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GOAL GOAL –– Potentials In Paved AreasPotentials In Paved Areas
Current Procedures:

Drilling through pavement 
every 5-10 feet (most 
prevalent)
Offset measurements in 
adjacent unpaved areas
Surface wetting (varying 
degrees of success)
Skip paved areas completely

Goal – New/Improved 
Tools/Methods:

More reliable data
More efficient, safer
User-friendly
Applicable to LDCs and 
transmission operators alike
Ultimately promotes more 
surveying in paved areas, 
thereby improving pipeline 
integrity
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SCOPE SCOPE -- Potentials In Paved AreasPotentials In Paved Areas
Three Paving Types:

Asphalt
Concrete
Gravel

Primary Research Activities:
Literature search / interviews / data mining
Laboratory tests
Field tests
Develop and validate procedures
Final Report
Test Method
Outreach – presentations to industry, publications
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Industry OutreachIndustry Outreach
Quarterly and final reports to PHMSA
Presentations made to Joint 
PHMSA/Industry Advisory Committee
Research findings presented periodically 
to project industry partners
Technical publications and presentations 
– NACE and AGA 
Web-based workshop
Interfacing with NACE and ASTM to 
proceed with development of industry 
consensus test method (upon approval 
by PHMSA)
Use in Corrpro projects
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Early Research Activities:Early Research Activities:
CIS & DCVG On Recently Paved RoadCIS & DCVG On Recently Paved Road

Drilled Hole On Paving

A1125 8% 2%
A1004 33% 29%
A502 5% 4%

Relative Severity - %IRIndication Ref. 
No. 
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Early Research Activities: Large Natural Gas LDCEarly Research Activities: Large Natural Gas LDC

8-miles Interrupted CIS/DCVG annually on paving, 
predominantly asphalt (wide range of age, thickness, and 
sub-bases not determined)

Light surface wetting at reference electrode immediately prior 
to placement

Techniques successfully used for several years

93% effective data as-measured with reference electrode on 
paving (2007 survey year)

7%, 13 areas totaling 0.5-mile required repeat measurements 
using bar-holes through paving (2007 survey year)
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Research Postulation resulting from Early ActivitiesResearch Postulation resulting from Early Activities

If basic electrical measurements could characterize a 
pavement, then decisions and guidelines regarding the 
validity of potential measurements with reference 
electrodes on the paved surface could be made.

As the research has progressed, this postulation has 
been tested and refined.  The result is a simple field 
test procedure that can be used at the onset of a 
potential survey to determine if on-paving 
measurements can be made accurately.
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““Bathtub TestsBathtub Tests””

VOLTS

OHMS

PAVING SAMPLE WITH SUB-BASE (TYP.)

COATED “PIPE”
WITH HOLIDAY

BARE “PIPE”

TEST ANODE FOR 
INJECTION OF DC 
AND AC CURRENT

TOP SOIL WITH VARIED 
MOISTURE & SALT CONTENT

ASPHALT, CONCRETE, GRAVEL
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Asphalt Resistance / Resistivity MeasurementsAsphalt Resistance / Resistivity Measurements

Megohm Resistance Meter 
1,000 Volt Max. Source Voltage
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Concrete Potential & Resistivity MeasurementsConcrete Potential & Resistivity Measurements

Digital Voltmeter 
with Variable Input Resistance

to 200 Megohm
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““Bathtub TestsBathtub Tests””:: ASPHALTASPHALT
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““Bathtub TestsBathtub Tests””:: ASPHALTASPHALT
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Resistivity:
ρ (ohm-cm) = Rmeas (ohms) x Area ÷ Thickness

Normalized Surface Resistance (independent of thickness):
Rnorm (ohm-ft2) = Rmeas (ohms) x Area



17

““Bathtub TestsBathtub Tests””:: CONCRETECONCRETE
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Concrete Paving: Potential vs. TimeConcrete Paving: Potential vs. Time
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Characterizing Pavement Characterizing Pavement –– Field Tests: Field Tests: GRAVELGRAVEL
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InIn--Situ Surface Resistance MeasurementsSitu Surface Resistance Measurements

Metal Plate Electrode       
(with damp towel to 

minimize contact 
resistance)

Megohm
Resistance 

Meter

Counter 
Electrode = 

Ground 
Connection 
on Power 

Pole

(driven rod 
into nearby 

soil will 
typically 
suffice)

Less than 5 minutes 
per test

Normalized Surface Resistance (independent of 
thickness): 

Rnorm (ohm-ft2) = Rmeas (ohms) x Area
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Characterizing Pavement Characterizing Pavement –– Field Tests:Field Tests: ASPHALTASPHALT
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Holes vs. NoHoles vs. No--Holes:Holes: WellWell--Compacted GravelCompacted Gravel
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DH: ON - In Drilled Hole, Pre-Wetting, 1" Pointed Reference Electrode Not Wrapped In Sponge (1/24/09)

DH: OFF - In Drilled Hole, Pre-Wetting, 1" Pointed Reference Electrode Not Wrapped In Sponge (1/24/09)

SP: ON - On Gravel, Pre-Wetting, 1" Pointed Reference Electrode Wrapped In Sponge (1/29/09)

SP: OFF - On Gravel, Pre-Wetting, 1" Pointed Reference Electrode Wrapped In Sponge (1/29/09)

FT: ON - On Gravel, Pre-Wetting, 1" Flat Reference Electrode Not Wrapped In Sponge (1/29/09)

FT: OFF - On Gravel, Pre-Wetting, 1" Flat Reference Electrode Not Wrapped In Sponge (1/29/09)

ST: ON/OFF - 2.5 Ft. Interval On Gravel, Standard Procedures, No Pre-Wetting, 1" Pointed Reference Electrode Not Wrapped In Sponge (1/29/09)

Recently Constructed Well-Compacted Gravel Parking Lot
 ~24 Inches Thick

Average Minimum Maximum
1,000 600 1,800Pavement Surface Contact Resistance (Ohm-Sq.Ft.)
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Holes vs. NoHoles vs. No--Holes:Holes: Weathered Asphalt/RockWeathered Asphalt/Rock
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SP: ON - On Concrete, Pre-Wetting, 1" Pointed Reference Electrode Wrapped In Sponge 
SP: OFF - On Concrete, Pre-Wetting, 1" Pointed Reference Electrode Wrapped In Sponge
FT: ON - On Gravel, Pre-Wetting, 1" Flat Reference Electrode Not Wrapped In Sponge 
FT: OFF - On Gravel, Pre-Wetting, 1" Flat Reference Electrode Not Wrapped In Sponge 

Weathered Asphalt/Rock Parking Lot
~10 Inches Thick

Pavement Surface Contact Resistance (Ohm-Sq.Ft.) 49,000
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Holes vs. NoHoles vs. No--Holes:Holes: Weathered ConcreteWeathered Concrete
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SP: ON - On Concrete, Pre-Wetting, 1" Pointed Reference Electrode Wrapped In Sponge
SP: OFF - On Concrete, Pre-Wetting, 1" Pointed Reference Electrode Wrapped In Sponge
FT: ON - On Concrete, Pre-Wetting, 1" Flat Reference Electrode Not Wrapped In Sponge
FT: OFF - On Concrete, Pre-Wetting, 1" Flat Reference Electrode Not Wrapped In Sponge 

Weathered Concrete Parking Lot
~18 Inches Thick

Pavement Surface Contact Resistance (Ohm-Sq.Ft.) 1,100
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Holes vs. NoHoles vs. No--Holes:Holes: Weathered AsphaltWeathered Asphalt
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SP: ON - On Gravel, Pre-Wetting, 1" Pointed Reference Electrode Wrapped In Sponge 
SP: OFF - On Gravel, Pre-Wetting, 1" Pointed Reference Electrode Wrapped In Sponge
FT: ON - On Gravel, Pre-Wetting, 1" Flat Reference Electrode Not Wrapped In Sponge
FT: OFF - On Gravel, Pre-Wetting, 1" Flat Reference Electrode Not Wrapped In Sponge 

Weathered Asphalt Parking Lot
~18 Inches Thick

Average Minimum Maximum
2.E+08 6.E+07 3.E+08Pavement Surface Contact Resistance (Ohm-Sq.Ft.)
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Surface Resistance Threshold for Asphalt & GravelSurface Resistance Threshold for Asphalt & Gravel
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ConclusionsConclusions
Gravel & Asphalt:

Simple, straightforward pre-survey surface resistance 
measurements can be used to determine if on-pavement 
potential surveys will yield accurate results
A threshold of ~2x105 ohm-ft2 has been identified 
A standard 3” diameter reference electrode with wetted towel or 
sponge is adequate to minimize the effect of contact resistance
A standard test method (next slide) has been prepared that could
be adopted by industry standards organizations, e.g. NACE and 
ASTM

Concrete:
No clear, consistent method for making accurate pipe-to-soil 
potential measurements without drilling holes
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