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The us. Department ofTransportation Pipeline 

6·Hazardous Materials Safety Administration 

sponsored a research project for the external 

corrosion direct assessmentprocess for buried 

pipelines. Part 1 0/this article (March 2011 MP) 

addressed methodologiesfor casedpipe. 

Part 2 covers severity ranking o/indirect 

inspection indications andpotential 

measurements in paved areas. 
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s tudY sponsored by th e U .S. 

Department of Transpo n a ti on 

Pipeline & Hazardous M aterials ~Sa f(::ty Admin is trat io n (PH MSA) 

was conducted to determine the applica­

bilit"), of existing and eme rging tec hnolo­

gies to assess buried pipel ines !()f ex ternal 

corrosion using external corros ion di rect 

assessmen t (ECDA). This incl uded ex­

aminaLion of existing ECDA processes , 

best practices of pipeline opemto!"!;, a nd 

emergi ng technologies. The prqjecl find­

ings are significant ["or gas trans mission 

pipe line operato rs in the United States 

because the integTlty of a ll pipe in high­

consequence areas (H CAs) must be as­

sessed by December 17 , 20 12, includi ng 

those segm ents 0 [" pipe in c;)sings. T here 

is an industry need for a methoclo logy to 

assess casrd pipe where in-line inspec ti on 

(ILl) and prrssure testing are either not 

possible or no t practical. 

Severity Ranking 
T he p urpose of the seve ri ty ranking 

portion 0(" the study was to enha nc the 

existi ng Tables 3 and 4 in NACE SP0502­

20 I 0. 1 T h "' existing tabl es in the standard 

are ve lY general, which result in vcuying 

interpretations and inconsistencies in ap­
plication unde r the current practice . T he 

proj ec t goals we re to identify improve­

m ents that cou ld be made and develop an 

enhanced severity ranking methodology. 

D a ta from fi ve transmission and dis­

tributio n sys tem operato rs were co m­

piled , so rted , and analyzed. This included 

th e res ul ts of '1·00 d irect examinations 

with complete, applicable data sets, in­

cluding soil analysis. Fifty percent (200) 

of the data sets lIsed in the study demon­

strated mcas urable ex ternal corrosion. 

ILl data wefe also analyzed, which cov­

ered 14,000 j oints or p ipe w he re close 

interval poten tia l surveys (CIPS) and al­

te rna ting cu rre nt a ttenua tion (ACCt\) 

surveys had been pe rformed . These data 

included 4,000join ts of"pipe with measur­

able corrosion and 100 excavations. To 
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TABLE 2 

Typical Protective Coating Systems for Carbon Steeis Under Thermal Insulation and Fireproofing 

<Reprinted from NACE SP0198, pp. 25-26.> 

System 
Number 

CS· I 

CS-2 
(shop application 
only) 

CS-3 

CS·4 

CS·5 

CS·6 

CS-7 

CS·8 Bulk or 
shop-primed pipe, 
coated with 
inorganic zinc 

CS·9 Carbon steel 
under fireproonng 

CS-IO Galvanized 
steel under 
fireproofing 

Temperature 

Range(A),(B) 


-45 to 60 °C 

(- 50 to 140 OF) 


-45 to 60°C 
(- 50 to 140 "F) 

5to 150 · C 
(- 50 [0 300 of) 

- 45 to 205 "c 
(- 50 to 400 OF) 

-45 10595 "C 
(- 50 to 1,100 of) 

-45 to 650 "'C 
C-50 to 1,200 OF) 

60 ·C (1 40 ~F) 

maximum 

·-45 to 400 "C 
(- 50 to 750 "F) 

Ambient 

Ambient 

Surface 

Preparation 


NACE No. 21 
SSPC·SP 10 

NACE No, 21 
SSPC·SP 10 

NACE No, 21 
SSPC·Sp 10 


NACE No, 2/ 

SSPC·SP 10 


NACE No. II 

SSPC·SP 5 


NACE No, 21 
SSPC-SP 10 


SSPC-SP 216 or 

SSPC.SP 3 17 


Low·pressure water 

cleaning to 3,000 psi 


(20 MPa) if 

necessary 


NACE No, 2/ 

SSPC-SP 10 


Galvanizing: sweep 

blast with fine, 

nonmetallic grit 


Surface Profile, 
11 m (mil)(C) 

50-75 (2-3) 

50-75 (2-3) 

50-75 (2-3) 

50-75 (2-3) 

50- 100 (2-4) 

40-65 (1,5-2,5) 

N/A 

N/A 

50- 75 (2- 3) 

25 (1l 

Prime Coat, Finish Coat, 
11 m (mil)lD! 11m (m iI)(D! 

High·build epoxy. 130 (5) 	 Epoxy, 130 (5) 

N/A 	 Fusion·bonded epoxy 
(FBE), 300 (12) 

Epoxy phenolic. Epoxy' phenolic, 
100-1 50 (4-6) 100-1 50 (4-6) 

Epoxy novolac or Epoxy novolac or 
silicone hybrid. silicone hybrid, 
100-200 (4-8) 100-200 (4 -8) 

TSA, 250- 375( 10-15) OptIonal: Sealer 
with minimum of 99% with either a thinned 
aluminum epoxy-based or silicone 

coating (depending 
on maximum service 
temperature) at 
approximately 40 (1 .5) 
thickness 

Inorganic copolymer or Inorganic copolymer or 
coatings with an inert coatings with an inert 
multipolymeric matrix, multipolyme,ic matrix, 
100-150 (4-6) 100-1 50 (4-6) 

Thin film of petrolatum Petrolatum or 
or petroleum wax primer petroleum wax tape. 

1-2 (40- 80> 

N/A 	 Epoxy novolac, epoxy 
phenolic. silicone, 
modified silicone, in ­
organic copolymer, 0" 

a coating with an inert 
multipolymeric matrix, 
is typically applied in 
the field. Consult <:oat· 
ing manufacturer for 
thickness and service 
temperature limits'El 

Epoxy or epoxy pheno- Epoxy or epoxy pheno· 

Iic, 100- 150 (4-6) lie, I 00-1 50 (4-6) 


Epoxy or epoxy phenolic Epoxy or epoxy 

(for more informa- phenolic, 100-150 

tion on coatings over (4-6) 

galvanizing, see 4,3,3), 

100-150 (4-6) 


tAl The temperature range shown for a coating system (including thermal-cycling within this range) is that over which the coating system 
is designed to maintain its integrity and capability to perform as specified when correctly applied, However, the owner may determine 
whether any coating system is required, based on corrosion resistance of carbon steel at certain temperatures, Temperature ranges 
are typical for the coating system; however, not all coatings in a category are rated for the given minimum/maximum temperature, 
Specifications and coating manufacturer's recommendations should be followed for a particular coating system, 

(8) Temperature range refers to the allowable temperature capabilities of the coating system, not service temperatures, 
(Cl Typical minimum and maximum surface profile is given for each substrate, Acceptable surface profile range may vary, depending 

on substrate and type of coating, The coating manufacturer's reco[1lll1endations should be followed, 
'D) Coating thicknesses are typical DFT values, but the user should always check the manufacturer's product data sheet for recom­

mended coating thicknesses, 
18 	If inorganic zinc-rich coating is applied in a shop and topcoat is applied in the field, proper cleaning of the inorganic zinc-rich 

coating is required, The use of inorganic zinc-rich coating under insulation is not a preferred system for service temperatures in 
the CUI range up to approximately 175 ('C (350 OF), However, bulk piping is often coated with inorganic zinc-rich coating in the 
shop and some owners purchase this piping for use Linder insulation , In these cases, the inorganic zinc-rich coating should be 
topcoated to extend its life, 
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TABLE 1 

Enhanced severity classification criteria of indirect inspections (100 
(Modification of Table 3 in NACE SP0502·20 10) 

Measure 

A = Orf (polarized) 
potential (mVl 

B = On potential (mV) 


C =On/off convergence (mV) 


D = On and/or off profile 

depression within 100 ft 
(30.5 m) (mV/ span) 

E= Current 98 Hz 

frequency signal loss (- ) 

(mdB[mAl/ft) 


F =Current 4 Hz frequency 

signal loss (- ) 

(mdB[mAl/ ft) 


CP level modifier 

G = Voltage signal loss (- ) 
(dB[mV]) 

CP level modifier 

H = coating defect size (%IA) 

I = Corrosion state 
assessment (normal 
operating conditions) 

CP level modifier 

IDI Classification 

Minor Moderate Severe 

IDI Tool =Close Interval Potential Survey 

-950 mV A < -850 mV 

OR 

- 1.000 mV < B < -950 mV 

AND 

50 mV < C < 70 mV 

OR 

50 mV / span < D < 100 mg/ span 

-850 mV < A < -650 mV 

OR 

-950 mV < B < -850 mV 

AND 

30mV < C < 10mV 

OR 

100 mY/span < D < 200 mY/ span 

IDI Tool = AC Current Attenuation 

7 melb(mA)/ ft < E< 3 melb/ ft 12 mdb(mA)/ ft < E 7 mdb(mA)/ ft 

AND/ OR AND/ OR 

20 mdb(mAl/ ft < F < 40 mdb(mAl/ ft 40 mdb(mA)/ ft F < 60 mdb(mA)/ ft 

AND 

Adequate CP level 

IDI Tool 

44 dB(mV) < G < 60 dB(mV) 

AND 

Adequate CP 

5%IR < H <: 20%IR 

AND 

IDI Tool 

I =Cathodic/cathodic or 
cathodic/ neutral 

AND 

Adequate CP level 

AND 

Adequate to marginal 
CP level 

= AC Voltage Gradient 

60 dB(mV) < G < 78 dB(mV) 

AND 

Adequate to marginal CP level 

= DC Voltage Gradient 

20%IR < H <: 50%IR 

OR 

All indications 5%IR < H < 50%IR 
where I = cathodic/ anodic 

AND 

Adequate to marginal 
CP level 

-650 mV < A 

AND 

- 850 mV <: B 

AND 

10 mV < C 

AND 

200 mY/span < D 

12 nldb(mAl/ft < E 

AND/ OR 

60 mdb(mA)/ ft F 

OR 

All indications with 
inadequate CP level 

78 dB(mV) < G 

OR 

All indications with 
inadequate CP 

50%IR < H 

OR 

All indications 
where I =anodic/anodic 

OR 

All indications with 
inadequate CP level 

IDI Tool Modifier-USDA Soils Data-Soil Texture Designation (Not an Independent Tool) 

J =USDA soil texture J = Sand. loamy sand. sanely loam. 
designation (12 types) loam. silt loam. or silt 

AND 

CP level modifier Adequate CP 

J =Sandy clay loam. sandy clay. clay 
loam. silty clay loam 

J =Clay and Silty clay 

AND OR 

Adequate to marginal CP level All area with inadequate CP 
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......·lmiro·vementr ·iO··ifie·Exie;izaL·Corro,iWn'1jireCiA:f~ses~:;:,wzi 
Proces~Part 2 

TABLE 2 

Enhanced prioritization criteria for indirect inspection 
indications (Modification of Table 4 in NACE SP0502·2010) 

Prioritization: Two Tools with Soil Modifier 

USOASoil 
101 Tool 1 ClassificationTexture 101 Tool 2 

Modifier Classification Seve~e Moderate Minor 

Severe Severe Immediate Immediate Scheduled 

Severe Moderate Immediate Scheduled Scheduled 

Severe Minor Scheduled Scheduled Monitored 

Moderate Severe Immediate Scheduled Scheduled 

Moderate Moderate Scheduled Scheduled Monitored 

Moderate Minor Monitored Monitored Monitored 

Minor Severe Immediate Scheduled Monitored 

Minor Moderate Scheduled Monitored Monitored 

Minor Minor Monitored Monitored Monitored 

FIGURE 1 

Joints without Extemal Corrosion. 
Jolnls with External Corrosion 0 
Leak Threat Hazard 

Clay High . 
Medium 
Minor 
Minimum. 

i~ 7 O'#..-~,---;~~~,---;r~· 
Q) 

~ 60 
~~ 


~ 501~~~~-*-*~~"., 


c.; 40 

,/30 
~~ 

Sand 

Observed corrosion by soil texture. 

capture besl current industry practices, 

this phase of tlt e prClj ec t wa~ discussed 

with 10 qua li fied and experienced opera­

tor a nd selvic' p rovider prof ssionals with 

a total or over 300 years of experience, 

In dcvdopi ng improvements to Tables 

3 and 'I· in NACE SP0502-20 10, specific, 

nurnerica l criteria were developed, which 

cove red a wiele range of d fin able condi­

32 MATERIALS PERFORMANCE AJ)ril 20 II 

tions. Th e work included ana lys is of 

ruplure pressure ratio (RPR) and perccnl 

wall loss relative to a bovegrade measure­

ments at individual TDI indications. The 

enhancement or existing Tables 3 and 1 
appear as Tables j and 2 herein. 

During the cou rse of evalualing soil 

c1a ta allDI indica tio ns, il was noticed thal 

soi l condilions appeared to eorrelale with 

lh e seve ri ty ranking as c1 cllllcd by the 

numerical rano·cs. Th is, or course, is con­

sislent with what wc have a ll observed, 

but have only becn loosely able to tic lo 

specific soil properties such as soil resisliv­

ity, pH, acti ve ion concTntralion, a nd 

moisture content. A hroader characler­

izalion of'soil "texlure" was pOstulaled to 

provide a belte r indicator o f corrosive 

conditions. This co rrela tion was inveSli­

gated using lh f! lI.s. Deparlment of' 

Agriculture :CSUA) W eb Soil Survey,·! 

which provides signi lictnt detail regard­

ing so il lexture and physical/ chemical 

p roperlies across the Uniled Statcs. It has 

the addilional adva ntage of bcing eas ily 

accessible on the Inlernet and free (or 

a nyo ne to usc. The inves tiga tio n con-

eluded that percent clay conlent (cx ­

pressed as a percentage orlOlal composi­

tion) was a parameter thal correlaled with 

the presencc of' external pipelinc corro­

sion. Dala from the 1/1,000 joints of pipe 

(4,000 wilh me<lsurable cxternal corro­

sionY n:prC'Sc nling 188 so il types werc 

p lotted (Figure I ). 
The clata were then fiJrther analyzed 

by ranking the leak and rupture hazards 

as a percent o f elay for the dala set. The 

threal of leaks was in diealed by wall loss 

while the lhreat oC ruplure was expressed 

as rupture pressure ra lio. The data clearly 

illustratcd that as the percent clay in the 

soil increases, so docs the threat or bOlh 

ruplure and leak. A soi l modiller wa.~ then 

applied to the S "veri ly C lass i lication 

Crileria or Indirect Inspec lions and the 

Prioritiza tion Criteria [or Indirect Ins[1ec­

tion Indications as shown on the bottom 

01' Table I and on the Idl side or Table 

2, respecli vely . 

Conclusions Concerning 

Severity Ranking 


Improved tahks l'or SevtTi ty C lassifi­

calion and Priorilization Criteria ror 1n­

direetlnspl 'c tion Indicalions were devel­

oped , wh ich provide a more consistent 

assessmenl of' the eXlernal corrosion 

threat. 
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FIGURE 2 


(a) 

(b) 

Large-scale lab testing of potentials in paved areas: (a) steel plate electrode and (b) copper/copper sulfate (Cu/CuSO.) 
electrode. 

Methodulogies developed represent FIGURE 3 
an en i1allccl1l Ci1l" to Ni\(:E SP0502-20 10 

~----------------------------------------------------~lor quantification and qualification onDI 1.E+10 

indicatio ns, dTeClivc use of available soi ls 

data, and introduction or a so il texture 
1.E+09mudifier. 

The IlCW rncthodologies quantified and 

veri hed both rhe pruject research data and 

industry knowledge and experience. ~ 1.E+OB 
c: 
IV.. -.­ -
. IIIiiiPotentials in Paved Areas ~ 

Current indusrry practices for collect­ ': 1.E+07 
iii I

ing potcntial meaSUf"('lIlents in paved .c: 
Q. 

areas are Lo drill through th e pavement, III 
<C 

collect potentials off~"1 from th e locatioll 1.E+06 

olthe pipeline, surlace werting, or simply 

skipping data collccrion in paved areas. 

The purpose of th e potentia ls in the 

paved areas port ion ur the project was to 

-

!0 No visibleI cracks

1-Cracks evident 

drvelop a methodology to collect more Asphalt resistance measurements. 
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.·· lmp;;ovements ioiJi£Externa{Co'nvszolz15ireciAssessmelli ...... ........... 

Proces~Pa7t 2 

FIGURE 4 

-6,000 r;~-----------------------------------------------------------------------r--~--'-850 critical line 

DH: On-in drilled "o14t, pre-wetting, 1·in (25-mm) pointed reference electrode not wrapped in sponge
-5,500 

_ 

o DH: Off-in drilled ho'e, pre-wetting, 1-in pointed reference electrode not wrapped in .....MttI8---:: 

-5,000 o SP: O ..-on gravel, pre-wetting, 1-in pointed reference electrode wrapped in sponge 

.. SP: Off-on gravel, pre-wetting. 1-in pointed reference electrode wrapped in sponge 

-4,500 ID FT: On-on gravel. pre-wetting, 1-in flat reference electrode not wrapped in sponge 

• FT: OH-on gravel. pre-wetting. 1-in flat reference electrode not wrapped in sponge 

-4,000 

-3,500 

-3,000 

-2,500 

-2,000 

-1,500 

-1,000 

-500 

o 

500 

222+50 223+00 223+50 224+00 224+50 

PIS potential measurements on weathered asphalt. 

reliable clata in a more user friendly , er­

fici ent and sare manner. T he goal was 

(or tho methodology lo be applicabk: to 

both lransmiss ion and distribution sys­

tems. a nd ultimately to provid ·' lor more 

data colle tion in pav >d area. thereby 

ellha ncing pipeline integrity ass 'ssmenL 

\rV consid Ted oTClv ·'I , asphalt. and 

eon ' r t surfaces . Variability in thick­

n 5S, agoTcgalc , sub-hase, and construc­

tion yields a nearl y infinite number or 

conditions. lJ basic elcctrical measure­

ments could ' haract >rize a pavement, 

then de 'i sions a nd ,ru idelin 'S could be 

d · v I ped r -·garding th vaLidity or po­

tentia l rn asurcm · nts with I' -Fe rence 

e1eeLrode plac ment on the pavement. As 

the I'cst'arch progr S5 d, this postulation 

was t sted and r('fincd. The I' suit was a 

simpk: test procedure that can be used at 

the onset or a potential survey to deter­
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mine if on-paving measurements can be 

mad accurately. 

The research approach consisted or 

rcviewi ng prior work, runni ng largc-scale 

laborato ry tests as illustraled in Figure 2, 

and collecting field data on operating 

distribution and transmissio n pipelim·s. 

Rcsistance measurements to character­

ize the pavement were made using a digi­

tal meg-ohmmeter having a maximum 

I,OOO-V direct current (DC) source spe­

cifically manufactured for high-resistanc(, 

circuits. Nfost measurements were made 

with one terminal 0(' the meg-ohmmeter 

connected to an 8- by 8-in (203- by 203­

mm) metal platt: e1cctrodf' on the paved 
surface and the other terminal connected 

to a nearby elcc trical ground used as an 

earth electrode. No surface wetting was 

done ror these measurements, other than 

to L1S(, a damp . towel directly under the 

225+00 225+50 

metal plate electrode. Figure 3 shows sur­

face resistance v,Llues for asphalt pavement 

with and without visible cracking. 

Many CIS surveys were performed in 

the field that comparcd curren l on and 

instant-orT pipe-to-soil (PIS) potential 

measurements with the cell placed on dry 

pavement, wet pavement, or in drill ed 

holes through the pavement. Figure 4 

contains results ('rom cl survey on weath­

ered asphalt where the pavemen t contact 

resistancc was 2 x In:1 ,Q. rf~ measured as 

desc ribed above. The data on drilled 

holes are consistently accurate, whereas 

there are great inaccuraci es in the data 

on the asphalt su rface as evidenced hy the 

ex treme data scatter in both the positive 

and negative directions. 

Figure 5 shows data co llected on con­

crete pave mcnt. Using the c1ata rrom the 

drilled holes as the basi s, potentials on 

NACE International. Vol. 50. No.4 
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FIGURE 5 	 , 

-2,000 r-;-~~~~~~~------------------------------------------------·~-------, 

• DH: On-I.. drilled hole, pre-wetting, 1-in pointed reference electrode not wrapped in sponge 
o DH: Off-in drilled hole, pre-wetting, 1-in pointed reference electrode not wrapped in sponge 
o SP: On-<>n concrete, pre-wetting, 1-in pointed reference electrode wrapped in sponge 
• SP: Off-on concrete, pre-wetting, 1-in pointed reference electrode wrapped in sponge 
1:1 FT: On-on concrete, pre-wetting, 1-i.. flat reference electrode not wrapped in sponge 

-1,500 

-1,000 

-500 

• FT: -in flat reference electrode not 

• 
o 

I . ........ 000 0 

Pavement surface contact resistance =1,100 n·ft" 

.~- .. 
o 0 o 

..:::--­..-o 
o o 

IJ 

-. 
o o 

277+40 277+60 277+80 278+00 278+20 278+40 

PIS potential measurements on weathered concrete. 

pavemcnt were first more positive and 

then became nlurc negative as th survey 

progressed down the pipeline. This was 

the case even tbough th pavement COll­

tact resistanc:e was a ve ry low 100 n· ft2. 
For gravel and asphalt, a procedure 

has been developed for lIleasurement of 

the resistance through the pavement us­

ing a meta llic electrode on the paved 

surface alld a Mn resista nce meter. fig­

ure 6 shows the eorrel:Ltion he twt'(~n ac­

curate PIS potent i.LI data and the surtacc 

resistance measurement /01' 61 surveys on 

asphalt pavement. Basf'ri on analysis of 

the data collected, a threshold normalized 

resistance of2 x l(f'n·ft ' hasbecn('stab­

lished . That is, wh en gravel or asphalt 

paving exhibits a resislClI1CC of 200,000 

n, ft~ or b;s, a relia!>le potential measure­

ment can be made wi th the refe rence 

electrode on the pavement. 

NACE International. Vol. 50, No. 4 

For concrete pavement, the research 

concludes there is no clear, consistent 

method for makjng reliable PIS potential 

measurements without placing the refer­

ence electrode in direct contact with the 

underlying soil (e .g. , by drilling holes 

through the pavement). PIS potentials 

with the referen ce electrode on a concrete 

surface a re either more negati ve or more 

positive than when in contact with the 

underlying soil. While PIS potential 

measurements arc not valid with a refer­

ence electrode on the concrete pavement, 

DCVG measurements may be. 

Conclusions Concerning 

Potentials in Paved Areas 


• For gravel and asphalt pavement: 

o 	 A simple , straightforward , pre­

survey surface resistance mea ­

surement can be used to deter­

mine if' potential s reco rded with 

the reference electrode placed on 

the pavem 'nt will provide accu­

ra te data. 

o 	 A threshold 0['200,000 n·fe has 

been iden tified , bdow ""hieh 

potentials on pavl 'ment rlcmon­

strated accuracy. 

o 	 A standard , 3-in (7b-mm) diam­

ete r r e feren ce electrode with 

a we tted to wel or spunge is 

ad equate to min imize contact 

res istance. 

• 	 For concrete pavenlellt: 

o 	 No clear, consistent nWl'hoci f()r 

recorcl ing accl.Irat(' potential mea­

surelllents on concrete pavement 

was iclentified except by drilling 

holt's through th' pavement to 

facilitat(' re ference electrode con­

tac t with the underlying soil. 
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.. ··ImprovementS·to · · COr;"OSWrt Dlj"eCtAssesmuni··ifte~xiirnal
Proces~Part 2 

FIGURE 6 

1.E+10 1F~~~~~~.__ 	 _~~~~~~~~~~~~~~~~~~~~~::~~==~~====~~~~~~~ 
I · Yields accurate potential • Yields inaccurate potential n 

1.E+02 - ­
~ 

1.E+01 ­

1 5 9 13 

Surface resistance threshold for asphalt. 
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