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For Earth Grounding Electronic Equipment in Irrigation Systems
For the latest rev. go to
http://www.asic.org/design_guides.htm
1.0 Scope
Defines minimum requirements for earth grounding electronic equipment in irrigation systems based on the requirements of the National Electrical Code (NEC) and sound practices of the Institute of Electrical & Electronics Engineers (IEEE), to ensure personnel safety and equipment reliability.

 1.1 Purpose

A guide for irrigation industry persons who are involved in the design, manufacturing, distribution, installation and maintenance of electronic equipment in residential, commercial, institutional, golf course, and agricultural projects.

1.2 Implementation

Specifications for earth grounding of electronic equipment shall be written and administered by the irrigation professional, herein referred-to as “the designer.”

 2.0 References

The following documents and references were used as a basis for this guideline.  This material is subject to revisions. 

NFPA 70, National Electrical Code®, National Fire Protection Association, 1 Batterymarch Park, Quincy, MA  02269, USA, http://www.nfpa.org/, 1999.

NFPA 780, Standard for the Installation of Lightning Protection Systems, National Fire Protection Association, 1 Batterymarch Park, Quincy, MA  02269, USA, http://www.nfpa.org/, 1997.

IEEE Std 142-1991, IEEE Recommended Practice for Grounding of Industrial and Commercial Power Systems (IEEE Green Book), The Institute of Electrical and Electronics Engineers, Inc., 345 East 47th Street New York, NY  10017, USA, http://www.standards.ieee.org/, 1991.
IEEE Std 1100-1999, IEEE Recommended Practice for Powering and Grounding Electronic Equipment (The Emerald Book), The Institute of Electrical and Electronics Engineers, Inc., 345 East 47th Street New York, NY  10017, USA, http://www.standards.ieee.org/, 1999.

Sunde, E.D., Earth Conduction Effects in Transmission Systems, Dover Publications, 1968.

Morrison and Lewis, Grounding and Shielding in Facilities, John Wiley & Sons, 1990.

Morrison, Grounding and Shielding Techniques, John Wiley & Sons, 1998.

Rufus and Gibilisco, Principles and Practices of Impedance, McGraw-Hill Professional Publishing, 1987
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Lightning Protection and Grounding Solutions for Communication Sites, Polyphaser Corp., 2225 Park Place, Minden, NV  89423, USA, http://www.polyphaser.com/, 2000

 “The Link” (Technical Bulletin, Issue 5), ERICO, Inc., 34600 Solon Road, Solon, OH  44139, USA, www.erico.com, 1999

Earth Resistance Calculators (from web-site), LORESCO INTERNATIONAL, P.O. Box 1089, Hattiesburg, MS  39403, USA, www.loresco.com, 2000.

 3.0 Safety

The requirements of the National Electrical Code shall prevail, to ensure safety.  Local electrical codes may apply additionally as determined by the designer.  Prevailing local codes shall only enhance requirements of the NEC.

 4.0 Definitions

Should - As used in this guideline, designates a suggestion or recommendation.

Shall - As used in this guideline, designates a mandatory requirement.

Approved Equal - "Approved equal" shall mean approved by the designer.

Ground - A conducting connection, whether intentional or accidental, between an electrical circuit or equipment and the earth, or to some conducting body that serves in place of the earth.

Service Entrance/Switch Gear Panel - Equipment for delivering electric energy from the serving utility to the wiring system of the premises served, commonly known as the circuit breaker or fuse box.

Service Entrance Ground - Ground circuit installed at the service entrance by the utility company.

Supplementary Ground - A ground circuit for irrigation equipment located away from the Service Entrance.

Bonding - Permanent joining of metallic parts to form an electrically conductive path that will ensure electrical continuity and the capacity to conduct safely any current likely to be imposed.

Bonding Conductor - A solid bare copper wire or copper strap connecting supplementary grounds to each other and to the service entrance ground.

Exothermic Welding – Chemical/molecular bonding of two metals using a "Cadweld One-Shot"®
, or approved equal.

Brazing/Welding – Chemical/molecular process for bonding two metals using a torch.  Welding rods shall contain a minimum of 5% silver.

Ground Rod Clamp - A copper alloy device used to mechanically connect a copper conductor to a ground rod.

Grounding Conductor - Solid bare copper wire or copper strap used to connect equipment or the grounded circuit of a wiring system to a grounding electrode or electrodes.

Electrode - A ground rod or ground plate

Ground Rod - A UL listed "copper clad" grounding electrode having minimum dimensions of 5/8" diameter and 8' of length.  Construction is high tensile steel with a 10 mil copper skin, manufactured to the requirements of NEC article 250-52 (c).  Usually installed in a vertical position.

Ground Plate - An electrode made to the requirements of NEC article 250-52 (d).  The material used shall be a copper alloy intended for the purpose with a minimum thickness of 0.060”.  Each plate shall expose a minimum of 5 ft2 of surface area to contact the soil. Grounding conductors shall be attached to the plate using a welding process. Splices made to the grounding conductor shall be made using a welding process.  Dissimilar metals and solder connections shall not be allowed.  Usually installed in a horizontal position.

Impedance - Opposition to electrical flow in an alternating current circuit.  It is the sum of the effects of opposition to electrical flow caused by resistance, capacitance, inductance, and the frequency of the lightning discharge signal.  In grounding grids, inductance causes the majority of the impedance.

Inductance - A phenomenon that opposes the flow of electricity as a function of signal frequency and the geometry of the electrodes and grounding conductors.  The higher the frequencies of the lightning pulse, the higher the opposition.  As the geometry of the grounding grid becomes more complex, its inductance increases.

Grounding Circuit – A combination of copper clad ground rods, copper ground plates, and copper conductors.  Several typical designs are given in figures 2 to 8.

Grounding Grid - An installed grounding circuit, which may include bonding and shielding copper conductors.

Shielding - A technique that employs shallowly installed copper conductors to intercept lightning energy from being induced onto underground wires and cables connected to equipment.
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5.0 Designer

The design of the earth grounding system shall be provided by a competent irrigation professional and shall comply with the requirements of national and local electrical codes.

6.0 Installer

An individual, contractor, licensed electrician, or organization deemed qualified by the designer, to install and test the grounding grid while meeting all applicable local and national electrical codes.

7.0 Measuring Resistance

Earth resistance shall be measured and recorded after the installation of the grounding grid(s), and every three months thereafter for the first year.  This data should be used to determine the most critical times of the year, based on soil moisture content and lightning frequency.  The resistance shall be tested and recorded every six months thereafter, at these most critical dates, to ensure that proper contact with the soil is maintained at all times.  Resistance measurement shall be made using commercially available instruments, in accordance with the latest requirements of NFPA 780.  Follow instrument manufacturer’s specific operating instructions.

Readings of 5 to 10 ohms are desirable.  The effectiveness of the circuit is a function of its impedance, which cannot be measured in the field in a practical manner.  Sound practices and proper installation are more important in assuring quality results than this reading.  The minimum requirements of the NEC shall be met, which are:

a) A resistance reading of no more than 25 ohms, or

b) A two electrode ground grid

In installations with multiple equipment locations, the resistance readings of like grounding circuits should be compared for consistency.  Large variances in readings point to different soil conditions, or soils with varying degrees of moisture content, or improper installation. 

8.0 Grounding Electrodes

Irrigation system grounding circuits consist of ground rods, ground plates, copper strips, straps, and solid copper wire.  Ground rods are usually adequate for safety and for protection of electro-mechanical equipment.  However, when protecting electronic equipment, ground plates shall be used by themselves or in conjunction with ground rods.   Plates exhibit low inductance/impedance characteristics and are better suited for the protection of electronic equipment.  It may be necessary to use access boxes and to label grounding conductors at the equipment for the convenience of electrical inspectors. 

9.0 Moisture Content

Soil needs moisture to conduct electricity.  Moisture content within the sphere of influence, as defined in paragraph 11.3 below, of the electrodes shall be a minimum of 15% by weight.  If this minimum level of moisture is not present, it shall be added by using irrigation products such as bubblers, sprinklers, drip emitters, etc.

10.0 Soils and Soil Amendments

Soil resistivity (with at least 15% moisture) varies considerably depending on soil type.  Generally speaking, clay soils give low resistance and sandy soils high resistance.

Soil resistivity can be significantly reduced with proper soil amendments, which are commonly referred to as “Earth contact ” or “Ground enhancement” materials.  Only soil amendments such as PowerSet®, PowerFill®, and GEM®
, which are specifically made for the application, shall be allowed.  Corrosive soil amendments such as salts, minerals, fertilizers, concrete, etc. shall not be used.  “Bentonite clay products” shall not be used because of their swelling/shrinking characteristics.

11.0 Lightning and Grounding Theory 

 11.1 - Path of lightning - Lightning is a high voltage-high current electrical discharge made up of a broad range of frequencies.  It follows the path of least impedance, not the path of least resistance.  In order for a grounding grid to be effective it should provide a discharge path to earth that has much lower impedance than the path to the electronic equipment.  A large portion of the impedance of a grounding circuit is due to its inductance.  Circuits containing flat electrodes give lower impedance and the best results.  Round electrodes and conductors should be minimized.

 11.2 - Skin Effect – This is a phenomenon that explains the behavior of electrical flow in conductors at various frequencies of current.  At low frequencies (direct current and 60 cycles per second), electricity flows through the complete cross-section of the conductor.  At higher frequencies, it flows only on the skin of the conductor or grounding electrode.  For example, at 1 Mega-Hertz, which is about the midrange of lightning frequencies, the skin of a conductor/electrode that carries electrical flow is only 0.026” thick.  Ground rods and wires offer very little skin for conducting, while plates are all skin.

 11.3 - Sphere of influence - Electrodes need a certain amount of the soil surrounding them to effectively dissipate lightning energy.  This space is known as the sphere of influence and is shown in figures 1A and 1B for ground rods and ground plates, respectively.  This is the basis for determining proper electrode spacing, so they do not compete for the same soil.
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12.0 Installation Requirements

 12.1 Electronic equipment and wires/cables connected to the electronic equipment shall be installed outside of the sphere of influence of the ground grid.  This is necessary, to avoid re-injecting the discharged lightning energy into the equipment and the underground wires and cables.

 12.2 Space grounding electrodes to prevent overlapping of spheres of influence.  Rod spacing shall be twice the rod length.  Examples – space 8-foot rods 16 feet apart, space 10-foot rods 20 feet apart.  See figures 2 to 8 for spacing of electrodes in various ground grids.

 12.3 During the installation process, it is usually necessary to bend grounding conductors as they are installed inside the equipment, through conduit, and inside buildings.  Sharp bends in conductors create complex ground geometry that shall be avoided.  Straight wire runs and simple geometry provide significantly better grounding.  These bends must have a minimum included angle of 90° and a minimum radius of 8”, which equates to a standard 1 ½” PVC sweep ell.  Bonding/shielding conductors shall be installed 12” to 15” below the ground surface, directly over the major bundles of wires/cables, and shall be connected to all the grounding grids at the equipment locations.

 12.4 Ground rods shall be driven a minimum of 8’ into the ground in a vertical or oblique position.  The angle of the rod relative to the vertical shall be no more than 45°.

 12.5 Ground plates shall be installed in a horizontal position a minimum of 30” below ground level and below the frost line.  The plate shall be installed flat at the bottom of the trench.

 12.6 “Earth contact materials”, as referenced in 10.0 above, may be poured in the trench in powder form or they can be mixed with water to create a slurry.  The latter minimizes dust particles in the air and makes for a cleaner installation.  When mixing earth contact material, use 3.5 gallons of water with 50 pounds of material.  Proper protective equipment shall be worn per the manufacturer’s instructions.

 12.7 Conduit and sweep ells used in grounding grids shall be plastic, as metallic types increase the inductance of the grounding conductors.

 12.8 Ground clamps should be used to connect grounding conductors to ground rods on a temporary basis.  Once satisfactory results are achieved, the clamps shall be replaced by permanent welded connections.  Solder shall never be used in making connections as it melts during a lightning discharge.

 12.9 The basic tools necessary for installing a grounding grid are:

a) A machine capable of cutting a trench that is 6” wide and 36” deep.

b) A sledgehammer or power hammer to drive ground rods into the soil.

c) A ground rod sleeve that prevents the top of a ground rod from mushrooming when it is being driven into the soil.

d) A flint igniter to start the exothermic reaction in a Cadweld One-Shot.

13.0 Grounding Circuit Designs

Varying types of installations, site conditions, and lightning frequency shall dictate the optimum grounding circuit to be used.  Ground rods may not be practical in job sites with rocky soils.
14.0 Typical Grounding Grids

The type of grounding grid designed for a piece of electronic equipment is a function of the total length and size of the wires connected to it.  Ground rods and plates can be used in sand and clay soils.  Ground plates and bare copper wires are used in rocky soils.   Typical grids for various pieces of electronic equipment and soil conditions are shown in figures 2 to 8.

 14.1 - Irrigation Controllers - A 64-station controller has many more wires connected to it than does a 12-station controller.  As more wires are connected to a piece of electronic equipment, more lightning energy enters the equipment, and a more substantial grounding grid must be used.  Use the following chart to determine the appropriate design from figures 2 to 8.

	
	Use Figure Shown for:

	Stations per Controller Location
	Non-Rocky Soils
	Rocky
Soils

	64
	2 or 3
	3

	96
	4 or 5
	5

	128
	6 or 7
	7

	256
	8
	8
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14.2 – For Irrigation Central Computer, Weather Stations and Pump Station Control Panels - Choose from figures 2 or 3, depending on soil conditions.

 14.3 – If after following the guidelines of the above charts and ensuring that the installation and soil moisture content are correct, the resistance readings are more than 10 ohms, the grounding grid shall be upgraded to a recommended figure of the next number of stations.  

Example:  A 48-station controller is grounded as in figure 3.  The moisture content is confirmed to be at least 15%, the installation is correct, and the resistance is measured to be 18 ohms.  In this case the grounding grid must be upgraded to figure 4 or 5.
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Disclaimer: The American Society of Irrigation Consultants (ASIC) has made every effort to ensure that the information and recommendations contained within are correct. However, neither ASIC nor any of its members warrants nor accepts any liability for the use of this information. National and local electrical codes should always be followed.  Wiring, grounding, shielding, and bonding irrigation system components often require competent engineering judgment on a case-by-case basis. Competent engineering assistance should be sought from professional members of ASIC.
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�CADWELD One-Shot is a registered trademark of ERICO Electrical Products





� PowerSet® and PowerFill® are registered trademarks of LORESCO International.  GEM® is a registered trademark of ERICO Electrical Products
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