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Introduction

This introduction is not part of IEEE Std 1542-2018, IEEE Guide for Installation, Maintenance, and Operation of
Irrigation Equipment Located Near or Under Power Lines.

The guide is intended for designers, installers, and operators of the irrigation equipment, as well as electric
power utilities whose lines are located near or above the irrigation systems. General information is provided
on installation, maintenance, and operation of irrigation equipment as it relates to safety due to the presence of
electric power lines. The following parameters are considered:

a) Distance to energized conductors during installation
b) Proper grounding to help minimize nuisance shocks

c) Distance between irrigation nozzle and power line conductors during operation of the irrigation
system

The recommended minimum conductor-to-nozzle distance is based on the maximum allowable body
leakage current of 5 mA rms and field tests conducted by the Nebraska Public Power District and the USDA
Agricultural Research Service, University of Nebraska.

Because of the great variety of conditions, practices, electrical system designs, types of irrigation systems,
water conductivity, and ground resistance values, this guide covers these variables only in general terms.
However, specific recommendations are made for the type of irrigation system and power line parameters
that are most representative in the industry. The IEEE makes no representation or warranty as to the adequacy
or accuracy of the information in this guide or as to economy, or safety issues associated with the use of this
guide. When determining whether or not, and/or how, to use the information in this guide, all factors shall be
considered with regard to the specific situation(s).

This material is intended to provide a helpful reference for those seeking information on common
industry practices so they may consider the experience of others in developing or modifying their
own practices.
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|IEEE Guide for Installation, Maintenance,
and Operation of Irrigation Equipment
Located Near or Under Power Lines

1. Overview

1.1 Scope

The guide is based on industry practices and presents guidelines for installation, maintenance, and operation
of above ground irrigation equipment near or under power lines as they pertain to minimum distance to
energized conductors and proper grounding to help minimize nuisance shocks. The guide covers a variety of
conditions in general terms. Specific recommendations are made for the type of irrigation systems and power
line parameters most commonly found. This guide does not cover transferred potentials and currents.

1.2 Purpose

The guide is intended for designers, installers, and operators of the irrigation equipment, as well as electric
power utilities whose lines are located near or above the irrigation systems. General information is provided
on installation, maintenance, and operation of irrigation equipment as it relates to safety due to the presence of
electric power lines. The following parameters are considered:

a) Distance to energized conductors during installation
b) Proper grounding to help minimize nuisance shocks

c) Distance between irrigation nozzle and power line conductors during operation of the irrigation
system

The recommended minimum conductor-to-nozzle distance is based on the maximum allowable body
leakage current of 5 mA rms and field tests conducted by the Nebraska Public Power District and the USDA
Agricultural Research Service, University of Nebraska [B3]".

Because of the great variety of conditions, practices, electrical system designs, types of irrigation systems,
water conductivity, and ground-resistance values, this guide covers these variables only in general terms.
However, specific recommendations are made for the type of irrigation system and power line parameters
that are most representative in the industry. The IEEE makes no representation or warranty as to the adequacy
or accuracy of the information in this guide or as to economy, or safety issues associated with the use of this
guide. When determining whether or not, and/or how, to use the information in this guide, all factors shall be
considered with regard to the specific situation(s).

"The numbers in brackets correspond to those of the bibliography inAnnex D.
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This material is intended to provide a helpful reference for those seeking information on common
Industry practices so they may consider the experience of others in developing or modifying their
own practices.

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they must
be understood and used, so each referenced document is cited in text and its relationship to this document is
explained). For dated references, only the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments or corrigenda) applies.

Accredited Standards Committee C2, National Electrical Safety Code® (NESC®).?

3. Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards Dictionary
Online should be consulted for terms not defined in this clause. 3

ground resistance: The resistance of the irrigation system to earth, determined by a grounding
electrode or by the contact of the irrigation equipment with the earth, or both.

irrigation equipment: Structures, pipes, nozzles, valves, etc., that support, convey, direct, and/or
control water or other equipment in an irrigation system.

irrigation system:An arrangement of equipment including a water supply that is assembled to
systematically apply irrigation to an area.

nuisance shock:An electric shock from a steady-state or a discharge current for which a person
would consider the sensation to be a mild irritant If it were to occur repeatedly. Syn: annoyance
shock, secondary shock

reference heights: Assumed height above ground of a metal object (i.e., sprinkler height).
water spray: water broken up into minute droplets.

water stream: electrically continuous column of water.

4. Application

This guide presents a reference source for the operation of irrigation systems located near or under electric
power lines to reduce safety risks. The distances between the power line conductors and water spray nozzles
that are given In this guide are based on commonly used body resistance values and other parameters that
are representative of typical conditions and methods. For conditions where the values of parameters such as
water resistivity, system ground resistance, and/or body resistance differ from those used here, the value of
the power-line-conductor-to-nozzle distance can be determined using the equations and plots provided in this
guide.

2The NESC is available from The Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, USA (http://

standards.ieee.org/).
}|EEE Standards Dictionary Online is available at: http://dictionary.ieee.org.
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5. Types of irrigation systems

5.1 General

From the many types of sprinkler irrigation systems, the ones of concern for this guide are those that travel
or can be transported under power lines. Those systems include side roll, boom, hand move, traveler, center
pivot, corner pivot, and lateral move. Table 1 is a summary of irrigation equipment and water stream heights.
The following sections describe the different types of irrigation systems.

Table 1—Typical heights of irrigation systems. (For estimating purposes only. Actual values
depend on manufacturer and model of irrigation system, and terrain of application.)

Irrigation equipment Equipment height Stream height
m ft m ft
Side roll 2 6.5 N/A N/A
Boom 6 20 N/A N/A
Hand move 1.5 4 4 13
Traveler 4 | i 12 40
Center pivot (corner pivot) 6 20 10 33
Lateral move 4.5 15 N/A N/A
5.2 Side roll

For a side roll sprinkler system, the supply pipe is mounted on wheels with the pipe as the axle. The system
is moved by rotating the pipeline through engine power. The approximate wheel diameters range from 1 m
(3.5 ft) to 2 m (6.5 ft) m depending on the height of the crop irrigated. These systems are found mostly in the
western United States.

5.3 Boom

Boom sprinklers are cantilevered pipes (laterally) mounted on a stand. The laterals rotate about the stand
by the jet action of the nozzles. The laterals are lowered for transport. The approximate height of the booms
ranges from 3 m (10 ft) to 6 m (20 ft).

5.4 Hand move

Hand move sprinklers are moved by uncoupling, picking up, and moving sections (laterally) of the pipeline
with the hands, requiring no tools. Each section can range between 6 m (20 ft) and 12 m (40 ft) in length. A
rotating sprinkler head is attached atop a vertical riser pipe. The riseris typically 0.30 m (1 ft) to 1.5 m (4 ft) in
height. The water trajectory from the nozzle can reach heights of 4 m (13 ft).

5.5 Traveler

A traveler sprinkler consists of a chassis that carries a large volume sprinkler. The chassis is pulled across the
field by a cable or supply hose.Approximate nozzle heightis 3 m (10 ft) to 4 m (13 ft), but the water trajectory
from the nozzle can reach heights of 10 m (33 ft) to 12 m (40 ft).

5.6 Center pivot

Acenter pivot is an automated irrigation system consisting of a pipeline with sprinklers supported by a number
of self-supported towers that all travel in unison in concentric paths about a fixed pivot point. The water
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Is supplied at the pivot point and flows outward. The last pipeline span is cantilevered from the last tower.
Cantilever supports are about 6 m (20 ft) high. Many center pivots have a large volume sprinkler on the outer
end to water an additional area. The end of the pipeline is approximately 4.5 m (15 ft) high. However, on hilly
terrain, the end of the pipeline can range between 3 m (10 ft) and 6 m (20 ft) above the ground. Also, there are
low profile pivots where the height is approximately 2 m (6.5 ft). Water stream trajectory could be as high as
10 m (33 ft).

5.7 Corner pivot

A corner pivot is a center pivot with additional spans and other equipment that allows the overall radius to
increase in relation to field boundaries. The pipeline end will have a large volume sprinkler like a center pivot.

5.8 Lateral move

Alateral move system is an automated irrigation machine consisting of a sprinkler line supported by a number
of self-propelled towers. The entire unit moves in a generally straight path and irrigates a generally rectangular
area. Sometimes itis called a “linear move.” This system is only used on flat fields so the pipeline is a constant
height above the ground of approximately 4.5 m (15 ft) or less depending upon the wheel sizes.

6. Installation and maintenance

6.1 General

The following guidelines are suggested for handling pipes or other long pieces of metallic equipment:

a) To help minimize the occurrence of nuisance shocks or electrical contact with power line conductors,
the unloading of pipe sections from a vehicle or trailer should be done at least 15.24 m (50 ft) away
horizontally from the nearest conductor.

b) The pipe and other large objects should always be carried in a horizontal position to avoid contact or
coming within flashover and/or sparkover distance of the overhead conductors.

c) Construction of irrigation systems directly under transmission lines should be avoided.

Water should not be sprayed on powerline structures, poles or other facilities. This can cause premature
deterioration of the power line facilities. Residue from sprayed fertilizer can cause contamination of the power
line facilities and lead to their misoperation or deterioration.

6.2 Distance to energized conductors

When working near power lines and performing such tasks as handling metal irrigation pipes or installing
or maintaining irrigation equipment, one should always maintain a minimum safe distance to energized
conductors; in the United States this is specified by OSHA[BZ].

The height of power line conductors above ground can change significantly depending on the electrical load
(amount of power) being transmitted and air temperature. For example, for a 366 m (1200 ft) long span, the
height of conductors above ground can change by as much as 5.49 m (18 ft). For this reason, it is necessary for
the installer to call the electric utility to obtain guidelines on line heights during the time when working under
overhead transmission lines. In much of the United States, the National Electrical Safety Code® (NESC®)
(Accredited Standards Committee C2) provides minimum distances between overhead lines and objects on
the right-of-way. Many utilities use clearance requirements specified in the NESC for other installations (i.e.,
antennas, signs, etc.).”

4 nformation on references can be found in Clause 2.
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6.3 Protection from nuisance shocks

Metallic parts of irrigation systems located near or under power lines can become a potential
shock hazard. This potential hazard can be reduced or eliminated with grounding and bonding of
the equipment.

The center pivot irrigation system is used as an example to illustrate what steps are necessary to reduce or
eliminate the nuisance shock. First, to eliminate electric charge buildup, the pivot point should provide a
good electrical ground for the sprinkler system. However, this electrical ground does not eliminate the shock
hazard caused by inductive coupling between the transmission line and the sprinkler pipe. For this reason, the
following precautions should be observed:

a) Personnel should not touch the sprinkler pipe or its supporting structures when in operation under,
parallel to, or near a transmission line.

b) If possible, maintenance work should be done with the center pivot system oriented perpendicular
with respect to the transmission line.

c) If perpendicular orientation of the center pivot system is not practical, the pipe where the maintenance
is performed should be grounded (connected to a ground rod). Also, each disjointed length of the
system should be grounded on both sides of the coupling before it is decoupled.

d) Pipe sections closestto a transmission line should be installed last and removed first to reduce potential
hazard time.

7. Operation of irrigation equipment

7.1 General

This clause deals with operation of the irrigation equipment when the water stream is near or spraying the
power line energized conductors (wires). It is best to avoid working on or maintaining irrigation equipment
near power lines when the sprinkler is operating.

There are two significant safety concerns that need to be addressed. First is the concern of an electric fault
In case the water stream should come very near or make contact with energized line conductors. The second
concern deals with the capacitive coupling, in which case there might be sufficient leakage current in the water
spray to cause nuisance shocks.

Both of these problems are addressed. The probability of an electric fault can be reduced or eliminated by
dispersing the water stream into a spray. The magnitude of the leakage current can be controlled by maintaining
certain minimum distances (clearances) between the line conductor and the irrigation nozzle. This clause deals
primarily with establishing the minimum conductor to nozzle clearances.

7.2 Distance from metal frame of irrigation equipment

The metal frame of any irrigation equipment should stay a safe distance from any power line. In the
US, many utilities use the distances specified in the NESC for distances to signs, billboards and
other installations.

7.3 Operating guidelines for Irrigation Systems

The following are general operating guidelines:

a) Irrigation systems should be operated at distances sufficient to avoid direct contact between the water
stream and conductors.
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b) A solid and continuous stream of water should never be directed at or near the energized line
conductors.

c) Test results (see Annex A) and operating experience in the industry indicate that direct water
spray contact with power line conductors is permissible when irrigation nozzles have discharge
characteristics that cause water stream breakup due to normal water turbulence and nozzle or system
design. Once the water stream has been broken up and becomes a spray, the probability of line
conductor to nozzle flashover and/or sparkover is greatly reduced or eliminated [B3].

Some of the other factors that need consideration are conductor-to-nozzle distance, water conductivity, water
pressure, nozzle size and type, wind speed, ground and irrigation system resistance, total and body leakage
current, and other considerations. When these factors are unknown, a conservative approach would be to
model the water as a continuous stream of water and require a clearance equal to that between the power line
and the metal frame of the irrigation equipment.

The equation developed in [B3] is used for calculating the conductor-to-nozzle distances. Figure A.1 shows
the system configuration without the presence of a body to create a resistive current path to ground through the
body. Figure A.2 shows the same system with the presence of a body (located in the worst place in the circuit)
to create a resistive current path to ground through the body. The crest voltage due to the leakage current
through a known resistance was used to calculate the crest leakage current through the water stream. The
current through the water stream (l1) can be expressed in terms of a nominal 1.0 kV rms line-to-neutral (L-N)
voltage and a conductivity of 1000 pS/cm. This normalized crest leakage current I.. is defined as follows in
Equation (1):

| =10001 -R,ZR) (1)
e "RkV o
G L-N w
where
lne Is the crest leakage current in milliamperes normalized to 1.0 kV rms line-to-neutral
and 1000 pS/cm
I Is the allowable body current in milliamperes crest (7.07 mA)
Re Is the body resistance, ohms
Re is the irrigation system ground resistance, ohms I
VLN is the rms line-to-neutral voltage in kilovolts of the power line (V. L 3)
T w Is the water conductivity in microsiemens/centimeter

The normalized crest current data versus line-to-nozzle distance is plotted in Figure 1, Figure 2,
and Figure 3, for various nozzle diameter sizes and types. Therefore, if the normalized crest
leakage current (l..) is

calculated from Equation (1), then the minimum line-to-nozzle distance for a specific nozzle
size can be

obtained directly from the plots in Figure 1, Figure 2, and Figure 3.An example can be found
inAnnex C.

Table 2 gives conductor-to-nozzle clearances for water spray where the irrigation system resistance
(R )is 10 Q, body current (1= ) I1Is 5 mArms (7.07 mA crest), and body resistance ( Re ) is 1500 Q.5
Water conductivity is

1200 pS/cm and water pressure is 552 kPa (80 psi). Values apply for water spray so that the
water stream is

broken up with no solid and continuous stream. Quantities are as shown in Figure 4.

In Table 3, the body resistance ( Rr) has been reduced from 1500 Q to1000 Q. There is more information in
Annex B on how to choose the appropriate body resistance.



"Motes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to
implement this standard.
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Nozzle

=
|

2
Re 1|G R,

Figure 4—The schematic representation used in the calculation of the values in Table 2 and
Table 3

17



IEEE Std 1542-2018
IEEE Guide for Installation, Maintenance, and Operation of Irrigation Equipment Located Near or Under Power Lines

[ze] *[149] suonensos Aq payiwn,
"Jasul Sury,

WBALS SNONUITUOD pue p1jos ol s1 21941 08 dn udyouq s1 weans 1em o) *Aeads 121eA 10 ] "W ['€ 24 [[BYS 2OURISIP D]ZZOU-0]1-I0JONPUO WINWIUIW DY) ‘A Y ST Mmo]2q soutf tamod 10,

&L 1'CC £59 66l RFS L9l 0'Fv Fel 8L 901 68T 06 £0C 619 61 d’6¥
I'sL 6°CC 689 0 1¢Z 89¢% ELI 0+t | %Y £ 0l 0°€C 88 £ 0L 619 91 LOF
I¥9 L6l 8Os % ) S o 8tl |'SE L0 9°9C [ ¥ ol 0L L8l 69°S ¥l 9ct
1 9°TI L9t cll 0t c6 U €L 061 8% 0TI 0°s 8l 0TF [l 6LC
'S¢ L01 AL co6 9°CC 69 1L cs RCl 6t 0Tl 99 0°cCl B9t 60 6 CC
sl 8L 0'1¢ 9 sl LY 0Tl 99°¢ 0l 99t 0°ClI 99t Iy S 80 ['6l
i w 1 w 1 w u u 4 u 4 w i w 1 i
AN SYL AN Q0s AN SPE AN 0T AM 191 AN 8tl ANSIL
{ulj-03-2ul] *SULL AY) 2SLI[0A JUL| 1IN0 ] Naaae e e

3 00S | 0 92ue)sisal Apoq Y}Im Aeids Jajem 10} 9oUR)SIP 9]ZZ0U-0)-10}2NPUOI WNWIUIN—TZ 2|qel

18



IEEE Std 1542-2018
IEEE Guide for Installation, Maintenance, and Operation of Irrigation Equipment Located Near or Under Power Lines

[zer] “[16] suonensos Aq paywn,
"Jasul Sury,

"WRILS SNONUITUOD pue P1jos ol s1 21941 08 dn udyouq s1 weans 1em o) *Aeads 121ea 10 ] "W ['€ 24 [[BYS 2OURISIP 2]ZZOU-01-10]ONPUO WINWIUIW dY] ‘A Y ST mo]2q soul] samod 10,

L'8L 0+C 8TL T 069 Rol 3FS L9l 9cy 6'¢tl FOF A 43 F ol 6l )'6v
108 F¥e 6L 0'tC 989 60¢ ['LS FLI 99 ctl Pot | Cl SEE 0l 91 LOF
£99 ¢ 0t 059 86l P9s G L1 S 6¢l L9t Cll L3 £ L6 9 9¢ 1’8 1| 9ct
O Fr Fel L'1¥ LCl ot 111 (AL o 6'FC oL £CC 80 06l 8% [l 6°LT
oy £ Cl t'ee 801 6L 6 0'¢T L LI 8.2 Fel L'ty | L't 60 6'CC
S0 £'6 6'8C 6L L'0C £9 rsl L'y §CI 8t cl 99°L (Al 99°¢t 80 1’61
I w 1 w 1 w o w u w 4 w Y w ul uru
AN S9L AN O0s AN SFE AN 0T AM 191 AN BEL AdSIL
{(auij-0)-2ul] *SUWLL A Y ) 2TELI|0A JUI] JIM0] e et

{3 0001 0 @due)sisai Apoq Yum Aeids Jajem 10} 92UR)SIp 3|ZZ0U~-0}-10}2NPUOI WNWIUIN—E 3|qe]

19



IEEE Std 1542-2018
IEEE Guide for Installation, Maintenance, and Operation of Irrigation Equipment Located Near or Under Power Lines

Annex A

(informative)

Discussion of historical studies on irrigation systems near
transmission lines

The Starr, et al., (BPA/TVA) [B5] and Ewy, et al., (Nebraska) [B3] investigations represented the major and
perhaps the most useful studies of power line effects on irrigation systems. A discussion of these two studies
can be found in this Annex. Several other studies have focused on insulator washing where special equipment
is used. Also, the insulator washing procedure is under control of the electric utility. The system operating
conditions during irrigation including the nozzle design are very different in comparison to washing insulators.
Therefore, the operating guidelines developed for insulator washing applications cannot be directly adopted
for irrigation near power lines.

In determining the minimum conductor-to-nozzle distances, the industry accepted allowable
maximum body current of 5.0 mArms (7.07 mA crest) and a body resistance of 1500 2 was used.

A.1 Historical material BPA and Nebraska results

Based on test results reported in 1969, the Bonneville Power Administration (BPA) [B5] was perhaps the
first organization to establish guidelines recommending minimum line-conductor-to-nozzle distance for a
range of nozzle sizes and transmission line voltages up to 550 kV (ac). The study was primarily directed
toward the measurement of electrical current through the water stream between the energized conductor and
the nozzle. They also investigated the possibility of flashover caused by a solid water stream between the live
conductor and tower and between two line conductors. The Nebraska Public Power District [B3] reported their
test results in 1961. The study included new large irrigation sprinklers and their application on center pivots
and traveler irrigation systems. Data was also obtained for lower power line voltages than the BPA/TVA tests,
covering 115 kV and 12.5 kV lines.

Based on their test results and BPAtest data, the authors of the Nebraska [B3] paper have suggested
an equation

that can be used to calculate the line-conductor-to-nozzle distance for any power line voltage and
a selected

allowable body current. According to the Nebraska authors, the compatibility of irrigation system
and power

lines as determined by allowable water stream currents will depend upon the assumptions or
measurements

made pertaining to the water conductivity, irrigation system grounding, body resistance, and
allowable level of body current. The maximum normalized allowable level of the total water stream
current (It) can be

determined in order to establish which nozzle size at a specific line-conductor-to- nozzle distance
will limit the

body current to an allowable level for specified safety criterion. The equation for the normalized
total water stream current (l.c) was derived by the authors [B3] and has been used in this guide as
Equation (1).

The major difference between the Nebraska and BPA results can be explained by how the
conductor-to- nozzle distances are established. BPA used the total water stream current, as shown
in Figure A.1, where It =ls. On

the other hand, Nebraska in addition to the irrigation system grounding resistance (Rg) also
ntroduced-the —

body resistance (Rr) of a person in contact with parts of the irrigation system as shown in Figure
A.2, where

It = le + Ir. Nebraska used the body current Ir rather than the total water stream current I, for



establishing
the conductor-to-nozzle distances. The Nebraska approach can illustrate the value of bonding from

irrigation
equipment to the interconnected neutral impedance of the electric supply to a pump, if available.

For the same conditions, where the Rg is about 10 Q¢ and where the body resistance Rr is 1500 Q, there
will be a significant difference between the conductor-to-nozzle distances determined by BPA and Nebraska

tCharacteristics of soil varies significantly, 10 Q may not be conservative in all cases.
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Figure A.1—Model for calculation of leakage current without body resistance
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Figure A.2—Model for calculation of leakage current with body resistance

approaches. This is illustrated in Table A.1 for a case study on 345 kV line. The BPA data came
from Table 10 of [B5], where |+ =2 mAcrest. The Nebraska results were calculated using the
normalized current Equation (1)

for body current Ir = 2 mA crest and I = 7.07 mA crest. For about the same nozzle sizes, the
Nebraska results

give much smaller conductor-to-nozzle distances than BPA. For example, for a nozzle size of 49 mm
(1.93in),

BPArequires 39.6 m (130 ft) whereas the Nebraska distance values are 25 m (82 ft) for 2 mA and
16.7 m (54.8

ft) for 7.07 mA.
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Table A.1—Minimum conductor-to-nozzle distances for water spray comparison of
versus BPA [B5] studies at 345 kV

Nebraska [B3]

Conductor-to-nozzle distance

Nozzle diameter
Nebraska study BPA study
HES oA IPirEn?A'gr’est IF”=I;.EL'];r iiiaérest IT =2 mA crest
mm n mm n m ft m f m it |
19.1 0.8 19.1 0.8 9.5 31.2 4.7 15.4 16.8 55.1
22.9 0.9 22,9 0.9 74 | 243 121|397 224 73.4
25.4 1.0 — — — — 19.8 65.0
27.9 1.1 28.6 1.1 14 45.9 9.2 30.2 24 .4 80.1
35.6 1.4 34.9 1.4 22.3 73.2 13.8 45.3 29 95.1
40.7 1.6 41.3 1.6 25 82.0 17.3 56.8 30.5 100
49 1.9 49.2 1.9 25 82.0 16.7 54.8 39.6 129.9
MNebraska study BPA study
Body resistance, RP = 1500 Q Total current in the nozzle, IT = 2 mAcrest
System ground resistance, RG =100 Water conductivity, ow = 1170 uS/cm
Water conductivity, ow = 1200 pS/cm Water pressure = 552 kPa (80 psi)
Body current, IP = 2 mAcrest, 7.07 mAcrest
Water pressure = 552 kPa (80 psi)

In determining the minimum conductor-to-nozzle distances, a body current of 5.0 mArms (7.07 mAcrest) and
body resistance of 1500 €2 are used in Table A.Z to calculate the Nebraska conductor-to-nozzle distances and
to compare them with BPA measured values for transmission line voltages from 115 kV to 765 kV. Similar to
the 345 kV results in Table A.2 show that the Nebraska conductor-to-nozzle distances are significantly smaller

for the 115 kV to 500 kV range than BPAdistances.
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Annex B

(informative)

Significance of parameters

The results in Table 2 and Table 3 were based on parameters such as irrigation system ground resistance,
water conductivity, type of nozzle, and allowable body currents that are typical on most center pivot and
on grounded traveler irrigation systems. Changing these parameters may have significant influence on the
conductor-to-nozzle distance.

B.1 Water pressure

From the reported data, the leakage current measurements for water pressures between 414 kPa (60 psi) and
689 kPa (100 psi) were within the range of testing accuracy. It is concluded that there is no significant effect on
leakage current for this water pressure range. [B3]

B.2 Water conductivity

The impurities in the water increase water conductivity. For a given conductor-to-nozzle distance, power line
voltage and stream size, the leakage current will be proportional to the conductivity of the water stream. Water
pumped from underground sources may have higher conductivity than the surface water. Values of 200 uS/
cm to 300 pS/cm are considered as low conductivity whereas those of 1000 uS/cm and above represent high
conductivity. For typical irrigation systems, the water conductivity is about 1200 uS/cm.

An operator adding fertilizer or manure to the irrigation water will often have conductivity measurements
available to optimize nutrient delivery. Properties of types of manure are provided at the following website:
https://'www.gov.mb.ca/agriculture/environment/nutrient-management/pubs/properties-of-manure.pdf. The
addition of fertilizer will have a lesser effect on water conductivity for water with high conductivity than for
water with low conductivity.

Where measured values are not available, conservative estimates can be used. A conductivity above 6000 pS/
cm can begin to stunt growth in some plants; a conductivity above 12000 uS/cm can be damaging to irrigation
equipment [B4].

B.2 Water stream

The degree of water stream dispersion has a profound effect on the electrical conductivity of the water
stream. If the stream is solid with no water dispersion, a contact with a line conductor most likely will cause

a high leakage current and an electrical fault. On the other hand, when the stream is dispersed, broken up and
becomes a spray, it can contact energized conductors with low probability of causing a fault. Hence the water
spray current can be controlled by maintaining certain conductor-to-nozzle distances. For all applications
of irrigation systems near or under power lines where a water stream can contact the power line, the water
stream must be of the spray type. A better solution is to change the nozzle trajectory so the water stream does
not contact the power line. Solid water streams cannot be permitted to contact the power line. In an irrigation
system, any obstruction or discontinuity in pipes, hoses, or the nozzle will cause water turbulence and the
breakup of water stream.Also, a ring insert in the nozzle will cause water stream breakup.
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B.3 Ground resistance and body resistance

The ground resistance of the irrigation system constitutes a very important safety factor during its
operation near power lines. The resistance of the irrigation system to ground (Res) and the
resistance of the person to

ground (body resistance Rg) will determine how much current will flow in Re and Res. With the body
resistance

of 1500 2, itis important to maintain a very low irrigation system resistance below 10 Q. In the
Nebraska study

[B3], it was found that grounding will keep both the center pivot and traveler irrigation systems
resistance to

ground at an acceptably low value.Thus, itis necessary for all irrigation systems operating near or
under power lines to be grounded. The Rgs value of 10 Q2 used in Table 2 and Table 3 can be
assumed as representative of

grounded irrigation systems. However, if values of irrigation system ground resistance for a given
installation

are higher than 10 Q, then the conductor-to- nozzle clearances can be calculated by the
method given in
Equation (1). Table B.1 illustrates how the conductor-to-nozzle clearance for a 345 kV line is

affected by changing the irrigation system ground resistance (Rg) from 10 Q to 100 € for various
nozzle diameters.

A number of utilities have used 1500 Q2 as a representative value for body resistance (Re), and Table 2 was
based on this assumption. However, there are others that may choose to use another value of body resistance.
Accepted range of body resistance for various applications and circumstances has been between 500 Q and
bU0U 1. Cow values of body resistance can significantly increase the conducior-to-nozzle cleargnces. For
example, reducing the body resistance from 1500 €2 tor 1000 Q@ willincrease the conductor-to-nozzie{clearance
petween 1.1 to 1.7 times|depending on the size of the hozzle. From safety and economic points of view, it may

L

Sl pre

—morepracticat-totake pre . usingTrubberigtovestand-ropber-fogtwearj-tomamntainhigher body
resistance-thanto-dealwith-gredierconductiorio-nozzle-clearmnces-:
Table B.1—Minimum|condudgtor-to-nozzle distances for water spray on a 845 kV line to
| ' ground resigtance (RG) values between 10 Q and 100 Q
System ﬂnzzlaa- ::Iiamet?L
resistance | 19.5mm/ 22.9/mm/ "”fn mme o 40.6|mm/ 49.0/mm/
nNG{£2) 0.81in 0.91n i i ik THin T.910n
m ft m i m ft m ft m ft m i
10 47 1 154 69 226 92 30: 3.8 45|3 7.3  56.8 167 §4.8
20 T4 | 283 103 338 12T 39 623 24.5 73.8 T.8 [1.5
30 8.9 292 117 384 13. : 21 r’UlL-.l 3:1.:3 804 240 [8.7
40 TO.T 331 T3.0 aZ 7 143 246.9 220 73.9 Z25.0 820 0.0 2.0
a0 10.5 344 13.5 44.3 15.3  50.2 23.8 78.1 25.8 84.6 26.3 86.3
60 11.0 36.1 14.0 45.9 156 51.2 23.9 /8.4 26.0 85.3 26.5 86.9
70 11.3 371 14.3 46.9 15.9 52.2 241 79.1 26.2 86.0 26.9 88.3
80 116 38.1 14.6 47.9 16.1 52.8 24.3 79.7 26.4 86.6 27.1 88.9
90 119 390 150 492 163 535 246 807 266 87.3 275 90.2

100 121 397 153 50.2 16.5 541 24.9 81.7 26.8 87.9 27.8 91.2
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Annex C

(informative)

Example of conductor-to-nozzle distance calculation

According to [B3], the compatibility of irrigation systems and power lines as determined by
allowable water

stream currents will depend upon the assumptions or measurements made pertaining to the water
conductivity,

irrigation system grounding, body resistance, and allowable level of body current. The normalized
allowable level of the total water stream current (lI+) can be determined in order to establish
which nozzle size at a specific line-conductor-to-nozzle distance will limit the body current to an
allowable level for specified safety criterion. The equation for the normalized total water stream
current (I.c) was derived in [B3] and used in this

guide as Equation (1).

This example shows how the authors of reference [B3] publication have used Equation (1) and
Figure 1, Figure 2, and Figure 3 to obtain conductor-to-nozzle clearances. Assuming that Rp =
1500 2, Re=10Q), Ow =

1650 uS/cm, and lr = 7.07 mA crest, the normalized crest current |.c can be calculated during
spraying of 345

kV power line conductors for the worst case, which would be during maximum conductor sag
typically ata 1.0 p.u. voltage (199 kV_n).

lne = 1000 x 7.07 x (1500 + 10) / (10 x 199 x 1650) = 3.25 mA

Referring to Figure 3, the conductor-to-nozzle distance at which I, = 3.25 mA crest for a 23 mm
taper nozzle

is 8.2 m. As shown in Figure C.1, if the minimum conductor heightis 9.1 m and the nozzle height is
4.6 m, the

water stream from a 24° nozzle will be able to reach the conductor. On flat terrain with a 24° nozzle
trajectory,

the minimum conductor-to-nozzle water stream distance physically attainable is 11.1 m [(9.1 - 4.6) /
sin 24°]. Since the actual conductor-to-nozzle distance of 11.1 mis greater than 8.2 m, which is the
distance based on Ip

of 7.07 mA crest, the installation is acceptable. However, in general, it is also necessary to check if
the actual

conductor-to-nozzle distance meets the minimum requirements of 6.2 and safety policies and
codes such as

the National NESC or other.



26



IEEE Std 1542-2018
IEEE Guide for Installation, Maintenance, and Operation of Irrigation Equipment Located Near or Under Power Lines

/

Line Conductor

Figure C.1—Example of conductor-to-nozzle distance calculation
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