on a specific
site. The owner’s or operator’s desire, rather than
economics and water application uniformity, may be
key to the selection. To get acceptable irrigation
efficiencies (minimize losses), management skills
required of the operator and flexibility of available
labor must be considered. Local regulations may
provide the motivation to select and manage a specific
irrigation system that would provide the least negative
effect on ground and surface water. Whatever basis is
used for the decision, the consultant and owner or

operator both need to be aware of the applicability,
capability, and limitations of all irrigation methods and
systems that could be used on a specific site.

Political, legal, and regulatory issues are of primary
importance. Included are such issues as land reform,
water rights, containment of runoff and drainage
water, taxation, financial incentives from govern-
ments, zoning and site application, and construction
permits. These issues must be fully understood at the
beginning of the selection process.

The Natural Resources Conservation Service (NRCS)
Field Office Technical Guide, section V, displays the
conservation effects of irrigation methods and systems
and their related components. These should be refer-
enced during the planning and design process. They
will provide insight as to the effects of surface irriga-
tion on ground and surface water quantity and quality,
and on wildlife.

(210-vi-NEH, September 1997) 5-1



Chapter 5

Selecting an Irrigation Method

Part 652
Irrigation Guide

652.0501 Methods and
systems to apply irrigation
water

The four basic irrigation methods, along with the many
systems to apply irrigation water, include: surface,
sprinkle, micro, and subirrigation:

Surface—Water is applied by gravity across the soil
surface by flooding or small channels (i.e., basins,
borders, paddies, furrows, rills, corrugations)

Sprinkle—Water is applied at the point of use by a
system of nozzles (impact and gear driven sprinkler or
spray heads) with water delivered to the sprinkler
heads by surface and buried pipelines, or by both.
Sprinkler irrigation laterals are classed as fixed set,
periodic move, or continuous or self move. Sprinkler
irrigation systems include solid set, handmove laterals,
sideroll (wheel) laterals, center pivot, linear move
(lateral move), and stationary and traveling gun types.
Low Energy Precision Application (LEPA) and Low
Pressure In Canopy (LPIC) systems are included with
sprinkler systems because they use center pivots and
linear move irrigation systems.

Micro—Water is applied to the point of use through
low pressure, low volume discharge devices (i.e., drip
emitters, line source emitters, micro spray and sprin-
kler heads, bubblers) supplied by small diameter
surface or buried pipelines.

Subirrigation—Water is made available to the crop
root system by upward capillary flow through the soil
profile from a controlled water table.

Each irrigation method and irrigation system has
specific site applicability, capability, and limitations.
Broad factors that should be considered are:

e Crops to be grown

e Topography or physical site conditions

« Water supply

e Climate

« Energy available

e Chemigation

e Operation and management skills

« Environmental concerns

* Soils

e Farming equipment

e Costs
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652.0502 Site conditions

Table 5-1 displays the site and other local conditions

that must be considered in selecting an irrigation

method and system. Other factors to consider include:

Farm, land, and field—Field size(s) and shape,
obstructions, topography, flood hazard, water table,
and access for operation and maintenance.

Energy and pumping plant—Type, availability,

reliability, parts and service availability, and pumping

efficiency.

Environmental effects—On quantity and quality of

surface and ground water for water removal and for

return flows, on local air quality, on local and regional

wildlife and fish.

Local laws—Laws regarding tailwater runoff reuse,
reuse pits, and quality of tailwater (runoff).

Type and amount of effluent—Animal, municipal,

and industrial waste.

Water rights, allocations, and priority.

Availability of funds for improvements.

Sociological factors (i.e., grandpa and dad did it that
way)—Available technical ability and language skills

of laborers.

Time and skill level of management personnel.

Table 5-1 Site conditions to consider in selecting an irrigation method and system

|

Crop Soil Water Climate

Crops grown & rotation AWC Quality Wind

Water requirement Infiltration rate salts, toxic elements Rainfall

Height Depth sediment Frost conditions
Cultural practices to water table organic materials Humidity

Pests

Tolerance to spray

Toxicity limitations

Allowable MAD level

Climate Control
frost protection
cooling

Diseases & Control

Crop quality

Planned yield

to impervious layer
Drainage

surface

subsurface
Condition
Uniformity
Stoniness
Slope (s)
Surface texture
Profile textures
Structure
Fertility
Temporal properties

fish, aquatic creatures
Quantity
Reliability
Source

stream

reservoir

well

delivery point
Delivery schedule

frequency

duration

rate

Temperature extremes

Rainfall frequency

Evaporation from:
plant leaves and stems
soil surface

Solar radiation
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652.0503 Selection of irri-
gation method and system

With the current demand for other uses of high quality
water, the irrigation decisionmaker must provide good
irrigation water management; including maximizing
beneficial water use, providing good distribution
uniformity, minimizing water losses, and using an
appropriate irrigation scheduling method. For ex-
ample, it has been demonstrated that micro systems
can be economically used on high value annual and
perennial crops. However, high quality water from a
suitably treated or filtered source is required to mini-
mize emitter plugging, especially when using buried
laterals having line-source emitters. Any properly
designed, installed, and managed irrigation method
and system, that is suitable to the site, has the poten-
tial to apply the proper amount of water uniformly
across the field. However, one or more systems can be
less costly and easier to manage.

Local regulatory standards and criteria for irrigation
efficiency, maximum water duty, or maximum water
losses may strongly recommend the selection of one
or two specific irrigation systems so that water is
applied without excessive negative impacts on local
water quantity and quality. The fact that the best
planned, designed, and installed system can still be
grossly mismanaged must also be recognized. Avail-
ability of irrigation equipment replacement parts,
repair service, skilled labor for system operation, and
irrigation water availability and timing must be consid-
ered. Minimizing total annual operating energy require-
ments should be a basic part of the decisionmaking
process.

Two irrigation methods (i.e., sprinkle and surface) and
systems for the same field can be efficiently used with
different crops and even a single crop for one season.
For example, with an annual crop such as corn on high
intake soils, early season shallow irrigations can be
provided to the shallow rooted corn plants by
handmove or sideroll (wheel) sprinkler laterals. After
the corn gets too tall for the moving of laterals and the
water infiltration rate is slowed by tillage equipment
compaction, furrow irrigation can then be used for the
remainder of the season. Compared to a full irrigation
season using furrows, less water is applied and fewer

plant nutrients and pesticides are lost to deep percola-
tion below the root zone. In cranberry bogs, sprinklers
can be used for irrigation, frost control, and chemical
application, or bogs can be flooded for irrigation and
frost control. Lettuce, carrots, onions, and other such
crops can be germinated with portable fixed set sprin-
kler laterals with furrows used to apply water the
balance of the growing season.

Where ample water is available during the early part of
the growing season, but becomes deficient during the
peak water use period, a surface flood system (i.e.
borders) can be used in the spring and a sprinkler
system used during peak water use. Several benefits
can be realized with both irrigation methods:
* Reduced energy use compared to pumping the
full flow for the full season
 Maximized water use efficiency during the
peak water use period

This scenario works well where surface water with

gravity flow is available to the field and both a good
surface flood system and sprinkler system are avail-
able or can be economically installed.

Sprinkler irrigation systems are adaptable for use on
most crops and on nearly all irrigable soils. Particular
care is needed in the design and operation of a sprin-
kler system with low application rates (0.15 to .25 in/
hr) and on soils (generally fine textured) with low
infiltration rates. Principal concerns with low applica-
tion rates are time of set, increased system cost, ac-
ceptable distribution uniformity, wind drift, evapora-
tion, and system operational requirements.

For example, with an application rate of 0.15 inch per
hour, time of set would have to be nearly 30 hours to
apply a net irrigation application of 3 inches. It is
recommended that sprinkler systems apply water at a
rate greater than 0.15 inch per hour for improved wind
resistance. In areas of high temperature, wind, or both,
minimum application rate and volume should be
higher because of potential losses from evaporation
and wind drift. For frost control, where evaporation
and wind drift potential are low, an application rate of
0.10 to 0.15 inch per hour is common. See NEH, Part
623 (Section 15), Chapter 11, Sprinkle Irrigation.
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Most irrigation application methods and systems can
be automated to some degree. More easily automated
are micro systems, center pivot sprinkler systems,
solid set sprinkler systems, level furrow and basin
systems, graded border systems, subsurface systems,
and graded furrow systems using automated ditch
turnouts, cutback, cablegation, and surge techniques.

Table 5-2 displays estimated typical life and annual

maintenance for irrigation system components. Also,

see chapter 11 of this guide for additional information

on developing and comparing typical capital and
operating costs for selected irrigation systems.

Table 5-2
|

Typical life and annual maintenance cost percentage for irrigation system components

System and components Life (yr)  Annual System and components Life (yr)  Annual
maint. maint.
(% of cost) (% of cost)
Sprinkler systems 10-15 2-6 Surface & subsurface systems 15 5
Handmove 15+ 2
Side or wheel roll 15+ 2 Related components
End tow 10 + 3 Pipelines
Side move wi/drag lines 15+ 4 buried thermoplastic 25 + 1
Stationary gun type 15+ 2 buried steel 25 1
Center pivot—standard 15+ 5 surface aluminum 20 + 2
Linear move 15+ 6 surface thermoplastic 5+ 4
Cable tow 10+ 6 buried nonreinforced concrete 25+ 1
Hose pull 15+ 6 buried galv. steel 25 + 1
Traveling gun type 10 + 6 buried corrugated metal 25 + 1
Fixed or solid set buried reinforced PMP 25+ 1
permanent 20 + 1 gated pipe, rigid, surface 10 + 2
portable 15+ 2 surge valves 10 + 6
Sprinkler gear driven, 5-10 6
impact & spray heads Pumps
Valves 10-25 3 pump only 15+ 3
w/electric motors 10+ 3
Micro systems V 1-20 2-10 w/internal combustion engine 10 + 6
Drip 5-10 3
Spray 5-10 3 Wells 25 + 1
Bubbler 15+ 2 Linings
Semi-rigid, buried 10-20 2 nonreinforced concrete 15+ 5
Semi-rigid, surface 10 2 flexible membrane 10 5
Flexible, thin wall, buried 10 2 reinforced concrete 20 + 1
Flexible, thin wall, surface 1-5 10
Emitters & heads 5-10 6 Land grading, leveling 2/
Filters, injectors, valves 10 + 7 Reservoirs 3/
1/ With no disturbance from tillage and harvest equipment.
2/ Indefinite with adequate maintenance.
3/ Indefinite with adequate maintenance of structures, watershed.
(210-vi-NEH, September 1997) 5-5
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652.0504 Adaptability and
limitations of irrigation
methods and systems

Tables 5-3 through 5-7 display factors that affect the
adaptation and operation of various irrigation methods
and systems. In these tables, the + indicates positive
effects or provides good reasons for preference of
selection, the — indicates negative effects or provides
possible reasons for not choosing this alternative
(another method or system should be considered), and
the O indicates neutral effect or should provide no
influence on selection.

Tables 5-8 and 5-9 give recommended slope limita-
tions for surface and sprinkler irrigation systems.
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Table 5-3
|

Factors affecting the selection of surface irrigation systems

Item

border
basin

Level ¥
furrow

border
reg

furrow
mod 2/

furrow

corrug

levee

Contour
furrow ditch

Crop

Field—close growing
Field—row
Vegetable—fresh
Vegetable—seed
Orchards, berries, grapes
Alfalfa hay

Corn

Cotton

Potatoes, sugar beets

Land & soil

Low AWC

Low infiltration rate
Mod. infiltration rate
High infiltration rate
Variable infiltration rate
High salinity or sodicity
Highly erodible
Undulating topography
Steep topography

Odd shaped fields
Obstructions &

Stony, cobbly

Water supply
Low cont. flow rate
High intermit. flow rate
High salinity
High sediment content
Delivery schedule
continuous
rotation
arranged, flexible
demand

Climate

Humid & subhumid
Arid & semiarid
Windy

High temp — humid
High temp - arid

Social/lnstitutional

Easy to manage
Automation potential
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1/ When used in humid and subhumid areas, protected outlets may be needed for surface runoff due to precipitation.
2/ Modified furrow irrigation includes cutback, surge, cablegation, and tailwater reuse.
3/ Obstructions may include roads, buildings, and rock piles.
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Table 5-4 Factors affecting the selection of periodic move, fixed, or solid set sprinkler irrigation systems

|
Item - - - - Periodic move - - - - ---Solid set or fixed - - -
sideroll  hand gun perm port gun
Crop
Field—close growing 0 0 0 0 0 0
Field—row 0 0 0 - 0 -
Vegetable—fresh 0 0 0 0 0 0
Vegetable—seed - - - - - -
Orchards, berries, grapes - 0 - + + -
Alfalfa hay 0 0 0 - - -
Corn - - 0 - - 0
Cotton - - - - - -
Potatoes, sugar beets 0 0 - 0
Land & soil
Low AWC 0 0 0 + + +
Low infiltration rate 0 0 - 0 0 -
Mod. infiltration rate 0 0 0 0 0 0
High infiltration rate 0 0 0 + + +
Variable infiltration rate + + + + + +
High salinity or sodicity - - - - - -
Highly erodible + + - + + -
Steep & undulating topog + - 0 0 -
Odd shaped fields - 0 + + + +
Obstructions ¥ - 0 0 - 0 0
Stony, cobbly 0 0 0 0 0 0

Water supply

Low cont. flow + + + + + +
High intermit. flow - - - - - _
High salinity or sodicity - - - - - _
High sed. content - - - - - _
Delivery schedule

continuous + + + + + +
rotation - - - - - -
arranged, flexible 0 0 0 0 0 0
demand 0 0 0 0 0
Climate
High rainfall + + + + + +
Low rainfall—arid 0 0 0 0 0 0
Windy - - - - - -
High temp—humid + + + + + +
High temp—arid - - - - - -
Social/institutional
Automation potential - - - + + 0
Easy to manage 0 0 0 + + +

1/ Obstructions may include roads, buildings, rock piles, trees, above and below ground utilities, and oil pipelines.
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Table 5-5 Factors affecting the selection of continuous/self moving ¥ sprinkler irrigation systems

|
Item ----LEPAY--- ----LPIC%---- - - Center pivot - - ----Linear----
center linear center linear high low high low gun
pivot pivot press press press press
Crop
Field—close growing - - - - 0 0 0 0 0
Field—row 0 0 0 0 0 0 0 0 0
Vegetable—fresh 0 0 0 0 0 0 0 0 0
Vegetable—seed 0 0 0 0 - - - - -
Orchard, berries, grapes - - - - - - - - -
Alfalfa hay - - - - 0 + 0 + 0
Corn 0 0 0 0 0 0 0 0 0
Cotton 0 0 0 0 - - - - -
Potatoes, sugar beets 0 0 0 0 0 0 0 0 0
Land & soil
Low AWC + + + + + + + + 0
Low infiltration rate 0 0 - - - - - - -
Mod. infiltration rate 0 0 0 0 - - 0 0 0
High infiltration rate + + + + + + + + +
Variable infiltration rate + + + + + + + + +
High salinity and sodicity 0 0 0 0 0 0 0 0 0
Highly erodible 0 0 0 0 - - - - -
Steep & undulating topog - - - - - - - +
Odd shaped fields - - - - - - - - +
Obstructions 4 - - - - - - - - +
Stony, cobbly 0 0 0 0 0 0 0 0 0
Water supply
Low cont. flow rate + + + + + + + + +
High intermit. flow rate - - - - - - - - -
High salinity - - - - - - - - -
High sed. content - - - - - - - - -
Delivery schedule
continuous + + + + + + + + +
rotation - - - - - - - - -
arranged, flexible 0 0 0 0 0 0 0 0 0
demand 0 0 0 0 0 0 0 0 0
Climate
Humid & subhumid + + + + + + + + +
Arid & semiarid 0 0 0 0 0 0 0 0 0
Windy + + + + - - 0 0 -
High temp—humid + + + + + + + + +
High temp—arid 0 0 0 0 0 0 0 0 0
Social/institutional
Automation potential + - + - + 0 - - -
Easy to manage 0 0 0 0 0 0 0 0 0

1/ Continuous/self moving describes a sprinkler system that is self moving in continuous or start-stop operations.
2/ LEPA—Low Energy Precision Application system (in-canopy with good soil and water management).

3/ LPIC—Low Pressure In Canopy system.

4/ Obstructions may include roads, buildings, rock piles, trees, and aboveground utilities.
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Table 5-6 Factors affecting the selection of micro irrigation systems ¥
|

Item Point source Line source Micro spray/ Basin
drip emitter cont. tube sprinkler bubbler

Crop

Field—close growing -
Field—row -
Vegetable—fresh -
Vegetable—seed -
Orchards, berries, grapes +
Alfalfa hay -
Corn -
Cotton -
Potatoes, sugar beets -

Land & soil

Low AWC

Low infiltration rate
Mod. infiltration rate
High infiltration rate
Variable infiltration rate
High salinity and sodicity
Highly erodible

Steep & undulating topog
Odd shaped fields
Obstructions 2/

Stony, cobbly

o 4+ O |
|
|

|
+
+

o 4+ O |
|
|

+ + + +00 +
OO 4+ OO O +

+ 4+ ++ 4+ O+ +00 +
++++++++00+

+ + +
+ + +

Water supply

Low cont. flow rate + + + +
High intermit. flow rate
High salinity - - - _
High sed. content - - - _
Delivery schedule

continuous + + + +
rotation - - - _
arranged, flexible
demand

o
o
o
o

Climate

Humid & subhumid
Arid & semiarid
Windy

High temp—humid
High temp—arid

o o

O o + OO
OO + OO
o |
O OO oo

Social/institutional
Easy to manage - - - -
Automation potential + + + +

1/ Not suitable unless water supply is non-saline, low SAR, and very high quality.
2/ Obstructions may include roads, buildings, rock piles, trees, and below-ground utilities.

5-10 (210-vi-NEH, September 1997)



Chapter 5 Selecting an Irrigation Method Part 652
Irrigation Guide

Table 5-7 Factors affecting the selection of subirrigation systems 1/
|
Item Water table control Item Water table control
Crop Water supply
Field—close growing 0 Low cont. flow rate +
Field—row 0 High intermit flow rate -
Vegetable—fresh 0 High salinity -
Vegetable—seed 0 High sed. content -
Orchards, berries, grapes 0
Alfalfa hay - Delivery schedule
Corn 0 continuous +
Cotton - rotation -
Potatoes, sugar beets 0 arranged, flexible -

demand 0
Land & soil
Low AWC 0 Climate
Low permeability 0 High rainfall +
Mod. permeability + Low rainfall—arid -
High permeability 0 Windy +
Variable infiltration rate 0 High temp—humid +
High salinity and sodicity - High temp—arid +
Highly erodible 0
Undulating topography - Social & institutional
Odd shaped fields 0 Easy to manage 0
Obstructions 2 0 Automation potential 0

Stony, cobbly

1/ Not suitable unless water supply is nonsaline, low SAR, and very high quality.
2/ Obstructions may include roads, buildings, rock piles, trees, and belowground utilities.
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Table 5-8 Slope limitations for surface irrigation systems (after grading)

|
Type Maximum slope(%) Maximum slope(%)
(arid & semiarid areas) (humid areas)
non-sod sod non-sod sod
Level
basin/border ------------ Flat------------
furrow  eeeeeaa--- Flat------------
Graded
border 2.0 4.0 0.5 2.0
furrow 3.0 0.5
corrugation 4.0 8.0
contour levee 0.1
contour ditch 4.0 15.0

contour furrow Irrigated cross slope

Table 5-9 Slope limitations for sprinkler irrigation systems
|

Type Maximum slope (%) ¥ Comments

Periodic move/set

portable handmove 20 +/- Laterals should be laid cross slope to minimize

sideroll - wheel mounted 10 and control pressure variation. Consider using

gun type 20 +/- pressure or flow control regulators in the

end tow 5-10 mainline, lateral, or individual sprinkler/

spray heads, when pressure differential causes an

Fixed (solid) set increase of > 20 % of design operating pressure.

permanent laterals no limit

portable laterals no limit

gun type no limit

Continuous move

center pivot 15

linear move 15

gun type 20 +/-
LEPA

center pivot 1.0

linear 1.0
LPIC

center pivot 2.5

linear 2.5

1/ Regardless of type of sprinkler irrigation system used, runoff and resulting soil erosion becomes more hazardous on steeper slopes.
Proper conservation measures should be used; i.e., conservation tillage, crop residue use, filter strips, pitting, damming-diking, terraces,
or permanent vegetation.
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652.0600 General irriga-
tion objective

Irrigation systems should have the capability to apply
the amount of water needed by the crop in addition to
precipitation. Irrigation applications should occur in a
uniform and timely manner while minimizing losses
and damage to soil, water, air, plant, and animal re-
sources. Some irrigation systems also include water
supply and delivery. Any irrigation system design
requires adjustment in the field. Designs must be
tailored to the skills and willingness of the irrigation
decisionmaker to properly manage the system and
make the adjustments.

To properly design and manage irrigation water, flow
rates must be known. Therefore, water measurement
is essential for farm and field delivery. Measurement
of irrigation water is described in chapter 8 of this
guide.

(a) System capacity requirements

The irrigation system must be able to deliver and apply
the amount of water needed to meet the crop-water
requirement. Along with meeting the seasonal water
requirements, systems must supply enough water to
prevent daily crop-water stress by satisfying the differ-
ence between evapotranspiration demands and avail-
able soil moisture supplied by rainfall or previous
irrigations.

The irrigation decisionmaker must decide what water
supply rate(s) will be used for designing system capac-
ity. In arid and semiarid areas with high value crops, at
least 90 to 95 percent probability of peak daily plant
evapotranspiration may be required. With medium
value crops, 80 percent may be adequate; and with low
value crops, 50 percent may be sufficient.

If the soil can only store and provide water for a few
days, meeting peak daily evapotranspiration rates may
be desirable. With medium textured soils in semi-
humid and humid climatic areas, values less than peak
daily rates may be sufficient, such as average daily rate
for the peak month. Potential prolonged drought
periods in any climatic area and high value crops may

justify the higher cost of providing system capacity to
meet peak daily crop use rates. National Engineering
Handbook (NEH), Part 623 (Section 15), Chapter 2,
Irrigation Water Requirements, provides a good de-
scription and examples for determining farm and
project water requirements.

A system capacity greater than crop water use may be
needed for other uses, such as frost protection. For
example, where a sprinkler irrigation system is used
for frost protection of orchards, large blocks must be
continuously sprinkled during critical cold tempera-
tures. This may require lower application rates than
irrigation application would require, but larger areas
are probably sprinkled at one time, thus requiring
larger pumping plants and larger diameter distribution
lines.

Typically as water costs increase, farm managers
invest in better irrigation systems and management.
They use techniques that have the potential to mini-
mize water use by more uniform water application
across the field and better control of the amount
needed and applied by each irrigation. Changing or
improving irrigation methods and systems may reduce
total operating costs. However, even the most suitable
irrigation system for a specific site can be misman-
aged.

(b) Limiting factors

Limiting factors to adequately operate an irrigation
system on a specific site include soils, crop, water,
climatic conditions, and labor. See tables 5-3 through
5-7 in Chapter 5, Selection of Irrigation Systems, for
negative, neutral, or positive factors affecting selection
consideration. Other limitations to consider are:

Surface systems—High sediment laden irrigation
water generally reduces intake rates, which on coarse
textured soils may increase advance rates thereby
improving distribution uniformity for the field. On
medium and fine textured soils, a reduced intake rate
may be undesirable.

Graded furrow systems—On furrow slopes greater
than 1 percent and on highly erodible soils, erosion
rates can be severe unless protective measures are
provided.
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Level basin and graded border systems—Larger
heads of water are required to meet minimum flow
depth requirements in a level basin or border (typically
5 to 7 cubic feet per second) and maintain reasonable
field sizes. High uniformity can be attained with level
basins on medium and low intake rate soils.

Low pressure continuous/self move center pivot and
linear systems—Requires intense water, soil, and plant
management for low intake soils, and at least a moder-
ate amount of management on low to medium intake
soils.

Micro—Water quality must be high except for basin
bubbler systems, which use plastic tubing of 3/8 inch
diameter and larger. Chemicals must be used to pre-
vent algae growth in most systems.

(c) System design

An irrigation guide is valuable by giving general guid-
ance for planning, design, layout, and operation of an
irrigation system. Only application methods for which
rational design methods exist are described. Wild
flooding, border ditches, and nongraded furrows are
not included. Presently, the only practical way to
improve on the efficiency of these systems is by trial
and error with adjustments being made during an
irrigation.

Rational methods of design have their own limits. The
data that goes into any irrigation system design in-
cludes two principal factors—soil intake rate and net
application per irrigation. In some areas timing and
availability of water can be a consideration for surface
systems; additional principal factors are flow rate and
erosion resistance. These factors are highly variable
and can change with soil condition, from one field to
another, for each crop stage of growth, from crop to
crop, and from the first part of the season to the last
part. The physical layout of a system can be installed
according to data from the guide. Operational adjust-
ments then must be made for differing field and crop
conditions.

Design standards for irrigation practices are contained
in the NRCS National Handbook of Conservation
Practices, and Section IV of the Field Office Technical
Guide.

652.0601 Surface
irrigation

(a) General

The surface irrigation method is the application of
irrigation water to the soil surface by gravity. Applica-
tion systems vary. It is necessary to understand that a
volume balance of water in a surface irrigation system
must exist at all times. All water introduced at the
head end of the system must be accounted for in
surface flow or storage, infiltration, runoff, and a very
small amount lost to evaporation during the time of
irrigation. The amount lost to evaporation is generally
neglected. In the overland flow process, an energy
balance also exists. Flow or volume measurements
can account for inflow, surface storage, and runoff.
Infiltration volume can be measured by changes in
soil-water content in the root zone before and after
irrigation, with the remainder going to deep percola-
tion below the plant root zone.

(1) Description and stages of typical surface
water movement

Inflow—Irrigation stream flowing into a furrow,

corrugation, rill, border, basin, or field.

Advance stage—Process of the leading edge of water
moving across the field either in channel or as over-
land flow.

Advance rate—Time or rate at which the advance
front moves across the field.

Storage stage—That portion of time or volume
occurring between end of advance (or shutoff) and
start of recession time, generally measured between
specific points (and time) during an irrigation.

Recession stage (rate)—That portion of the irrigation
time between inflow shutoff and beginning of reces-
sion at the upper end of the field. Recession rate is the
rate at which the recession front moves over the
surface. To be practical, recession ends when less than
10 percent of the wetted soil surface is covered by
water.
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Infiltration—A process or rate of water entering into
the soil at the air-soil interface.

Outflow (runoff)—Volume depth or streamflow rate
flowing past the end of the field.

Figure 6-1 displays the definitions and characteristics
of surface irrigation. Table 6-1 displays gross irriga-
tion application for a variety of net application depths
and efficiencies.

This part of chapter 6 reflects existing methodology
and calculation procedures and examples in NEH, part
623 (section 15), chapters 4 and 5. Reference to cur-
rent academia and research involving what is de-
scribed as the zero-inertia model will also be made.

Design procedures and examples provided in section
652.0605 are developed from state approved computer
programs using existing methodology from chapters 4
and 5, or from Agricultural Research Service’s publica-
tion, Surface Irrigation Model, SRFR. SRFR method-
ology will be used as the basis for future surface
irrigation designs in NRCS. Trial applications of SRFR
in some locations have shown the model more nearly
fits actual field conditions than those from existing
methodology given in NEH part 623, chapters 4 and 5.

Figure 6-1  Surface irrigation stage definitions
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Table 6-1 Gross irrigation application, in inches ¥
|

Net e Application efficiency - - - - - - - - - - - i
IMFIg mmm e m i m () - - - mrm i m e
depth

(in) 80 75 70 65 50 55 50 45 40 35
0.40 0.50 0.53 0.57 0.62 0.67 0.73 0.80 0.89 1.00 1.17
0.60 0.75 0.80 0.85 0.92 1.00 1.09 1.20 1.33 1.50 171
0.80 1.00 1.07 1.14 1.23 1.33 1.45 1.60 1.78 2.00 2.29
1.00 1.25 1.33 1.43 1.54 1.67 1.82 2.00 2.22 2.50 2.86
1.20 1.50 1.60 1.71 1.85 2.00 1.18 2.40 2.67 3.00 3.43
1.40 1.75 1.87 2.00 2.15 2.33 2.55 2.80 3.11 3.50 4.00
1.60 2.00 2.13 2.29 2.46 2.67 291 3.20 3.56 4.00 4.57
1.80 2.25 2.40 2.57 2.77 3.00 3.27 3.60 4.00 4.50 5.14
2.00 2.50 2.67 2.86 3.08 3.33 3.64 4.00 4.44 5.00 5.71
2.20 2.75 2.93 3.14 3.38 3.67 4.00 4.40 4.89 5.50 6.29
2.40 3.00 3.20 3.43 3.69 4.00 4.36 4.80 5.33 6.00 6.86
2.60 3.25 3.47 3.71 4.00 4.33 4.73 5.20 5.78 6.50 7.43
2.80 3.50 3.73 4.00 431 4.67 5.09 5.60 6.22 7.00 8.00
3.00 3.75 4.00 4.29 4.62 5.00 5.45 6.00 6.67 7.50 8.57
3.20 4.00 4.27 4.57 4.92 5.33 5.82 6.40 7.11 8.00 9.14
3.40 4.25 4.53 4.86 5.23 5.67 6.18 6.80 7.56 8.50 9.71
3.60 4.50 4.30 5.14 5.54 6.00 6.55 7.20 8.00 9.00 10.29
3.80 4.75 5.07 5.43 5.85 6.33 6.91 7.60 8.44 9.50 20.86
4.00 5.00 5.33 5.71 6.15 6.67 7.27 8.00 8.89 10.00 11.43
4.20 5.25 5.60 6.00 6.46 7.00 7.64 8.40 9.33 10.50 12.00
4.40 5.50 5.87 6.29 6.77 7.33 8.00 8.80 9.78 11.00 12.57
4.60 5.75 6.13 6.57 7.08 7.67 8.36 9.20 10.22 11.50 13.14
4.80 6.00 6.40 6.86 7.38 8.00 8.78 9.60 10.67 12.00 13.71
5.00 6.25 6.67 7.14 7.69 8.33 9.09 10.00 11.11 12.50 14.29
5.20 6.50 6.93 7.43 8.00 8.67 9.45 10.40 11.56 13.00 14.36
5.40 6.75 7.20 7.71 8.31 9.00 9.82 10.80 12.00 14.00 16.00
5.60 7.00 7.47 8.00 8.62 9.33 10.18 11.20 12.44 14.00 16.00

1/ Includes deep percolation and tailwater runoff.
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(b) Level basins, borders

This surface irrigation system uses relatively large

flow rates supplied to level or nearly level soil surfaces

over a short period of time. The basin (borders) may
be any shape and is surrounded on all boundaries by a
control barrier, such as a low dike or levee. The water
is confined until infiltrated into the soil.

Level basins have been used for many years for irrigat-

ing orchards, citrus, grapes, alfalfa, small grains, and
grass pasture. Similar to the level basin principal,
contour levee irrigation has been used for centuries
for growing rice.

Design of basin size depends on water supply flow
rate, soil intake characteristics, and available soil
water capacity. Basin irrigation can be adapted to
most crops and certain marginal quality water not

usable in other methods of irrigation. This system is
best adapted for low to medium intake soils, where

infiltration tends to be more uniform.

With proper design and management, level basin

systems can result in high distribution uniformity and
high overall application efficiency. Application effi-
ciencies of individual irrigation events exceeding 90

percent can be obtained. Lack of uniformity in soil
intake characteristics across the basin can reduce
distribution uniformity of water infiltrated, as can

using inadequate inflow rates.

€

Advantages

Level basin irrigation systems are the easiest to
manage of any system. Application volume is
controlled by inflow time of set, assuming inflow
rate is known.

Properly designed and managed level basin
systems minimize deep percolation losses and
high application efficiencies are attained. Distri-
bution uniformity can be greatly improved over
other irrigation systems. There is no runoff
except for rice where flow through water is used
to maintain the desired water surface elevation.
Leaching saline, sodic, and other toxic ions is
easier than with other methods. The reason for
this is that water covers the entire soil surface
uniformly and at a reasonably uniform depth.
The water has the opportunity to infiltrate
evenly, thereby reducing residual salts that often
remain with graded border irrigation. Rainfall

does not run off, so it can also be used for leach-
ing. Leaching of toxic ions with level irrigation
systems may not be as water efficient as leaching
with sprinklers (unsaturated) because of some
concentration of flow in macro pores.

The guess work in applying the right amount of
water is reduced since there is no surface runoff
and nearly all water applied to a basin is infil-
trated and used or lost to deep percolation
within the basin.

Relatively light applications of water are pos-
sible.

Automation can be adapted as follows: The time
of set, thus the amount of water applied, can be
controlled directly with time clock operated
gates in both head ditch and turnout(s) into a
basin. However, with relatively large flows,
powered gate control devices may require 110
volt power or a large battery(s). Drop open and
drop close gates that are operated by gravity and
water pressure against the head gate are avail-
able.

Few turnout or outlet structures into a basin are
needed.

Except where rice fields are drained, no
tailwater exists for further handling.

Level basin areas as large as 10 to 40 acres can
be irrigated when large streams are available and
proper water control structures are used. Fields
can be farmed using large equipment.

Increased yields may result because more uni-
form amounts of water can be applied. Uniform
distribution results in improved germination,
improved plant environment, and more uniform
growth. Leaching of plant nutrients is controlled.
Knowledge of required application volume and
timing is very important when using this irriga-
tion system. Irrigation scheduling is discussed in
Chapter 9, Irrigation Water Management.

With operator-owned laser controlled equipment,
annual maintenance or touch up can maintain
fields in as designed condition. Laser controlled
equipment can grade the surface to within about
0.025 to 0.05 foot of design elevation. Growers
have discovered several advantages of annual
laser controlled land leveling or planing, espe-
cially with grower owned equipment and with
annual crops. Advantages of a near perfect
system are realized every year instead of only the
first year after leveling. Annual costs are about
the same as re-leveling every 3 to 4 years.

(210-vi-NEH, September 1997) 6-5



Chapter 6

Irrigation System Design

Part 652
Irrigation Guide

(2) Limitations

« Precision leveling is required for uniform water
distribution. If low or high areas exist, uneven
infiltration occurs and distribution uniformity is
reduced.

e Laser controlled leveling or surface planing
equipment is almost essential to obtain uniform
water distribution and high irrigation efficien-
cies.

e The correct amount of water must be applied.
Over-application of water can lead to excessive
plant inundation, high water temperatures that
damage plants, leaching of nutrients, and the use
of extra water. Too often when level basin irriga-
tion systems are first installed, the irrigator tends
to over irrigate, as 30 to 50 percent of water is no
longer lost to runoff.

* To meet desirable basin size and shape objec-
tives, earthwork volumes may be greater than for
other surface irrigation methods.

« Variable soil intake characteristics within a
single basin can create poor water distribution
uniformity.

e Large basin inflow structures require erosion
control measures. More than one inlet onto a
field may be desirable.

« Typically, surface drainage must be provided to
divert high rainfall events off the field.

« Relatively large streams of water are needed and
should be used.

= |f the surface drainage system does not release
precipitation runoff in the natural drainage flow
path, easements may be required.

= Some direct evaporation when irrigating low
intake soils results because of excessive infiltra-
tion time (may be several hours). Also crop
scalding can be a problem with some crops on
low intake soils in very hot climates.

(3) Planning and design considerations
Factors to be considered in system design include:

< Intake characteristics of the soil can change
throughout the season as farm equipment com-
pacts the soil, from crop to crop, and from year
to year.

e Large flow rates are desirable to maximize distri-
bution uniformity of infiltrated water and basin
size.

« Flow resistance of the crop affects the minimum
flow needed to provide uniform flow depth and
time of advance across the basin.

< Net application of water (depth in inches) can
change as different crops are grown and as crop
rooting depth increases during the season. Typi-
cally time is varied rather than flow rate.

< Available water capacity of soil in the actual
plant root zone can vary because depth varies
with root development.

« Topographic and soils characteristics of the site
influence basin shape, earthwork required, and
the size of basins and fitting basins within areas
of uniform soils. Hydraulically, basins do not
have to be rectangular. Often earthwork volumes
can be reduced if nonrectangular shapes are
used.

With this information, the length and width (or shape
and size) of basins can be designed to obtain high
distribution uniformity and acceptable application
efficiencies. Basins that have the same size and shape
are desirable, but not required.

In general, the entire basin should be covered by water
in less than half of the total required irrigation oppor-
tunity time. For highest distribution uniformity, total
coverage should take place within a fourth of the
required irrigation opportunity time. This minimizes
the effect of variability of soil intake rates and irregu-
larities in the field surface.

To maximize distribution uniformity on basins, the
inflow rate must be known, the design inflow time
must be monitored, and water must be applied accord-
ing to crop needs and soil conditions. Measuring
delivery inflow is essential to knowing the inflow rate
(Q). If alarge delivery inflow is split into two or more
flows for irrigation heads, additional measurement
may be needed.

Carefully monitoring of design inflow time (T) is
essential, especially when using large flows and short
irrigation sets. For example, with inflow Q = 15 ft3/s,
and design opportunity time T = 35 minutes, an extra
turn-on time of 10 minutes can increase the applied
depth of water 29 percent. An extra turn-on time of
only 5 minutes means an increase of 14 percent. Care-
less timing can change a season long irrigation effi-
ciency from good to mediocre or poor quickly. The
irrigator must change heads of water when needed
rather than convenient. This is a big step in proper
water management.
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Applying water according to crop needs and in the
amount the soil will hold maximizes irrigation water
use.

(4) Design procedures

Basic design principles and procedures are described
in NEH, Part 623 (Section 15), Chapter 4, Border
Irrigation. Design procedures and examples provided
in section 652.0605 are developed from state approved
computer programs using existing methodology from
chapters 4 and 5 of this guide or from ARS publication,
Surface Irrigation Model, SRFR.

(c) Contour levee (rice lands)

Contour levee irrigation is similar to level basin irriga-
tion except when growing rice. Water is retained by
small dikes or levees that are constructed generally on
the contour. Additional leveling may be required to
square up fields or to widen the contour dike interval.

Where rice is grown, water is applied to the level or
nearly level area (basins) between levees at a rate (in
excess of the intake rate of the soil) to maintain
ponding. Flow-through water is used to maintain a
preselected water surface elevation; thus some
tailwater may be occasionally discharged from the
lowest basin. This water can contain undesirable
chemicals.

Automated static non flow-through systems are being
developed in some areas to reduce water use and
downstream surface water pollution. These systems
must consider water surface distortion by wind in
addition to water surface evaporation and plant tran-
spiration. Water surface sensors are used to monitor
water depth in each basin. Two to four water surface
sensing stations in each basin are recommended.
When the water surface lowers to a predetermined
level, signals are transmitted to a controller at an inlet
structure to allow additional water to enter the basin.

(1) Advantages

< High irrigation efficiencies are obtainable on
soils that have a very low intake rate.

e Maximum utilization of rainfall can be realized
by maintaining water surface elevations slightly
lower than flashboard crest elevations of water
control structures.

e Uniform distribution of water and high applica-
tion efficiency can be realized if flow-through
water is minimized or reused.

« Runoff from rainfall can be handled with little
additional structure requirement.

= Installation cost can be relatively low because
land preparation is less where dikes and levees
are installed on the contour. Size of areas be-
tween levees doesn’t need to be uniform.

= Simple water level control devices can be used.
Automation at inflow structures to maintain a
constant water level in the area between levees
can reduce labor requirements and tailwater
losses.

(2) Limitations

« Works best on soils that have a very low intake
rate.

= Soils having restriction to vertical water move-
ment, typically 18 to 30 inches below the soil
surface, minimize water lost to deep percolation.

e Land grading is generally required to maximize
area sizes between levees and provide a uniform
depth of water. Land leveling can be substantial
if it is desirable to make all basins the same size.

« Relatively large irrigation inflows are required to
fill the basins. Flows larger than 5 ft3/s with
single inlet structures require erosion protection.

« Use is limited to soils with land slopes less than
0.5 percent.

« Residual pesticides can be carried downstream
into public water through tailwater discharge.

e Surface drainage is required in high rainfall
areas.

(3) Planning & design considerations

Design considerations are based on three critical
periods of rice irrigation operation. They are flushing,
flood establishment, and flood maintenance.

Flushing—A water supply should be available to flush
the field between planting and flood establishment. To
prevent seed development problems and plant stress,
water should not remain on the soil surface for more
than 3 days.

Flood establishment—Flood establishment is the
application of water to inundate the soil surface to a
planned depth. A maximum flood-up period of less
than 6 days ensures uniform crop growth and matu-
rity. Pump or diversion flow rates should be sufficient
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to provide a minimum of 1 inch of water depth above
the highest point in the field, plus that needed for
evapotranspiration during the flood-up period.

Flood maintenance—Flood maintenance is the
application of water to maintain a planned water
elevation in the area between levees. To maintain
inundation, water must be added to replace crop
evapotranspiration, lateral seepage losses of outside
levees, deep percolation, flow-through water, and less
effective rainfall for the period. Average daily evapo-
transpiration should be used for planning and design
so that the flood is maintained during the most critical
periods. Flow-through water should be minimized.

(4) Design procedures

Basic design principles and procedures are described
in NEH, Section 15, Chapter 6, Contour Levee Irriga-
tion, and in the Texas Rice Irrigation Guide.

(d) Level furrows

Level furrow irrigation is similar to both level basin
and graded furrow irrigation. Laser controlled land
leveling is required for highest irrigation uniformity.
Irrigation water must be applied rapidly, using as large
a stream as the furrow can contain, until the design
volume or depth of irrigation is applied. Dikes along
edges of each irrigation set can be used to contain
water. The end of the furrow or field is blocked so the
water is contained and ponded within each furrow.
The same site conditions for level basins apply for
level furrows. Level furrow irrigation is best suited to
soils that have a moderate to low intake rate and
moderate to high available water capacity.

(1) Advantages

« High application uniformity can be attained with
a properly designed and managed system.

< Net irrigation application can be easily adjusted.
Light applications can be applied where water
can be introduced at both ends of the furrow or
where outflow into a lower basin is allowed.

e There is no runoff from irrigation.

e This system is well suited to automation (see
discussion of level basin and borders).

e Level basin (furrow) irrigation systems are the
easiest to manage of all irrigation systems. Appli-
cation volume is controlled by time, assuming
the inflow rate is known.

(2) Limitations

« Except on uniform flat fields, extensive land
preparation is required for initial installation.

« Typically, surface drainage must be provided to
divert high rainfall events off the field.

« Set times are generally short requiring frequent
changes.

« Relatively large streams of water are needed and
should be used.

« Uniformity of the soil surface must be main-
tained. This essentially requires the use of laser
controlled grading and planing equipment. (This
is true with all surface irrigation systems.)

« Where land leveling activities (or natural condi-
tions) expose soils with variable infiltration
characteristics, infiltration uniformity can be
poor.

(3) Planning and design considerations
Furrows should have adequate capacity for at least
half the volume of the net irrigation application. Where
it is undesirable to inundate a portion of the crop, or
where the soil has low intake, the furrow cross section
should be large enough to contain all the volume or
depth of water applied per irrigation set.

(4) Design procedures

Basic design principles and procedures are described
in NEH Part 623 (Section 15), Chapter 5, Furrow
Irrigation, second edition. This chapter contains tables
for a limited selection of field conditions. Computer
programs are available that the planning technician
can use to facilitate design. Design procedures and
examples provided in section 652.0605 are developed
from state approved computer programs using existing
methodology from chapters 4 and 5 of this guide or
from ARS publication, Surface Irrigation Model,
SRFR.

(e) Graded borders

Graded border irrigation is a surface irrigation system
where controlled surface flooding is used. The field to
be irrigated is divided into strips of uniform width and
grade by parallel dikes or border ridges. Each strip is
irrigated separately. Water is introduced at one end
and progressively covers the entire strip.
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Irrigation of graded borders is a balanced advance and
recession kind of water application. The borders
(border strips) slope in the direction of irrigation, and
the ends are usually open. Each strip is irrigated by
diverting a stream of water onto the border at the
upper end. The stream size must be such that the
desired volume of water is applied to the strip in a
time equal to, or slightly less than that needed for the
soil to absorb the net irrigation amount required.
When the desired volume of water has been delivered
onto the strip, the stream is turned off. Water tempo-
rarily stored on the ground surface moves down the
strip to complete the irrigation.

Uniform and efficient application of water depends on
the use of an irrigation stream of proper size. Too
large a stream results in inadequate irrigation at the
upper end of the strip and often excessive surface
runoff at the lower end. If the stream is too small, the
lower end of the strip is inadequately irrigated and the
upper end has excessive, deep percolation. Chapter 9,
Irrigation Water Management, discusses procedures to
evaluate an irrigation event and develop necessary
adjustments in flow and time of set.

(1) Advantages

= Water with relatively high suspended sediment
loads can be used.

« Graded borders can be used in rotation with other
methods and systems of applying water including
sprinkler and furrow irrigation systems.

= With proper system design and maintenance, this
method requires relatively little labor. Labor can
be further reduced by system automation.

« With properly designed and maintained systems
and proper management, relatively high applica-
tion efficiencies can be obtained on medium
intake rate soils.

« Distance between border dikes can be set to fit
existing cultivation and harvesting equipment.
Properly designed and constructed dikes can be
crossed by equipment.

(2) Limitations

« Must have sufficient depth of soil after land
leveling for growing crops.

e To attain the best distribution uniformity, fre-
quent observation (or automation) is required to
shut off water at required times. Advancing
temporary surface storage completes irrigation
of the lower part of the border.

< Relative uniform topography is required to allow
needed land leveling.

e Each border strip should have little or no cross
slope.

« Slope should be uniform in the direction of
irrigation with no reverse slope.

« A moderate level of irrigator skill and manage-
ment is required.

< Uniform light applications of water are difficult

to apply.

(3) Planning and design consideration
The following factors must be considered in the design
of a graded border system. When this information is
known, the border width, initial flow rates, and inflow
times can be determined. Factors for consideration
are:

« Intake characteristics of the soil

* Available flow rate

« Flow resistance of the crop to be grown

« Quantity (depth) of the water to be applied

« Water quality

* Slope

« Erodibility of the soil

< Available water capacity of soil in actual plant

root zone (depth varies with root development)

As a general rule for a properly designed and managed
graded border system, water should be shut off when
the wetting front has reached two-thirds to three-
fourths of the border strip length. Detailed designs are
based on estimates of intake rates, net water applica-
tion, crop flow restriction (roughness coefficient),
erodibility of the soil, and net water application. All
these factors are variables even on the same soil type
and the same field. For this reason designs must allow
for adjustments of flow rates, application times during
system operation, or both. Some growers choose to
deficit irrigate lower portions of the field to conserve
water, reduce set time, and limit runoff.

Slope in the direction of irrigation should not exceed
the following:

Arid & semiarid ----Humid----
non-sod sod non-sod sod
2% 4% 0.5% 2%
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(4) Design procedures

Basic design principles and procedures are described
in NEH, Part 623 (Section 15) Chapter 4, Border Irriga-
tion. Design procedures and examples provided in
section 652.0605 are developed from state approved
computer programs using existing methodology from
chapters 4 and 5 of this guide or from the ARS publica-
tion Surface Irrigation Model, SRFR.

(5) Modifications to graded border systems
Border surge (characteristics and design consider-
ations)—The general principles of surge irrigation
work with graded borders the same as they do with
graded furrows. The surge irrigation technique works
best where the soil infiltration rate needs to be re-
duced (i.e., medium to coarse textured soils). Surge
irrigation can be used to reduce both the net and total
depth of irrigation water applied. (See discussion of
furrow surge irrigation procedures later in this chap-
ter.) The main difference is that an automated system
capable of surging larger volumes of water to a single
border is required. This generally requires large gated
pipe or multiple risers. Developing equipment to
automate ditch turnouts has been attempted, but such
equipment is not commercially available at the time of
this writing. Border surge can also be accomplished by
using a surge valve to split the water between two
adjacent borders via open ended pipelines and short
ditches.

Border cablegation (characteristics and design
consideration)—Cablegation is an excellent way to
automate graded border systems providing the slope
(fall) along the head ditch or supply pipeline is ad-
equate. Approximately 0.2 foot per 1,000-foot grade is
required on the supply pipeline at head ditch location.
See discussion of furrow cablegation irrigation proce-
dures later in this chapter. Large diameter gated pipe
is generally required to handle the larger inflows
needed for borders than that needed by furrows. This
is a good way to provide accurate inflow times for
short borders that would otherwise take frequent
visits by the irrigator. One advantage with cablegation
is that inflow times are easily changed by a simple
adjustment of the cable speed controller. Water appli-
cation design procedure is the same as for a manually
operated system.

() Graded furrow characteristics

Graded furrow irrigation is a surface irrigation system
that applies water to the soil by allowing water to flow
downslope, in evenly spaced channels called furrows,
rills, or corrugations. These small channels convey
water down the field to the plants either growing in
the furrows or on beds between the furrows. Graded
furrow systems differ from border irrigation in that
only part of the ground surface is covered with water.
Water enters the soil by both vertically downward and
lateral infiltration. The furrow stream is applied until
the desired application depth is obtained. The time
that water must be supplied to furrows is dependent
upon the volume of water required to refill the soil
profile to the desired irrigation depth. The intake rate
of the soil, spacing of furrows, and length of the field
all affect the amount of water to be applied. Surface
grading (land leveling) to provide uniform slopes is
essential to permit uniform water application and
efficient irrigation.

Furrow irrigation also includes applying water with
corrugations. Corrugations are typically used to irri-
gate noncultivated close-growing field crops using
small closely-spaced channels directed down the
primary slope of the field. Corrugations are also used
to help guide irrigation streams in border strips. In this
case the design is based on the border design proce-
dures instead of the furrow method. Corrugations are
frequently formed after the crop has been seeded,
such as with small grains. In case of a perennial crop,
such as alfalfa, they are reshaped as needed to main-
tain the desired channel cross section. Water applica-
tion principles are the same as for furrow, with spac-
ing, size, shape, and retardance characteristics being
the primary differences. Corrugation stream sizes are
small in comparison to furrow streams, and lengths of
run are relatively short because of the smaller flows
generally used and the resistance to flow caused by
the growing crops.

Current ARS research and academia support the zero-
inertia theory of surface irrigation, especially with
furrow irrigation in lieu of the process in NEH, Part
623 (Section 15) Chapter 5, Furrow Irrigation.
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Advantages

The number of furrows irrigated at one time can
be adjusted to match available water delivery.
Adequate inflow to each furrow should always be
used.

Uniform application can be obtained if adequate
management practices are followed and the land
has been properly prepared.

Initial capital investment is relatively low on
lands not requiring extensive land leveling. The
furrows and corrugations are constructed by
readily available and commonly used farm imple-
ments.

Water with relatively high suspended sediment
loads can be used.

Limitations

Water erosion hazards may be high, depending
on field slope and soil texture. Erosion is of
increasing concern as farm managers become
more aware and as controls are placed on the
amount of sediment that may leave the field and
enter public water bodies.

Tailwater (runoff) is nearly always required by
graded furrow irrigation to provide uniform or
adequate irrigation in the lower part of the field.
To get adequate water infiltrated in the lower
end of the field, the upper end is almost always
overwatered resulting in deep percolation losses.
Graded furrow system modifications, such as
tailwater reuse, surge, and cablegation, can
minimize deep percolation losses.

Salts from either the soil or water supply can
concentrate on ridges and beds. This can be a
problem during seed germination and early
stages of plant development even with salt-
tolerant crops. Planting on ridge slopes and good
water management help minimize this limitation.
With some low and high intake soils and wide
planting beds, lateral spread of water may not be
adequate to provide complete irrigation across
the bed in a reasonable irrigation time.

With high intake soils the difference in intake
opportunity time along the furrow, because of
the time required for the stream to advance, can
make it difficult to obtain high distribution
uniformity. Furrow irrigation system modifica-
tions, such as tailwater reuse, surge, and cut
back, can minimize nonuniformity.

Furrows and corrugations create a rough field

surface, which is inconvenient to cross with farm
equipment.

= Labor requirements are high because irrigation
streams must be carefully regulated to achieve
uniform advance and infiltration. Intake rate
varies with each furrow because of tillage equip-
ment compaction (soft versus hard furrow, or
wheel versus nonwheel furrow) and can require
adjustment of inflows in all furrows during the
set. Adjustments of water inflow may be neces-
sary several times during the set to maintain
uniform advance rates in all furrows.

« Adequate leaching of salts is more difficult than
with borders or sprinkler systems.

e Land leveling and preplant land grading or plan-
ing is normally required to provide uniform
furrow grades.

(3) Planning and design considerations
Factors that must be considered in graded furrow
design include:

« Intake characteristics of the soil (or advance rate
of known inflows).

« Erodibility of the soil.

= Available water supply.

< Depth of water to be applied each irrigation.

« Furrow spacing (distance between furrows in
which water will be introduced). This is quite
important when the irrigator is using inflows to
alternate furrows.

< Field slope in direction of irrigation and cross
slope.

e Length of furrows.

« Flow resistance of crop to be grown.

< Available water capacity of soil in plant root
zone (depth of root zone varies with root devel-
opment).

With this information the flow rate per furrow and
inflow time can be designed for desirable uniformity.
Amounts of deep percolation below the crop root zone
and runoff can be estimated.

Optimum distribution uniformity for a given system
occurs when uniform grade is in the direction of
irrigation. Typically a constant flow rate is turned into
the furrow for the entire irrigation set. Flow rates and
set times are designed to provide a desirable net
application depth for a planned length of furrow.
Runoff is essential beyond that part of the field receiv-
ing adequate irrigation. Runoff from the field can be
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reduced where deficit irrigation is planned and can be
tolerated by the crop in the lower part of the field.
Seasonal changing of soil intake characteristics re-
quires adjustments in inflow rates and time of set.

Normally, one furrow is between each crop row ex-
cept for some bedded crops where two or more crop
rows are planted on each bed. In these cases the
furrows are along each pair of crop rows. See figure
6-2. The size (width and depth) of furrows and the
spacing between rows depend on: the soil type, the
crop, local cultural practices; and, on cultivation and
harvesting equipment. Spacing of gates on gated pipe
and setting of siphon tubes should match furrow
spacing on field crops.

(4) Design procedures

Basic design principles and procedures are contained
in NEH Part 623 (Section 15), Chapter 5, Furrow
Irrigation and in ARS publication, SRFR, A computer
program for simulating flow in surface irrigation,
Furrows-Basins-Borders (WCL Report #17 1990).
Planning technicians can use design charts where they
have been prepared, do the calculations by using a
small calculator, or by use of a computer. Many pro-
grams have been developed for computer use. One is
the ARS model, SRFR. See section 652.0605 for design
procedures and examples.

Figure 6-2  Typical furrow and bed arrangement for row
L] crops

F.

Furrow

Single row bed Double row bed

(5) Modifications to graded furrow irrigation
systems
Several modifications to graded furrow irrigation
systems can improve uniformity of applied and infil-
trated water and increase application efficiency. Some
are quite easy and cost effective to automate. These
modifications will be described individually as design
procedures and field application techniques apply to
each. The modifications include:

(i) Graded furrow with cutback of inflow—In
this type of furrow system, a large flow of water is
initially turned into the furrow. When the water has
nearly reached the end of the furrow, the inflow rate is
reduced, or cutback. This procedure can increase
uniformity of infiltrated water throughout the furrow
length and reduce runoff. This modification has not
had widespread use because of the additional labor
required to manually reduce the flow rate and then
reset the extra water that becomes available from the
cutback. Cutback and resetting new water requires
continual diligence by the irrigator to keep up with the
new turn-on and turn-off times. The cablegation tech-
nique was developed as an attempt to automate cut-
back systems.

Most surge irrigation equipment has options available
for multiple half cycle times, for use when the water
advance reaches the end of the field. This "soak cycle"
approximates a cutback system.

The following guidelines provide a practical procedure:
e Cutback initial flow when water reaches about
three-fourths of the distance down the furrow.
e The inflow rate is typically reduced to half the
initial rate.
e The reduced inflow rate should be applied until
the desired application amount is reached.

Design procedures—Basic design principles and
procedures are discussed in NEH, Part 623 (Section
15), Chapter 5, Furrow Irrigation. Design procedures
and examples provided in section 652.0605 are devel-
oped from state approved computer programs using
existing methodology from chapters 4 and 5 of this
guide or from ARS publication, Surface Irrigation
Model, SRFR.
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(ii) Graded furrow with blocked ends—This
modification to graded furrow irrigation has the poten-
tial to reduce or eliminate runoff and to improve water
distribution uniformity and application efficiency. The
ends of furrows are blocked, thereby ponding occurs
in the lower part of the field. A tailwater ditch can be
used to cause reverse flow in those furrows where
water has not reached the end of the furrow. Infiltra-
tion is increased in this lower end. For best water
distribution uniformity, blocked end furrow irrigation
systems should pond water on the lower fourth to
third of the field. Care must be exercised not to flood
the plants in this area if they will not tolerate inunda-
tion.

Since runoff is eliminated, potential pollution from
nutrients and pesticides to downstream surface water
can also be substantially reduced. However, all the
applied irrigation water is now infiltrated, thereby
increasing the potential for pollution of ground water.
Often blocking furrow ends only trades runoff for deep
percolation loss. When converting to graded furrows
with blocked ends, adjustments to inflow rates and
possibly set time are essential. Inflow rates and set
time are typically reduced. Blocked end furrow sys-
tems work best on low gradient fields.

Advantages:
« Eliminates runoff.
= Application uniformity can be increased.

Limitations:

e Limited to field slopes where the backed up or
ponded area is between a fourth and a third of
the length of the field.

« Furrows must have a large enough cross section
to contain the ponded water.

« Anincrease in labor is required to watch and
adjust inflows to match advance and infiltration
in all furrows and prevent dike overtopping at
the lower end.

Planning and design considerations:

The volume of water delivered to the furrow is equal
to the average intake over the furrow length. The
design of a graded furrow with blocked ends is similar
to that for a level furrow in that the volume of inflow
needed to provide the desired amount of application is
provided to the furrow. Difficulty comes in accounting
for and adjusting inflows for individual furrow intake
characteristics; i.e., hard versus soft furrows.

Design procedures:

Basic design principles and procedures are presented
in NEH, Part 623 (Section 15), Chapter 5, Furrow
Irrigation, for level furrows. See section 652.0605 for
design procedures and examples.

(iii) Graded furrow with modified slope—Slope
modification to graded furrow irrigation has the poten-
tial to increase uniformity of infiltrated water. The two
types of slope modification are:
« Slope that is gradually reduced throughout the
entire length of the field.
e Slope that is graded in the upper part of the field
and level in the lower part.

In the first type, slope in the direction of irrigation is
gradually reduced throughout the full length of the
field. Theory is to obtain a more uniform opportunity
time for infiltration throughout the furrow length.
Increased grades at the upper end decrease advance
time for water to reach the lower part of the field. The
irrigator must adjust inflow rates to create a uniform
advance in all furrows. Adjustment throughout the
season is also usually required.

In the second type, slope in the direction of irrigation
can be divided into two parts—a graded upper field
and a level lower field. Irrigation tailwater runoff from
the sloping upper field irrigates the lower field. Slope
changes typically occur at one-half, two-thirds, or
three-fourths of the total furrow length.

Modified slope furrow irrigation systems can have
some of the highest distribution uniformities of any
system. However, they also require the most intense
water management.

Advantages:
< High potential for increased irrigation unifor-
mity.
e Limited (or eliminated) tailwater runoff.
« Decreased deep percolation.

Disadvantages:
< Higher irrigator skill and labor are required.
« Adaptable only on certain topographic locations.
« Most difficult of all irrigation systems to manage.
= Works best for design conditions.
« Requires adjusting furrow inflow rates through-
out the season and from year to year.
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Design procedures:

Design each slope section as a separate field. Except
for the upper most field where the water supply is in a
head ditch or pipeline, tailwater runoff from the higher
elevation field is the furrow inflow for the next lower
field. Because of changing intake characteristics both
seasonally and yearly, furrow inflow is difficult to
project for the lower fields. Typically lower value
crops are grown on the lowest field.

Planning and design considerations are the same as
those for graded furrow.

(iv) Contour furrow—Where downslope irrigation
grade is excessive, the direction of irrigation furrows
can be turned cross slope or on the contour. This will
reduce the furrow grade. Unless the field slope is quite
uniform, irrigation grades can be variable; a factor that
tends to reduce distribution uniformity, application
efficiency, and to increase runoff. On moderately
sloping land, a principal concern is the possibility of
furrow streamflows breaking across ridges or beds.
This is more of a problem with crops, such as onions
and beans, where shallow furrows are used or where
surface residue is in the furrows. Where large water
supplies are available and land slope is nearly level,
furrows can be directed across the slope to convert a
graded furrow irrigation system to a level furrow
system. This often delays land leveling cost by several
years.

Advantages:
< Irrigation grades are decreased.
« Erosion can be reduced.
e Can be used on field slopes that exceed desirable
irrigation grade.
e Can minimize or delay land preparation costs.

Limitations:

= Point rows may result where field slopes are not
uniform.

« Head and tailwater ditches may be on erosive
grades.

= Overtopping during precipitation events can
increase erosion.

< High irrigator skill and labor are required.

< Not suited to areas with high intensity rainfall
events unless adequate provisions are made to
control erosion.

Design procedures:
Design procedures for a contour furrow system are the
same as those for graded furrow.

(v) Level furrow—Furrows are on nearly flat or
level grade. A constant flow rate is turned into each
furrow for the entire irrigation set. Flow rates and set
times are designed to provide a desirable net applica-
tion depth for a planned length of furrow. There is no
runoff. Where the tail end of furrows is connected with
a ditch, outflow from the faster advancing furrows can
enter adjacent furrows from the tail end. This can
improve uniformity of infiltration throughout the field.
Total fall in the length of run cannot exceed half the
net depth of application.

Advantages (see section 652.0601(d):

« High application uniformity can be attained.

< Net irrigation application can be easily adjusted.

e There is no irrigation runoff.

* Well suited to automation.

= Easiest to manage of all irrigation systems.

< With a uniform water supply, time of set deter-
mines application amount.

Limitations (see section 652.0601(d):

« Except on uniform flat fields, extensive land
preparation is required for initial installation.

« Providing surface drainage in moderate to high
rainfall areas is essential.

« Set times are generally short requiring frequent
changes.

« Relatively large streams of water are needed and
should be used, otherwise infiltration uniformity
can be poor.

« Uniformity of soil surface must be maintained.

(vi) Graded furrow using surge technique—
Surge irrigation is the intermittent application of water
to furrows or borders creating a series of on-off peri-
ods of either constant or variable time intervals. Usu-
ally the water is alternated (switched) between two
irrigation sets at predetermined, often varied time
increments until water has advanced to the end of the
field or until irrigation is complete. Surge has the
potential, with good management, to significantly
decrease deep percolation and runoff, and signifi-
cantly improve infiltration uniformity. Under some
conditions it can reduce furrow erosion. Surge irriga-
tion is most effective on fields where it is desirable to
reduce soil intake rate.
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During the first on period, the inflow wetting front
advances down the furrow some distance, typically 20
to 25 percent of the furrow length. During the off
period, water is applied to a second furrow typically
on a different set. Each time water is turned on, it
progresses more rapidly across the wetted area. More
flow is then available to progress further down the dry
furrow. The increased advance is caused by the de-
crease in water intake rate in the previously wetted
area and decreased furrow roughness. By alternating
flows in furrows, the total advance time and volume of
water applied are both reduced when compared to
standard continuous flow methods. Generally, surging
results in more uniform water infiltration throughout
the length of the furrow. Figure 6-3 illustrates how
surge flow compares with conventional steady flow
furrow irrigation methods.

Irrigation water can be surged manually to reduce the
required advance time to the end of the field. These
high labor systems are typically used on recently tilled
soils and on soils that crack when dry.

Some irrigators use surge as a labor saving device,
operating two irrigation sets with each water change.
Because half the water is applied to each irrigation set,
total set time may need to increase to provide an
adequate irrigation. Where overirrigation has occurred
in the past, less water is applied at better uniformity
within the same set time.

Once the advance phase is complete, surge valve time
interval can be set to provide a cutback irrigation
inflow (short equal time intervals on each side). Some
refer to this action as a soak cycle. Typically runoff is
reduced without sacrificing irrigation uniformity down
the furrow.

The system uses a battery powered, timer controlled
valve that controls the direction of the irrigation flow.
This is usually accomplished with a butterfly type
valve as illustrated in figure 6-4. Solar powered panels
are available for battery charging. Programmable
controllers are also available. The control valve alter-
nately directs the irrigation head to flow in opposite
directions from the valve, usually in gated pipe. Modifi-
cations have been adapted for use on open concrete
lined ditches using gated ports.

Advantages:

« Generally less water is used, distribution unifor-
mity is increased, deep percolation at the upper
end of the field is decreased, and overall applica-
tion efficiency is increased.

e Surging times can be easily adjusted when using
timer flow control valves.

« Small application amounts can be applied.

« Where water is pumped, energy use can be
reduced.

e Overall, deep percolation and runoff can be
reduced.

« One controller can be moved from site to site to
operate additional valve bodies.

Limitations:

« Normal opening and closing of valves for surging
is not practical for manual operation. However,
manually operated long surge cycles on cracking
clay soils may be advantageous.

e Care must be taken to assure adequate water is
being applied, especially at the lower end of the
field.

= Additional cost is associated with surge valve(s)
and controller(s).

« When surge equipment is used on clay and clay
loam soils, careful management is necessary to
avoid excessive field runoff, especially if ad-
equate water is applied to the plant root zone at
the lower end of the field.

Planning and design considerations:

For many soils, experience has been that the same
stream size under surge flow advances to the end of
the field on both sets in nearly the same amount or
less time it takes one conventional set in continuous
flow. Flows advance to the end of twice as many
furrows with the same amount of water and time.
Surge flows allow light irrigations to be applied more
efficiently (for germination of new crops, for crops
with shallow root systems, and between rainfall events
in semiarid climatic regions).

Many existing gated pipe systems can be converted to
surge. Depending on existing outlets from a buried
pipe system (or from a head ditch), layout of gated
pipe for a surge system may be relatively easy. Per-
haps only surge valves are needed. Solar battery
powered, time clock controlled, commercial valves are
readily available. Valve controllers that can be pro-
grammed in variable surge times during the advance
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Figure 6-3  Surge irrigation versus conventional continuous flow furrow irrigation
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Figure 6-4  Butterfly type surge valves
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cycle are recommended. They should also be program-
mable for short duration surges after the water has
reached the end of the furrow. This type of valve
allows maximum flexibility in managing surge irriga-
tion.

Sometimes costs and labor can be reduced by using
several valve bodies with one controller. This allows
leaving the valve bodies and gated pipe in place across
the field(s) during the season, or with an extra valve
body, the next irrigation set can be readied while the
existing set is in operation. Only one controller is
moved from place to place when each irrigation set is
started.

Surge flow irrigation requires a greater level of man-
agement skill than conventional furrow irrigation.
Most irrigators need assistance when first operating a
surge system. They need to be able to observe the
progress of each irrigation during different parts of the
irrigation season as infiltration changes and to make
the appropriate adjustments in surge times and flow
rates. Field observations and evaluations of each
irrigation application can help in fine tuning surge
cycling times. Adjustments to gates are necessary to
maintain uniform advance in all furrows. Screening of
irrigation canal and reservoir water is necessary to
limit debris from partly plugging valves and gates in
gated pipe. Constant and uniform flow from gate
openings is essential throughout the irrigation set.

Alternative methods for providing proper on-times
include:

< Variable time-constant distance advance, vari-
able cutback time method—This method varies
the times of surges advancing in the furrow and
the time of surges after water reaches the end of
the furrow. Time adjustments can often be made
so water in the furrow never quite recedes during
a surge, yet runoff is kept very low.

« Variable time-constant distance advance, con-
stant cutback method—This method varies the
times of surges advancing in the furrow and uses
a constant time for surges after water has
reached the end of the furrow. This method may
be most beneficial with moderate to high intake
soils.

« Constant time-variable distance method—This
method is used when the surge controller cannot
automatically utilize variable surge times.

When using any of these methods, the planning techni-
cian and irrigator must realize that to apply the same
amount of water, the surge sets need to be allowed to
run longer than they previously ran to irrigate the
same area. This is true unless only a light application
is desired, and is especially the case when irrigating
low intake soils.

Design procedures:

Design procedures and examples provided in section
652.0605 are developed from state approved computer
programs using existing methodology from chapters 4
and 5 of this guide, or from ARS publication Surface
Irrigation Model, SRFR.

(vii) Graded furrow using cablegation tech-
nique—This modification to graded furrow irrigation
can potentially decrease runoff, increase uniformity of
infiltration, and decrease labor required. A plug in-
serted inside a gated pipe at the head ditch location is
pushed slowly downslope through the pipe by water
pressure. As the plug moves past the gates, water
flows out the gates. Furrow flow (gate discharge)
gradually reduces until the free water surface in the
gated pipeline is lower than the gate opening. The plug
is restrained by a small cable or rope attached to a
hydraulic or electric braking device located at the
head end of the gated pipe. The speed of the cable
controls the time of set and depth of application.
Cablegation has some of the same benefits as cutback
irrigation. Maximum furrow inflow occurs at the
beginning of irrigation as the moving plug clears the
opened gate. Figure 6-5 illustrates the general arrange-
ment of controls, pipes, and outlets in a cablegation
system. Large gates, or risers on a buried pipeline, can
be used to irrigate borders.

Advantages:

* Reduces labor. The system is essentially an
automated gated pipe system.

« Easy to adjust speed of plug (irrigation set time).

e Improves distribution uniformity. Can reduce
runoff and deep percolation.

= Variable grades along the gated pipe can be
accounted for.

Limitations:
« Precise grade is required for gated pipe to
achieve uniformity of gate discharge (furrow
inflow).
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e Screening to remove trash in the irrigation water
is necessary.

« Some water is lost because of bypass require-
ments as the first few furrows in the set are
irrigated and the plug has moved far enough to
allow water to discharge from all outlets.

e Cablegation works best where gated pipeline
grades are between 0.2 and 2.0 feet per 100 feet
(0.2 to 2.0%).

Planning and design considerations:

A single pipe is used to transmit water along the upper
edge of the field and to distribute equal amounts to
furrows or borders. The pipe is sized large enough to
carry the head of water at the head ditch grade with-
out completely filling the pipe (partial pipe flow). The
plug causes water from the supply source to fill the
pipe and flow out the outlets. See figure 6-5.

In this figure, the outlets (a) nearest the plug have the
greatest pressure head; therefore, the greatest outflow.
As the plug moves down grade, the pressure head
decreases for any one gate causing the outflow to
decrease (b). This process continues until outflow
ceases because the outlet is above the water level in
the pipe (¢).

Partial pipe flow condition is essential for cablegation
to function. Once gates are adjusted for the desirable

furrow flow, adjustments for following irrigations are
seldom necessary.

Shortly after the plug reaches the end of the pipe and
the last furrow has been irrigated the desired amount
of time, water is shut off and the plug is removed by

removing a cap on the end of the gated pipe. The cap

Near plug
maximum
flow (6a)

Figure 6-5  General arrangement of controls, pipe, and outlets
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is replaced and the cable rewound onto the winch. The
plug is reattached to the cable at the head of the pipe
ready for the next irrigation. Water brakes, hydraulic
rams, or electrical winch devices control the speed of
the cable and plug. The water brake is a low cost, but
very effective, water powered device. See ARS publi-
cation ARS-21, Cablegation Systems for Irrigation,
for details of speed control devices. Rewinding of the
cable is generally done by hand.

Design procedures:

Design methodology is reviewed in ARS publication
ARS-21, Cablegation Systems for Irrigation, and
several supplements published in recent years review-
ing current research. Design procedure and examples
are presented in section 652.0605.

(viii) Graded furrow with tailwater reuse
(pumpback)—This modification to graded furrow
irrigation can increase overall field application effi-
ciency since most of the runoff or tailwater is returned
to the head of the same field or to a lower elevation
field for reuse. Furrow inflow rates are generally
higher for decreased advance times and improved
distribution uniformity. The components of a tailwater
reuse (pumpback) facility includes tailwater collection
ditches, a pumping plant with sump, pipeline(s), and a
holding pond at either the lower end or the head end
of a field or farm.

Advantages:

= Offsite runoff is decreased, thereby decreasing
potential pollution of other surface water.

« Wastewater is available for irrigation or other on-
farm uses.

< Better utilization of water delivered to the farm.

e Furrow irrigation application uniformity is in-
creased.

* Soluble chemicals contained in tailwater are
reapplied to cropland.

Limitations:
< Irrigated cropland is often taken out of produc-
tion for the reservoir or sump. Many times ponds
can be located in odd shaped corners that are not
farmed.
* Flow to downstream users depending on runoff
is reduced.

e Depending on chemical application and manage-
ment, runoff can contain high levels of nutrients
and pesticides. This can create a potential hazard
to wildlife, especially water fowl that are drawn
to ponded water.

Planning and design considerations:

Items to consider for this type of system are topogra-
phy and layout of irrigated fields and the irrigators
management level and desire. Figure 6-6 displays a
typical tailwater recovery and reuse system in con-
junction with an underground distribution pipeline.

Where the holding pond is located at the head end of
the field or farm, only a small pumping plant and
pump sump are required at the lower end. This alter-
native allows the pumping of tailwater as it occurs.
The peak flow used to size the pump is generally less
than half of the irrigation inflow, and a smaller diam-
eter pipe is needed. The pump can be cycled or have
float control switches that automatically turn on and
turn off the pump as runoff collects in the sump, or it
can be set to run continuously during the runoff
period. Regardless where the holding pond is located,
it should have the capacity to store runoff from one
complete irrigation set.

Where siphon tubes, spiles, or ditch turnouts are used,
cutback irrigation can result when water is returned to
the supply ditch only during the first half of the irrigation
set. While pumping back to the presently used head
ditch, the water surface in the head ditch raises, causing
siphon tube, spile, or turnout discharge to increase. This
is generally undesirable. Where storage is inadequate,
additional furrows must be set to use the pumpback
water. Where gated pipe is used, pumpback flows are
generally uniform and constant during the irrigation set.
Additional gates are opened to discharge the pumpback
water. To reduce labor and odd irrigation set times, it is
typically easier to use the pumpback water on new sets.
However, storage to contain runoff from one complete
irrigation is necessary.

Where erosion is present, a small, shallow sediment
settling basin should be installed just upstream of the
sump pump or inlet end of the holding pond. A shallow
basin can be cleaned relatively easily with available
farm machinery, while a large pond or pit may require
cleaning with large construction type equipment.
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Erosion should be minimized with proper design and
installation of collection ditches and sump or pit
inflow structures. Irrigation tailwater should enter the
sump or pond in a protected inlet structure (i.e., pipe
drop inlet) at or near the pump inlet. Suspended silts
and clays are then pumped back onto the field.

Tailwater collection ditches excavated below furrow
outlet grade are the major cause of erosion when
furrow irrigating highly erosive soils. Furrow outflow
is often allowed to drop several inches into the
tailwater collection ditches. An erosion headfall devel-
ops and works its way upstream in the furrow. This
condition effectively removes soil and carries it into
the tailwater collection ditch. Narrow vegetative strips
(10 to 15 feet wide) and hand placed straw in the
furrows just upstream of the tailwater collection ditch
are effective means to control this type of erosion.
Buried pipelines with risers at furrow grade can also
be used.

Many pumps are available for use in tailwater recovery
facilities. Tailwater runoff can contain suspended
sediment, plant debris, worms, insects, and farm
chemicals. Either sufficient screening is required to
keep the material out of the pump, or a pump is se-
lected that can handle the material. Pumping heads are
generally low; therefore, horsepower requirements are
generally low. Electric power is preferred to drive
pumps because tractor and diesel engines are typically
overpowered. However, for limited use a farm tractor
may be desirable.

Tailwater reuse facility design requires reasonable
estimates of runoff rate and volume. A field evaluation
can be provided for an irrigation event to estimate the
runoff, or runoff can be measured. A field evaluation
or tailwater flow measurement should be made during
periods of maximum expected tailwater runoff (i.e.,
second irrigation after furrows are smoothed by previ-
ous irrigation and before maximum crop water use).

Figure 6-6
|

Typical layout for a tailwater recovery and reuse facility
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Measurement of runoff is relatively easy using por-
table measuring weirs, flumes, or small orifice plates.
Seepage, evaporation, and overflow losses occur in the
recovery, storage, and transport of tailwater. Losses
can be as high as 25 to 35 percent of the runoff volume
depending on the many variables and management
skills of the irrigator.

Design procedures:
See Chapter 7, Farm Distribution Components, for
additional discussion, design procedures, and examples.

(g) Contour ditch

Contour ditch is a form of controlled surface flooding.
This system consists of installing a series of irrigation
ditches or gated pipe running across the slope on the
contour with little grade (< 0.1 ft per 100 ft). Water is
discharged with siphon tubes, from gated pipe, or
allowed to flow over the banks of the contour ditch
uniformly along the length of the irrigation set. Gener-
ally, no flow constraints, such as dikes or levees, are
along the length of run. In theory the water moves
down the slope as a uniform sheet, but in practice it
generally does not. The flow mostly moves to low
areas and becomes nonuniformly distributed. Runoff
is collected in the next downslope contour ditch and
redistributed. Pasture and hay are the crops typically
grown. Corrugations can be used to help irrigation
flows.

The spacing between the ditches is governed by topog-
raphy, soil intake rate, and net irrigation application.
This type system is applicable to slopes up to 15 per-
cent. On slopes of more than 2 percent, it should be
restricted to sod forming crops. This system is adapt-
able to the steep residual soils in foothill areas and is
generally used where season long water is not avail-
able at a reasonable cost.

(1) Advantages

< Contour ditch is low in establishment costs,
requiring very little field preparation. However,
land leveling or grading between the ditches can
improve the uniform distribution of water.

= Irrigation efficiencies can be reasonable (50 to
60%) where soils are underlain by impermeable
layers and where diligence is practiced for reuse
of runoff.

« Flow onto fields from contour ditches can be
semi-automated by use of continuously moving
portable dams. The ditch generally must be well
sodded since flow is typically over the bank. This
works well with permanent crops, such as al-
falfa, clover, and pasture.

(2) Limitations

« High labor requirement until system is fully
established, then labor can be low.

= Should not be used on highly erodible soils
unless stabilized by permanent sod type crop. It
is recommended crop establishment be done
with a temporary sprinkler system.

« Open ditch maintenance is high.

(3) Planning and design considerations

The most frequently encountered problem with con-
tour ditch irrigation is maintaining adequate water
spread throughout the length of run. The more uni-
form the field slope, the more uniform the irrigation
flow is across the irrigation set. Corrugations installed
down the principal grade are often used to help main-
tain uniform distribution.

Contour ditch systems are generally designed from
local experience. The planning technician must follow
up with the irrigator to assist in making adjustments as
necessary to improve distribution uniformity. Table
6-2 provides estimates of design efficiencies. Under
best site and management conditions, overall applica-
tion efficiencies of 35 to 60 percent are possible.
Typically, efficiency is in the range of 25 to 50 percent.
Collection of runoff and redistribution is necessary to
obtain these levels. See table 6-3 for general guide-
lines for recommended maximum length of run using a
unit width stream of 0.01 cubic foot per second per
foot.

(4) Design procedures

Designs for contour ditch irrigation systems are diffi-
cult because the ground surface, slopes, and lengths of
run vary. Only rough approximations can be made,
and adjustments after initial irrigations are necessary.
Basic surface irrigation system design principles and
field experience have been used to develop design
tables and computer programs. See section 652.0605
for design tables, procedures, and examples.
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Table 6-2 Recommended design efficiencies for contour ditch irrigation systems &/
|
Field slope 2/ Designslope ~  ----------iio----- Border intake family - - ----------------
% % 0.1 0.3 0.5 1.0 15 2.0 3.0
0.00-0.10 0.10 50 50 55 60 60 60 60
0.10-0.25 0.20 50 50 55 60 60 60 60
0.25-0.50 0.40 50 50 55 50 60 60 60
0.50 - 1.00 0.75 50 50 55 50 60 60 60
1.00 - 2.00 1.50 40 45 50 50 55 55 55
2.00-4.00 3.00 40 45 50 50 55 55 55
4.00 - 6.00 5.00 35 40 40 40 45 45 45
6.00 - 9.00 7.50 35 40 40 40 45 45 45
9.00-15.00 11.00 35 40 40 40 45 45 45

1/ These recommended design efficiencies are based on good maintenance and management. Land smoothing between contour ditches
is assumed.

2/ With field slopes of less than 2 percent, very smooth topography, and with nearly parallel contours, an alternative system, such as graded

borders, may provide better overall control of irrigation water.
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Table 6-3 Contour ditch irrigation—length of run, maximum length of run, and average irrigation time (unit width stream =
— 0.01 cubic foot per second per foot)

Border  Net APPIOX. === -mssmmmeee e Maximum length of run (ft) ¥/ - - - - - - - oo oo
intake irrig. IMFig. s emeee e Slope groups (%) - ---------=-=-c=mmmmmm oo
family  appl. time e 1t02---- e 2104---- ~--4108---- -~ 81016 --- ---16t032---

MST VST MST VST MST VST MST VST MST VST

(in) (hr) (f) (f (f) (f (f) (f (f) (f (f) (f

0.1 1.0 4.9 250 500 275 300 125 200 90 150 60 100
2.0 15.0 250 500 175 300 125 200 90 150 60 100
3.0 31.0 250 500 175 300 125 200 90 150 60 100
4.0 50.0 250 500 175 300 125 200 90 150 60 100
0.3 1.0 3.6 250 440 175 300 125 200 90 150 60 100
2.0 5.1 250 500 275 300 125 200 90 150 60 100
3.0 8.2 250 500 175 300 125 200 90 150 60 100
4.0 12.0 250 500 175 300 125 200 90 150 60 100
0.5 1.0 2.2 250 330 275 300 125 200 90 150 60 100
2.0 4.3 250 420 175 300 125 200 90 150 60 100
3.0 6.6 250 490 175 300 125 200 90 150 60 100
4.0 7.1 250 500 175 300 125 200 90 150 60 100
5.0 9.1 250 500 275 300 125 200 90 150 60 100
6.0 11.0 250 500 175 300 125 200 90 150 60 100
1.0 1.0 1.2 175 175 175 185 125 200 90 150 60 100
2.0 2.1 215 215 175 225 125 200 90 150 60 100
3.0 3.2 250 250 175 260 125 200 90 150 60 100
4.0 4.4 2250 275 175 290 125 200 90 150 60 100
5.0 5.7 250 305 175 300 125 200 90 150 60 100
6.0 7.0 250 330 175 300 125 200 90 150 60 100
15 1.0 .08 125 125 135 135 125 140 90 150 60 100
2.0 15 150 150 160 160 125 16 90 150 60 100
3.0 2.2 175 175 175 185 125 195 90 150 60 100
4.0 3.0 190 190 175 200 125 200 90 150 60 100
50 3.8 205 205 175 215 125 200 90 150 60 100
6.0 4.6 220 220 175 240 125 200 90 150 60 100
2.0 1.0 .07 100 100 105 105 110 110 90 120 60 100
2.0 1.2 115 115 125 125 125 130 90 135 60 100
3.0 107 130 130 135 135 125 145 90 150 60 100
4.0 2.3 145 145 150 150 125 160 90 150 60 100
5.0 2.9 155 155 165 165 125 170 90 150 60 100
6.0 3.5 170 170 175 175 125 180 90 150 60 100
3.0 1.0 0.5 70 70 75 75 80 80 85 85 60 100
2.0 0.8 85 85 90 90 90 90 90 100 60 100
3.0 1.2 90 90 95 95 100 100 90 105 60 100
4.0 106 100 100 105 105 110 110 90 115 60 100
5.0 2.0 110 110 110 110 115 115 90 120 60 100
6.0 2.4 115 115 120 120 125 125 90 130 60 100

1/ MST - Moderately Smooth Topography—Contours are essentially parallel and cross slope is not more than a fourth the general downslope.
No rills, dikes, or furrows are present.
VST - Very Smooth Topography—Contours are very smooth and nearly parallel, and cross slope does not exceed 0.1 percent. All minor
irregularities have been removed by land smoothing.
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(h) Furrow erosion control

Irrigation induced furrow erosion is a major problem
on highly erodible soils with slopes as flat as 1 per-
cent. Even soils that have flatter slopes can have
erosion problems. Maximum allowable furrow flow is,
in most part, determined by the amount of erosion that
may occur. Soils may erode if the furrow velocity
exceeds about 0.5 feet per second. Figure 5-13 in NEH
Part 623 (Section 15), Chapter 5, Furrow Irrigation,
shows velocity and depth of flow for various stream
sizes and grades in a standard shaped furrow. Recom-
mended maximum allowable stream sizes are:

Q =15/S erosion resistant soils
Q =125/S average soils
Q =10/S moderately erodible soils
Q =5/S highly erodible soils (This value can
range from 3 to 9, depending on
erodibility of soils.)
where:

Q = gpm per furrow
S =slope in percent

A practical upper limit for inflow rate is about 50
gallons per minute, regardless of furrow slope.
Streams larger than 50 gallons per minute generally
require a much larger furrow cross section, or furrow
ridge inundation occurs.

Sampling the amount of sediment coming off a field
being planned for irrigation, or one similar to the one
being planned, is the best way to determine degree of
erosion. Close observations must be made along the
entire furrow length to see where erosion is actually
occurring and where sediment deposition is occurring.
Erosion and sediment deposition throughout the
length of the furrow is a dynamic process. Typically,
most erosion occurs within the first few feet of furrow
length or in the last few feet of the furrow. The pri-
mary cause is high velocities from head ditch outlets
(gated pipe, siphon tubes, spiles, etc.) or excess
dropoff at end of furrow into tailwater collection
ditches.

An Imhoff cone may be used to evaluate furrow sedi-
ment discharge. Flow at any point in the furrow length
can be used, but the sample is generally taken at the
outflow point. A 1 liter sample is taken, placed in the
Imhoff cone and allowed to settle for 30 minutes
(Trout 1994). The sediment level in the cone is read

directly in ml/L. Conversion from volume to weight is
necessary. This conversion can be estimated at 1 gram
=1 mL, or can be determined by calibration using
local soils. Furrow outflow rate throughout the irriga-
tion, furrow length and spacing must be known to
estimate sediment yield in tons per acre for that spe-
cific field condition. Many tests are required with fully
controlled conditions before collected data can be
accurately expanded to other conditions, such as other
soils, slopes, residue amounts, and furrow flow,
length, shape, and roughness.

The planning technician can suggest several alterna-
tives to the water user for reducing furrow erosion to
acceptable levels. For example, conversion to a low
application rate sprinkler system may be necessary to
reduce erosion to desirable levels. With highly erosive
soils, furrow irrigation can be difficult to manage in a
manner that allows water to be applied uniformly and
efficiently and yet have minimal erosion. High levels of
water management and residue intensive cultural
practices are generally required when surface irrigat-
ing highly erosive soils on field slopes of more than 1
percent.

Some methods and practices that can reduce field
erosion and sediment deposition in tailwater collec-
tion facilities and surface water bodies are:

Improve water application—Change inflow rate,
change time of set, or use surge technique. All param-
eters must be evaluated so as to not increase deep
percolation losses in the upper part of the field. An
increase in deep percolation can mean increased
potential for ground water pollution.

Modify existing system—Shorten length of run or
reduce irrigation grades with corresponding changes
of furrow inflow rate.

Convert to another irrigation method (or sys-
tem)—Change system to a low application rate sprin-
kler or micro irrigation system.

Change cropping sequence or crops—Use higher
residue producing crops.

Change tillage systems, reduce tillage opera-
tions, or change tillage equipment—Use reduced
tillage or no-till cultural practices to maintain higher
rates of residue on the soil surface.

(210-vi-NEH, September 1997) 6-25



Chapter 6

Irrigation System Design

Part 652
Irrigation Guide

Improve surface residue—Place straw in furrow by
hand or equipment.

Install vegetative filter strips at head or lower
ends of field, or both—Plantings can be permanent
or temporary. These areas are typically equipment turn
areas with few or no plants. A vegetative filter strip at
the lower end of field helps filter out sediments as well
as chemicals (fertilizers and pesticides) attached to
the eroded soil particles.

Change land use—Convert to crops providing perma-
nent cover.

Redistribute the collected sediment (this is
topsoil)—Annually haul and respread the collected
eroded soil as a normal farming operation. This may
be needed only during the years when crops are grown
without sufficient surface residue or permanent cover.

Add polycrylimide to furrow inflow water—
Recent field research by ARS has demonstrated that
erosion reduction can also be realized by adding
polyacrylamide (PAM), at very low concentrations, to
the irrigation inflow stream (about 1 Ib/acre per irriga-
tion). PAM reduces erosion by stabilizing soil in the
bottom and sides of the furrow and by flocculating
suspended sediments. It is presently used in the food
processing and wastewater treatment industries to
flocculate suspended solids, allowing them to settle
out. Application during the advance phase of the first
and third to fifth irrigation is generally sufficient
unless cultivation destroys the furrow seal. Whey from
cheese making has also showed promise as a soil
stabilizer.

One method to analyze potential furrow erosion and
sediment yield and the effect of various conservation
measures is to use the procedure in WNTC Engineer-
ing Tech Note W-23, Furrow Sediment & Erosion
Program, FUSED. This procedure was developed
using results from field research at the University of
Wyoming and the ARS in Kimberly, ID. The process
includes predicting:
e Sediment yield from the end of a field
« Amount of erosion at the upper end of the field
« Depth of soil eroded
* Years to erode a given depth of soil as a result of
furrow irrigation
« Impacts of a number of applicable conservation
practices

A computer program was developed in West NTC area
to assist in making computations when comparing
alternatives. The program user manual should be
consulted for detailed guidance. An example using
FUSED computer program for determining furrow
erosion and sedimentation is presented in Chapter 15,
Resource Planning & Evaluation Tools and
Worksheets.

Caution should be used in expanding FUSED to other
areas without providing local field evaluations and
monitoring. USLE and RUSLE replacement program,
WEPP, when completed and field tested, will contain
erosion and sediment yield determination modules for
various irrigation systems. WEPP should be used in
place of FUSED when it becomes available.
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652.0602 Sprinkle irriga-
tion systems

(a) General

With the sprinkle irrigation method, water is applied at
the point of use by a system of nozzles (impact sprin-
kler heads, spray nozzles, etc.) with water delivered by
surface or buried pipelines. Sprinkler irrigation sys-
tems are classed by operation of the laterals. The three
main types of sprinkle systems (laterals) are fixed,
periodic move, and continuous/self move.

Sprinkler irrigation system examples include solid set
(portable and permanent), handmove laterals, side roll
(wheel-line) laterals, end tow laterals, hose fed (pull)
laterals, perforated pipe laterals, high and low pres-
sure center pivots and linear (lateral) move laterals,
and stationary or traveling gun sprinklers and booms.
Low Energy Precision Application (LEPA), and Low
Pressure In Canopy (LPIC), systems are included with
sprinkler systems as an operational modification to
center pivot and linear move systems.

Pressure for sprinkler systems is generally provided by
pumping, powered by electric motors and diesel,
natural gas, L P gas, or gasoline engines. Where suffi-
cient elevation drop is available, sprinkler systems can
be operated using gravity to provide the necessary
operating pressure.

If the system is properly designed and operated, appli-
cation efficiencies of 50 to 95 percent can be obtained.
The efficiency depends on type of system, cultural
practices, and management. Poor management (i.e.,
irrigating too soon or applying too much water) is the
greatest cause of reduced water application efficiency
when using sprinklers. System losses are caused by:

< Direct evaporation in the air from the sprinkler
spray, from the soil surface, and from plant
leaves that intercept spray water.

e Wind drift (normally 5 to 10 percent depending
on temperature, wind speed, and droplet size).

e Leaks and system drainage.

e Surface runoff and deep percolation resulting
from, nonuniform application within the sprin-
kler pattern. If the system is designed to apply
water at less than the maximum soil infiltration

rate, no runoff losses will occur. With some
systems where water is applied below or within
the crop canopy, wind drift and most evapora-
tion losses are reduced. Soil surface storage is
especially important where low pressure in-
canopy center pivot laterals are used. LEPA
systems use complete soil, water, and plant
management to prevent runoff.

The water infiltration process under sprinkler irriga-
tion differs from that in surface irrigation. With sur-
face methods, water is ponded on the surface. With
sprinkle irrigation, water is applied so ponding does
not occur or is only temporary. System application
rate should be less than the maximum allowable rates
shown in Chapter 2, Soils, unless soil surface storage
(ponding) can be assured without appreciable translo-
cation of applied water.

On sloping sites where the soils have a low to medium
intake rate, runoff often occurs under center pivot
systems, especially at the outer end of the sprinkler
lateral. Developing surface storage with reservoir
tillage, rough tillage, and residue management prac-
tices or temporarily increasing intake rate with ripping
between plant rows helps control water translocation.

Planning and design considerations and guidelines for
selection of sprinkler irrigation equipment presented
later is not all inclusive. Refer to NEH, Part 623, (Sec-
tion 15), Chapter 11, Sprinkle Irrigation, for further
details. Operating pressures for these guidelines are
grouped as follows:

Pressure Ib/in2
Low 2to 35
Moderate 35to 50
Medium 50 to 75
High 75+

The range of single event application efficiency (E,)
values for various types of sprinkle systems are dis-
played in table 6-4. Season long irrigation application
efficiencies typically are lower because of early season
plant water requirements and soil intake rate changes.

Soil characteristics relating to irrigation are provided
in Chapter 2, Soils. Crop characteristics relating to
irrigation are provided in Chapter 3, Crops, and irriga-
tion water requirements are provided in Chapter 4,
Water Requirements.
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The required capacity of a sprinkle irrigation system
depends on the size of the area irrigated, gross depth of
water to be applied at each irrigation, and the operating
time allowed to apply the water. See NEH, Part 623,
Chapter 2, Irrigation Water Requirements, for further
details regarding crop water needs. The required capac-
ity of a sprinkle system can be computed by:

_453Ad
fT or Q'#

where:

Q = system capacity (gpm)

A = areairrigated (acres)

d = gross depth of application (inches)

f = time allowed for completion of one irrigation
(days)

T = actual operating time per day (hours per day) to
cover entire area

d’ = gross daily water use rate (inches per day)—
may be peak or average, depending on need and
risks to be taken.

Note: This equation represents the basic irrigation
equation QT = DA with conversion factors for sprin-
kler irrigation design. Typically, tables readily avail-
able by NRCS and manufacturers pertaining to sprin-
kler heads, pipe friction losses, and pump curves are
in units of gallons per minute (gpm) rather than cubic
feet per second, cubic meters per second, or liters per
minute.

Table 6-4 Application efficiencies for various sprinkler
I systems
Type Ea (%)

Periodic move lateral 60-75
Periodic move gun type or boom sprinklers 50 — 60
Fixed laterals (solid set) 6075
Traveling sprinklers (gun type or boom) 55 - 65
Center pivot - standard 75-85
Linear (lateral) move 80-87
LEPA - center pivot and linear move 90 -95

(b) Periodic move sprinkler
irrigation systems

A periodic move sprinkler irrigation system is set in a
fixed location for a specified length of time to apply a
required depth of water. The length of time in a posi-
tion is called the length of set or irrigation set time.
The lateral or sprinkler is then moved to the next set
position. Application efficiencies can range from 50 to
75 percent for the low quarter area of the field (E,).
The low quarter area definition commonly applies to
all periodic move or set type sprinkler systems.

(1) Periodic move systems

(i) Handmove laterals—This system is composed
of portable pipelines with risers and sprinkler heads.
Portable or buried mainline pipe with uniformly
spaced valve outlets provides a water supply. Portable
aluminum, or sometimes plastic, lateral pipe has quick
couplers. Risers and sprinkler heads are either center-
mounted or end-mounted. Lateral sections are typi-
cally 20, 30, or 40 feet long. When the lateral has com-
pleted the last set location in the field, it must be
dismantled and moved back across the field to the
start position unless multiple laterals are used and the
finish location is adjacent to the start location of the
next set. Application efficiencies can be 60 to 75
percent with proper management.

A handmove system has a low initial cost, but requires
high operating labor. It is difficult to use in tall crops,
such as corn or mature vineyards. Riser height must be
based on maximum height of the crop to be grown.
For hydraulic reasons minimum height is generally 6
inches. Risers over 4 feet in height must be anchored
and stabilized. Handmove systems are sometimes
used to establish a crop that will later be irrigated by
a surface system. Leaching salts and other toxic ions
from soils is sometimes accomplished using
handmove sprinklers. Handmove sprinklers are easily
adapted to odd shaped fields. Because 3-inch diam-
eter laterals are easier to pick up by hand and carry to
the next set, they are much preferred over those that
are 4 inches in diameter. However, long laterals
should be 4 inches in diameter. Because of excessive
bending while being carried, 40 foot lengths of 2-inch
diameter pipe are unsuitable.
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(ii) Side (wheel) roll laterals—A side (wheel) roll
system is similar to a handmove system except that
wheels are mounted on the lateral. The lateral pipe
serves as an axle to assist in moving the system side-
ways by rotation to the next set. The sections of the
lateral pipe are semi-permanently bolted together.
Each pipe section is supported by a large diameter (at
least 3 ft) wheel generally located at the center, but
can be at the end. The lateral pipe itself forms the axle
for the wheels. The lateral is moved mechanically by a
power unit (air-cooled gas engine) generally mounted
at the center of the line. With proper management,
application efficiencies can be 60 to 75 percent.

The side roll system can be used only on low growing
crops, such as grass pasture, grain, grain sorghum,
alfalfa, sugar beets, potatoes, and vegetables. The
system is best adapted to rectangular fields on rela-

tively uniform topography. A flexible hose or telescop-

ing section of pipe is required at the beginning of each
lateral to connect onto mainline outlet valves.

Wheel diameters should be selected so that the lateral
clears the crop. Specified lateral move distance is
equal to the distance moved by a whole number of
rotations of the line. Commonly used nominal wheel
diameters are about 5, 6, and 7 feet. Wheels as large as
10-foot diameter are sometimes used to clean taller
crops or to allow wheel lines to be moved across
furrows and ridges.

Self-righting or vertical self-aligning sprinkler heads
are used because the sprinkler head is always upright,
even with partial rotations. Without the self aligning
heads, extra care must be taken so that the pipe rota-
tion is fully complete for the full length of the lateral
and all sprinkler heads are upright. The ends of the
lateral usually trail a little and must be moved by hand
for proper alignment, or the lateral can be moved just
past the set position and then backed up to align the
ends properly. Poor distribution uniformity results if
the sprinkler heads are not upright. Undulating topog-
raphy usually requires alignment by hand for best
uniformity.

Side roll lateral pipe diameters of 4 or 5 inches are
most common. Common sprinkler head spacing is 30
or 40 feet. Laterals can be up to 1,600 feet long with

one power unit. Lateral lengths of 1,320 feet are gener-
ally considered maximum for rough, steep, or undulat-

ing topography. Figure 6-7 displays a typical side roll
or handmove system operation layout.

Quick-drain valves are installed at several locations on
each lateral to assist line drainage before it is moved.
The lateral moves much easier when it is empty. Drain
valves are a factor in the minimum operating pressure
that must be used on the lateral. Typically drains will
not close and seal properly below about 24 pounds per
square inch. Drain valves should be well maintained to
provide proper closing upon filling the lateral line to
start the next irrigation set.

Empty laterals must be anchored to prevent move-
ment by wind. They roll very easily and should be
properly restrained, especially during the nonirrigation
season when the irrigator spends little time in the
field.

A variation to the side roll lateral (called side move) is
the addition of small diameter trail lines at each sprin-
kler head location. These trail lines can have three,
four, or five sprinkler heads, and the complete unit can
be an equivalent of two or three typical laterals. With
this modification, the lateral pipe cannot serve as the
axle when being moved because trail lines are at-
tached directly to the lateral pipe. A separate drive
shaft and the main sprinkler lateral are supported by
an A-frame at each wheel location. The A-frame is
supported by two wheels.

Figure 6-7  Side roll or handmove sprinkler system
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This variation requires dismantling of the trail lines
when the lateral has reached the end set, where trail
lines are hauled back to the start location. The main
sprinkler lateral is typically moved back to the start
location by a centrally located power unit, usually an
air-cooled gas engine.

(iii) End-tow laterals—The end-tow lateral system
is similar to a hand move system except that it con-
sists of rigidly coupled lateral pipe and is mounted on
skid plates or dolly wheels. The mainline is buried
across the middle of the field. Laterals are towed
lengthwise across the mainline from one side to the
other with a tractor. Both ends of the lateral can be
connected to the mainline via a flexible hose. After
draining the pipe through quick-drain valves, a small
tractor can easily tow a quarter-mile-long line to its
new set.

Two support or carriage types are available. One is a
skid plate attached to each coupler to slightly raise the
lateral pipe off the ground, protect the drain valve, and
provide a wear surface when towing the pipe. Out-
riggers are placed every 200 to 300 feet to prevent
overturning. The other carriage type uses small metal
wheels located midway between couplers to allow
easy towing. Guide rollers are used near the mainline
to position the lateral at the next set. Typically lateral
positions are offset a half of the total move. Applica-
tion efficiencies can be 60 to 75 percent with proper
management.

This system is best suited to grass pasture, but can be
used in row crops if unplanted tow paths are main-
tained. It requires a fairly large area adjacent to the
mainline to allow positioning of the lateral to the next
set on the opposite side of the mainline. When used
with row crops, this area can be planted to grass or
alfalfa. The advantage of this system is its relatively
low cost and minimum labor requirement.

(iv) Hose fed (pull) laterals—A variation to end-
tow laterals is the hose fed system. A few (typically
one to five) low capacity sprinkler heads are mounted
on small diameter flexible plastic or rubber hoses that
are attached to outlet valves. The hoses with equally
spaced sprinklers are pulled by hand to the next
adjacent set. To utilize small, light weight flexible hose
that can be easily moved by hand, submains are used.
The number of sprinkler heads, thus the length of

laterals, is limited by both high friction loss in the
small diameter hose and the ease of moving. This
system is excellent for orchards and irregular shaped
fields where the number of sprinklers per hose can
vary in proportion to the field or set width to be cov-
ered. With proper management, application efficien-
cies can be 50 to 65 percent.

(v) Gun type sprinkler—Large, periodic move, gun
type sprinklers are operated and moved as a large
single impact type sprinkler head. Sprinkler discharge
flows can range from 50 to more than 1,000 gallons per
minute. Nozzle diameters can vary from 1/2 to 1 3/4
inches, and operating pressures from 60 to more than
120 pounds per square inch. The sprinkler is moved
from one set to the next set either by hand or using a
small tractor, depending on their size and whether
they are towable. Generally only one sprinkler is
operated per lateral. Laterals are generally aluminum
pipe with quick-coupled joints.

When irrigating, the sprinkler is allowed to remain at
one location (set) until the desired amount of water is
applied. Application rates can be very high, and unifor-
mity of application can be adversely effected with
wind greater than 4 miles per hour. Droplet size will be
large beyond 50 feet from the sprinkler, thus soil
puddling can occur and sensitive crops can be dam-
aged. With proper management, application efficien-
cies can be 50 to 60 percent.

(vi) Boom sprinkler—Periodic move boom systems
are operated and moved with a tractor similar to large
gun sprinklers. The boom generally contains several
closely spaced impact sprinklers or spray heads. It
rotates around a central swivel joint where water is
introduced. Power for the rotation comes from back
pressure caused by directional sprinkler nozzles. The
supply line is generally portable aluminum with quick-
coupled joints. When irrigating, the boom is allowed to
remain at one location (set) until the desired amount
of water is applied.

Boom sprinkle systems are not suitable for use in
windy areas. Wind adversely affects uniformity of
application and rotational operation. High winds can
overturn the entire boom. With proper management,
application efficiencies can be 50 to 60 percent.
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(vii) Perforated pipe—Perforated pipe systems
spray water from 1/16-inch diameter or smaller holes
drilled at uniform distances along the top and sides of
a lateral pipe. The holes are sized and spaced to apply
water uniformly along the length of the lateral. Com-
mon operating pressures are 5 to 20 pounds per square
inch. Application rates close to the lateral are gener-
ally quite high. Spacing between lateral sets must be
quite close to obtain an acceptable uniformity of
application. Either plastic or aluminum laterals with
quick-coupled joints are used. Water used must be free
of debris, otherwise hole plugging is a problem. With
proper management, application efficiencies can be
around 50 percent.

(2) Planning and design considerations

(i) Sprinkler heads—Rotating, impact type sprin-
kler heads operating at intermediate pressure (30 to 60
Ib/in2) are commonly used on periodic move lateral
type systems. Rotating impact sprinkler heads come
with many variations including full circle, part circle,
low and standard trajectory height, with and without
straightening vanes, and single or double nozzle. The
second nozzle on a double nozzle head is typically a 3/
32- or 1/8-inch diameter orifice. It is used as a fill-in to
improve pattern uniformity.

Flow control valves at the base of each sprinkler head
or flow control nozzles may be required where the
terrain undulates or has significant changes in eleva-
tion. Flow control nozzles require about 2 to 4 pounds
per square inch. Impact type sprinkler heads can be
operated at 25 to 35 pounds per square inch to reduce
energy. Some systems operate on gravity pressure.

(ii) Laterals—Laterals are generally laid out per-
pendicular to the slope. To obtain near-uniform appli-
cation of water throughout the length of lateral, pipe
diameter and length should result in discharge at the
sprinkler nozzle within plus or minus 10 percent of
design. (A maximum nozzle pressure difference of 20
percent provides a discharge not varying more than 10
percent from each nozzle.) To create less confusion
and to facilitate dismantling, moving, and stacking, the
same sprinkler head, nozzle size, and diameter of
lateral are recommended throughout the length of
hand move laterals. Convenient set times are 23.5,
11.5, or 7.5 hours, thus allowing a half hour for drain-
ing and moving laterals, with one, two, or three moves

per day. Moving the lateral three times a day is not
popular because one move always comes in the dark
at a inconvenient time and with increased labor cost.

(iii) Lateral set sequencing—Lateral sets can be
sequenced in several ways. Using a typical 40 by 50
foot spacing for a periodic move lateral system, the
following methods can be used to move laterals across
a field.

Move at 50-foot sets across the field. Portable laterals
must be dismantled and hauled back to the first set
position. Side roll laterals must be rolled all the way
back to the first or initial set position. The irrigator
may choose to apply half the irrigation application in
each direction. However, this requires twice the num-
ber of moves. Distribution uniformity is reasonable
under conditions where moderate pressure is used and
wind is not a serious problem.

Move at 100-foot sets across the field. Then reverse
direction and move back at alternating 100 foot sets.
This allows convenient operation of the system without
having to dismantle and haul back or move the lateral to
the initial or start position. Distribution uniformity
depends on wind conditions. Lateral pipes are hand
carried twice as far as in the first method, but the lateral
does not need to be dismantled and hauled back.

Use 25-foot offset pipe when moving across the field
the second time and each alternating set thereafter,
with both the 50-foot and 100-foot set methods. This
procedure improves overall distribution uniformity
especially in windy areas. Existing 50-foot systems can
be easily converted by adding a 20- to 30-foot swing or
offset line. (Slight realignment of the lateral is needed
to evenly divide the set.)

With any set sequence, alternating day-night set with
each rotation across the field is recommended. Crop
evapotranspiration or winds generally are different
during daytime and nighttime hours causing varying
losses. Nighttime application is generally more effi-
cient with better distribution uniformity. As much as
10 percent more net application is accomplished with
night time sets. Sometimes 11-hour night sets and 13-
hour day sets are used to overcome the difference.
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(3) Application efficiencies

Both Distribution Uniformity (DU), and Christiansen
Uniformity (CU) coefficients are used to determine the
application efficiency (E,) of the low quarter (E,or
AELQ) or of the low half (E,,or AELH). This then
becomes the design application efficiency.

where:
R. = effective portion of water applied

CU estimates can be obtained from NEH, part 623
(section 15), chapter 11, tables 11-9 to 11-12. R, esti-
mates are obtained using figure 6-8.

E,=DUXxR, and E,=CUXR,
Figure 6-8  Effective portion of applied water—R,
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Where: If the value of Cl is less than 7, the spray is coarse.
Cl = spray coarseness index If it is more than 17, the spray is fine. When the
P = nozzle operating pressure (psi) value of ClI falls between 7 and 17, the R, value
B = nozzle size (64ths of an inch) can be interpolated.
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(i) Moderate and low operating pressures—
Impact type sprinkler head operating pressures below
35 pounds per square inch require close lateral and
sprinkler head spacing. Low pressure sprinkler heads
are available to use with low pressure operation, 25 to
35 pounds per square inch. Spacing of heads on later-
als and distance moved (spacing between laterals)
must be designed accordingly to provide acceptable
uniformity. About 25 pounds per square inch is the
lowest operating pressure recommended for impact
type sprinkler heads. Standard lateral drain valves may
not close properly when operating pressures are
below 24 pounds per square inch. Sprinkler head
spacing and lateral move distances of 20 by 20 feet, 20
by 30 feet, 30 by 30 feet, and 30 by 40 feet are common
with low pressure operation.

(i) Flow regulation devices—Flow regulation
devices or pressure regulators are either inserted near
the base of the sprinkler, or they are an integral part of
the sprinkler nozzle. The friction loss through the
regulator, typically 2 to 4 pounds per square inch, must
be included in calculations for required mainline
operating pressure, especially when using low operat-
ing pressures. For example, if a valve was selected to
maintain about 30 pounds per square inch at the
sprinkler, a pressure loss of about 4 pounds per square
inch can be expected across the regulator and must be
accounted for.

(iii) Preliminary estimate of sprinkler spacing
and sprinkler sizes—NEH, part 623 (section 15)
chapter 11, tables 11-9 to 11-12 can be used to make a
preliminary estimate of sprinkler spacing, nozzle size,
and operating pressure. Many design slide rules and
computer programs are available from sprinkler equip-
ment manufacturers. The slide rules are convenient for
developing preliminary design trials and for estimating
purposes. A preliminary estimate of overall irrigation
application efficiency is required. Experience in an
area and personally doing several designs and field
evaluations help provide confidence in planning and
designing.

(4) Design procedures
A step-by-step procedure for planning and designing a
sprinkler irrigation system includes:

Step 1—Identify resource concerns and problems.
Determine objective(s) and purpose of new or revised
irrigation system. Include soil, water, air, plant, and
animal resources, and human considerations.

Step 2—Inventory resources for field or farm. Include
area irrigated, soil(s), topography, water source, and
when available, water quantity and quality, power type
and location, crops, irrigator's desire for a type of
sprinkler system and timeframe for moving laterals,
labor availability, availability of sprinkler irrigation
equipment dealers, and water management skill and
desire of the irrigation decisionmaker.

Step 3—Determine soil characteristics and limita-
tions. Include AWC, maximum allowable application
rate, usable rooting depth, acidity, salinity, and water
table. Typical (actual) crop rooting depth needs to be
identified for specific fields and soils. In most soils,
actual depth (and pattern) is less than usable rooting
depth because of farm management decisions (i.e.,
timing of field operations) and type of field equipment
used. A field investigation is strongly recommended in
addition to data in the local NRCS FOTG. If a field
contains more than one soil, the most restrictive soil
must be determined. Crops use essentially the same
amount of water whether growing in sand or clay soil.
Thus, the system should be managed to meet the
needs of the more restrictive soil.

Step 4—Determine net irrigation water requirements
for crops to be grown. Use season, month, and peak or
average daily use rate, accounting for expected rainfall
and acceptable risks.

Step 5—Determine irrigation frequency, net applica-
tion, gross application (based on estimated application
efficiency), and minimum system capacity require-
ments.

Step 6—Determine alternative irrigation systems
suitable to the site. Include the sprinkler system de-
sired by the user. Evaluate alternative irrigation sys-
tems and their multiresource impacts on the environ-
ment (soil, water, air, plant, animal, and human con-
siderations) with user.

Step 7—Provide preliminary sprinkler head design.
Include spacing, discharge, operating pressure, wetted
diameter, head type, nozzle size(s), average applica-
tion rate, and performance characteristics.

Step 8—Determine number of laterals needed for
selected time of set, set spacing, moves per day, and
frequency of irrigation in days.
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Step 9—Evaluate design. Does it meet the objective
and purpose(s) identified in step 1?

Step 10—Make adjustments as needed. This process
may need to be done more than once so the system fits
the field, soils, crops, water supply, environmental
concerns, and the desires of the irrigation decision-
maker.

Step 11—Finalize sprinkler irrigation system design,
layout, and management skills required by the irriga-
tion decisionmaker.

Step 12—Determine lateral size(s) based on number
of heads, flow rate, pipeline length, and allowable
pressure loss differential between first and last sprin-
kler head. Determine if pressure or flow regulators are
needed. Determine minimum operating pressure
required in mainline(s) at various critical locations on
the terrain. Several trial lateral locations may need to
be evaluated to determine the range of friction loss
and consequent pressure required at various locations
along the mainline.

Step 13—Determine mainline sizes required to meet
pressure and flow requirements according to number
of operating laterals. This includes diameter, pipe
material, mainline location, and the location and type
of valves and fittings. It involves hydraulic calcula-
tions, basic cost-benefit relationships, and potential
pressure surge evaluations for pipe sizes and velocities
selected. Mainline operating pressure measured at the
discharge side of each lateral outlet valve should be
within 10 percent of the design lateral operating pres-
sure. Where chemigation is anticipated, less operating
pressure difference is desirable. A graphic solution can
be helpful when sizing main supply pipelines. The
ground line and pipe hydraulic grade line (HGL) along
the mainline can be plotted for easy identification of
critical pressure locations. The distance between the
ground line and HGL will be the operating pressure at
that main line location.

Step 14—Determine maximum and minimum Total
Dynamic Head (TDH) required for critical lateral
location conditions. Determine total accumulated
friction loss in mainline, elevation rise (drop) from
pump to extreme point in the fields, water surface to
ground surface (lift) at pump, column loss with verti-
cal turbine pumps, and miscellaneous losses (fittings,
valves, elbows) at the pump and throughout the sys-
tem. It is wrong to assume miscellaneous losses are
minor and to gloss over them. Type and size of valves,
radii of elbows, and sharpness of fittings are impor-
tant. Check them out and know how they affect sys-
tem performance. See section 652.0605 for nomo-
graphs and tables used to estimate head losses.

Step 15—Determine maximum and minimum pump-
ing plant capacity using required flow rate and TDH.
Estimate brake horsepower for the motor or engine to
be used.

Step 16—Preselect several alternative pumps avail-
able from various dealers in the area. Use pump per-
formance curves prepared for each make and model of
pump. Every pump has a different set of performance
(characteristic) curves relating to operating head
(pressure) output and discharge capacity. Select
pump(s) and power unit(s) for maximum operating
efficiency within the full range of expected operating
conditions. Multiple pumps may be desirable to effi-
ciently meet both minimum and maximum conditions.
Pump and drive unit alternatives are recommended as
a reference for determining availability. Only pump
capacity and TDH requirements are recommended to
be provided to the user. Never select a pump based on
horsepower alone. Let a pump dealer select the appro-
priate motor or engine and pump to fit the conditions.
Availability of a pump dealer for providing mainte-
nance and repair should be considered by the opera-
tor. Buying a used pump without first checking pump
characteristic curves for that specific pump is seldom
satisfactory. A pump needs to match the required
capacity and TDH for efficient and economic perfor-
mance. An inefficient operating pump can use need-
less excess energy.
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Step 17—Prepare final layout and operation, mainte- steps 1 through 17 should be followed to provide an

nance, and irrigation water management plans. Include adequate system suitable to the site.

method(s) of determining when and how much to

irrigate (irrigation scheduling). Provide recommenda- Design procedures and examples are provided in

tions and plans for at least one water measuring de- section 652.0605 and in more detail in NEH, Part 623,

vice to be installed in the system for water manage- (Section 15), Chapter 11, Sprinkle Irrigation. Manufac-

ment purposes. turer literature is readily available and most useful in
selection of sprinkler head models, nozzle sizes, and

Planning steps may be substantially abbreviated when discharge at various pressures.

the planning technician provides only basic resource
information and limitations. The design of the sprin-
kler system and components is done by an irrigation
system design consultant or equipment dealer. Regard-
less of who does the design, the processes listed in

Example 6-1 Typical field data for a side roll (wheel line) lateral system
I

Known data from Field Office Technical Guide:

Crop: Alfalfa Peak ETc = .30in/day, MAD =50%

Soil: Glenbergloam AWC for5ft = low 6.9 in, mid 7.9 in, high 8.9 in
AWC for 4 ft = low 5.7 in, mid 6.5 in, high 7.3 in
AWC for 3ft = low 4.5in, mid 5.2 in, high 5.8 in

Soil sprinkler intake rate:0.40 in/hr (max. sprinkler application rate)

where:
ET. = crop evapotranspiration
MAD = management allowable depletion (deficient)
AWC = available water capacity of soil

Field: 80 acres, 1,320 x 2,640 feet, rectangular

Water source: Well at midway point of the long way of field on one edge (see sketch on worksheet)
water depth while pumping 100 ft
measured maximum flow 1,000 gpm

Power: Power available at well is 3-phase, 440-volt AC electric current

Topography: Maximum difference in elevation (all slopes are uniform):
between field midway point and uphill end of most faraway lateral = 25 ft
to downhill end of field from midway point = 20 ft
elevation difference (uphill) from well across midway point of field = 12 ft

Landowner wants to complete irrigation in 6 days or less. Convenient set times are 8, 12, or 24 hours
(including a half hour for draining and changing laterals for each move). Prefers side roll laterals.
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Example 6-1
I

Find: -

6-36

Typical field data for a side roll (wheel line) lateral system—Continued

Net and gross application in inches and frequency in days

Select sprinkler head make, model, sprinkler spacing along lateral, discharge, operating pressure,
application rate, and if flow or pressure regulator are required.

Distance lateral to be moved between irrigation each set (spacing of valve outlets), layout,
length(s), and number of laterals required.

Set times and total time to irrigate entire field.

Flow rate per lateral, lateral material, diameter, and friction loss. Check sum of lateral(s) flow
rate(s) against minimum capacity requirements with:

453 Ad

Q fT

where:
Q = flow ingpm
A =areain acres
d = gross depth of application in inches
f = time allowed (frequency) for completion of one irrigation in days
T = actual operating time in hr/d

Pressure required in mainline for worst case lateral location.
Mainline—material, diameters, friction losses, including valves and fittings.
Water measuring device.

Total mainline flow requirements at pump, pump capacity.

TDH, including lift from water level to pump.

Pump and motor/engine size selection.

Computations:

Exhibit 6-1, Sprinkler irrigation system planning/design worksheet, is used to determine minimum irriga-
tion requirements based on soils, crops, and system design requirements. See chapter 15 for the master
blank worksheet used in this example.
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Chapter 6

Exhibit 6-1 Sprinkler irrigation system planning/design worksheet
|

Page 1 of 5

U.S. Department of Agriculture
Natural Resources Conservation Service

Sprinkler Irrigation System Planning/Design Worksheet

NAME DATE PREPARED BY
DISTRICT COUNTY ENGR JOB CLASS
Inventory

Amount available ft3/sec gpm acre-ft Seasonal variation

Water source

fuel type;  Other

Power source: Electric volts, phase; Internal combustion engine
Soils Data
Available water capacity, AWC Depth to 1 Sprinkler intake rate
Design (in/ft depth) (in/hr)
Soil Series —
0-1 23 3.4 45 Inhibiting layer | Water table
12 () ()

1 Actual observed depth in the field.

Crop Evapotranspiration (Monthly)
Month Month Month
Crops Acres Depth Volume Depth Volume Depth Volume
(in) (ac-in) (in) (ac-in) (in) (ac-in)
Totals (1) ) 3) (4)
Crop Weighted Evaportranspiration (Monthly) (Note: Maximum Monthly Total ET is greatest of nos. 2, 3, or 4 above)
ET, depth = Maximum Total Monthly ET, ac-inf/mo = = in /mo
Total Acres, A (1)
Irrigation Requirements
Root Management Peak Max freq
Crops zone Total allowed Max Net daily @ peak ET
depth 2 AWC depletion replacement ET @ max net
(ft) (in) (%) (in) (in) (days)

2 yse weighted peak monthly ET and net irrigation to determine weighted peak daily E T.
._________________________________________________________________________________}
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Exhibit 6-1 Sprinkler irrigation system planning/design worksheet—Continued
|

U.S. Department of Agriculture Page 2 of 5
Natural Resources Conservation Service

Sprinkler Irrigation System Planning/Design Worksheet—Continued

NAME DATE PREPARED BY
Design Data — (Based on weighted crop ET, % irrigation efficiency)
Application i 2 System requirements
PP Welghteq Frequency, F Y q
Net D peak daily (days)
g s Gross F crop ET (in) Total gpm, Q gpm/ac
(in) (in)

2 Use weighted peak monthly ET and net irrigation to determine weighted peak daily E T.
Q = system requirements—gpm
H = Total operating hours/day
(suggest using 23 hours for one move per day)

Q=_453AD = gpm = gpm (suggest using 22 hours for two moves per day)
F H Eff/100

Sprinkler head spacing, (S| ) ft, Lateral spacing on mainline (Sy;) ft, Minimum Required wetted diameter = ft

Sprinkler head: make ; model ; nozzle size ; Ib/in? gpm ; wetted dia ft

Application rate in/hr, Application time hr/set. Net application = ( in/hr) ( eff) ( hr/set) = in

Maximum irrigation cycle = Net applcation in/peak ET in/d = days

Minimum number of laterals = number of lateral sites

(irrigation frequency, days) (moves/day, )

Designed laterals: Number , Diameter in, Type , Moves/day

Total number of sprinkler heads = (number of laterals) (number of heads/lateral) =

System capacity = (Total number of sprinkler heads ) (gpm/head )= gpm

Lateral design

Allowable pressure difference along lateral = 0.2 (sprinkler head operating pressure in Iblin2) = Ib/in?
Actual head loss (worst condition) Ib/in2
Pressure required at mainline: P = (sprinkler head Ib/in2 ) + (0.75) (Lateral friction Ib/in? ) +- (ftelev)/(2) (2.31) = Ib/in?

(plus for uphill flow in lateral, minus for downhill flow). Use sprinkler head Ib/in2 only if elevation difference along lateral is = or > 0.75 (lateral friction loss Ib/in2)

(2.31). Under this condition, flow regulation may be required at some sprinkler heads to maintain proper sprinkler head operating near the mainline.
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Exhibit 6-1 Sprinkler irrigation system planning/design worksheet—Continued

U.S. Department of Agriculture Page 3 of 5
Natural Resources Conservation Service
Sprinkler Irrigation System Planning/Design Worksheet—Continued
NAME DATE PREPARED BY
Mainline Design
Mainline material (IPS, PIP, SDR, CLASS) Ib/in2 rating , other description,
Friction factor used Formula (check one) |:| Hazen-WiIIiamsEl Manning's |:| Darcy-Weibach |:| Other (name)
Friction Accumulated
Station Diameter Friction loss this friction
pipe Flow Velocity | Distance loss section loss Remarks
From To (in) (gpm) (fps) (ft) (ft/100 ft) (ft) (ft)

Friction loss in main

Column friction loss

Miscellaneous loss

Total (TDH)

Pressure required at main

Elevation raise/fall in main

Lift (water surface to pump)

Approximate brake horsepower =

Bill of materials attached yes [
. _________________________________________________________________________________________}

Determination of Total Dynamic Head (TDH)

Ib/in?
Ib/in2
Ib/in2
Ib/in?
Ib/in2

Ib/in?

Ib/in?

TDH (ft) X Q (gpm)

NOTE: desirable velocities—5 ft/sec or less in mainlines, 7 ft/sec or less in sprinkler laterals.

-/ =2 =2 =2 =2 =

(2.31 feet = 1 psi pressure)

ft (NOTE; TDH must be in feet for horsepower equation)

gpm

3960 X Eff/ 100

Mean sea level elevation of pump

FIOD

3960 X

ft (NOTE: check required versus available NPSL for centrifugal pumps)

% /100

Pump curve data attached yes [_] no 3, ifnot, pumping plant efficiency assumed =

(210-vi-NEH, September 1997)
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Exhibit 6-1 Sprinkler irrigation system planning/design worksheet—Continued
|

U.S. Department of Agriculture Page 4 of 5
Natural Resources Conservation Service

Sprinkler Irrigation System Planning/Design Worksheet—Continued

NAME DATE PREPARED BY

Other Design Considerations

Evaluation . .
Item NOT needed Location Size

performed

Measuring device

Expansion couplers

Reducers

Enlargers (expanders)

Manifolds

Bends & elbows

Tees

Valved outlets

Surge facilities (valves, chambers)

Control valves

Check non-return flow valves

Pressure relief valves

Air-vacuum valves

Drain facilities

Thrust blocks

Anchors

Pipe supports

Other

Remarks

Special drawing(s) attached

Irrigation system design by Date

Reviewed and approved by Date
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Exhibit 6-1 Sprinkler irrigation system planning/design worksheet—Continued

U.S. Department of Agriculture

NAME

Natural Resources Conservation Service

Sprinkler Irrigation System Planning/Design Worksheet—Continued

DATE PREPARED BY

Page 5 of 5

Irrigation System Location and Layout Map

SHOW:

[ ] Area irrigated with sprinklers
[ Direction of prevailing wind

(] Elevations, contours

] High and low points

(] water source and pump location
(] Mmainline and submain locations
] Layout: lateral(s), travelers, guns

(] Direction of move

(] North arrow

Scale Community

Section

Township

Range

(210-vi-NEH, September 1997)
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(c) Fixed-solid set sprinkler
irrigation systems

A fixed or solid set sprinkler irrigation system has
enough pipe and sprinkler heads that none of the
laterals need to be moved to complete an irrigation
once in place. Laterals can be either permanently
buried or portable pipe laid on the ground surface. To
irrigate the field, one or more blocks (sections) of
sprinklers are cycled on and off with a control valve at
the mainline. Opening and closing of valves can be
manual, programmed electronically, or timer clock
controlled. A solid set sprinkler system can be easily
automated. Application efficiencies can be 60 to 85
percent depending on design and management.

In addition to applying irrigation water, these systems
are used to apply water for environmental control,
such as frost protection, crop cooling, humidity con-
trol, bud delay, crop quality improvement, dust con-
trol, and chemical application. See NEH, Part 623,
Chapter 2, Irrigation Water Requirements, and section
652.0605, State supplement, for detailed discussion of
auxiliary water use.

(1) Planning and design considerations

Solid set portable laterals—Solid set portable
lateral systems are generally used for high value crops,
such as nurseries, vegetables, or turf production,
where the system can be moved from the field before
harvest. However, they also can be used with perma-
nent crops, such as orchards and berries, where the
portable laterals can be left in the field. This type of
system is sometimes used to germinate crops, such as
lettuce, which will later be furrow irrigated.

Advantages:
« Reduced labor requirements because the pipe
does not need to be moved while in the field.
« Allows light applications at frequent intervals.

Disadvantages:
= High cost of needing sufficient lateral pipe and
sprinklers to cover the entire field.
« Can cause inconvenience for cultivation or other
cultural operations.
e Tall sprinkler risers need support, protection, or
both.

With portable mainline(s), control valves are typically
operated manually. Renting a portable solid set system
for limited use (crop establishment, crop cooling,
specialty crops) can be more economical than owner-
ship.

Solid set permanent laterals—This sprinkler
irrigation system is similar to the portable system
except both mainline(s) and laterals are generally
buried below the depth of normal field operations.
Sprinkler lateral flow can be sequenced manually or
automatically by various timer activated electric
solenoid valves. With annual crops, the risers are
installed outside of any tillage operations. This system
is most adapted to permanent crops, such as orchards,
grapes, cranberries, cane berries, turf for landscaping,
and golf courses. Solid set systems can be used on
annual crops, alfalfa, or pasture. However, caution
must be exercised during tillage or harvest operations
to prevent damage to risers and sprinkler heads.
Risers must also be protected from livestock.

(2) Design procedures

Design of solid set systems is similar to periodic move
systems. The only difference is that each lateral is
individually designed. Sizes can be effectively reduced
toward the end of the lateral as flow decreases. Blocks
of laterals are then tied together using submains to
create operating blocks or units and minimize the
number of control valves. Individual sprinkler heads
and spacing are designed to fit soil, crop, desired
application rates and amounts, local wind conditions,
and management available. Figure 6-9 displays a solid
set system layout.

With orchards and vineyards, tall risers can be used to
provide overhead irrigation. Quick couplings are
available for lowering sprinkler heads for maintenance
and replacement. Minimum distribution uniformity
standards at ground level typically cannot be met
when sprinkle irrigating fruit and nut orchards, citrus
groves, banana plantations, vineyards, cane berries,
and tall bush berries from either overhead or ground
level located sprinkler heads. However, minimum
distribution uniformity standards still apply for design
and operation purposes. Lateral movement of soil
water is desirable and necessary in some soils to
prevent dry spots in root development areas. In arid
and semiarid areas, development of the support root
system for trees and vines will only be in areas of
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adequate soil moisture. Overhead systems are pre-
ferred for climate control systems, although recent
research has shown some degree of protection can be
obtained from undertree sprinklers.

A diamond or triangular pattern for sprinkler head
layout is recommended for solid set systems, thereby
improving application uniformity. Adequate (typically
50%) overlapping patterns from adjacent sprinkler
nozzles are essential for temperature modification
systems and those used for shallow rooted annual
crops regardless of sprinkler head layout. Deep rooted
perennial crops like trees, blueberries, and vines
tolerate less application uniformity.

(d) Continuous (self) move
sprinkler irrigation systems

(1) Center pivot sprinkler irrigation system

A center pivot sprinkler irrigation system consists of a
continuously moving, horizontal rotating single lateral
supported by towers and anchored at a fixed pivot
point at the center of the field. This system irrigates a
circular field unless end guns and swing lines are
cycled in corner areas to irrigate more of a square
field. The commonly used term, continuous move, is
not totally accurate because the end tower moves at
an adjustable time controlled start-stop operation.
Intermediate towers start and stop to maintain align-
ment.

Figure 6-9  Solid set sprinkler system layout

\v4

SSoZI 21

SN Z-27X

:M

Water supply
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Various operating pressures and configurations of
sprinkler heads or nozzles (types and spacing) are
located along the lateral. Sprinkler heads with nozzles
may be high or low pressure impact, gear driven, or
one of many low pressure spray heads. A higher dis-
charge, part circle, sprinkler head generally is used at
the extreme end of the lateral to irrigate the outer
fringe of the lateral. Typically, 25 percent of lateral
maintenance is spent maintaining this end gun. Each
tower, which is generally mounted on rubber tires, has
a power device designed to propel the system around
the pivot point. The most common power units include
electric motor drive, hydraulic water drive, and hy-
draulic oil drive.

The towers are spaced from 80 to 250 feet apart
(span), and lateral lengths vary up to 2,600 feet (0.5
mile). Long spans require a substantial truss or cable
system to support the lateral pipe in place. The most
common lateral length is 1,320 feet, which covers
about 125 to 140 acres per 160-acre field (quarter
section). With proper management, application effi-
ciencies can be 75 to 90 percent, depending on wind
speed and direction, sprinkler type, operating pres-
sure, and tillage practices.

Use of the center pivot has grown rapidly since it was
first developed. Many improvements have been made.
For example, some models now contain an added
swing lateral unit (corner system) that expands to
reach the corners of a field and retracts to a trailing
position when the system is along the field edge. The
corner system unit operates only in the corners. When
the corner unit starts up, discharge flow in all other
heads is reduced and overall field distribution unifor-
mity is affected. These systems cover nearly 150 to 155
acres of a square 160-acre (quarter section) field.
Typically 85 percent of maintenance is spent maintain-
ing the swing lateral corner unit itself. Typically, less
than adequate maintenance results in corner systems
operating all the time. Total field application unifor-
mity is reduced even further.

Many techniques have been developed to reduce energy
used, lower system flow capacities, and maximize water
use efficiency. They include using Low Energy Precision
Application (LEPA) and Low Pressure In-Canopy (LPIC)
systems. LEPA systems (precision application) require
adequate (implemented) soil, water, and plant manage-
ment. LPIC systems are used on lower value crops
where localized water translocation is acceptable.

Advantages:

e Operating labor is reduced as compared to
periodic move sprinkler systems. One individual
can adequately handle 8 to 10 center pivot sys-
tems (1,000 to 1,500 acres)

e Main supply line requirements are minimized
because a stationary delivery point is used.

= With good water management, relatively high
water application uniformity is possible.

= With a full circle pivot, the lateral is at the start-
ing point after one revolution.

« Because small amounts of water can be applied,
it is relatively simple to maintain a high degree of
water management.

= Light, frequent applications can be made.

« With adequate design and reasonably level land,
systems with nozzle pressures as low as 10
pounds per square inch can be used.

e Chemical applications (chemigation) can be
made through the system.

< With multiple fields, some pivot laterals can be
towed to adjacent fields to be operated from
several pivot points.

= Pivots can operate as part circle systems because
they are capable of operating either forward or in
reverse.

Limitations:

« Where the pivot point is in the center of a 160-
acre field, only 125 to 140 acres are irrigated.
This leaves up to 20 percent of the field
nonirrigated unless special units, such as corner
systems, are used to fill in the corners. Often
corners are irrigated with portable laterals or
solid set sprinkler systems. Graded furrow sur-
face irrigation systems are also used for corners
where soils are suitable, grades are uniform, and
gated pipe is available.

« Application rates at the outer end of a low pres-
sure center pivot lateral can be 30 to 50 inches
per hour (in/hr) for periods of 10 to 15 minutes,
depending on the length of the lateral and nozzle
configuration. This can lead to translocation (or
runoff) of applied water and erosion where
adequate soil surface storage is not provided.
When using sprinkler heads discharging large
droplet sizes, soil surface compaction may in-
crease towards the outer edge of the circle. The
longer the pivot lateral and smaller the wetted
diameter of each sprinkler or spray head, the
greater the application rate.
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e Light, frequent irrigations help minimize translo-
cation and runoff, especially with low pressure
systems. This increases potential water evapora-
tion losses and may not be ideal for crops grown
or water supply and system management. The
irrigator must manage soil moisture more in-
tensely throughout the season than with other
systems. Otherwise, soil moisture shortages can
occur.

« Because this system is relatively expensive
compared to other irrigation systems, center
pivot systems are often designed to barely meet,
or even fall short of meeting, peak daily crop
water use. Unless the system is designed to fully
meet peak daily use, it generally cannot keep up
in extended periods of extremely hot and dry
conditions during maximum crop water use. An
irrigation system should never be designed to
depend on adequate rainfall to occur during the
irrigation period unless the producer adequately
understands and fully accepts the risks involved.
If the producer accepts these risks, that a state-
ment in writing may be obtained to forestall
future litigation.

< With the radial distance from the pivot point,
such concentric band includes a larger irrigated
area. Thus, the most water must be carried
toward the outer end of the lateral. This results
in lower pressures at the end of the lateral and
higher friction losses along the pipe, which
translates into higher pumping costs when com-
pared to a linear move sprinkle irrigation system
or other sprinkler irrigation systems.

« When a large end gun or corner system is used
for the corners, a booster pump at the end of the
lateral is typically used. When the booster pump
to supply water to the large end guns and corner
systems comes on, all other sprinkler heads
throughout the length of the pivot lateral have
less discharge. Overall field distribution unifor-
mity is affected.

« Maintenance costs of center pivot laterals with
corner systems is high, compared to standard
pivot systems.

Planning and design considerations:

An irrigation equipment dealer can use a computer
program provided by each center pivot system manu-
facturer to perform a detailed design specific for that
make and model of pivot. Because sprinkler pipe size
and head spacing combinations are unique for each

manufacturer, this is the only way accurate, detailed
designs can be prepared. The farmer is generally
provided with a detailed copy of the design and nozzle
configuration. Evaluating this information (including
the nozzling package) is always the first step when
providing a detailed field evaluation on a specific pivot
system.

As a service to a cooperator, NRCS can review pivot
designs prepared by others to assure the proposed
application provides adequate water to satisfy the
needs of the crop(s) and match the available water
capacity of the soil, and that it does not have negative
impacts on field or farm resources (soil, water, air,
plants, animals, and human considerations) including
soil erosion, offsite sedimentation, and pollution of
surface and ground water. The planning technician
can provide daily crop water use and soil resource
information, including limitations, to the irrigation
decisionmaker for use by the designer.

Each pivot system manufacturer has a selection of
carefully designed packages from which to select.
Each package has certain application characteristics.
The planning technician must be able to supply the
land user with information on desirable characteristics
so that the user can work with the dealer to select an
optimum system package for the field. NRCS person-
nel, irrigation dealers, manufacturers, and the user
need to work together as a team to get the best system
for onsite conditions installed and properly operated.

Resource site and system features that should be
provided include:

e Maximum and normal irrigation water require-
ments of the crop(s).

« Intake rate or maximum application rate for the
most limiting or restrictive soil, tillage practices,
and available surface storage.

= Translocation, runoff, and erosion potential.

= Suitability of crop for irrigation method and
system.

< Available water capacity of limiting soil.

e Actual crop rooting depth(s).

< Irrigation decisionmaker management skill and
labor required.

Maximum application rate for a pivot takes place in
the area between the outer two tower assemblies. The
application rate typically ranges from 2 to more than
50 inches per hour. The application rate is depen-
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dent on type of sprinkler heads, width of spray
pattern, system capacity, and distance from the
pivot point. Application rate is constant for a
specific point regardless of lateral rotation
speed. Application volume (depth) is totally
independent on the lateral rotation speed. The
narrower the width of spray pattern, the higher the
application rate. Low pressure spray heads typically
have a narrow width of spray pattern. Because of this
narrow spray pattern, LEPA and LPIC systems can
have application rates exceeding 30 to 50 inches per
hour for short time periods.

Sprinkler nozzles on continuously moving lateral
systems apply water in a stationary pattern similar to
an ellipse. Application rates at a point a given distance
perpendicular to the pivot lateral begin at zero until
droplets begin impacting. They reach a maximum
when the center of the sprinkler head (lateral) is
directly above the point, and decrease again to zero
when the trailing edge of the application pattern
passes the point. The depth applied at the given point
is represented by the area under the application rate
versus time curve. To achieve a uniform depth of

application over the entire area of the circle (field),
application rates must increase as the distance from
the pivot point increases. Elapsed time of application
decreases.

As can be seen in figure 6-10, intake characteristics of
a soil are a function of rate over time. When applica-
tion rates are greater than the soil intake rate curve, a
potential for translocation or runoff occurs unless soil
surface storage is provided. For a given application
amount, the wider the wetted sprinkler pattern, the
less the application rate. Narrower (typically lower
pressure) wetted sprinkler pattern sprinkler nozzles
provide greater application rates. Table 6-5 displays
typical wetted patterns and operating pressures of
various sprinkler heads on center pivot systems.

The speed of lateral rotation normally varies from 12
to 120 hours per revolution. With a center pivot sys-
tem, the application rate (in/hr) at any one location is
the same, regardless of the speed of rotation. How-
ever, the greater the lateral speed the less total water
is applied in a given area for a given rotation. The
speed (typically designated as percentage of the time

Figure 6-10 Typical soil intake and sprinkler application rate curves
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moving) of a center pivot system generally is con-
trolled by the end tower, called the master or control
tower. A system of alignment controls keeps the other
towers in line with the master tower. To maintain
alignment, the towers are continually in start-stop
operation. If a tower gets stuck and cannot move, the
system shuts down (if automatic system shutoff is
functioning).

With a properly designed, maintained, and managed
center pivot system, water application depth is rela-
tively uniform over the length of the lateral after
several rotations. The start-stop characteristics of the
system can cause nonuniformity in a small area on one
rotation. With additional rotations, nonuniformity due
to start-stop action of individual towers is minimized.
Overall system maintenance is important. Clogged
sprinklers, improperly functioning flow regulators, and
improper system pressures quickly degrade uniformity
of application. Applicator maintenance is most impor-
tant towards the outer end of the lateral because of the
large area covered by only a few nozzles.

Table 6-5 Typical operating pressures and wetted

— diameter patterns

System Operating ~ Wetted
pressure diameter

(Ib/in2) (f)

Heads mounted on top of lateral pipe
High pressure impact 75 + 160

Medium pressure impact 50- 75 100 - 130
Low pressure impact 35-50 40-100
360-degree spray, low pressure 20 -35 20-40
180-degree spray, low pressure  20-35 10-20
Rotating spray 15-50 up to 70
Spray booms, low pressure  20-35 120
Heads mounted on drop tubes

Fixed spray, low pressure 20-35 20-40
Rotating spray 15-50 up to 60
LPIC application devices ¥ 5-10 5-15
LEPA application devices 2 2-10 2-5

1/ LPIC = Low Pressure In Canopy
2/ LEPA = Low Energy Precision Application

Figure 6-11 shows percent of total area of application
versus radius for a quarter-mile-long lateral.

Occasionally, pivots up to a half mile long are in-
stalled. These pivots have very high application rates
in the outer quarter to third of the irrigated area and
can work properly only under certain conditions. Most
important of these conditions are:

e Topography must be flat enough to allow high
application rates at the outer part of the circle
without significant translocation, runoff, and
erosion.

< Soil must have a relatively high intake rate.

< Soil surface storage (surface roughness).

« Crops that can be established under high
application rates are grown.

e Cultural practices that promote surface residue
utilization for improved soil condition and sur-
face storage, such as pitting, are implemented
and maintained throughout the irrigation season.

Figure 6-11 Application area along a quarter-mile-long
messsss———  DiVOt System lateral

25% of area

25% of area

25% of area

25% of area

L ==

- — —— —
Percent of area Lateral length Acres
100 1,320 ft 125.66
75 1,143 ft 94.24
50 933 ft 62.83
25 660 ft 31.42
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Many combinations of application devices, flow regu-
lators, applicator spacing, lateral pipe sizes, tower
spacing, operating pressures, application rates and
spray characteristics exist. Drop tubes that have low
pressure spray heads located a few inches above the
ground surface or canopy are often used instead of
sprinkler heads attached directly to the lateral. Drop
tubes and lower pressure (larger droplets) reduce
wind and evaporation losses.

Center pivot systems can be operated as either high or
low pressure systems. Low pressure systems are
becoming more desirable because of reduced energy
use. Where pressure (flow) regulators are not re-
quired, pressures of 5 to 10 pounds per square inch in
the lateral are used for Low Energy Precision Applica-
tion (LEPA) and Low Pressure In Canopy (LPIC)
systems. Center pivots used as LEPA and LPIC require
temporary soil surface storage because of very high
application rates; otherwise, surface water transloca-
tion and runoff occur. Temporary surface storage, plus
infiltration during the application period, must be
capable of storing the planned application amount per
irrigation. Surface storage can be provided with sur-
face residue, soil roughness, or small basins. Adequate
soil surface storage must be available throughout the
irrigation season.

Some center pivot systems use a large partial circle,
hydraulic-revolving gun type sprinkler at the end of
the lateral line. This sprinkler extends the irrigated
diameter of the pivot to help fill in corners of the field.
The area covered by the gun seldom receives as much
water as the remainder of the field. Generally, this is
the area producing the poorest yields. Typically over
75 percent of total maintenance is required by the end
gun.

A total system economic analysis of inputs and out-
puts needs to be made to determine whether increased
crop yields from the irrigated area served by the end
gun covers costs. Costs include lower total field water
application uniformity, reduced water supply for the
remainder of the field, increased tillage area, and
increased labor to maintain the end gun.

Recommendations for reducing operational
problems associated with center pivot sprin-
kler systems:

Crops can be planted in circular rows around
the center pivot system rather than planting in
straight rows. Circular planting results in 94 percent
of the rows being longer than those in traditional
fields. This type planting reduces wheel traction prob-
lems for the center pivot machine, increases irrigation
uniformity, and can reduce runoff and soil erosion. A
very light water application should be used to leave
tire tracks as a guide for planting equipment. Always
apply water when creating guide markings. Weight of
water in the pipeline can extend the lateral length
several feet compared to it's empty lateral length.

Tower wheel rutting problems can be a severe
operational problem where medium textured
soils with poor structure become wet. As a rut
deepens, it collects water and saturates the soil thus
increasing the rutting problem. Erosion can occur in
the ruts on sloping fields as a result of the concen-
trated flow. Using boom-backs to place the spray
behind the tower helps to alleviate this problem.

Irrigation uniformity can be improved by
smoothing the land under the center pivot sys-
tem to remove any minor undulations and local-
ized steep slopes. Best results are achieved using a
cropping system that maintains crop residue at the
ground surface. A no-till system of residue manage-
ment is a desirable alternative.

Use furrow pitting and diking in the outer quar-
ter of the irrigated area. Various machines can be
used to make dikes or basins in the furrow area every
few feet. Applied irrigation water and precipitation are
stored to prevent translocation and runoff.

In arid and semiarid areas, pre-irrigation (irri-
gation before the soil is prepared for planting)
may be a desirable management practice. The
idea is to at least partly fill the root zone with moisture
before working the soil and planting the crop. This
helps create a deep root system and stores moisture
for use during periods when the sprinkler system is
unable to keep up with crop needs. Pre-irrigation is
seldom needed in humid areas.
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For maximum efficiency the system should move
just fast enough to prevent excessive runoff.
Frequently, center pivot irrigation systems are oper-
ated at too high speed. Experience has shown frequent
irrigation often seals the soil, reduces water infiltra-
tion, and increases evaporation. Excessive speed also
causes unnecessary wear and tear on the equipment.
In arid areas 0.25 to 0.50 inch of the application
amount can be lost to soil and plant evaporation with
each revolution. Thus when water supplies are short
or become short, consider sacrificing part of the crop
area and slowing the pivot to apply more water with
each rotation. Eliminating irrigation on part of the
circle for the latter part of the season may be more
beneficial and provide a higher quality product on the
fully irrigated portion.

Deep chiseling or ripping may be beneficial to
remove root and water restrictive tillage pans
and temporarily increase soil intake rate (par-
ticularly on clay loam soil). This is an expensive
field operation, and unless the cause of compaction is
corrected, the operation must be repeated. Heavy
equipment, tillage when wet, excess tillage, or poor
soil condition often cause tillage pans to reoccur.

Design procedures:

The hydraulic design of a center pivot sprinkler system
is complex. Today, most systems are designed using
one of several computer programs usually by the
company proposing to do the installation. The follow-
ing equation can be used for guidance to determine if
maximum application rates and depths of water ap-
plied by center pivot sprinklers are in accordance with
NRCS standards. NEH, Part 623 (Section 15), Chapter
11, Sprinkle Irrigation, reviews detailed design proce-
dures.

Given:
R = 1,350 ft
d’ = 0.3in
T = 24 hr/d
Area = 131.4 acres

System capacity:
453Ad" _ 453x131.4x0.3
T 24

Q= = 744gpm

where:

system capacity (gpm)

= area irrigated (acres)

actual operating time (hr/d)

= daily gross depth of application required during
peak use rate period (in)

R = maximum radius irrigated (ft). Also include

length of corner system if applicable

> O
1l

Q -
1l

Application rate:

As a moving lateral sprinkler system moves across a
point in the field, the application rate varies from zero
to maximum and returns to zero. With center pivots,
both the average application rate and the maximum
application rate increases the further the point in the
field is located from the pivot. To calculate the average
and maximum application rate along a center pivot
lateral, the total lateral capacity and radius can be
used. Equations are provided as follows:

_2963)rQ | 24510
1= T Rrw or Ix= R2w
where:

I = average application rate at point r (in/hr)

Q = system capacity (gpm)

r = radius from center of pivot to point under study

(ft)

w = wetted width of sprinkler pattern (ft)

R = maximum radius irrigated (ft)

I, = maximum application rate at any point r (in/hr)

(assuming elliptical application pattern of sprin-
kler head with a multiplier of 4/m)

Where r, R, Q, and w are held constant:
I, =1.25]

(2) Low energy precision application (LEPA)
systems
LEPA is a low energy precision water application
system that supplies water at the point of use. This
system combines a self moving mechanical device
(center pivot or linear move) along with water and soil
management to produce retention and efficient use of
all water received (precipitation and irrigation). The
soil surface and residue management provide adequate
water infiltration and temporary surface water stor-
age. The LEPA management program provides near
zero water translocation or runoff.
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Advantages: Planning and design considerations:

e The LEPA method of distributing water is a
relatively new total management systems ap-
proach to pivot and linear system irrigation. The
only association with a center pivot and linear
sprinkler systems is with the actual mechanical
system itself. LEPA systems distribute water
directly onto or very near the ground surface,
below the crop canopy through drop tubes fitted
with low pressure (5 to 10 Ib/in2) application
devices. Because system operating pressures are
low, pumping energy is reduced compared to
standard systems.

« Lower system capacities per unit area are gener-
ally used for LEPA as compared to conventional
surface and sprinkle systems. This method of
applying water close to the ground surface
essentially eliminates wind drift and evaporation
losses especially after the crop has gotten taller
than 18 inches. With adequate soil (tillage and
residue) management, translocation and field
runoff are eliminated. Practically all losses result
from deep percolation below the crop root zone.
These losses can be minimized if the irrigation
decisionmaker follows an adequate program of
irrigation scheduling. Application efficiencies of
95 percent and an application device discharge
coefficient uniformity of more than 96 percent
should be the objectives of the irrigation
decisionmaker. The concept of precision irriga-
tion should prevail with operation and manage-
ment of LEPA systems.

Limitations:

LEPA is generally used on field slopes of 1 percent or
less on a significant portion of the field. Planned
maximum water application depth per irrigation or
precipitation event should not exceed soil surface
storage volume less infiltration during the event.
Application rates exceeding 30 inches per hour, for
short periods of time, have been measured on the
outer end of low pressure center pivot laterals. LEPA
requires cultural and residue management practices
that provide adequate season-long soil surface storage.
Basins constructed with furrow pitting or diking
equipment is required, especially on low and medium
intake soils. The small basins hold irrigation and pre-
cipitation until total infiltration occurs, thus eliminating
runoff and improving water distribution uniformity.

LEPA systems must be capable of conveying and
discharging water within a single furrow area. Water is
typically confined between two adjacent crop rows.
The application device is typically attached to the end
of drop tubes that are located or positioned in either
every furrow or in alternate furrows. Discharge de-
vices must place water near or directly onto the soil
surface. For precision application of irrigation water
using LEPA systems, circular rows must be used with
center pivots and straight rows with linear systems.
Application devices should distribute and confine the
water to the furrow area without eroding furrow dikes
or crop beds. To optimize water placement, planting
should be done to match the travel pattern and loca-
tion of the drop tube applicators.

Minimum system capacity should be based on local
crop ET needs for crops grown in the crop rotation,
accounting for the available water capacity of specific
soils in the field.

Some minor land grading may be needed to remove
localized high and low areas in the field to provide
uniform application device heights above the soil
surface between towers. Spacing and location of drop
tubes must coincide with crop row spacing. Water
must not be applied into the tower track. Cross flow
from adjacent furrows to the wheel track should also
be avoided.

LEPA application devices should contain flow control
devices or pressure regulators, or both, where needed.
Application devices are normally convertible to at
least two of the following modes: bubble, flat spray,
chemigation, and drag sock. The application device
should distribute the water within or across the furrow
width without causing erosion of the crop bed, dams,
and dikes, and thus diminishing soil surface storage.

Soil surface storage—The following provides field
storage capacity and sizing of typical basins at 0 per-
cent field slope:

Storage ----- Basins - - - - - Basin dimensions  Dike Row
everyrow altrow top bot. space space
width width
(in) (i) (in) (in)  (in)
2.0 X 18 6 60 36
1.0 X 18 6 60 60
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(3) Low pressure in canopy (LPIC) systems
LPIC is a low energy, low pressure, center pivot or
linear move water application system that applies
water within the crop canopy near the ground surface.
It is similar to low energy precision application
(LEPA) systems, but does not have as restrictive site
and water application conditions. LPIC irrigation
systems typically have some local translocation of
applied water, but no field runoff. In most areas local
translocation is interpreted as having water on the soil
surface no further than 30 feet ahead of or behind the
lateral position. Good soil and water management are
required to obtain potential application efficiencies in
the high 80's.

Advantages:

e The LPIC method of distributing water within the
crop canopy can be installed on soils and topog-
raphy unsuitable for the LEPA management
system. LPIC systems distribute water through
drop tubes fitted with low pressure (5 to 10 Ib/
in2) application devices. Because system operat-
ing pressures are low, pumping energy is re-
duced compared to above canopy or high pres-
sure center pivot and linear move systems.

= With good water and soil management and
medium to coarse textured soils, LPIC irrigation
systems have been successfully used on slopes
up to 6 percent. Good soil condition and ad-
equate soil surface storage for applied water
(precipitation and irrigation) are essential. Ter-
racing may be required to control rainfall and
irrigation induced erosion on steeper slopes.

= Lower system capacities per unit area generally
are used for LPIC as compared to above canopy
sprinkle irrigation systems. In-canopy applica-
tions essentially eliminate wind drift and evapo-
ration losses especially after the crop has grown
taller than 18 inches. With proper water and soil
management, application efficiencies of at least
85 percent can be obtained. Application device
discharge coefficient uniformity can be more
than 90 percent.

Limitations:

e LPIC is generally used with field slopes of 3
percent or less on a significant portion of the
field. Maximum application depth per irrigation
or precipitation event should not exceed soil
surface storage less infiltration during the event.
Excellent soil condition and surface storage

must be maintained throughout the irrigation
season. Application rates in excess of 30 inches
per hour, for short periods of time, have been
measured at the outer end of low pressure center
pivot laterals.

= Even with proper water and soil management,
LPIC irrigation systems generally are not suitable
for use on low intake soils.

« Maintaining dikes or basins is difficult on soil
slopes greater than 3 percent.

e Terraces may be needed to prevent erosion on
slopes greater than 2 percent.

Planning and design considerations:

Low pressure in canopy (LPIC) systems must be
capable of applying water without significant translo-
cation or field runoff. Application devices on drop
tubes can be spaced from 2 to 10 feet. Experience has
shown crop yields are adversely affected because of
poor application uniformity when using a wider spac-
ing. Nonuniformity exists with any drop tube spacing
greater than every other row. Many irrigation decision-
makers feel reducing the initial investment by using a
wider application device (and drop tube) spacing is
justified.

Application devices should deliver water to the furrow
area without eroding furrow dikes, dams, or crop
beds. Planting orientation should match the travel
pattern or direction of lateral movement. A very light
water application can be used to leave tire tracks to
guide planting equipment. Always apply water when
creating guide markings. Weight of water in the lateral
pipeline can extend the length several feet.

Minimum system capacity should be based on local
crop ET needs for crops grown in the crop rotation,
accounting for the available water capacity for specific
soils in the field.

Some minor land grading may be needed to remove
small high and low areas in the field to provide a near
uniform application device height above the soil
surface between lateral towers. Spacing and location
of drop tubes need to coincide with crop row spacing
and the location of the rows within the lateral span of
the mechanical irrigation system. Water should not be
applied into the tire track. Cross flow from adjacent
furrows to the wheel track should also be avoided.
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LPIC application devices should contain flow control
devices or pressure regulators, or both, where needed.
Application devices are normally operated in the flat
spray mode. These devices should distribute water
uniformly across the soil surface without excessive
crop interference. The LPIC system is used for center
pivot and linear move laterals. LPIC is a low pressure
within canopy system. It is similar to LEPA, but does
not have the site and application restrictions. It may
not have the precision application required of LEPA
and is more likely to have translocation and erosion
problems.

(4) Linear (lateral) move sprinkler irrigation
systems
A linear move sprinkle irrigation system is a continu-
ous, self-moving, straight lateral that irrigates a rectan-
gular field. The commonly used term, continuous
move, is not totally accurate because the lateral moves
in a timed start-stop operation. The system is similar
to the center pivot lateral in that the lateral pipe is
supported by trusses, cables, and towers mounted on
wheels. A linear move sprinkle irrigation system is
similar to a side roll wheel line system because it
irrigates a rectangular field with uniform sized nozzles
and spacing throughout the length of the lateral.

Most linear systems are driven by electric motors
located in each tower. A self-aligning system is used to
maintain near straight line uniform travel. One tower
is the master control tower for the lateral where the
speed is set, and all other towers operate in start-stop
mode to maintain alignment. A small cable mounted 12
to 18 inches above the ground surface along one edge
or the center of the field guides the master control
tower across the field.

Linear move systems can be equipped with a variety of
sprinkler or spray heads. Drop tubes and low pressure
spray heads located a few inches above ground sur-
face or crop canopy can be used instead of sprinkler
heads attached directly to the lateral. Both options
reduce wind and evaporation losses.

Linear move systems can be operated as either high or
low pressure systems. Low pressure systems are
becoming common because of reduced energy use.
Low pressures of 5 to 10 pounds per square inch (plus
4 pounds per square inch with pressure regulators) are
used where linear systems are used as Low Energy
Precision Application (LEPA) and Low Pressure In
Canopy (LPIC) systems.

Where linear move systems are used as LEPA and
LPIC, temporary soil surface storage is necessary to
limit surface water translocation or runoff because of
the high application rates. Temporary surface storage,
plus infiltration during the application period, must be
capable of receiving the application amount per irriga-
tion. Surface storage can be provided with surface
residue, small basins, or both. Surface storage must be
available throughout the irrigation season. Application
rates are medium to high.

Advantages:

The major advantage of linear move sprinkler irriga-
tion systems is that all the field is irrigated. Applica-
tion uniformity can be high because the laterals are
nearly continuously moving. Because of the potential
for high application uniformity and the ability to put
on small amounts of water (at higher lateral speeds),
several forms of chemigation are practical.

Limitations:

The major disadvantages of linear move sprinkle
irrigation systems are high initial cost, high annual
operating cost, and need to supply water to the moving
lateral. Generally, this type system is used on medium
to high value crops and for multiple crop production
areas. Unlike center pivots, when laterals reach the
edge of the field and irrigation is complete, the laterals
must be moved. They are either moved back (dead
headed) to the starting position or moved endwise to
an adjacent field. When moving the lateral endwise,
tower wheels must be rotated 90 degrees or be placed
on individual tower dollies.

Planning and design considerations:

NEH, Part 623 (Section 15), Chapter 11, Sprinkle
Irrigation, page 11-109, provides details concerning
design. Manufacturers’ technical data should be con-
sulted for additional machine specific up-to-date
information.

Field layout and water source delivery methods must
be considered when planning and designing a linear
move system. Figure 6-12 displays typical alternatives
for field layout showing water source locations. Water
can be supplied to the moving lateral system by using
an engine driven centrifugal pump or by using pipe-
lines and risers to move water under pressure.
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An engine driven centrifugal pump mounted on board
the master control tower can lift water from a con-
crete lined ditch and provide pressure to sprinklers on
the moving lateral pipeline. The engine also runs a DC
generator to provide power for tower drive motors.
The ditch can be located anywhere in the field perpen-
dicular to the lateral, but is generally located in the
center of the field or along one edge. The ditch must
be installed on a relatively flat grade to provide ad-
equate water depth without overtopping. A moving
end dam checks water moving in the concrete lined
ditch and provides submergence over the pump suc-
tion pipeline inlet. A screen on the pump suction
pipeline helps to prevent debris from entering the
lateral.

Water under pressure can be supplied to the moving
lateral irrigation system via a buried pipeline and
risers. The pipeline must be located perpendicular to
the moving lateral, typically in the center of the field
or along one edge. Typically a flexible hose connects
the moving lateral pipe to riser valves on the buried
pipeline. Riser connect/disconnect can be manual or
automated.

When operated manually, the system must be stopped
with each mainline outlet (riser) change. Spacing of
outlet risers is dependent on the length and size of
hose the irrigator is able to drag from one outlet riser
to the next. A small tractor can tow the hose, thereby
allowing wider spacing of outlet risers. Slower lateral
speeds and higher application amounts keep manual
labor and the wear and tear on the hose to a minimum.

When riser connect/disconnect is automated, a pow-
ered valve opener proceeds the moving lateral drag-
ging the supply hose in search of the next riser. If a
riser is not found, the valve opener returns to the
master tower and repeats the search process.

Upon locating a riser valve, the valve opener aligns
itself over the riser, secures the valve body, and opens
the valve. Water pressure in the forward supply hose
signals a rear valve body and supply hose to discon-
nect. The rear powered valve body with supply hose
moves towards the lateral, searching for the next
riser. When secured, water pressure in the rear valve
body and hose signals the forward valve body to

Figure 6-12 Typical field layout of linear systems
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disconnect. The moving lateral proceeds down the
field as water is supplied alternately by forward and
rear valve connections.

(e) Traveling gun sprinkler
irrigation systems

The traveling gun (traveler, gun, big gun) is a high-
capacity, single-nozzle sprinkler fed with water from a
flexible hose that is either dragged on the soil surface
or wound on a reel. The gun is mounted on wheels and
travels along a straight line while operating. The unit is
equipped with a water piston or water turbine pow-
ered winch that reels in an anchored cable or hose.
Some units have a small auxiliary gasoline engine to
power the reel. This eliminates the water pressure
required to operate the reel, and the hose speed is
consistent. The cable guides the unit along a path and
tows a high-pressure flexible hose connected to the
water supply system. Figure 6-13 displays a typical
traveling gun type system layout.

Application depth is regulated by the speed at which
the hose or cable reel is operated or by the speed of a
self-contained power unit. Traveling sprinklers are
well adapted to odd shaped fields and to tall field
crops, such as corn, if wetting adjacent areas is not a
problem.

As the traveler moves along its path, the sprinkler
wets a 200- to 400-foot-wide strip of land. After the
unit reaches the end of a travel path, it is moved and
set to water an adjacent strip of land. The overlap of
adjacent strips depends on the distance between
travel paths, diameter wetted by the sprinkler, aver-
age wind speed, and application pattern of the sprin-
kler used. The sprinkler is reset by towing it to the
edge of the field.

Sprinkler discharge flows can range from 50 to more
than 1,000 gallons per minute with nozzles ranging
from 0-.5 to 1.75 inches in diameter and operating
pressure from 60 to more than 120 pounds per square
inch. Table 6-6 displays typical discharges and wetted
diameters for gun type sprinklers with 24 degree angle

Figure 6-13 Traveling gun type sprinkler system layout
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of trajectory and tapered nozzles operating when there
is no wind. The three general types of traveling gun
sprinklers are cable reel, hose reel, and self-powered/
propelled.

Cable reel—The cable reel unit has a large gun type
sprinkler mounted on a 4-wheel chassis equipped with
a water piston or turbine-powered winch that reels in
an anchored cable. The cable guides the unit along a
path as it tows a high-pressure, flexible, lay-flat hose
that is connected to the water supply system. The
typical hose is 4 to 5 inches in diameter and up to 660
feet long. This allows the unit to travel up to 1,320 feet.
After use, the hose can be drained and wound onto a
reel.

Hose reel—The hose reel unit is equipped with a
water turbine or gasoline auxiliary engine to power
the hose reel. The hose reel can be located either at
the sprinkler or at the water source (pipe outlet valve).
When included with the sprinkler, a 4-wheel chassis
carries the hose reel and sprinkler, which is pulled in
by the hose attached to a water source (pipe outlet
valve). The hose is usually flexible, reinforced, poly-
ethylene material and is typically between 4 and 5
inches in diameter. Generally, the maximum hose
length is 850 feet. This allows the unit to move 1,700
feet.

Self-powered/propelled—This unit has a self-con-
tained pump and is self-propelled by drive wheels. A
gun type sprinkler is mounted on top of the unit. The
machine straddles a supply ditch and is guided by the
ditch.
(1) Advantages
* 0Odd shaped fields can be irrigated with auto-
mated equipment.
e Manual labor is minimized.
= Suitable on sandy or high intake rate soils.
e Suitable for irrigating several different fields in a
crop rotation.

Limitations

Traveling gun type sprinklers are not suitable on
low intake rate soils or soils that tend to surface
seal as a result of puddling.

e The turbines to power the winch and fittings on
hose fed systems require additional water supply
pressure. Because of the typical field size and the
desire to keep costs down, it is tempting to
reduce the flexible hose size for the length re-
quired. Decreased capital cost is a trade-off for
increased energy cost. An energy cost analysis
should be made. When possible, manufacturers’
technical data should be used to make the analy-
sis.

Table 6-6 Typical discharges and wetted diameters for gun type sprinklers with 24° angles of trajectory and tapered
— nozzles operating when there is no wind
Sprinkler Sprinkler discharge and wetted diameter
Pressure = --e--eeeieeeie it tapered nozzle size (in) -------------------me oo
------- 08------- ceeeeee 1000 B R WA R W R O EEEEl N R
(Ib/in2) gom  ft gom  ft gpm  ft gpm ft gpm ft
60 143 285 225 325 330 365 — — — —
70 155 300 245 340 355 380 480 435 — —
80 165 310 260 355 380 395 515 455 675 480
90 175 320 275 365 405 410 545 470 715 495
100 185 330 290 375 425 420 575 480 755 510
110 195 340 305 385 445 430 605 490 790 520
120 205 350 320 395 465 440 630 500 825 535
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e To cast a droplet of water over 50 feet requires a
droplet size greater then 0.25 inch to resist air
friction. Well graded soils and soils low in or-
ganic matter are subject to puddling or surface
compaction, thus further reducing soil intake
rate and increasing potential translocation. Some
crops may also be damaged by large droplet
sizes.

e To adequately irrigate edges of the field, water is
applied outside of the field boundaries.

(3) Planning and design considerations

Large gun type sprinklers require the highest pressures
of any sprinkler system. In addition to the high operat-
ing pressure required at the sprinkler nozzle, hose
losses can add another 20 to 40 pounds per square
inch to the total system dynamic pressure head (TDH).
Therefore, gun type sprinklers are well suited to
supplemental irrigation where seasonal net irrigation
requirements are small. This helps to mitigate the high
power costs associated with high operating pressure.
An energy cost evaluation should be made. Traveling
gun sprinklers can be used where crops and irrigation
needs are rotated from field to field. Table 6-7 displays
friction loss in flexible pressure irrigation hose used
on traveling gun type sprinklers.

Distribution uniformity is typically fair in the inner
part of a 100- to 200-foot-wide strip; however, along
the ends and sides it is poor. Typically, the ends and
sides of the strip are inadequately irrigated. Applica-
tion uniformity of large gun sprinklers is adversely
affected by wind speeds of more than 5 miles per hour.
A gun type system is not recommended in windy areas.

Power requirements to drag a hose depend on the size
of hose, soil texture, soil moisture conditions, and
crop. Pull energy requirement is greatest on wet, bare,
sticky soils and less on wet vegetation or bare, sandy
soils. On sticky soils the tow paths for the traveling
unit and hose should be left in grass or other vegeta-
tion. Excessive wear to the hose can occur on soils
containing sharp or abrasive rock fragments.

Guidelines for sizing traveling gun type sprinkler hoses
are shown in table 6-8. Table 6-9 displays recom-
mended maximum travel lane spacing as a function of
wetted diameter and average wind speed. The gross
depth of water applied for continuous moving large
gun type sprinkler heads is given in table 6-10.

Table 6-7 Friction loss in flexible irrigation hose used Table 6-8 Guidelines for sizing traveling gun type

— on traveling gun type sprinkle system — sprinkler hoses

Flow Friction Loss (Ib/in2/100 ft) Flow range Hose diameter
————————————————— hose size (in) ----------------- (gpm) (in)

(gpm) 2172 3 312 4 4112 5

Ibfin2 100 f 50 to 150 25

"""""" In®per 1001t------------ 150 to 250 3.0

100 1.6 07 0.3 200 to 350 3.5

150 3.4 14 250 to 500 4.0

200 5.6 2.5 14 0.6 500 to 700 45

250 3.6 0.9

300 51 26 13 06 > 700 50

400 2.3 1.3

500 3.5 2.1

600 49 2.7 11

700 3.6 2.1

800 4.6 2.7

900 3.4

1000 4.2
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Table 6-9 Maximum travel lane spacing for traveling
— gun type sprinklers as a function of wetted
diameter and wind speed

Wetted =~ ---------- Wind speed (mi/hr) - ---------

diameter >10 5-10 0-5 0
------- Percent of wetted diameter - - - - - -
50 60 70 80

Maximum travel lane spacing

------------------ (feet) --------mmmmem---
200 100 120 140 160
300 150 180 210 240
400 200 240 280 320
500 250 400 350 400
600 300 360 420 480

Table 6-10  Gross depth of water applied for continuous moving large gun type sprinkler heads ¥
|

Sprinkler Spacing Depth of water applied
flow between -----e--iiiiiiiioloo Travel speed (ft/min) - -------------cmmmmmanaon
travel
(gpm) lanes (ft) 0.4 0.5 1 2 4 6 8 10
--------------------------- inches - ------mmmmee
100 165 24 19 1.0 0.5 0.24 0.16 0.12 0.09
200 135 4.9 3.9 2.0 1.0 0.5 0.32 0.24 0.19
200 4.0 3.2 1.6 0.8 04 0.27 0.2 0.16
300 200 6.0 4.8 2.4 1.2 0.6 04 0.3 0.24
270 4.4 3.6 1.8 0.9 04 0.3 0.22 0.18
400 240 6.7 5.3 2.7 1.3 0.7 0.44 0.33 0.27
300 5.3 4.3 2.1 11 0.5 0.36 0.27 0.21
500 270 7.4 6.0 3.0 15 0.7 0.5 0.37 0.29
330 6.1 4.9 24 12 0.5 04 0.3 0.24
600 270 8.9 7.1 3.6 1.8 0.9 0.6 0.45 0.36
330 7.3 5.8 2.9 15 0.7 0.5 0.36 0.29
700 270 104 8.3 4.2 21 1.0 0.7 0.5 0.42
330 8.5 6.8 34 1.7 0.8 0.6 04 0.34
800 300 10.7 8.5 4.3 21 11 0.7 0.5 0.43
360 8.9 7.1 3.6 1.8 0.9 0.6 04 0.36
900 300 12.0 9.6 4.8 24 1.2 0.8 0.6 0.5
360 10.0 8.0 4.0 2.0 1.0 0.7 0.5 04
1000 330 12.2 9.7 4.9 24 1.2 0.8 0.6 0.5
400 10.0 8.0 4.0 2.0 1.0 0.7 0.5 04

1/ (equation) average depth of water applied = 1,605 x (sprinkler flow, gpm) / (land spacing, ft) x (travel speed, ft/min)

(210-vi-NEH, September 1997)



Chapter 6

Irrigation System Design Part 652

Irrigation Guide

(4) Design procedures

NEH, Section 623 (Section 15), Chapter 11, Sprinkle
Irrigation, pages 11-84 to 11-89, provides a detailed
explanation of design procedures and an example.
This material should be used as a design guide. Appli-
cable equations include:

Application rate:
Traveling sprinkler;

I, = €Q
' RZDeg
where:
I, = approximate average application rate from
traveling gun (in/hr)
C = unit conversion constant = 13,624
Q = gundischarge (gpm)
R = wetted radius of nozzle (ft)

Deg = portion of circle receiving water (degrees).
Usually does not exceed 270°.

Stationary sprinkler:

where:
| = approximate average application rate from a
stationary large gun (in/hr)
C = unit conversion constant = 30.7
Q = gundischarge (gpm)
R = wetted radius of nozzle (ft)

Application depth:

where:
F, = netapplication depth (in)
C = unit conversion constant = 1.605
Q = gundischarge (gpm)
Eff = estimated application efficiency (decimal)
W = tow path spacing (ft)
S = travel speed (ft/min)

() Traveling boom sprinkler
irrigation systems

A traveling boom system is similar to a traveling gun
system except a boom containing several nozzles is
used. The boom can be moved by a self-contained,
continuously moving power unit by dragging or coiling
the water feed hose on a reel. The boom usually ro-
tates, but may be fixed. A boom can be nearly 100 feet
long with discharge nozzles spaced uniformly along
the boom. Nozzle discharge patterns on the boom
overlap one another. Back pressure from fixed nozzles
rotates the boom.

Field tests indicate distribution uniformity for travel-
ing boom sprinklers can be higher than traveling guns
for the same diameter of coverage. A nonrotating
boom can start and stop near the edge of a field,
thereby providing adequate irrigation to these areas.

(1) Advantages
e Can be fabricated locally in any good farm ma-
chine shop.
e Can save labor after initial installation.

(2) Limitations
« High maintenance requirements.
e Lack of commercial dealers and support for
replacement parts

(3) Planning and design considerations

Design of a traveling boom sprinkler system is similar
to a traveling gun type system. Operating pressures are
generally much less than for large gun type sprinklers.
The edge and end effect is less than that for large gun
type sprinklers because the wetted diameter of indi-
vidual nozzles is much less. Local shop fabricated self-
propelled booms can be effective and apply water
efficiently on small farms growing high value specialty
crops, such as berries, fresh vegetables, and melons.
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652.0603 Micro irrigation
systems

(a) General

Micro irrigation is the broad classification of frequent,
low volume, low pressure application of water on or
beneath the soil surface by drippers, drip emitters,
spaghetti tube, subsurface or surface drip tube, basin
bubblers, and spray or mini sprinkler systems. It is
also referred to as drip or trickle irrigation.

Water is applied as discrete or continuous drops, tiny
streams, or miniature spray through drip emitters or
spray heads placed along a water delivery line called a
lateral or feeder line. Typically, water is dispensed
from a pipe distribution network under low pressure
(5 to 20 Ib/in2) in a predetermined pattern. The outlet
device that controls water release is called an emitter.
Water moves through the soil from the emission point
to soil areas of higher water tension by both capillary
and gravity forces. The amount of soil wetted depends
on soil characteristics, length of irrigation period,
emitter discharge, and number and spacing of emit-
ters. Number and spacing of emitters are dependent
on the spacing and size of plants being irrigated. If
water management is adequate, line source emitters
can be used for row crops. Micro irrigation can effi-
ciently distribute an otherwise limited water supply.

With proper water management, application efficien-
cies for a well designed, installed, and maintained
micro irrigation system can be in the range of 80 to 90
percent for the area irrigated. Without proper water
management, they are typically 55 to 65 percent. By far
the greatest water management problem is over-
irrigation.

Principal uses for micro irrigation systems are provid-
ing water for windbreaks, vegetables, berries, grapes,
fruit, citrus and nut orchards, nursery stock, and
landscape and ornamental plantings. Figure 6-14
shows a typical micro irrigation system layout in an
orchard. In areas where the water supply is inadequate
and water cost is high, subsurface micro systems can
be cost effective for irrigation of high value row crops.
Buried line source lateral systems have been in con-
tinuous operation since 1982.

(b) Types of micro irrigation
systems

(1) Point-source emitters (drip/trickle/
bubbler)
In the point-source form of micro irrigation, water is
applied to the soil surface as discrete or continuous
drops, tiny streams, or low volume fountain through
small openings. Discharge is in units of gallons per
hour (gph) or gallons per minute (gpm) over a speci-
fied pressure range. Discharge rates typically range
from 0.5 gallon per hour to nearly 0.5 gallon per
minute for individual drip emitters.

Microtubes (spaghetti tubing) are classed as point-
source emitters even though they are actually tubes
rather than emitters. Microtubes consist of various
lengths of flexible tubing that is small in diameter (.020
to .040 inch). Typically, no other water control device
is used. Discharge rates are adjusted by varying the
length of the tubing. The longer the tube, the greater
the friction loss, which decreases the discharge rate.

Because discharge orifices are small, complete filtra-
tion of water is required. Bubblers are commonly used
with ornamental landscape plantings, orchards, and
grape vineyards. Flows are generally less than 1 gallon
per minute. Figure 6-15 illustrates typical drip emitter
devices.
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Figure 6-14 Typical orchard micro system layout
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Figure 6-15 Emitter devices
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(2) Surface or subsurface line-source emitter
systems
This type micro irrigation uses surface or buried
flexible tubing with uniformly spaced emitter points
(or porous tubing). The tubing comes as layflat tubing,
flexible tubing, or as semirigid tubing that retains its
shape. Generally, this system is used in permanent
crops, but has been used successfully as either surface
or buried lines with high value row crops, such as
vegetables, cotton, and melons. Figure 6-16 shows
typical examples of surface and subsurface emitter
devices.

Surface or subsurface line-source emitter systems
have a uniform discharge in units of gallons per hour
per foot (gph/ft) or gallons per minute per 100 feet
(gpm/100 ft) over a specified pressure range. Because
discharge orifices are small, complete filtration of
water is required.

Figure 6-16 Surface and subsurface line source emitter devices
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(3) Basin bubblers

The basin bubbler micro irrigation system applies
water to the soil surface in small fountain type
streams. The streams have a point discharge rate
greater than that for a typical drip or line source
system, but generally less than 1 gallon per minute.
The discharge rate normally exceeds the infiltration
rate of the soil, so small basins are used to contain the
water until infiltration occurs. Discharge is generally
from a small diameter (3/8 to 1/2 inch) flexible tube
that is attached to a buried or surface lateral and
located at each plant vine or tree. The typical emitter
device is not used, and discharge pressures are very
low (< 5 Ib/in2). Figure 6-17 displays a typical basin
bubbler system.

Basin bubblers are used in orchards and landscaping
and ornamental plantings. These systems are best used
with medium to fine textured soils where lateral water
movement can provide adequate soil moisture for the
desirable plant root development area. With coarse
textured soils, bubbler discharge rates are increased
and shorter time periods used, thereby providing more
wetted area above the potential plant root zone.

The discharge orifice is larger than that of the other
systems, so little or no water filtration is required.
Generally, screening of coarse debris and small crea-
tures is sufficient. Drains must be provided to allow
discharge of any collected sediment.

Flow to each discharge point is controlled by adjusting
the elevation at the outflow end of the tubing. The
tubing is attached to a support stake. Decreasing the
elevation along the lateral compensates for head loss
in the lateral.

This simple system distributes water uniformly to each
tree without special flow regulating devices. Operating
pressures less than 2 pounds per square inch can

distribute water on up to 10 acres. Bubbler basins
apply water to a larger soil volume than do drip emit-
ters; therefore, only one outlet device is needed per
plant or tree. This promotes increased root develop-
ment that may be needed to support the plant in windy
areas. Irrigation scheduling is also easier.

(4) Spray or mini sprinkler

With spray or mini sprinkler micro irrigation systems,
water is applied to the soil surface as spray droplets
from small, low-pressure heads. The typical wetted
diameter is 2 to 7 feet. Discharge rates are generally
less than 30 gallons per hour (0.5 gpm). The wetted
pattern is larger than that of typical drip emitter de-
vices, and generally fewer application devices are
needed per plant.

Spray and mini sprinklers also have less plugging
problems and less filtration required than point-source
emitters (drippers). Many spray heads only require the
replacement of the orifice to change discharge rate. If
an orifice becomes plugged, it is easily removed and
cleaned or replaced. Spray or mini sprinkler head
application patterns can be full, half circle, or partial
circle (both sides). Figure 6-18 illustrates typical spray
and mini sprinkler type heads.

Figure 6-17 Basin bubbler system
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Figure 6-18 Various mini spray and sprinkler heads
|
Mini-sprinkler on wedge

Composed of mini-sprinkler, coupler (cantal), flexible pvc tubing (2 ft),
plunger, wedge.

Flow in gph Color

at 20 Ib/in2 code

4 blue red

6 blue blue

13 gray black
15 black black
24 blue black
26 red black

35 brown black

Mini-sprinkler on wedge with pressure regulator

Composed of all components listed in mini-sprinkler on wedge 1 with addition

of pressure regulator (regulated working pressure of 30 Ib/in2) (2 atm).

Flow in gph Color

at 30 Ib/in2 code

16 gray black
18 black black
29 blue black
32 red black

42 brown black

Mini-sprinkler on flexible riser

Composed of mini-sprinkler, flex riser, plunger.

Flow in gph Color

at 20 Ib/in2 code

4 blue red

6 blue blue

13 gray black
15 black black
24 blue black
26 red black

35 brown black
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(c) Advantages of micro irrigation (d) Limitations of micro

systems irrigation systems
Micro irrigation can be one of the most efficient meth- Micro irrigation is considered expensive to install and
ods of irrigation. Little if any runoff and little evapora- maintain. In general, the cost of micro systems is
tion occur, and deep percolation can be controlled greater than that for sprinkle or surface systems.
with good water management. Water is applied at the Frequent maintenance is essential, and a high level of
point of use (plant transpiration). Other advantages of management is required to obtain optimum application
micro irrigation systems are: efficiencies. Other limitations include:

« Systems are easily automated with soil moisture
sensors and computer controlled for low labor
requirements.

« Soil moisture levels can be maintained at prede-
termined levels for start-stop operation.

= Fertilizer can be efficiently added to irrigation
water. With proper water management, there is
minimum waste caused by deep percolation, and
less opportunity for ground water pollution.

* Much of the soil surface remains dry, reducing
weed growth and soil surface evaporation.

e The soil surface remains firm for use by farm
workers and equipment.

* Frequent irrigations can be used to keep salts in
the soil water more diluted and moved away
from plant roots. Irrigation with water of higher
salinity is possible (requires a high level of man-
agement). Where salts are present, soil-water
movement must always be toward the edges of
the wetted bulb (away from roots). A common
mistake is to shut the system down when precipi-
tation occurs, often creating soil-water move-
ment into the plant root zone.

« Micro irrigation can be used on all terrain and
most agricultural crops and soils and is often
used on steep, rocky ground that is unsuitable
for other forms of irrigation.

« Low tension water availability to plants enhances
growth and improves crop yield and quality.

« Clogging is a major problem in all micro systems.

Emitter outlets are very small, and can be easily
clogged with chemical precipitates, soil particles,
or organic materials. Clogging can reduce or stop
water emission. Chemical treatment of the water
is often necessary, and filters are almost always
required. Filtration and treatment can be costly,
especially where water is taken from surface
sources containing sediment and debris. During
installation, care should be taken to clean all
construction debris from the inside of pipelines
as this material can cause plugging.

Animals, especially rodents, can damage surface
(and shallow subsurface) installed plastic pipe
less than 4 inches in diameter.

With low operating pressures, poor distribution
uniformity can result because of elevation differ-
ences on undulating ground. Pressure regulators
or pressure compensated emitters are then
necessary. However, they require about 2 pounds
per square inch for operation.

On steep terrain, automatic gravity draining of
laterals to a low point within the field can cause
low distribution uniformity, especially in low
pressure, high volume systems. This problem is
aggravated by frequent on-off cycles, but can be
overcome by installing air-vacuum valves in a
raised pipe arch (i.e., dog leg) at one or more
locations in the lateral. Drains are installed just
upstream of each pipe arch. This increases the
number of sites affected by lateral pipe drainage,
thus decreasing effects on distribution unifor-
mity because each drain discharges less water.
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« When soil water is reduced in the plant root

6-66

zone, light rains can move salts in surrounding
soil into the plant root zone, which can consti-
tute a potential hazard. Salts also concentrate
below the soil surface at the perimeter of the soil
volume wetted by each emitter. If the soil dries
between irrigations, reverse movement of soil
water can carry salts from the perimeter back
into the root zone. To avoid salt damage to roots,
water movement must always be away from the
emitter and from the plant root zone. As strange
as it may seem, in high soil salinity areas or when
using high saline or sodic water for irrigation,
one may need to irrigate when it rains.

A smaller volume of soil is wetted at each plant.
Plants can be quickly stressed if the system fails
(i.e., pump failure, water source cutoff, pipeline
or valve failure). Daily checking of the system is
necessary even when all or part is automated.
Storing a 3-day plant-water supply in the soil is
recommended along with daily replacement of
water used.

Multiple emitters at each plant are recommended
to decrease effects of manufacturer variability, to
increase area of root development, and to reduce
risk of plant damage should an emitter become

plugged.

(e) System components

System components should include the following, in
order of installation starting at the water source point
(see fig. 6-19).

1.

10.

Prescreening of debris and settling of coarse
sediments if source is surface water. Need
control valves and flow measuring device.
Provide system operating pressure of 5 to 20
pounds per square inch using pump(s) or grav-
ity flow. Need pressure gage and control valves.
Chemical injector device(s) for injecting fertiliz-
ers and other pipeline cleaning chemicals.
Filtering system to remove fine organic, sus-
pended sediment and chemical precipitates.
Need pressure gage upstream and downstream
of filter device.

Filter system backflush device. Need control
valves.

Mainlines typically are buried PVC plastic pipe
with control valves as necessary.

Submains typically are buried PVC plastic pipe
with control valves, pressure regulators, and
drains as necessary.

Laterals or feeder lines are either surface or
buried PE or PVC plastic flexible tubing.
Emitter devices.

Appropriately placed soil moisture sensing
devices. Start of irrigation can be manual,
computer programmed, or with a time clock.
Lateral on-off sequencing can be automated
with solenoid operated valves. A controller and
electric valving can help assure proper irriga-
tion timing to meet soil depletion and plant
needs.
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() Planning and design
considerations

(1) Water quality

Water quality is usually the most important consider-
ation when determining whether a micro irrigation
system is physically feasible. Well and surface water
often contain high concentrations of undesirable
minerals (chemicals). Surface water can contain
organic debris, algae, moss, bacteria, small creatures,
weed seeds, and soil particles. Well water can also
contain sand.

Various forms of algae are in almost all quiet surface
water. Sunlight and water high in nutrients encourage
algae growth. Algae are hard to remove from laterals
and emitters once it gets established. The best way to
handle algae is to prevent it from forming. Chlorine
can be injected at the end of each irrigation cycle to

help prevent algae buildup. Algae growth is especially
a problem where sunlight aids algae growth inside
white plastic pipe that is installed above the ground
surface. Black pipe (PE pipe) is not affected because
sunlight does not penetrate the pipe. White plastic
pipe can be painted with a dark color to help prevent
sunlight penetrating the pipe and provide some UV
protection.

Bacterial slime can plug emitters and small tubing.
Conditions favoring slime growth include pH of 4.5 to
6, low oxygen level, temperatures greater than 46
degrees Fahrenheit, organic matter, dissolved iron and
manganese, and hydrogen sulfide. Treatment is by
injection of chlorine, sodium hypochlorite (household
bleach), or calcium hypochlorite (swimming pool
chloride). Continuous injection of chlorine at 1 ppm is
effective. Periodic shock treatment with concentra-
tions of 10 ppm can also be used.

Figure 6-19 Micro system components

I
Controls
ORI
R ‘~\§ ~~~~~ S~
,*~ Backflow Ssel Tt R
Pump ,/ prevention Sl el

K valve Gauge RV ~
Al

[/
7

Drain
(where
needed)

Solenoid
valve Submiin line

Sl ¢ g
T T ValveJ

Primary Main line

Fertilzer filter
injector

N4

regulator

44— Lateral lines
with emitters

l| <€—— Water source Secondary
filter

L7

control

(210-vi-NEH, September 1997) 6-67



Chapter 6

Irrigation System Design

Part 652
Irrigation Guide

Water with a high Sodium Absorption Ratio (SAR) and
low water Electrical Conductivity (ECw) destroys the
structure of the soil, which results in a drastically
reduced intake rate. Sodium content may also be high
enough to be toxic to the plant. Unless well water
characteristics are known, water should be tested for
EC,, and SAR. See chapter 13 of this guide for further
discussion.

If water softeners are used in a home water system, do
not use the softened water in a micro irrigation sys-
tem. Large amounts of salt are added to soften the
water. Besides not being good for plant growth, salt
precipitates at the emitter discharge orifice and tends
to plug emitters. Attach the micro system into the
water system upstream of any water softener.

Water with relatively high salinity (high EC,)), as
defined in chapter 13, can sometimes be used with a
micro system. A higher soil-moisture level (lower soil-
water tension) can help assure water for plant growth
is readily available. Additional irrigation water keeps
the salts leached from the plant root zone. To accom-
plish this, the soil must have good internal drainage.

Bicarbonate concentrations in water higher than 2.0
milliequivalents per liter (meg/L), coupled with a pH
above 7.5, and temperatures greater than 70 °F pro-
motes scale development (precipitation of mineral
deposits). With black plastic pipe placed on the
ground surface and exposed to direct sunlight, the
water temperature inside can get quite high. A scale
(precipitate) is formed inside the walls of the pipe and
emitters. Injections of acid (food grade phosphoric or
sulfuric) can be used for cleaning, but will not com-
pletely reclaim partly blocked lines and emitters.
Continual treatment is usually necessary. Treatment of
water before it is used in the system allows precipita-
tion and collection of the carbonates to occur before
they get into the pipe system. Periodic treatment
within the pipe system can dislodge built up scale and
cause plugging of emitters.

Another common problem with well water is high iron
concentration, which can result in iron precipitating in
the line. This encourages the growth of iron bacteria.

The resulting slime can plug emitters. Where iron is
present in concentrations of 0.4 ppm or greater, it can
be oxidized to form a precipitate. This precipitate
should be filtered out before the water enters the
irrigation system. Table 6-11 displays physical, chemi-
cal, and biological factors that cause plugging of
emitters. Table 6-12 displays plugging potential from
irrigation water used in micro systems.

Soil particles near 2 micron size tend to stick together
because of physical size, shape, and electric charge.
Under very low velocities they can clog emitter ori-
fices. Flushing the lines regularly and using larger size
emitters helps prevent clogging. Also using a chemical
dispersant, such as hexamethaphosphate, can keep
particles dispersed so they do not stick together.

Table 6-13 displays the typical composition and classi-
fication of water used in micro systems. It should be
noted either one, two, or all three factors (physical,
chemical, and biological) can be present in a micro
system. The designer and irrigator need to know what
is present in the irrigation water and in what concen-
tration.

Table 6-11  Physical, chemical and biological factors

mssssss——m causing plugging of emitters

Physical Chemical Biological

Organic debris Ca or Mg carbonates  Filaments

Aquatic weeds, Ca sulfate, Ferric iron Slimes
moss Metal hydroxides, Microbial

Algae carbonates, silicates deposits

Aquatic and sulfides iron ochre
creatures, Fertilizers manga-
snails, fish phosphate, ammonia  nese ochre

Plastic particles manganese sulfur

Soil particles— iron, zinc, copper ochre

sand, silt, clay
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Table 6-12  Plugging potential from irrigation water used in micro irrigation systems
|

Problem Low Medium Severe
Physical

Suspended solids, ppm 50 50 -100 > 100
Chemical

pH 7.0 7.0-8.0 >8.0
TDS, ppm 500 500 - 2,000 > 2000
Manganese, ppm 0.1 01-15 >15
Iron, ppm 0.1 01-15 >15
Hydrogen sulfide, ppm 0.5 05-20 >2.0
Biological

Bacteria population - no. per mL Y 10,000 10,000 - 50,000 > 50,000

1/ Bacteria populations reflect increased algae and microbial nutrients.

Table 6-13  Typical composition and classification of water used in micro irrigation systems

|

Source Physical ¥ Chemical ¥ Biological 1/

of water suspended dissolved iron or bacteria classification -
solids solids manganese population physical/chemical/
(ppm) (ppm) ppm number/mL biological

City water 1 500 0.05 10 0-4-0

Runoff water 300 50 0.05 10,000 10-0-6

River water 70 900 0.10 4,000 6-8-4

Well water 1 1,650 0.05 40,000 0-10-9

1/ Physical and biological composition of water can change during the season and between seasons.
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(2) Clogging Note: The only way to be assured whether the emitter

Clogging of emitters is the most serious problem of
micro irrigation. Properly designed and maintained
filtration systems generally protect the system from
most clogging. Clogging causes poor water distribu-
tion, which in turn may damage the crop if emitters
are plugged for a long time. When the plant(s) shows
excessive stress, it is generally too late to correct the
problem. Multiple emitters per plant are recom-
mended. The main causes of clogging are algae, bacte-
rial slime, precipitate, construction debris, and sedi-
ment. In general, adequate filtration, line flushing, and
chemical treatment prevent most clogging.

The irrigator must see or know when clogging is
occurring. The capability of the irrigator to observe
operation of emitters or spray heads is rated as fol-
lows. The ratings are in order of easiest to see to most
difficult to see from a reasonable distance (i.e., from
the seat of a small 4-wheel drive RV unit).

Type emitter Observation

1 Basin bubblers Water bubbling out of the pipe
and water on the ground
surface.

Spray coming from the heads
and the resulting wetness on

the ground surface and plant
leaves.

Water dripping out of the
emitter and the resulting wet-
ness on the ground surface.

The line must be picked up to
point source see if the emitter is operat-
emitters lying on ing. Wetness of ground sur-
the ground surface; face around the emitter can
spaghetti tubing also be observed. Raising the
emitter too high causes the
flow rate to change.

Ground surface moisture
caused by upward capillary
action and plant condition
indicate emitter operation.
Buried emitters cannot be
seen, and their replacement is
more difficult. The Crop Water
Stress Index Gun (infra red
thermometer reading) can be
used to detect plant stress
before it is visible to the eye.

2 Spray heads

3 Point emitters
suspended above
ground surface

4 Line source and

5 Subsurface or
buried tubing

is discharging near design flow is to check it using a
catch can or rain gutter trough device and a stop
watch. The operating pressure also needs to be
checked. A little ingenuity is often necessary to de-
velop catch can devices that collect all the water
discharging from an in-line emitter or spray head, and
to measure operating pressure.

(3) Filter systems

All water must be screened and filtered to some de-
gree before use in a micro irrigation system. Water
quality, temperature, flow rate, and emitter orifice size
determine the type of filter. One rule of thumb is to
select filters that retain all particles at least a tenth the
diameter of the smallest passageway in the system.
For example, a 250-micron filter would be used to
remove all particles passing through a 25 micron
opening. Ordinary window and door screen approxi-
mates 8-12 mesh (0.125-0.083 inches).

Surface water must first be screened to remove or-
ganic debris, weed seeds, small aquatic creatures, and
coarse sediment. Self-cleaning screens provide trans-
portation and storage outside the flow area for debris
removed by the screen. When using flow-through
screens, debris should remain on the screen surface
unless mechanically removed or a back-flushing facil-
ity is used. Most wells produce some sand, precipi-
tates, and particles that can cause emitters to plug.
The turbulent fountain screen is effective for screen-
ing out coarse material, and it requires minimum labor
for maintenance (fig. 6-20).

Filters cannot remove dissolved minerals, algae cells,
or bacteria. The degree of filtration is generally given
in terms of screen mesh size. The relationship of mesh
size to particle size is displayed in table 6-14. Porous
flexible tubing requires sand bed filters unless water is
clean.

Filter types include centrifugal force, graded sand,
cartridge, disc, and mechanical screens. Sand filters
can be backflushed manually or automatically. Car-
tridge filters are generally replaceable. Relatively low
cost replaceable cartridge filters can be used for small
systems. When properly operated, centrifugal force
separators are generally effective down to fine sand
particle sizes. Disk filters separate during the
backflush cycle.
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Figure 6-20 Turbulent fountain screen
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Recommended screen and riser pipe diameters

---Flow rate - - - Screen diameter Riser pipe diameter
(ft3s)  (gpm) (in) (in)

1 450 42 8

2 900 48 10

3 1,350 60 12

4 1,800 72 15

5 2,250 84 18
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Mechanical screens are either removed and hand
cleaned or backflushed. A clean well water source
may require an 80 to 100 mesh filter. Normally, a 160
to 200 mesh screen contains particles unable to pass
through most emitters. Generally, the finer the screen
mesh the faster it plugs up. Two or more filters or a
larger screen or filter area increase the time between
cleaning. Multiple screen or filter systems can be
cleaned while the system is in operation. Table 6-15
displays filters used in micro irrigation systems.

Sand bed filters use graded sand for the medium,
either in graduated layers or single sand particles. The
size and type of sand determine pore space size, which
controls the degree of filtration. Pore diameter is
about a seventh of the sand particle diameter. Com-
mercial sands generally are designated by number,
becoming finer as the number gets larger (table 6-14).
Under flow conditions of less than 20 gallons per
minute per square foot of media surface, commercial
sands are efficient and have relatively large debris-
holding capacity.

Table 6-14  Particle size equivalents

|

Particle Microns ¥ Inches Screen mesh
No. 11 - Granite 952 .037

No. 10 - Silica sand 524 .021

No. 30 - Silica sand 335 .013

Very coarse sand 1000 - 2000 .0393 - .0786 18-10
Coarse sand 500 - 1000 .0197 - .0393 35-18
Medium sand 250 - 500 .0098 - .0197 60 - 35
Fine sand 100 - 250 .0039 -.0098 160 - 60
Very fine sand 50 - 100 .0020 - .0039 270 - 160
Silt 2-50 .00008 - .0020

Clay 2 <.00008

1/ 1000 micron = 1 millimeter.

Table 6-15  Filters used for micro irrigation systems
|
Type Practical filtration limit

Settling basins

Varies with time and water chemistry (usually 100%

of 40 micron size and larger particles settle in 1 hr)

To 74 microns
To 74 microns
To 25 microns
To 25 microns
To 25 microns

Sand separators
Screen filters
Sand bed filters
Cartridge filters
Disc filters
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Sand filters are cleaned by backwashing (backflush-
ing). Backwashing can be done automatically on a
timed cycle, at a specified pressure drop across the
filter, or manually. Facilities must be available to
receive, store, and dispose backwash water, sediment,
and debris. Periodic chemical treatment may be neces-
sary to control algae in the filter bed.

Disc filter elements consist of flat, grooved rings
resembling poker chips with a hole in the center. A
stack of rings forms a cylindrical filtering body. Grade
of filtration (400 to 25 microns) depends on the size
and number of grooves in the individual grooved rings.
The rings are held tightly together with a compressed
spring.

The filtration process takes place throughout the
entire cylinder volume (stacked rings). Water flow
direction is from outside the cylinder toward the
center. When properly sized (flow capacity wise) and
with larger than 140 mesh screening, head losses
through the disc cylinders are relatively low. Manufac-
turer recommended minimum operating pressures are
in the range of 30 pounds per square inch, with maxi-
mum operating pressures of 100 to 200 pounds per
square inch, depending on model. Backflush water (at
typical pressures of 40 to 50 Ib/in2) allows the disc to
separate and flush out the collected soil and debris
particles that have been caught in the grooves.

A filter is one of the most important components of a
micro irrigation system and must be kept clean to be
effective. Monitoring line pressure at filter inlet and
discharge points helps check performance and signal a
change occurring in the filter.

(4) Soil moisture distribution

Micro irrigation normally wets only a part of the
potential plant root zone in a soil. In arid areas, crop
root development is generally limited to that volume of
soil wetted from the emitter system. For agricultural
crops, typically half to three-fourths of the potential
root development area is wetted (irrigated). For
landscape plantings, individual plants are irrigated.

The volume of soil wetted is a function of the emitter
type, emitter discharge, distance between emitters,
time of set, and soil texture. Distribution and extent of
soil wetting should be a major consideration in the
design of any micro irrigation system. For medium and

fine textured soils, wetted area width from a point
source is generally equal to or greater than wetted
depth. With coarse textured soils, wetted width is less
than wetted depth; therefore, more emitters are neces-
sary to obtain adequate irrigation for root develop-
ment.

The ability of a plant to resist dislodging by wind is
determined by root development (typically plant root
zone wetted pattern). This is especially the case in arid
areas, and to some extent in all areas. Table 6-16
compares wetted diameter and area for various soil
textures. A full surface area cover crop is difficult to
maintain in an arid environment if less than complete
surface area irrigation coverage is provided.

(5) Distribution lines

The micro irrigation distribution system is a network
of pipes, tubing, and valves. Generally, mainlines carry
water from the pump to a system of submains.
Submains then carry the water to headers (manifolds)
and then into laterals or feeder lines. Mainlines and
submains are generally buried PVC plastic pipe. Fit-
tings are cemented or use O-ring gaskets for water
tightness. Submains can also be flexible tubing either
buried or laid on the ground surface. Mainlines and
submains are typically buried to provide access and
limit potential equipment damage. Laterals or feeder
lines are normally 3/8- to 3/4-inch-diameter polyethyl-
ene (PE) flexible tubing either buried or laid on the
ground surface. Lateral fittings generally are slip joint
with hose clamps for water tightness. In some areas
rodents and small animals (i.e., coyotes, squirrels) will
damage PE pipe that is less than 4 inches in diameter.

Table 6-16 Diameter and area of soil wetted by a single
= emitter with no restrictive horizons
Soil Wetted Wetted
texture diameter area
(ft) (ft2)
Coarse 2-4 4-12
Medium 4-5 12-20
Fine 5-7 40-60

(210-vi-NEH, September 1997) 6-73



Chapter 6

Irrigation System Design

Part 652
Irrigation Guide

(6) Emitter application

The discharge (emitter) device is unique to a micro
irrigation system. Many types, shapes, and discharge
ranges are commercially available. They can be either
pressure compensating or noncompensating.

Discharge devices can be divided into two general
categories based on field application: line-source and
point-source. Point-source include microspray or
sprinkler heads, microtubing, and bubbler systems.
Manufacturers of emitter devices can furnish perfor-
mance data that show discharge versus pressure for
each size and kind of emitter manufactured. Section
652.0605 includes additional discussion of specific
emitters that are commercially available.

Line-source emitters are used for closely spaced row
crops, such as vegetables, cotton, sugarcane, grapes,
strawberries, melons, and some small fruit. These
emitters are either a series of equally spaced orifices
along a single or double chamber tube, or they are
small openings in porous tubing. Closely spaced bur-
ied line source emitter tubing has been shown to be
effective in small areas of turf, especially where sur-
face spray is not desirable.

The discharge rate of line-source emitters is in gallons
per hour or gallons per minute per unit length of tubing
(gpm/100 ft, or gph/ft). The emitter or orifice spacing
affects the location and amount of water delivered to
each plant. Operating pressures range from 5 to 30
pounds per square inch. Line source emitters should be
used on nearly level ground and can be installed on the
ground surface or as buried feeder lines.

Point-source emitters are used for windbreaks, fruit,
citrus and nut orchards, grapes, cane berries, blueber-
ries, bananas, ornamental and landscape shrubs,
nursery stock, and greenhouse crops. The point-source
emitter is an individual emitter typically attached to 1/
4- to 3/4-inch-diameter PE flexible tubing. Orifice flow
rates vary from a half gallon per hour for drippers, 30
gallons per hour for spray heads, and 1 gallon per
minute for basin bubbler devices.

(7) Miscellaneous control devices
« Gate valves provide on-off control. They can be
operated manually or with timed or automatic
solenoid valves.
« Pressure regulating valves control pressure
within desired limits of emitter discharge.

= Vacuum relief valves prevent soil particles from
entering the system when negative pressures
develop (i.e., the system is shut off).

* Pressure gages monitor pressures in the system.

« Flushing valves discharge collected sediment and
other debris.

e Drain valves drain water from the system.

< Injectors add chemicals (fertilizers, acid, chlo-
rine).

* Flow measuring devices monitor how much
water is applied.

(8) Fertilizing

The application of plant nutrients through a micro
irrigation system is convenient and efficient. Several
injectors are commercially available. Nitrogen can be
injected in the forms of anhydrous ammonia, aqua
ammonia, ammonium phosphate, urea, ammonium
nitrate, and calcium nitrate. Some chemicals may
change the pH in the water, thereby affecting other
chemicals in the water. Phosphorus is usually added in
acid form. Potassium can be added as potassium
sulfate, potassium chloride, and potassium nitrate.
Other micronutrients can be added, but may react with
salts in irrigation water resulting in precipitation. Care
should be taken so the injected nutrients don’t react
with other chemicals in the water to cause precipita-
tion and plugging.

(9) Costs

Equipment, filtration, control, and numerous laterals
needed for a micro system generally result in a high
cost per acre. Per acre costs are highly influenced by
filtration costs. For example filtration requirements
are relatively the same for 20 acres as for 40 acres.
Adequate filtration cannot be overstressed. Because of
reduced filtration requirement and number of laterals,
basin bubbler and spray systems can be more eco-
nomical, especially for orchards and landscaping.

(10) Maintenance
Frequent maintenance is essential to keep emitters
functioning at design flow. Maintenance items include:
< Clean or backflush filters when needed.
« Flush lateral lines regularly.
« Check emitter discharge often; replace as neces-
sary.
e Check operating pressures often; a pressure drop
(or rise) may indicate problems.
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< Inject chemicals as required to prevent precipi-
tate buildup and algae growth. Inject liquid
fertilizers when needed.

e Service pumps regularly.

(11) Automation

Micro irrigation systems can be operated fully auto-
matic, semiautomatic, or manually. A time clock or
programmed control panel can be installed to operate
solenoid valves, to start and stop the irrigation, and to
control each submain and lateral. This degree of
automatic control is simple, the parts are readily
available, and it effectively controls the desired
amount of water to be applied. A manual priority
switch that can override clock or control panel
switches is desirable to postpone or add irrigations. A
fully automatic system, using soil moisture sensors to
provide the triggering mechanism to start an irrigation,
is also simple to install and operate. Several sensors
may be needed, depending on soils and rooting depth
of crops to be grown. Where water supply is adequate
overirrigation is the biggest water management prob-
lem with automated systems.

(g) Design procedures

The primary objective of good micro irrigation system
design and management is to provide sufficient system
capacity to adequately meet crop-water needs. Unifor-
mity of application depends on the uniformity of
emitter discharge, system maintenance, and elevations
of the ground surface. Nonuniform discharge is caused
by pressure differentials from friction loss, plugging,
elevation change, and manufacturing variability. Using
pressure compensating emitters somewhat alleviates
the elevation change and pressure differential prob-
lem. Using multiple emitters for a single shrub, vine,
plant, or tree helps to compensate for manufacturing
variability and minimize plant damage that results
from plugged or malfunctioning emitters.

The designer of a micro irrigation system must make a
rational choice about the duration of application, the
number of emitters per plant, specific type of emitter
device(s), and the discharge per emitter to provide the
most effective irrigation. In most situations the re-
quired water volume (or rate) to irrigate a specific
crop is less than that required by other irrigation
methods; thus the minimum system capacity require-

ment is not a limiting factor if adequate water was
available for other irrigation methods.

(1) Water management

Proper water management when using micro irrigation
is essential to avoid excessive water use. The ease of
applying an irrigation, especially under manual con-
trol, brings a mentality of when in doubt irrigate.
Deep percolation, typically the result of overirrigation,
cannot be seen. As a result, overirrigation is by far the
biggest problem with users of micro irrigation. Field
application efficiencies are often measured in the mid
60 percent, while most micro irrigation systems are
designed assuming application efficiencies of more
than 90 percent. The irrigation system designer needs
to have realistic expectations of water management
skills and desires of the user.

(2) Duration of application
The least cost per acre is generally achieved by the
system having the longest duration or lowest flow rate
and smallest pipe sizes. The duration for application is
influenced by the overall irrigation schedule and by
incorporating a factor of safety in the design. Applica-
tion time must be sufficient to apply the water that has
been consumed since the previous irrigation. Ideally,
continuous or demand delivery of irrigation water
provides the lowest cost design and best irrigation
scheduling opportunity. Therefore, the duration of
each irrigation can be determined after the following
are known:
« Gallons of water needed per plant per day to
meet evapotranspiration.
« Desired interval between irrigations (frequency
of irrigation).
= Application rate per emitter or unit length.

Hours operation per irrigation are determined by:

Gallons of water per plant per day
Application rate per plant in gallons per hour

Gallons of water needed per day per plant are calcu-
lated using the evapotranspiration rate of the plant(s),
soil MAD level, and AWC of the planned soil volume.

Even if water used by an individual plant is to be
replaced daily, a 3-day water supply be stored in the
plant root zone to is recommended provide water
when irrigation system discharge is interrupted. If the
system operates less frequently than daily, increase
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the time of operation or the number of emitters for
each plant to increase water applied each irrigation.
Ideally, a system can be designed to run 24 hours per
day; but most systems should run no more than 18
hours. Time is needed for general maintenance, break-
downs, and to provide a factor of safety during ex-
treme high plant water use periods. Using more emit-
ters of the same discharge rate with less duration is
generally better than fewer emitters with greater
capacity.

(3) Discharge per emitter

Drip emitters are mechanical devices designed to
operate at low pressure (2 to 20 Ib/in2) from 0.5 gallon
per hour to nearly 0.5 gallon per minute. Discharge
rates of line source emitters are in units of gallons per
hour per foot or gallons per minute per 100 feet. Dis-
charge rate should be within plus or minus 15 percent
of the average system flow rate.

(4) Number of emitters

Micro irrigation requires a decision be made about the
percentage of potential rooting volume to be watered.
It is recommended at least 40 to 50 percent of the area
under a tree, plant, or shrub drip line (at mature size)
receive moisture. Part of this requirement comes from
providing an anchor system to support the plant. Plant
roots do not normally develop where the soil is dry;
i.e., water tension is 15 bars (atmospheres) or greater.
An onsite test may be needed to determine vertical
and lateral movement of water from a point source.

Typically in uniform fine to medium textured soils, the
wetted width is equal to the wetted depth. In coarse
textured soils, the wetted width is typically no more
than half the wetted depth.

Emitters should be spaced equidistant around the
shrub or tree and should be located within a third of
the distance from the trunk to the drip line. With line
source emitters, 12- to 36-inch spacing is typical. In
coarse textured soils, line source emitters should be
spaced less than 12 inches apart, and medium textured
soils less than 24 inches. Emitter spacing also depends
on plant type and density.

Microspray or sprinkler heads provide the largest
wetted soil volume. A minimum of two application
devices should be used per shrub or tree. Figure 6-21
displays alternative ways to layout emitters for indi-
vidual trees.

(5) Laterals or feeder lines

Most lateral or feeder lines are flexible PE plastic
tubing. Emitter devices are either attached directly to
the pipe or the pipe may contain built-in orifices.
Surface installed tubing is subject to damage from
animals, rodents, and field operating equipment. The
designer should be guided to size laterals so that
discharge differences are kept to less than 10 percent
between the first and last emitter on the line. Even
though pressure compensating emitters may be used,
lateral friction loss must be evaluated to help assure
minimum pressures are maintained for proper emitter
(and regulator) operation. Table 6-17 displays maxi-
mum pressure variation for typical emitters.

Most micro systems are divided into subunits con-
nected by manifolds through control valves to a
submain or mainline that feeds several laterals. The
total pressure variation in both the manifold and
laterals must be considered when sizing pipelines. In
an optimum design, the total pressure loss in the
subunit should be equally divided between the mani-
fold and the laterals. For example, if a total of 4
pounds per square inch pressure variation is allowed,
2 pounds per square inch can be lost in the manifold
and 2 in the laterals.

Figure 6-21 Alternative emitter layout
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(6) Mainlines and submains (8) Basic information needed for planning
Mainlines and submains (including manifolds) are and design
generally buried PVC plastic pipe. Laterals or feeder « Topographic map with 2-foot contour interval
lines need to be installed as nearly level as possible. including field shape, layout, dimensions, and
On sloping fields submains and mainlines should be elevations of key points.
installed up and down the slope. A 5-foot elevation = Soil series, texture, AWC, and MAD level for
change represents over 2 pounds per square inch crop(s) grown, crop ET, area, and volume of soil
pressure change, which can change emitter discharge to be wetted by micro system.
more than the allowable 10 percent in low pressure « Tree, shrub, or crop—type, size, location,
systems. spacing, and plant density.
« Water source—quantity, quality, location,
To maintain uniform pressure at outlets to laterals the delivery schedule, water measuring device(s).
designer should consider the following: « Desirable surface or subsurface emitter system
« Divide the submains into shorter lengths or off and laterals or feeder lines.
balance the outlets so less than a 10-foot drop is = Water screening and filtering system and settling
present between inlet from the mainline and basins.
lowest outlet to a lateral pipeline. e Submains, mainlines, valves, pressure gages,
< Install pressure regulators at each outlet to pressure and flow regulators, and injectors.
laterals. « Power supply: type, location.
< Install flow regulators at each outlet to laterals. e Pumping plant.
e Use pressure compensating emitters where e Future expansion including mature tree size,
needed. interplantings of new trees, and different crops
= Size submains and laterals to reduce and some- to be grown in a rotation.
times nearly eliminate friction losses. « Growers desire as to level of operation and
« Provide adequate pressure to operate pressure automation, management skills available, and
and flow regulators at design discharge. irrigation scheduling.
(7) Other

When planning, the designer must determine total
irrigation system needs. These needs include settling
basins, screens, filters, pumps, flow meters, fertilizer
injectors, chlorine or acid injectors, mainlines,
submains, laterals, emitters, valves (both manual and
electric valves for automatic operation), pressure
gauges, drains, timer clocks, and soil moisture moni-
toring devices. Not all systems require all equipment.

Table 6-17 Recommended maximum pressure variation, in pounds per square inch, for typical emitters

I

Nonpressure compensating Pressure compensating
Design pressure 15 20 15 20
Pressure variation 2/ 13-17 17-23 11-20 14 - 26
Pressure range 4 6 9 12

1/ Based on 20 percent flow rate variation.
2/ The allowable pressure variation is an estimate for typical point source emitters.
If available, manufacturers’ discharge data should be used instead.
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(9) Design steps
The steps necessary for the design of a micro system
include:

Step 1. Determine net depth of application
CQNTE
F,=—
Af
where:
C = 1.604 as units conversion factor
Q = discharge rate in gph per emitter per foot of
lateral
N = number of outlets (application devices, emit-
ters) or total length of lateral tubing in feet
T = hours of operation per day (suggest a maximum
of 18 hr/d)
A = area of field in square feet served by number of
emitters
E = overall field application efficiency, including
irrigation scheduling (expressed as a decimal
with a maximum of 0.90)
f = percent of total area to be wetted (as a decimal)

Step 2. Emitter design.

Step 3. Determine flow per lateral, submain, and
mainlines. Determine total system capacity to meet
design plant evapotranspiration.

Step 4. Size laterals, submains, and mainlines.

Step 5. Determine pump size needed.

Step 6. Determine screening, settling basin, and
filter system needs.

Step 7. Determine fertilizer injector needs.
Step 8. Determine chlorine and acid injector needs.

Step 9. Determine number and location of pressure
gauges, valves, drains, and measuring devices needed.

Step 10. Provide how to determine plant water need
(irrigation scheduling).

Step 11. Prepare irrigation system operation, man-
agement, and maintenance plans.

Example designs are included in section 652.0605.
Master blank design worksheets are included in chap-
ter 15 of this guide.

(10) Installation

All pipelines and tubing should be designed to permit
draining and flushing to remove foreign matter that
can clog emitters. All pipelines should be drained to
prevent freezing, algae growth, and other such prob-
lems.

Pressure gauges should be installed at the inlet and
outlet end of each filter. These gauges aid in determin-
ing when the filter needs to be cleaned or backwashed.
For automatic backflushing systems, a threshold
pressure differential is set to initiate backflush opera-
tions.

Surface installed lateral or feeder lines should be
snaked to allow for contraction and expansion caused
by temperature change. Add 5 to 10 percent to the
length for expansion and contraction (snaking).
Microtubing used as minilaterals at each plant allows
the mainline to adjust to temperature and to move
while emitters or minisprinklers on the microtubing
laterals remain in place.

Figure 6-22 displays a typical small system hookup
that can be installed on a domestic water source.

Figure 6-22 Typical small system hookup
|
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(h) Windbreaks When establishment of the windbreak is the objective,

Irrigation of windbreaks can be desirable for one of
two purposes:

e To establish the windbreak.

e To maintain the windbreak throughout its life

The type of micro system and how it is installed,
operated, and maintained is dependent on purpose
and type of trees or shrubs to be irrigated (fig. 6-23).

Windbreak micro system design can be complicated
because different tree and shrub sizes and spacings
may be included in the layout. Lateral emitter spacings
or capacities may vary with each row, which can
require a separate design for each lateral. Drought
tolerance should be developed over several months or
years by encouraging deeper root development pat-
terns. Longer, less frequent irrigations encourage
deeper root development. Design methods in NEH,
part 623, (section 15), chapter 7, can be used when the
purpose of the system is to irrigate a windbreak

throughout its life. Chapter 4, Irrigation Water Require-

ments, and the state supplement of this guide provide
local water requirements for shrubs and trees.

the following additional factors must be considered:

The system should be designed to last up to 5
years. Usually the distribution pipelines can be laid on
the surface, although surface installations may make it
difficult to use farm equipment for weed control.
Potential rodent and wildlife damage should also be a
consideration as to whether the distribution lines are
on the surface or buried.

Once plants are established, water application
should be timed to apply a larger quantity of
water less frequently. This encourages deep rooting.

Augering a deep small diameter hole (post hole
size) below each tree or shrub and backfilling the
hole with local soil disrupts horizontal soil re-
strictions. This action helps move applied water
deeper and encourages deep rooting.

In arid and semiarid areas, water application
should be made in the spring as early as possible
after the soil has thawed. This helps fill the entire
soil profile to field capacity.

Figure 6-23 Typical windbreak layout
|
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Discontinue water application in the fall before
freezing temperatures. This helps ensure hardening
off for winter. The lines should be drained.

To establish windbreaks in areas where precipi-
tation can supply the needed water, irrigation
needs to be discontinued after the plants are
well established. This may require one or two sum-
mers of controlled tapering off. Less frequent applica-
tions of longer duration can encourage deeper root
development.

Do not provide full irrigation to the plants. Use
only the minimum amount of water necessary to
produce healthy plant growth. Slower growth helps
provide a stronger shrub or tree. Check soil moisture
periodically with a hand probe. Once irrigation starts,
plants should not be put into excessive stress for lack
of moisture. Encourage rooting in nonirrigated areas
by managing precipitation as a water source.

Micro irrigation systems used strictly for windbreak
establishment require fewer emitters than systems
used in mature stands. Emitters can be added as the
shrubs and trees grow and mature, but the system
must be designed to provide adequate capacity. The
size of the laterals, submains, and mains should be
designed to deliver adequate water to mature stands.

The following information is a guide to the number of
emitters required in a medium to fine texture soil.
Typically in coarse soils, it is better to use several low
discharge emitters evenly spaced around the shrub or
tree. On-time can be adjusted to provide the desired
wetted depth and lateral water movement in the soil.

Low shrubs One or two Placed 6 to 12

2 to 3 feet tall 1-gph emitters inches from
base of plant.

Shrubs or trees Two or three Placed 12

to 5 feet tall 1-gph emitters inches from

base of plant.

Shrubs or trees Three to four

5to 10 feet tall 1-gph emitters,
or one or two
2-gph emitters

Equally spaced
2 to 3 feet from
base of plant.

Trees Four to six

>10 feet tall 1-gph emitters,
or two or three
2-gph emitters

Equally spaced
about 4 to 8 feet
from trunk. Gen-
erally, for a sin-
gle tree, multiple
emitters are bet-
ter than fewer.

(i) Irrigating stream side
(riparian) trees and shrubs

When supplying moisture to establish deep rooting
trees in stream side riparian areas, point source micro
irrigation emitters encourage deep rooting in layered
coarse soils overlaying a water supply.

Using a power-pole sized auger (for trees), drill a hole
at least 2 feet below the water table; then backfill hole
with material removed. A post hole sized auger can be
used for most shrubs. Backfill material will be free of
horizontal soil layers caused by compaction and soil
gradation (typically present in most water and wind
deposited soils). Plant the tree or shrub near or in the
hole, then locate an emitter at the top of the backfilled
hole. Once the plant is established, irrigate with long
duration, less frequent applications. Water will move
down the disturbed soil profile. Developing roots will
follow the irrigation water in the disturbed hole down
to the water table. Long-term nonirrigated successful
riparian vegetation (trees and shrubs) can be estab-
lished 15 to 20 feet above a water source.
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652.0604 Subirrigation
systems

(a) General

Subirrigation is a water table management system that

controls the elevation of a water table to provide
water necessary for desired crop growth. A water
table management system can lower an existing water

table, maintain an existing water table, or raise a water

table to a desirable elevation. A water table is gener-
ally held at a constant elevation during a crop growing
season, but can be fluctuated. Water from a water
table is supplied to plant roots by upward capillary
water movement through the soil profile, also referred
to as upflux. Water table is controlled by:

€

Providing subsurface drainage to lower or main-
tain an existing water table, or by removing
water from the soil profile using buried laterals.
Providing controlled drainage by capturing
rainfall to raise a water table to a desired eleva-
tion at or above the buried laterals.

Introducing irrigation water via a buried lateral
system to raise or maintain a water table at
desired elevation at or above the buried laterals.

Primary objectives of a water table man-
agement system

Provide for trafficability of the soil surface for
timely use of farm equipment.

Reduce crop stress caused by excess water in
the plant root zone.

Reduce crop stress caused by deficiency of
available soil moisture in the plant root zone.
Provide a better root development environment
in the soil.

Minimize harmful offsite environmental pollu-
tion.

Maximize use of rainfall.

Minimize need for additional irrigation water.
Control salinity.
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Advantages

Permits storage of water in lower part of soil
profile.

Reduces need for pumping irrigation water for
meeting crop water requirements.

Can incorporate a subirrigation lateral system
with a subsurface drainage lateral system with
low additional cost.

Reduces drainage pumping costs if required.
Can be relatively easy to automate control of
water levels in control structures.

Captures plant nutrients at or near the water
table for future use by plants.

Disadvantages

Labor intensive to manually adjust the elevation
of weirs in water control structures to change
from drainage mode to irrigation mode.

Labor intensive to set and readjust automatic
water level controlled mechanisms in water
control structures. However, labor is minimal
once they are adequately set.

Total system costs can be relatively high in soils
that have low hydraulic conductivity and are in
high rainfall areas with undulating topography.
Water quality must be high.

In saline areas, an intensive salt content monitor-
ing and management program is required to
prevent excessive long-term upward movement
and accumulation of damaging salts. Salt-tolerant
crops can be effectively irrigated with saline
water from a shallow water table, but where low
salt-tolerant crops are included in the cropping
rotation, downward movement of salts at some
time may be required. The latter would require
using excess irrigation water for leaching of
salts, thus requiring free drainage. Offsite envi-
ronmental pollution can occur where drainage
effluent high in salts is allowed to enter surface
water.
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(b) Irrigation system components

A water table management system can consist of
buried drainage or irrigation laterals, submains, mains,
water table control structures, irrigation water intake
structures, flow measuring devices, surface or buried
irrigation water supply pipelines, a pumping plant, and
power supply.

Buried laterals consist of a system of underground
conduits generally spaced at uniform intervals. In the
drainage mode, laterals discharge into a system of
collectors or submains that outlet into mains. In the
irrigation mode, flow is then reversed. Figure 6-24
displays a schematic of typical water management
system with subsurface drainage laterals used for
drainage or subirrigation. Separate systems for irriga-
tion and drainage are encouraged for maximum effi-
ciency.

The size, spacing, and depth of laterals are a function
of soil hydraulic conductivity, desired elevation of
water table in relation to ground surface (depth),
available flow from soil mass to and from pipelines,
available hydraulic gradient of laterals, and desirable
time to reach a planned water table elevation. The size
of submains and mains are a function of soil hydraulic
conductivity and area served, lateral layout, discharge
to and from laterals, and available hydraulic gradient
of submains and mains.

Figure 6-24 Typical water table management system
I
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Although separate subirrigation and drainage systems
are more efficient, dual purpose systems are often
used. Dual purpose systems generally require resetting
slide gates and flashboards when changing from
drainage to irrigation or irrigation to drainage modes;
sometimes several times each growing season.

Each lateral (or group of laterals) requires a water
table control structure in or near the submain. The
water table control structure can be set manually or
automatically to either allow free drainage or to estab-
lish a water table elevation upstream of the structure.

Irrigation intake structures are vertical pipes located
in submains that simply allow input of irrigation water
at the ground surface from an external water source.
In the irrigation mode, water flows from the submains
into the laterals and then out of the laterals into the
soil. External water is supplied when rainfall does not
maintain the desired water table elevation.

The most common pipe material for buried laterals is
corrugated polyethylene plastic pipe (CPP). It can be
installed either as perforated or nonperforated tubing
preferably using laser grade controlled trenching and
installation equipment.

(c) Planning and design consider-
ations

(1) Controls

Water table elevation is commonly controlled by a
manually adjusted weir for a group of laterals where
submains discharge into the main. When excessive
rainfall occurs, the water level in the control structure
is lowered to allow free flow through the structure.
This allows the drainage syste