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Agenda
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* |ntroduction

« Grounding and Ground Electrode
Resistance

« Earthing Enhancement Compounds

* International Electrotechnical Commission
(IEC)

« |EC 62561-7 Requirements for Earthing
Enhancing Compounds

* Leaching Tests
« Sulfur Tests
« Determination of Resistivity

 Corrosion Tests — Linear Polarization
Resistance (LPR)

« Marking and Indications
« Structure and Content of Test Report
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Why Ground?

ERICO

Personnel Safety

— Reduce Potential Differences Between
Non-current Carrying Parts (Enclosures)
and Between Non-current Carrying Parts
and Earth

Equipment Protection

— Operate Overcurrent Device During a
Ground Fault

— Equalize Voltage Potentials
— Overvoltage Control

Lightning Dissipation
ESD (Electrostatic Discharge)
Noise Control (Computer Grounding)
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Costs of Inadequate Grounding

ERICO

 Equipment Damage

 Downtime and Loss of Operations

* Loss of Service

* Public Dissatisfaction About Reliability
 Human Safety
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Soil Resistivity
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Description ARG Ref}izie\:/rig (@lim-
Well-graded gravel, gravel-sand mixtures, little or no fines 600 to 1,000
Poorly-graded gravel, gravel-sand mixtures, little or no fines 1,000 to 2,500
Clayey gravel, poorly graded gravel, sand-clay mixtures 200 to 400
Silty sands, poorly graded sand-silt mixtures 100 to 500
Clayey sands, poorly graded sand-clay mixtures 50 to 200
Silty or clayey fine sands with slight placticity 30 to 80
Fine sandy or silty soils, elastic silts 80 to 300
Gravelly clays, sandy clays, silty clays, lean clays 25 to 60
Inorganic clays of high plasticity 10 to 55
Sea water 1

Resistivities of Different Soil Types
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Soil Resistivity

Table 1—Geological Period and Formation

Cretaceous Cambrian Pre-Cambrian
Earth Resistivity Tertiary Carboniferous Ordovician and Combinat.
Ohmmeters Quarternary Quarternary Triassic Devonian with Cambrian
1 Sea water
Loam
10 Unusually low Clay
Chalk Chalk
30 Very low
Trap
100 Low Diabase
Shale
300 Medium Shale
Limestone
Limestone
1000 High Sandstone
Sandstone Sandstone
Coarse Sand
3000 Very High Dolomite Quartyite
and Gravel
Slate
10 000 Unusally high in surface
Gramte
Layers
Gneisses

NOTE — Table 1 is from reference [B38] of the Bibliography section.

Soil Types and Resistivity - Geological Period

and Formation (IEEE Std 81)
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Soil Resistivity

ERICO
Seasonal VVariation of Earth Resistance With an
Electrode of 3/4" Pipe in Stony Clay Soil
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Resistance Variation With Seasons
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Soil Resistivity

ERICO

Moisture Resistivity, Ohm-cm
content % by
weight Top soil Sandy loam
0 1,000 x 10° 1,000 x 10°
2.5 250,000 150,000
5 165,000 43,000
10 53,000 18,500
15 19,000 10,500
20 12,000 6,300
30 6,400 4,200

Effect of Moisture on Earth Resistivity
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Soil Resistivity

SUIL RESISTIVITY - DHM-METERS

4000

=200

=000

=00

=000

15200

1000

So0o

|
\
\
\

\ TR, =D0OI
\
\
\
N\
\k
AN
N\
\\
\\__
=S 10 15 — O = =0 =5

FERCENT MOIS T URE

Effect of Moisture

Copyright 2014 ERICO International Corporation. All rights reserved.

ERICO



Soil Resistivity

ERICO
Temperature L
Resistivity, ohm-cm
OC OF
20 68 7,200
10 50 9,900
0] 32 (water) 13,800
0] 32 (ice) 30,000
-5 23 79,000
-15 14 330,000
*For sandy loam, 15% moisture

Effect Of Temperature On Earth Resistivity

A Seasonal Change From 20° C to -5° C Will
Decrease Soil Resistivity by a Factor of 10

Copyright 2014 ERICO International Corporation. All rights reserved.



Soil Resistivity

SUIL RESISTIVITY - [HM-METERS
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Ground Electrode Resistance
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 Resistance Between Round
Electrode System and Remote
Earth

« Comprised of:
— Resistance of Electrode

— Contact Resistance Between the
Electrode and Soil

— Resistance of Soil, from the Electrode
Surface Outward

— Flow of current outward from the
electrode to infinite earth
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Ground Electrode Resistance
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« Measurement of Ground
Electrode Resistance

3-Point Fall-of-Potential Method
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Ground Electrode Resistance

* Requirements
— NEC and NESC
25 ohms

— Military Standards
10 ohms

— Telecom Industry
5 ohms

< IEEE

3 Pt A, N T, Y V044 L LA

National Electrical Code*
| . inbernotional Eledricol Cods™ S4ries

ERICO

..............

mmmmmmm

MILITARY HANDBOOK

GROUNDING, BONDING, AND SHIELDING
FOR
ELECTRONIC EQUIPMENTS AND FACILITIES

VOLUME 1 OF 2 VOLUMES
BASIC THEORY

sssssssssssss

TA

TIA STANDARD

Generic Telecommunications Bonding
and Grounding (Earthing) for Customer

Premises

TEICORMMCATONS
INDUSTRY ASSOCUTION
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Lowering Ground Resistance
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« What Affects the Grounding
Resistance?

— Diameter of the Ground
Electrode

— Length / Depth of the Ground
Electrode

— Number of Ground Electrodes
— Grounding System Design
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Lowering Ground Resistance
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Rod Diameter Has Minor Effect on Resistance
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Lowering Ground Resistance
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Resistance vs. Rod Depth
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Doubling Rod Depth Reduces
Resistance 40% In Uniform Soil
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Lowering Ground Resistance
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 Ground Enhancement Methods

— Chemicals (Salts) and Chemical Ground Rods
 May Need to Be Periodically Recharged

« May Have Environmental Concerns Depending on
Materials

— Bentonite
* Primarily Comprised of the Mineral Montmorillionite
« Requires Moisture to Maintain Low Resistance
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Lowering Ground Resistance
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« Earthing (Ground)
Enhancement Materials

— Available in Several
Forms Including
Powders, Granules,
Pellets, Gels and
Cementitious Mixtures

Ground Rod and Conductor with
Earthing (Ground) Enhancement
Material
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Lowering Ground Resistance

ERICO

— Copper Sulfate / Copper-based
Solutions (Gels)
* Chemical Treatment
* Electrolytic or lonic Conduction

— Carbon Based Materials

— Cementitious Materials
 Permanent
* Does Not Leach or Wash Away

« Shown to be Effective in Long
Term Independent Studies
(NEGRP)
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Ground Enhancement Material

ERICO
r
Radius (r)in Percent of
Meters Resistance
1 0.03 25%
1 0.06 38%
0.09 46%
0.15 52%
0.3 68%
/\, 15 86%
3 94%

Resistance Around Rod
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International Electrotechnical Commission

 Established in 1906

* Non-profit, Non-
Governmental

 Headquartered in Geneva,
Switzerland

 Part of World Standards
Corporation

6,178 Published Standards
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World Standards Cooperation

Standards Development

Technical Experts
v

National Committees
7

Technical Committees /
Subcommittees
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IEC 62561-7

Lightning Protection
System Components
(LPSC), Part 7:
Requirements for Earthing
Enhancing Compounds

Published November, 2011
— Leaching

— Sulfur

— Resistivity

— Corrosion

— Marking / Indications

— Test Report

ERICO

IEC

Edition 1.0 2011-11

INTERNATIONAL
STANDARD

Lightning pro t 1 system compor t(LPSC)
Part 7: Requir tsfo earthing e h ing compounds

Composants des ystmesdptt n contre la foudre (CSPF) -
Partie 7: Exigences pour les enrichisseurs de terre
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IEC 62561-7 Leaching Tests

Earth Enhancement Materials

must be Chemically and
Physically Stable
EN 12457-2

“Characterization of Waste -
Leaching - Compliance Test for
Leaching of Granular Waste
Materials and Sludges - Part 2”

EN 12506

“Characterization of Waste -
Analysis of Eluates -
Determination of pH, As, Ba,
Cd, Cl-, Co, Cr, Cr VI, Cu, Mo,
Ni, NO2-, Pb, total S, SO,%, V
and Zn”.

ERICO

EUROPEAN STANDARD
NORME EUROPEENNE
EUROPAISCHE NORM

EN 124572

CS 13.020.10; 1303020

lea hgfg

This European Standard was approved by CE! Augast 2002

N e an Reg.

Stancars the sats 1ONal SLINCIY WANDUL 3Ny SECIBON. Up-10-Tate 1SH5 0 DROQIDNCH TEferances CconGaming Sush naterdl
e E= e or o any "

Tres European Standard exisis 1 three offctal versions (Engish French, Geman) n any ofer| na0e by i

undes the responsbilty of a CEN member int 5. oan nguage and notfed o ek wmnvmmaum- o = e ot

oS,

CEN members are the national standards bodes of Aus?
leaang, Insand, Italy, LLIsEmocu, MaIT3, Nemarands, Norady, POugY, Soain, Sv

E >
EUROPEAN COMMITTEE FOR STANDARDIZATION
COMITE EUROPEEN DE NORMALISATION

Management Centrs: rus ge Stassart. 3 B-1050 Brusssis

i Begurn, Cazch mepuc, D wmwwmw Greece,
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IEC 62561-7 Sulfur Tests

e«  Sulfur Content
« Petroleum Coke often Used

e (Corrosive to Ground
Electrodes

« 1S0O 14869-1

—  “Soil quality - Dissolution for the
Determination of Total Element
Content -- Part 1: Dissolution
with Hydrofluoric and Perchloric
Acids”

Copyright 2014 ERICO International Corporation. All rights reserved.
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IEC 62561-7 Resistivity

ERICO

 No Requirement for Minimum
Resistivity

« Must be Marked on
Packaging
— Product Data Sheets
— Catalog
— Instruction Sheets

« Tested in Accordance to s i
ASTM G-57 2 B
— “Standard Test Method for Field 3

Measurement of Soil Resistivity

Using the Wenner Four- o [
Electrode Method”.
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IEC 62561-7 Corrosion

« Linear Polarization
Resistance Method

« ASTM G59-97

— “Standard Test Method for
Conducting Potentiodynamic
Polarization Resistance
Measurements”

« ASTM G102-89

— “Standard Practice for
Calculation of Corrosion Rates
and Related Information from
Electrochemical Measurements”

ERICO

Designation: G 59 - 97 (Reapproved 2009)
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G oy
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IEC 62561-7 Corrosion
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* Polarization o e
Resistance !/ o S Y,

— Related to the Rate of i,,om,.qem,de,l
General Corrosion for

Metals at or Near their
Corrosion Potential

— Potentiostat Measures

Potentiostat

Current as a Function of e
Voltage .. '

— Results in Polarization 03 b A
C u rve Absolute Current

Polarization Curve
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IEC 62561-7 Corrosion

ERICO
* Polarization Resistance B
IS Related to the | =
_ corr
Corrosion Current Rp
(Anodic or Cathodic) by
the Stern-GeaFy B = Proportionality Constant (mV)
COeffICIent B R, = Linear Polarization Resistance (¢.m?)

Icorr = Corrosion Current (LA/cm2)
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IEC 62561-7 Corrosion

« Stern-Geary
Coefficient B

— Determined
Empirically by Weight
Loss Experiments

or

— Calculated from
Slopes of Anodic and
Cathodic Tafel

Curves

ERICO

B: ba bC
2.3(b, +b,)

B = Stern-Geary Coefficient (mV)
b, = Slope of Anodic Curve
b, = Slope of Cathodic Curve
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IEC 62561-7 Corrosion

ERICO
« Conversion of Corrosion MmA _398 M
Current i.,,, from pA/cm? em?2 7 nd

to um/yr

M = atomic mass

1 tAlcm2 = 11.6 um/yr
for Copper

n = number of electrons
freed by corrosion reaction

d = density
1 tAlcm2 = 15.0 um/yr
for zinc
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IEC 62561-7 Corrosion

Copper
Corrosion Rate C

um/yr

 11.6B
10R

P

C

Copyright 2014 ERICO International Corpo

Zinc

ERICO

Corrosion Rate C

C
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um/yr

~ 15.0B

10R

P



IEC 62561-7 Stern-Geary Constants
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« Copper

— Non-Aggressive Environments
B=25mV

— Aggressive Environments
B =50mV
« Zinc
— Non-Aggressive Environments
B=20mV

— Aggressive Environments
B=50mV
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Calculation of Polarization Resistance

ERICO
« Copper

— 10 mils (254 um) Copper
— Lifetime = 35 years 11 6 B
— Corrosion Rate for Copper- C — :

bonded Ground Rods Must be 10R

Less than 7.3 pm/yr P
— Polarization Resistance CO p p er

* 4 (O-m2 for Non-aggressive
Environments

« 8 Q-m2 for Aggressive
Environments
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Calculation of Polarization Resistance

ERICO
« Zinc

— 3.9 mils (99 um) of Zinc
— Lifetime = 10 years 15 0B
— Corrosion Rate Must not C = '

Exceed 9.9 ym/yr 10R
— Polarization Resistance Greater P

Than ZI nc

« 3 Q-m2 for Non-aggressive
Environments

« 7.6 Q-m2 for Aggressive
Environments

Copyright 2014 ERICO International Corporation. All rights reserved.



IEC 62561-7 Marking and Indications

 The Following Must
be Included:

— Manufacturer’'s name,
trademark or
identifying symbol

— Serial or Lot number

— Must Include
Installation Instructions

— Resistivity and Test
Apparatus Used

— Conformity statement
to IEC 62561-7

ERICO

GEM25A: IEC 62561-7, Sec 5.6, Marking and Indications

On each package unit shall be marked in an indelible way

a) the name of the manufacturer or his trademark,

b) the type or the serial number of the batch of earthing enhancing compound,
c) the installation instructions,

d) the resistivity value and test apparatus used,

e) the conformity statement to the present standard.

INSTRUCTION SHEET

GROUND ROD BACKFILL INSTALLATION

Gopth of hote fleat
e ren | ¢ ’ 2am| 7 S2m e
R Y

W |

wa| s

N

3N

T w i p
W% mal ® o W o " =

M 200E.

Mot o méx L w0 2ty form, v S omant s o i b th G, 2 g b,
i ot U 15103 35toms 5710 .4 1] 1t 5oL et G 58 81 OO
Bt ron i s o ke

Copyright 2014 ERICO International Corporation. All rights reserved.




IEC 62561-7 Structure of Test Report
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« Report identification | e ———
° S p ecC I men d escCr | p tl on Sples -

+ Description of Test Procedure,
Testing Equipment, and |
Measuring Instruments _ =

 Results, Parameters, Passing
Criteria

+ Pass/Fail Statement e e
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