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The following is a brief review of some of the applicable NESC Rules and experiences of Pedernales Electric Cooperative.  The content is intended to encourage discussion and the sharing of ideas and experiences for the benefit of the participants.

Starting at the top.

093. Grounding Conductor and Means of Connection

093A Composition-Copper or other metals which will not corrode excessively during expected service life.

093C Ampacity and Strength

093C2 System Grounding Conductors for Multi-Grounded Alternating Current Systems-…ampacities not less than one-fifth that of the conductors to which they are attached.

An AWG No.6 copper is of sufficient ampacity to ground neutral conductors through 397.5mcm aluminum and is often the conductor of choice.  In cases where a 795mcm conductor was chosen as a neutral where it was installed on the lower crossarm of a double-circuit line, an AWG No.2 copper was utilized as a pole ground conductor.

093C4 Grounding Conductors for Primary Surge Arresters-…shall be no smaller than AWG No.6 copper or AWG No.4 aluminum.

093C9 Strength-…mechanical strength suitable…not less than that of AWG No.8 soft-drawn copper…

093D Guarding and Protection

093D1 …grounding conductors need not be guarded where not readily accessible to the public nor where grounding multi-grounded circuits or equipment.

093D3 Where guarding is not required, grounds shall be protected by being substantially attached closely to the surface of the pole or other structure in areas of exposure to mechanical damage and, where practical, on the portion of the structure having least exposure.

The Cooperative continues to utilize the method of attachment to wooden poles as was prescribed by the REA which includes staples spaced two feet apart except for a distance eight feet from the top and eight feet above the ground, where they shall be spaced six inches apart.

Concrete pole grounds are attached by clips spaced on five foot centers.

Steel poles are grounded via a “riv-nut” located near the neutral attachment point and approximately one foot above ground level.  In most cases the Cooperative will choose not to utilize additional rods or plates when grounding steel poles, where a grounding or bearing plate meeting Rule 094B3c(Plates or Sheets) is affixed to the pole.
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094. Grounding Electrodes

Grounding electrodes shall be one of the following:

094A Existing Electrodes

The Cooperative doesn’t employ the use of Existing Electrodes for pole grounds.

094B Made Electrodes

094B1 General-…penetrate permanent moisture level and below the frostline. Made electrodes shall be of metals or combinations of metals that do not corrode excessively under the existing conditions for the expected service life.

094B2 Driven Rods

094B2a …total length shall not be less than eight feet. 5/8 inch minimum dia. for iron or steel, 1/2 inch minimum dia. for copper-clad, stainless or stainless-clad.

094B2b Longer rods or multiple rods may be used to reduce ground resistance.  Space between multiple rods should not be less than 6 ft.

094B2c Driven depth shall be not less than 8 ft. except where rock bottom is encountered.

094B3 Buried Wire, Strips or Plates

094B3a Wire

Wire 100 feet in total length buried straight or in a grid, 18 inches deep.

094B3b Strips

Strips not less than 10 feet in length, with not less than 5 sq. ft. surface.  Ferrous electrodes shall be not less than .25 in. thick.  Non-ferrous electrodes shall be not less than .06 in. thick.

094B3c Plates or Sheets

Metal plates or sheets, having not less than 2 sq. ft. of surface exposed to the soil, and at a depth not less than 5 ft., constitute an acceptable made electrode.  Ferrous electrodes shall be not less than .25 in. thick.  Non-ferrous electrodes shall be not less than .06 in. thick.

094B4 Pole-Butt Plates and Wire Wraps

094B4a General-In areas of very low soil resistivity there are two constructions that may provide effective grounding electrode functions, although they are inadequate in most other locations….two may be counted as one made electrode…however these types shall not be the sole grounding electrode at transformer locations.

094B4b Pole Butt Plates- Ferrous electrodes shall be not less than .25 in. thick.  Non-ferrous electrodes shall be not less than .06 in. thick.  Further, the plate area exposed to the soil shall be not less than .5 sq. ft.

094B4c Wire Wrap-Wire of copper or other metals that will not corrode excessively under the existing conditions and shall have a bare or exposed length below ground level of not less than 12 feet, shall extend to the bottom of the pole, and shall not be smaller than AWG No.6.

094B6 Concrete-Encased Electrodes

A concrete encased metallic wire or rod, 20 feet in length being a minimum of AWG No.4 copper, 3/8 inch dia. or AWG No.1/0 steel, with no less than one foot and preferably 2.5 feet being below ground shall constitute an acceptable ground electrode.


096. Ground Resistance Requirements


096C Multi-Grounded Systems

The neutral, which shall be of sufficient size and ampacity for the duty involved, shall be connected to a made or existing electrode at each transformer location and at a sufficient number of additional points with made or existing electrodes to total not less than four grounds in each mile of the entire line, not including grounds at individual services.

Note: Multi-grounded systems extending over a substantial distance are more dependent on the multiplicity of grounding electrodes than on the resistance to ground of any individual electrode.  Therefore, no specific values are imposed for the resistance of individual electrodes.

The service area:

Pedernales Electric Cooperative provides service to 184,000 members in an 8,100 square mile area of central and west-central Texas, roughly between Interstate Highway 35 and Sonora.  The area includes many quarries which produce various types of limestone and granite.
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The Standard Procedure:

A #6 soft-drawn Cu. pole ground wire was bonded with a #6-#6 split-bolt connector to a short jumper connecting a 5/8” x 8’ galvanized steel ground rod.  The ground rod was then placed over the hole and “driven” into the hole by the pole butt, or in some cases, bent by hand into a “U” using any feature available on the line truck or wire trailer.  In either case the hole was then backfilled with tamped earth.  

Concerns were expressed that there existed the potential for bodily injury during the manual ground rod bending process.  Additionally, the loosely tamped earth offered little initially as a low-resistance path to ground

Corrective measures:

In an effort to reduce substation equipment damage and service interruptions due to lightning, a brief survey measuring ground resistance at arrester poles within one mile of several substations was conducted.  Finding higher than desirable levels, the decision to augment the existing grounds was made.  The addition of rods, keeping them a minimum of six feet apart, was difficult due to the presence of rock in many locations.  The excavation of a 3” hole with a rock drill backfilled with a ground rod and ground enhancement material was the most common measure utilized.

Recognizing the expense of adding electrodes after the line construction was completed the decision to install a full electrode at each pole was made, and with the concern for employee safety, the large copper butt plate seemed the logical choice.  Due to the high resistivity of the soils over the majority of the service area, it was decided also to adopt the practice of adding ground enhancement material at each pole location.  Cooperative approved electrodes are: Erico No. GPECEHX3 and GMF No. 70795-2.  Cooperative approved ground enhancement materials are Conducrete® and Erico GEM25A.
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Subsequent to the installation of several of the electrodes mentioned above, ground resistance was measured in an effort to compare the effectiveness of the new method with the old method of pole grounding.  The measurements were taken in a variety of soil types using an AEMC Model 3700 clamp-on ground resistance tester.  The area had experienced higher than average rainfall in the previous few months.

The following are the findings:

Wirtz Substation Exits- A new double-circuit 795mcm AAC line was recently constructed adjacent to an older 336.4mcm AAC line north of the Wirtz substation near Marble Falls.  The soil is a mixture of sand and granite gravel.

	Grounding

Method
	Soil

type
	Resistance

	old line

multiple rods
	granite gravel
	18 ohms

	new line

large plate
	granite gravel
	12.2 ohms

	new line

large plate
	granite gravel
	24 ohms

	old line

small butt plate
	granite gravel
	38 ohms

	new line

large plate
	granite gravel
	17.8 ohms



	new line

large plate
	granite gravel
	25 ohms

	new line

large plate
	granite gravel
	35 ohms


A new single-circuit 336.4mcm AAC line was recently constructed to an industrial park near Marble Falls.  The concrete poles were set in dolomite limestone and backfilled with concrete.

	Grounding

Method
	Soil

type
	Resistance

	new line

large plate
	dolomite

limestone
	14.8 ohms



	new line

large plate
	dolomite

limestone
	12.1 ohms

	new line

large plate
	dolomite

limestone
	32 ohms

	new line

large plate
	dolomite

limestone
	21 ohms

	new line

large plate
	dolomite

limestone
	21 ohms

	new line

large plate
	dolomite

limestone
	25 ohms

	new line

large plate
	dolomite

limestone
	31 ohms

	new line

large plate
	dolomite

limestone
	27 ohms

	new line

large plate
	dolomite

limestone
	26 ohms

	new line

large plate
	dolomite

limestone
	21 ohms

	new line

large plate
	dolomite

limestone
	27 ohms



	new line

large plate
	dolomite

limestone
	24 ohms

	new line

large plate
	dolomite

limestone
	30 ohms

	new line

large plate
	dolomite

limestone
	25 ohms

	new line

large plate
	dolomite

limestone
	23 ohms

	new line

large plate
	dolomite

limestone
	21 ohms

	new line

large plate
	dolomite

limestone
	20 ohms

	new line

large plate
	dolomite

limestone
	22 ohms

	new line

large plate
	dolomite

limestone
	19 ohms

	new line

large plate
	dolomite

limestone
	26 ohms

	new line

large plate
	dolomite

limestone
	33 ohms

	new line

large plate
	dolomite

limestone
	20 ohms

	new line

large plate
	dolomite

limestone-wet
	9.9 ohms

	new line

large plate
	dolomite

limestone
	25 ohms

	new line

large plate
	dolomite

limestone
	32 ohms


Kyle

	Grounding

Method
	Soil

type
	Resistance

	new line

large plate
	loam/clay
	14.1 ohms



	new line

large plate
	loam/clay
	12.6 ohms

	new line

large plate
	loam/clay
	15.1 ohms

	small butt plate
	loam/clay
	17.7 ohms

	single ground rod
	loam/clay
	3.9 ohms

	single ground rod
	loam/clay
	14.2 ohms

	small butt plate
	loam/clay
	15 ohms


Manchaca

	Grounding

Method
	Soil

type
	Resistance

	small butt plate
	loam/clay
	19.5 ohms

	single ground rod
	loam/clay
	15.7 ohms

	single ground rod
	loam/clay
	13.2 ohms

	single ground rod
	loam/clay
	11.1 ohms

	single ground rod
	loam/clay
	10.9 ohms

	single ground rod
	loam/clay
	4.6 ohms

	small butt plate
	loam/clay
	25 ohms

	single ground rod
	loam/clay
	34 ohms

	small butt plate
	loam/clay
	16.4 ohms

	small butt plate
	loam/clay
	13.9 ohms

	small butt plate
	loam/clay
	15.1 ohms

	small butt plate
	loam/clay
	9.6 ohms


Conclusion

The suspended use of the ground rod in rocky soils and the utilization of the large copper electrode and ground enhancement appear to show favorable results.  In addition to the elimination of at least one possible cause of injury we were able to obtain more desirable results in the attempt to obtain low-resistance grounds.

