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. he Bonneville Power Adntinistration (B PA) was created in 1957 to market 

~lectricily generated at the then new Bonneville Dam on the Columbia River;· :- · 
In fUl.ru.iment of its mission, BPA now operates a system of 15,000 circuit rniles1 ·:t·: 
ofhigh·\roltage transmission lines (HVTLs). BPA's 500,000-square-mile servicei· ! 

' ' • ,\• '.J 
area i_ncludes the states of Washington, Oregon, and Idaho as well as parts of 
extreme northeastern California, western Montana, northern Nevada, extreme 
northwestern Utah, and far western Wyoming. BPA is a federal agency within the 
US Department of Energy and operates as a nonprofit entity, selling wholesale 
power to the region's utility companies at cost It provides about one-third of the ' 
electricity used in the Pacific Northwest region. 

Although a high percentage of its HVTLs cross open and agricultural Ian~ 
in these western states, they also run throughout the urbanized western regions1 ·• 

. ··t 

of Oregon and Washington in and around dense housing markets in Portlan~ .: 
and Seattle. Also, BPA is adding HVTLs to its grid to keep up with population 
growth in the Pacific Northwest, especially in the urban centers of Portland and 
Seattle. Its HVTLs primarily range in voltage from 69 kV to 1,000 kV,2 although 
the most frequently occurring line voltages are 115 kV (25.4% of the HVTLs), 
250 kV (55.0% of the 1-IVTLs), and 500 kV (51.1% of the HVTLs). The HVTLs '· 
abutting the study properties range from 115 kV to 500 kV. 

BPA rights of way consist of HVTL easements maintained to prevent line '_:· 
damage from trees, other forms of vegetation, and structural improvement :: 
interference. Benefits of right of way management include reducin.g the possibility· .. 
of adverse electrical impacts on the environment. BPA rights of way also provide 
amenities to the cities they cross. BPA permits the construction of parks and trails 
in some locations on its fee title property. Alternatively, many of its easements are 
jointly used by abutting property owners, who own the underlying fee tiUe, for 
gardening or other agrarian purposes subject to B P A's need for maintenance access: ·, 
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1. A circuit mile, as the name Implies. Is the distance covered by a circuit. A transmission r ieht of way often 
accommodates more than one circuit. For example. a rieht of way contalnlne three circuits would Include three 
circuit miles for each rletlt-of-way mile. 
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This study was undertaken to gain further 
understanding regarding the effect of BPA's ):IVTL 
rights _of way on abutting single~ family home 
prices .. The sample data was sufficient to derive 
precise market price equations .via multiple linear 
regression analysis for both Portland and Seattle. In 
addition, due to where the rights of way are located 
in the Seattle area, there are enough higher-priced 
home sales in the Seattle sample to facilitate a study 
of HVTL proximity effects on homes averaging 
$1 milli~n in price, in comparison to HVTL effects 
on more typically priced homes. Lastly, the 'study 
looks at price movement in response to changing 
markei',conditions over the 21/i year study period 
to determine whether or not HV';L'L abutting homes 
appreciated in value at a rate different from' non­
HVTL abutting homes. 

Given the moderate marine climate in Portland 
and Seattle, it is not unusual for power line visibility 
from abutting homes to be fully or partly obscured 
by trees. This differs from many areas of the country 
where ~ees grow smaller, less vigorously, or not at 
all. As a result, the findings of this study relate best 
to the portion of the service area located west of 
the Cascade Mountains where the marine climate 
prevails and large trees are abundant. The~e are 
nevertheless differences between the Por.tland 
sample and the Seattle sample. In particular, lot sizes 
are typically much smaller in the Portland sample 
(roughly 6,500 square feet, compared to roughly 
1. acre on average in Seattle). Therefore, Portland 
homes cover a much greater proportion of the typical 
lot, leaVing less room for HVTL view-blocking trees. 
For this reason alone, the Portland results are not 
applicable to Seattle and the Seattle results are not 
applicable to Portland. ;c 

The study is organized as follows. A lite~atnre 
review places the study into the context of prior 
research and information regarding HVTL rights 
of way. The data is presented next, inclUding 
descriptive statistics tables comparing the treatment 
sainpl~::(abutting properties) to the control sample 
(non-abutting properties) for each market. These 
tables illustrate the extent to which the affected and 
unaffected property sales are as similar as poss~.ble in 

all other respects. The data pres~htatiol{': 

by data ~alyses, includinga; f~~~sa\Jlgi~J~f~~ 
home pnce model, a full-sample Seattle :homelJr!'¢ 
model, Seattle high-priced and typi?~!lf~~£~~ 
subsample price models,. aD.a-::~.·:;aisPuS$1Ciii~(<:tt~i}9 
appreciation rates by abuttin~!:lUJ.d nori!'aiidtting}C - . . __ ;. . :• :, . . ".. . - :-:, .. ··c·· ~' ~-· _': ·' +---- _. .:.1 ~ ,, 
homes in each market. A sw)llnary s\a,itffi~~_t;iqf,~., 
findings and conclusimls is illciUd~:4 as:1&~J.~t~~~9.P:~::·~~~ 
of the article. 

Uterature Review 
The literature review presented ht:rre~·tri 
cal order by topical classification, setS:t!l,~;~d*IE#t 

' · 1 '. ·:: ·:: '' ' · " · · -'I '' '" _.,~ .1., ·l· . ·1: ·.•'' 
for the current HVTL property.:pnce effec(Sfiidy. 
Prior articles and studi~. s kre·:s~r~~H~tB-~~~:tJpid~:~5~·:·,-r·;._.::J;_, : .. 

• · , •. 1 .. :·. • --' ,-. '~'<:iT,-,:••.- ":-,...~~-•'·:..,,,~,-~,_.·:-~·. 

for the purposes of discussiori -_arid relevance:~() the·t~_;:/~~:.': 
. ·-- .• ·:. ,,:,. :-. ,_., ,.--~v.,.::-_:: <::.,-. .. 

present study-informational articles, :slll"Yeys· and,,,.,.,., i,(·. 
' ,,,,.,1 ...... • .. ,,, "' ............ -

case studies, and statistical methods (mo~tly"lii!ear '< 
regression) applied to sample datiL Inq~.isl~V:~,t:e~d"D,,": 
ers might want to also read Pitts and JaCkS~:O.~-rOr:ail-~~-d.:·,-:·::·. 
entree into a more comprehensive literaui·~~fe~E;W;-~t~[.:_:::.:::ff~: 

-- ·>:: :, __ ----:~-:.;;_~·~r:~>~:r~:r 
Informational Articles 
Rikon' focuses on the l995, N~~ Ycirk]¢~~h ~d< .. i 
Appeals ruling in Criscuola v.J>ou;er Authi!tl,tl.llffh~:itft!i'J!; 
State of New York concerning the reasOD.a~telle~~:bti~_:::~~;-);:~:.· 

, , •! '·1 .• .! ..• " ,'' " O" .. oh''-" ' " • 

the basis of a price response to 
netic field (EMF) health effects,, Rlko~::~~ii~::t!iilt''{:, 
the court ruled if there is market evidenc<iior:~·~riC'@·.?.: 
effect in the after condition, then the pribi;;~ffeC:{.'{S:~~r··-

. '::: ..... ~ , .. ' .. J .. 

their summary oflegal precedentregardin~cOmPell-·t·_ .. ·-· ). 
sation from the real or:perceiv:ed effectS or:expoSur¢)/~~~!:~:: 

' ' ' '•' "': ': ,.. ~· :~--,-~.;:~,·.:·.;,~~-: 

compensable. Bryant and Epley' cast a wider net 

to EMFs, which culminates· in the CriscltQ_la;,;_caS_¢;.~\~;~b-.-ti-~~ .. : 
: ·, ... :· . .--__ .::: ,.:·:-~'::-<:~--.. --~~:-

According to these authors, legal prece~~~~:~e~ey~s:iC_-;::;;:_+\·~-
appraisers of the need to assess, whetl)~tUiiarket;;<: · ',, 
behavior is rational or not (if this_ D.eed;~ye~~:~-@~:::~~~~:-::. ;.:j.­
existed), and frees them to base.-theJi,:coh~lilsiOn~~~::~~C: ;-:::i. 
solely on market data. . _,.;;~;- .. , _.,p _:·~-.-X~~-:.:.: __ ::;:. 

Tikalsky and Willyard' chime in on the.healt:h::,·:o,::·;:, 
issue, stating "exlensive research has yet_ tO establish:~-·-._ · _ ~ 
a link between health ]risks and EMF:: In: ~dditiori,:;;;.::. ~·-, 
they provide a historical study of HV;rLi~b;UC:i~~TtW\·G, 
design over three decades and how des.I@. }eiates:(:/ "· 
to "public perception oftransmiss1onliiJ,esZ?$i2008, 2 : 

., ! • •:: w~~~~i~:~(i~-i~: dt· 
3. Jennifer M. Pitts and Thomas 0. J<.:~ckson, "Power Lines and Property Values Revisited," The ApproisDI Joumal (Fall 2007): 323-325.', ::.:i: :_:.,: .. ·~: 1 :-':::;r; .. ::.;.;;._::.:~:.--
4. Michael Rikon, "Electromagnetic Radiatlori Field Property Devaluation," The Appraisal Joumal (January 1996): 87-90. , . ':--~- :'_'-~ ·:·~> .:·~ .. ~\:'.'·.·:~:;;~!.~. 

, ~ I' ., ', ·'·'.' ."';\·<·'·· l CT":.-,,·:\~'1'~·~7", 
5. James· A. Bryant and Donald R. Epley, "Cancerphobia: Electromagnetic Fields and Their Impact in Resideritlalloan ValueS." Journal o~ Rea/ £state·~·;::_- .. ·.' 

Rese~rch 15. no, 1/2 {1998): 115-129. · ' ~~--..:- ; __ . -·: ·· · ,; ~-
6. Susan_:M- Tlkalsky and Cassandra J. Willyard, "Aesthetics and _Public Perception of Transmission Structures;! fUt,ht otWay (March/Apr,I1299~H-3~~~A-.·;::~~::::;i::; 

. •· . •· I•. . .:: ,~ :t;'l~:~s,j:tiicf~•;.' Jf: 
~~ The_AppraisaUo.umai~Wintet.2013 __ _, _______ _ 

:-;j ;_:·-~:H.~~~;.;:·~> :~---~-·-. '_ .. 
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.. . Hollsk~(adds a list offactors that a!Iect the im~act of 
· • ::. . poweri!n~s and design elementsto consider a~ ways 

' to mitigate the impact He notes that diverse inipacts 
stem from differences in development densilJtright 
of way'width (power line distance), right of way 
amenities, and topography. Tree cover is imp6rtant 
as well, although not included in Holisko's list. 

ThCse legal perspectives, a:.s w~Il as pef.konal 
experi~D.ce with high~voltage transmiSsion Jines, 
led to ).tu;);tudy's focus on the "what" rathe~ than 

· the~'wfty""i>fHVTL home price 'effects. In addition, 
differences in development density and related tree 
cover (among other factors) between the Portland 
and Seattle Study Areas, suggested that there would 
not be similar results for these markets. 

Surveys and Case Studies 
In 1.967, ]Unnard reported on a survey of owners 
of resideritial properties located in subdiv~sions 
eitJ.ler abutting power line right of waY easements or 
encumbered by them.' His findings were based on 561 
responses from residents of 15 subdivisions located in 
Hartford, Connecticut He also surveyed appraisers, 
builders, real estate sales professionals, and lenders. 
Kinnard's maln findings were (1) the value of; most 
residential properties is una!Iected by overhead elec­
tric !ransmission lines, (2) overhead electric lines do 
a!Iect land development by reducing density due to 
largeriots being typical of abutting and encumbered 
properties, and (5) real estate sales professionals and 
appraisers expressed more negativity toward power 
line proximity than actual market participants. Reese' 
put a public voice to appraiser negativity toward 
power lines in his response to the Kinnard article 
while also posing two important questions: (1) are 
survey responses valid, and (2) are survey methods 
powerf~l e:r;wugh to measure and control for all Of the 
factors atfecting market value? 

In 1992, Kung and Seagle10 analyzed 47 resp·onses 
to a survey of homeowners living near power lines. 
They also analyzed a small sample of four home 
sales near the same power lines and seven home 
sales located in the same neighborhood brit not 

i.;: ~:;.~:.~:~ ::t'>~~;~~~.f~ii.;··,;:;r~ 

near the power line~:' Th~ict\~: hB~~ B~i\\i.'(Wf~i~; :; 
differences in eleme1 

• . . . ' ~- ,,. :, ,. ,; i' 
computing and comparing;l!rjpe, 

differences-a troubli~g·_ iS~s~:f!~~~~~'j~: 
in 1967 extending here to Kung'•\Hld.:Sea! 

"1. ,·•·:;);)-.. 

sample em~irical analysis. In <ld¥ro~]'il!! 
quest10nnam mcluded strong.Jangu~~ 
power line proximitY:to·c·an~~:f,-·re~ti.i~ 

Predictable response .: · '· · .. · ... iii:;,:,:-
... · •.· i : !· 1:: , .; ! .. l';l:·]:!! 1: :~ .r:l:., ~d v.:,:i·{-.'{:; '~':':~-, ..-~,·:·-":'·~ .--· 

Delaney and Timmons!~.,i.lili11Vf'):ed a::ra11dom i:.· :. 

sample of residenti~i •.appf~i'~~r~'li\j@j~'t!tl{~~~:i:t 
- • )··-·. •·.·• 1 .- __ -,,,. u.d·-c-'!:':I'"...-•--;~~;:~W" '"$ 

Appraisal Institute's RM d. esign.' atio .. n, Q.btain.m •.· ·g~k ... "lfu.::i. . ..... 
, I,' :• >o~l~::;;~•f,''-"•'"''!•'":/-;•'"'•' 

usable responses. In summarY i ·app~~s:~ftiifi~D.i:~);i~~-}J,i:':Y:r~-:~f-:::: 
'.,,, ., ·, l,-, . .lr.~~-1' 

reported by them were (1) proxim1ty:•tq'pq1 
reduces home value by about 10oA. arld ;C'"· 
for the value diminution are unattr3.cti~~ne~·§~1l'e~ . . .. ~.~ .. _., .. :.:~ - ... -r:.:. ·--::-~ 
concerns, and sound. Surveyed appraisers ruso note.d.;;.: ~,;;,:· 
that developers attempt to mitigate power lin~~Ji:~~!s;;;::'}::;i;· 
on sales activity 
sizes near the lines, and 1 ci'eatio·n of 
Delaney and Timmons make a. taci · 
that the opinions of the responding , 
the effects of HVTLs are an accurate}etl~ 
market response, which may or ma;i<i iiotf,O'/l<!tflii ' _: ,.,:,-_,-;::...;..__-_ ·"'·''"! 
(see Kinnard). However, use of randmn:siuiii>ling , .. 
methods does support the validity of theif'resU:ii8:;:~:c;r;,';;; 
in so far as they represented the opinioxisi~f..RM 
designated appraisers at that time:. -:~~-;:;::::".-.-•· .. :::,: <.: ... _:,· 

· , ,. • I I ;; , '_•j: \J, •• ,; ',,_;_._;f·';;; •. •·,;;,, 

Chapman" provides a different perspectiv<fojrib..~:ii<';:•·:f'' 
• ' • • ... , ...... , ' ···-""\"•'-~"''" _.,,.J ... 

effects of HVTLs by examming mdustrial p•op.ertieSH':'i'' .. '•~' · 
He reports on more than 100 interviews o[J!io"peity'}•:i'!•· 
owners, brokers,andpropertymanagers.'Ba.S~doli]tis . :, 
interviews, Chapman fmds no basis for eonSequgnfiai}F~<·:- -~··. 
damages to industriru properties based on pro)rn,;:i!y'J:•{;i. 

to HVTLs. He also provides an informative di~cussion,;~ >·'·~' 
of property rights issues and remainder •J!arceH''-'·'( 
configuration issues that can ariSe! when· ilpp"rais~g:\::/ )::··_. 
industrial properties in im eminent domalnsetiing:.}Ie~~i':f;•r':k. 

·: -~:-· ;_c·, ·-.· ·7,.":'·:•:,-::'-~1 '.1;.7.~':: 
speaks to the issue of the difficulty I of doing matched ;:ii"!::'?'i: 

' ··.·· ,·- j',,_ ·.-·-·.----·-.:·•f. 
pairs (and by implication the benefit·o~'niultiple'c.'":.,;:!· 
linear regression analysis) when there ar~~%t:f9P:§:,;~:.:_:::.-~:').::. 
property characteristics to controL: 1 ... ;, ;,. ~:-!:~~H;;tt'~~;~::i\2'::~~,- ·~,· 

:: .. ;:tfr{!(;~:~~~~0c: -~:.~:: 

7. Gary Hollsko, ·oeveloplng Near Transmission Lines?~ Right o(Way (July/August 2008): 32-36. , , '· ·:·· ,: . -'•·I' ... , 

8; Wllllari1 N: Kli1nard, Jr., ·rower Lines·and Residential Property Values,~ The Appraisal Journal (April1967): 269--284: ,: :I': ·-. ,; ..• ~.;:·'· ·.---~,-; . ." 'j· .. :, :.~:· 
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Most recently, Chaimers" employs case 'study 
methods to investigate HVTL effects oil generally 
large land parcels located across west-c~ntral 
Montana, Properties studied were classifibd as 
agricultural production land,· agricultural' land 
with a.recreation influence, agricultural land with 
high·r~'hf~tion and natural featUre amenities;rural 
reside~tial subdivisions with either l<~ss th"an or 
greater· than five-acre }ots, large rural resid-~ntial 
acreages, and rural residential tracts (cabin sites). 
The al1thor concludes that properties oriented 
toward.- residential use are more vulnerable to a 

led to be•l<irgertb.ii.D.'unimcthhber~d·\ ' •.. 
' I : .• >' ',' : • ' ' -~ _,. :: ·: :- . -... -~·I \'!. ;~::;; ~-" •. -;·;;.~·-: ,..,, '~~:-".~ :.::. 

lots. Colwell's later study:!oo)<ed at the'$aiiled~tat~s;i;:::'fi:j 
the earlier study rmdiligih~tfu~' ~~~ii;;~rliff~t?4~~i 

re; time.: Thl·s··r~di#~j~_~j(f~~:~~¢~Wf~·~:~:;:: 

(negative) HVTL price effect, larger properties are regression equations relating the naturall_og~~.S&Ie:;:;~.~;.:w-~(.~;_: 
. ' ',' ',·. t; ;•··•·:· !'·•':. ':·;.··~·t1·ft·''''i"t'·'"''!" 

lessyulnerable, and when a market provides more price to elements of compariso~ Cit)J!tiriitgtl:l:<;"~ffectS>, " '',',, · 
purchase alternatives (substitute properties) HVTL- of home and site chariJ.cterjs1J~J! :cb.axil!iri.i!ii#iirk~~;~;}};.';J.i 
iffii}~ct~d ·Properties are more' apt to experience conditions, varying neighbO~hb~1dS,:·~<f.lJ:?O~~!Y~T:t-1~~1~1Z::_ 

I ·,- ' ''·"r:-''" .1<\'>''t_,,e J,,.:·;,,,_, 
a price effect. Price effect evidence presented by to an HVTL. ' . ; · · · · :-_ ... ::·-:; :::_··::.-~--<•·-: :"::'::,..;·I: 

Chalmers is primarily anecdotal, a consequence Hamilton and Schwann" analyie'g')2 
of a paucity of data and information due to the transactions from four neighborhoods in.ya:iic<juyer.,j},:,::;;_ 
rural nature of the power lines' locations and Canada, occurring over the 1985-199f peri:6cLTlie#~:L 0; 
difficulties inherent in obtaining information in a study found a 6.3% diminution in value fb~ horii~,{j,''.'L:;::: 
non-disclosure state. in close proximity to power lines and tow~fs~ · 

Credible and reliable results are much more important aspect of this study is the ricli'(large,''·:' , 
difficult to obtain using survey and case study and detailed) sample, which enabled the'authprs''::,:::'.:::,'. 
methods. As these studies reveal, (1) survey methods to investigate the effects of numerous ele!iieJits ofit'[i,t;j'zi,: 
exhibit. inherent difficulty controlling for all Of the comparison and to ex3.mine many: furi~tiO~af.fO_~~~~?~_:::f:~%I:. 
factors affecting market value, (2) the opinions for the regression equation. Price equationsvv~;.i;i'oJ.IiJ.d. .~:' ,: ·o:· 
of market participant proxies (brokers, lenders, to be heteroskedastic, and estimation metii(;a~;v.~z:~:~;·:,,-;0:: 
and appraisers) may not accurately represent used to account for this and derive·credibie::·~!ifu·~~$:§;t:::_~~~~-~ 
the opinions of buyers and sellers, and (5) case of statistical significance. Thearticleissilen~h6we~er;~E[':C:cc:c:, 

.·' :·: ·, --:-.,•lo·.·-1. ·, .. ':,•·•:~ 
study evidence is mostly anecdotal in nature.14 concerning whether the power lines are on ea:s~men~;t:::;:':·:::::;.~::· 
For these reasons, revealed-preference analyses or fee title land, the prevailing topography, prevalence·:··,.·. ··,· .. 
(e.g~, r~gi'ession modeling of actual market prices) or lack of tree screening; and the like. ,,. ,, j}·t~-~.:;~.;.::·:<ii:~~~~i:}_.;~ 
are much more popular for addressing these Cowger, Bottemiller, and Cahill" usea'miiicJ:ie'~'i\'\'J!-i::,;J::: . 

' . ' --. '·"l_,_·~ .• ,,,t:,·~~,~-:---·~"':.·, 

questions today than stated-preference method~ (e.g., pairs to test for significant HVTV Proxim.~o/: -~ff~Cts;_:~<~,'-:~:_..~,,::: 
questionnaires, contingent valuation methods, and They examined 296 matched pairs Con·s~·~~~g-:·of.a:_-~;:· .. 'Y:/.:_:::,:-

case studies). Revealed-preference (price) analyses home sale abutting an HVTL right ofwaypaited~tJ1t:·•:·C'> 
are used here. The database is relatively 'large a sale of a highly similar, nearby home una:ffe(:ied~by'::.::.~/ ct 
and regression modeling allows control for many an HVTL. They used t-tests to examine dili~reD.Ce~~lE:~::_;:_~;;· 
property characteristics and takes advantage of the between pairs in mean price per square foo~ finding·;:·,:':-:::; 
method's statistical power." that HVTL proximity had' no impact on home prlce.·: ,· .. -::.-

: ,. · -.. ~:-: ·_: ·; :·. "··:.-:;~d~~~~~jL:~_-;}~~d;;.~1~~;&r. 
13. James A. Chalmers, "High-Voltage Transmission Unes and Rural, Western Real Estate Values," The Appraisal Journal (Winter 2012~: 3~~l::t~~:l~;.;i{ :-}i.:;\'l.t:! .yr: : 
14. Note also that Bryant and Epley, cited earlier, question the viability of survey-based, stated-preference measures duo to dlffieU'IticS in -~n ~~~ "¥s~On::~~:-'·:_:::f :~·~::~_: 

dent estimating "his/her reaction without the pressure of the.transactlon, negotiation and financial commitment.~ , 1 . -: .,l·::i i _;:~1-il.it:i~~;--,:· .:?Tr_ .. ~~:-·.t· 
15. Statistical power can be thought of as the ability to Isolate and assess the significance of small price movements. : ;. _\

11 
,;;.~;;;:g~:·~~::;~:-~-~~.;i.,:):·: .. 

16. Peter F. Colwell and Kenneth W. Foley, "Electric Transmission Unes and the Selling Price of Residential Property," The Appraisal Jo\Jmal (Oi::t:o~f19J9):,£·.-~-;,. :,,~ 
490-499. :1 · ,., ~-.. ,tj?:~_;~;i:~~:\~b:~~::~~:.·~-~L 

17. Peter F. Colwell, "Power Lines and Land Value," Journal of Res/ Estate Research 5, no. 1 (Spring 1990): 117-127. , · · ·~ .::!.1~··::~:- ::_.:·:~::-~~~;-:-:;-~::·:· .. ::;..1 

18. StanleyW. Hamilton and Gregory M. Schwann, "Do High Voltage Electric Transmission Lines Affect PropertyVaiue?" Land Economics 7-1;. n0.4'(Noveinber"~~:.):::.:!.:~; 
1995):436-444. ' ' ,- . "::.:~;~:··· -·······.·~,-·::··::;;;--· 

.19. J. R. Cpwger, Steven C. Bottem!ller, and James M. Cahill, "Transmission Line Impact on Residential Property Values," Right of 'Nay (Septembe:r/October : '.: .... 

19ss1:.- ~~1r. :::.- :, · · ·. :. ·' ·· ::, .·-~:~_~:CJ~·::i·:;;·.:;::'~;~~;~,~;·~-~->·r 
:, 
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~ 
The study did not analyze or con fro! for the impact of 
lot size;differences between affected and unau:ected 

· properties, nor did it control for minor difTerences 
· ill. o1:het ·.elements of co'mparisO'n. These pot~ntial 
weakriesses were addressed ina follow-up 'Study 
by Wolverton andBottemiller,'0 where mt~)tiple 
regression modeling was used to' control for el~~ent 
of comparison disparities. The follow-)lp ~tudy 
confirmed the "no-effect'' conclusion of the e"lrrlier 
matched pairs analysis. · ;, 
_ --_, _):>~~- ,RosiCrs21 used. a mic:fospatial app~oach 

. · iri,~iilvipgo50 multiple linear regression models, 
which'f~und disparate power line effects, ranging 

. from negative 250/~ io positive 22%. However, the 
primary result was a 9.6% reduction in Value 
for a home adjacent to a power line and facing 
a pylon. The regression models used included 
both nominal price and natural log of price as 
dependent variables. The data consisted of 257 
sales transactions located in three neighborhoods 

· of Brossard, Quebec, differentiated by mean price­
CN$225,924, CN$160,209, and CN$115,260, The 
HVTL pylons were described as being of "enh~ced 
visual appearance" conical steel; however, the pylons 
and power lines were highly visible and mostly 
unscreened by vegetation. 

Chalmers and Voorvaart" analyzed 1,286 
single-family residential transactions located in four 
study areas in the northeastern United States:They 

·regressed the natural log of sale price on housing 
charaCteristics, year of sale, and neighborhood 
subareas.· Their study found no significant price 
effect from proximity to, or visibility of, HVTLs. 
They did investigate whether or not higher-valued 
properties were affected, operationalizing "higher 
valued" as prices in excess of the median price. 

Jackson2 l examined rural agricultural and 
recreational land located in Wisconsin. He.' used 
regression'modelingto compare online (HVTL power 
line proximate) sales to offline sales (more than one­
quarter mile from an HVTL power line). Although 
the models indicated online sale prices L 1% to 
2.4% lower than offiine sale prices, the differences 
were not statistically significant-meaning one 

cannot reject the null hypothesis 
_., 1_, , '·_ .:, ·' I i:":lfl 

price effect The artif)e,: als~. Rf?YiM~;J 
for identifying variaqolis ini types,'()~ .p( 

.. ·' !'·' .: ,, ; ·-1·.~:··-! : ', .. --:·!•1 .. -.<;' 

such :~s _.;~dg~~il)P'siti.Qp.~:~i 

article is a rich 
and control for numerous 
from market conditio~.s; 

schools, neighborhoo.ds1 C:O*#~~s·, 
code), Multiple linear regression:!~iiJi~I 
with the natural log of price" 
variable. This functional form is 

precision. 
.•. ; -.,-,·. ,, ·-~·-··::r-·.· .• r·~· ··_.· 

The results were examined for heteroskedastidty,~:::,:,:,::.:·:: ·. 
(non-constant regression: error variance) .~-d .. D:Oni':~: · . · .. 
were found, unlike the ,data examined 
and Schwann. In addition; higher-valued: 
in Seattle were investigated (similar io,:~hat~~0]'!;'0;{ 
done by Chalmers and Voorvaart), operat!o'riafu:i:ng; :'<> 
"hi.,.her valued" as the upper price quartile?::!riliSSi<-·:·.::·:_,:' 

0 ' ' ' .:~---, .. ~-.~:··;::-.~,;.-:"'.~ .... :~" ~-' 
resulted in a more price-differentiated higher"'pric~d'~::':',':'>J 
subsample than the greater-than-mediari~prl,ce~::!:d;:;. 

' .-• • , • ' 0 '- M'o'-

subsample selected by Chalmers and 
Finally, the study investfgated ·price chcl~ige. 
time for HVTL-affccted properties versus unaif~ete-4::\:::ci:A; 
properties, confirming the earlier_ r~s~ts r~P.Q·~~~~~Yt~~~;[:~:_:·::JL-: 
Wolverton and Bottemiller. · 

Data 
Sample data covered a 2'1z year 
2005, 2006, and the first half of 2007. Sm:iui non;.::~"::: 
abutting sales were included from outside: 
time frame when they were deemed to have .. been::: ,., . 
most comparable to a', nearby HVTL-abu\lingsaie,'iii:;;:;~;;: 
In these few, exceptional instance~ the out.:o(.:.~~~~~:~:;f::r~t~.'.: 
sales were either from late 2004 and comparabie'to·I~c\ ~!'. 
a nearby early 2005 sale or from earlyin'hie'thjrd:c::· :·' 
quarter of 2007 and comparable to anear6s ~eciind}t'' · .· 

·····•:·c; .. ,--;-:.-·~-... ,-·· 
quarter 2007 sale, ,, ... ,, ''"·•"·"'"'"'"·" 

. , ... : :~ ··: :-_~,!··:~/!1~~~:~:~.:~;-~·:~L 
20. Marvin L Wolverton and Steven C. Bottemil!er, •further Analysis of Transmission Line Impact on Residential' Pi"operty Values,• ·The Appraise/ :JoU(nal :~-- ·· 

(July 2003): 244-252. · ·· i': :-··~~··:::---~ · :;;:;_: 

21. Francois DesRosiers, ~Power Lines, Visual Encumbrance and House Values: A Microspatial Approach to lmpact_.Measurement,• Jourm:iPf R,e81 eSiat&i:C . .::·~·r. 
Reseafch 23, no. 3 (2002): 275-301. · . . . 

1 

• :·:, ,· • '.: ::~ ::_~ :~: j~:~~:·;;:\~~'l':l~i!.~~i:~;::_r.i~:~-: 
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,~l~i: [Z' , 
':.:.:~.::-- ... ::5:' ".' ··. 1·:_;:, ': .I·.',.::·,'·:·' i: 

·:The data collection protocol involved identifying 
a .sufficient number of HVTL-ab~tmlg sales ~each 
study area (Portland and Seattle) then sear~hing 
for at least two, and preferably three, non-abUtting 
sales from the same neighborhood and ·time frame 
as similar in square footage, lot size, and ··hther 
elemen,ts of comparison as possible. This resulted in 

. a.~'t(eatmenf' sample ofHVTL-abutting homes and 
, ~, f;_CO~fi.ol;' sample of' non~HVTL-abutting bbmes. 
Tables i and 2 illustrate that the data :collection':errort 
was successful in its attempt to acquire highly similar 
treatment and control samples. In the analytical phase 
of the study, any re~aining variation in elements of 
comparison between sample and within each sample 
was controlled for by use of a multiple regression 
model Using an "Abutting HVTU' dummy variable to 
distinguish .the HVTL price e!Tect, aU else being equal. 

Sales were eliminated from consideration if the 
recorded title transfer relied on a deed that indicated 
something other than a market transaction.;~ Also, 
each property ultimately included in the data set 
had been sold through the multiple listing service, a 
good indication that the transaction occurred in the 
open market. In conclusion, there is high confidence 
that the data satisfies the goal of the treatment and 
control subsets being as identical as possible, except 
for the treatment sales abutting a HVTL right of way. 

with MLS description~. and photograpji:ii 

:sed. Landscape q1lalitY,h~se:Ssmeh~, ...... ,.. 
··:····i· .•. ·- ,·' .. , .·:,·:.,~l.c.~~~":-··~_,:;;tf~~·· .~· 1 -:: 

were verified as being consistent with the date ofs€ 
by examining exterior, ~J:,S photos to dei~nriili~!f?i 
the landscape had beeh~tered ~lt~r tb:e &~edateY · · 

1 : r .. :.I •' ' •' I· .• ' ' ·, 'i I' ' ',' ' ",' - ~ , .). ' ''· '. ,,, •• " '' '· ···-' 

Other variables n;</'t:l)~te~ln' Tab!~ 
the sale's municipal-~,d~~~S~f-i:.'~~,5p;;~~~t~!~! 
district and serving higl:i s_Clioo~?:_~~~~~ffl 
(neighborhood), and zip code::(fne)ai! 
also included cell phone tower>cis)bili!:)i,:'u 
exterior and roof fmish, existeD.C~· · ,,_ 

:'' ' ' • - ',' : ' -' ' - • ...... _-." .... , •.•• _.><.,:• .>"·:::1_~. ~:·'·:• 

and membership in a 'homeowner's :as~qqi~_ti_Qii~::)~t_;_:-;~h~-~ft· 
Distribution across treatment and control propertiiis :··' 
was similar for these additional >•ariabk~;~~ well:::):-:,. , 
Nearly all of the additional variables ( exceptforil[evt;::i:,;cr,',P' 
select location identifiers) proved to be staiistica.iJy:·:.,}/'f: 
insignificant and were not included :in,;.the· firuil ': ··::. · 

d I d h ::,:~~~;,.:; .-·~).-<,.::· .... mo e s reportc ere. .1:,:,0 ,,~-,:,;.;.,.·c.::,_> · ,_ ·~. 

Seattle Study Area Sample , , ,:::~fi\11'~\~it:~t~ c'; 
The Seattle Study Area sample included 568 suburban'"' \ ·.;,:; 
home sales: 155 treatment sales and 415 control sale8.::' : ' ' .'/ 
all located in King County, WA (none were ::wit.biti , · · .. :, 
the Seattle city limits)." As shown in Tablei2,,Ce!)ti:a,tk;~·;;: 

-- :·· ~ ·~ . ·····' .. _.,_. .. :.1:, .. _:: ... 
tendencies and dispersions for nl,IIIlericai:Yanap(es.······•:·:. ol; · 

Portland Study Area Sample " were highly shnilar across control (Mn-<lb~\i,ini;)iilid ·:..:: .:.;;, 
The Portland Study Area sample included 558 home treatment (abutting) data subsets. The saine.~plds. ti:ue :'· < ., 
sales: 152 treatment sales (HVTL abutting) and 586 for categorical (dummy) variable proportiorij::t,:jJ•;:~;~j;) • ·c. 
control sales (non-HVTL abutting) located in three As in Portland, data collection relied onse.condai,Y ::·.,:_::•;·:;i, 

. ' " <:~·-··'i.' 
Portland metro-area counties-Washington County sources (county tax assessment records and MLS).:--":·•:;Cfi: 
and Clackamas County in Oregon and Clark County and primary data collection, (property inspection ..•. , >• 
in Washington. As shown in Table 1, central te!lden- from the fronting stree~ aerial· photographs,··and· .. : .. ·•:: .. 
des .and dispersions for numerical variables- were recorded documents). Assessor quality and·:co~~tip:tf~<-;~,~~-:~;-: 
highly similar across control (non~abulting) and ratings were relied orl and cros~-referen_C~_a;~tb/:-.:-:1;::::··~·: 
treatment(abutting) data subsets. The same .holds MLS descriptions and photographsinoluil~d:'irl the<·:.: 
true for categorical (dummy) variable proportions. MLS database. Lot shape was confirmed, byt!;:~.o¢.!'4 :.· :-.,,,;., 

Data were assembled from numerous sources. plat, aerial photography, and field 'insp~ction>·):. · .. ,-
Two secondary data sources were county tax Lot topography and landscape• quality -ive,.~i·fieid·;·::;::;;; 
assessment records and each area's multiple listing assessed, and the landscape was cross vepfie(j:by:.'··,;:[:;;:. 
service: (MLS). Primary data sources were property exterior MLS photos to determine if it hiul been . · :"." 
inspection (noting the appearance of each home altered after the sale date_. ... '' ':T, ... c: .. •i ·:,.,..'".-~: 
>ciewedfrom the fronting street), aerial photographs, Also shnilar to Portland, othervariables#oflisie'i(i~:";i}~' 
and reCorded documents. In addition, asSessor in Table 2 include the sale's municipal ad#eJ~:.:etrC}(,:i_!:_,::··~1i: 
quality and condition ratings were cross-referenced sale's school district and serving high scli.o~ijhiiifket ':::: ·~~ . 

I , .. _, ,.:.·: i;~;~~f;~~:.t,t;:~::--:.: :;:· 
24. Bonneville Power has no transmission line rights of way within Seattle's city limits. Seattle is totally within King County, as are th<i: SUbUTbs .. itud_iCd 

here. These suburbs are considered to be part of the Seattle Metropolitan Area, and are Included in the Seattle MSA, although they are outside' or' the 
Seattle city limits. ''!::::., : .. 

·:!. . :I _ , .. i[~~-~-:s;;-U~:;. >~~_.j~r. 
lttb.e..AppraisaLJ.o.w:n.a4.W.inteL20.13 ____E!iC.~of 1;1\[1 son Ab!Jttioi; Hnhies·~~ .. ;(:.:~~::· .. 
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Table 1 Descriptive Statistics for Portland ,(\rea Sample Data, Control and 

Variable 
Price :·r 

Stat~ o/.pr~gon 
State cit:washington 
Clark- Coimty, WA 
Clackamas County, OR 
Washington County, OR 
2004 Sale 
2005 Sale 
2006 Sale 
2007 Sale 
Living A(~a (sf) 
Lot Size;(ac) ·. 

. . -·- ·": •' 

BedrOOO)S 
Bathrooms 

Age at Sale (yrs) 
Garage (cars) 
FireplaceS 
Pool 
Hot Tub 
Deck 
Patio .:; . 

Outbuildihg(Shed 
Central Air Cond. 
Fair Quality 
Below Avg. Quality 
Avg. Quality 
Above Avg. Quality 
Good Quality 
Fair Condition 
Below AVg. Condition 
Avg~ .Coridition 

Above Avg. Condition 
Good COndition 
Poor Landscape 
Fair Landscape 
Avg. Landscape 

Good Landscape 
Level Site 
Gentle Slope 
Moderate Slope 
Steep Slope 
Rectangular Lot 
Cul-de-Sac Lot 
Corner Lot 
Irregular Lot 
Flag Lot' 
Quarter 1 Sale 
Quarter 2 Sale 
QuarterS Sale 
Quarter ;4 Sale 

Control Mean Control Std. Deviation 
$294,048 

~ 
$74,812 

0.648 ** 
0.352 ;· ** 
0.352 l ~ ** 
0.042 ,, ** 
0.606 !.f ** :; 

0.008 1:- ** 
0.301 ~ •• . ,. 
0.505 •• 
0.187 •• 
1,775 514 
6,455 1,904 
3.380 0.580 
2.310 0.390 

15.320 10.750 
2.030 0.350 
0.852 0.496 ,, 
0.005 •• 
0.044 ~ ** 
0.386 •• 
0.609 ** 
0.158 I ~ ** 
0.560 •• 
0.005 •• 
0.067 ** 
0.738 ** 
0.109 ** 
0.080 ** 
0.008 ** 
0.021 ** 
0.785 ** 
0.036 ** 
0.150 ** 
0.016 ** -· 
0.109 :; ** 
0.733 ** 
0.143 ** 
0.749 ** 
0.184 ** 
0.062 ** 
0.003 ** 
0.676 ** 
0.135 ** 
0.145 ** 
0.044 ** 
0.000 ** 
0.218 ** 
0.345 ** 
0.251 ** 
0.187 ** 

Treatment Mean 
$291,122 '· i•. ,·-·.' ·. 

o.ee~;_;~t!::, 
0 33-5. :·;;.··:~!.:, . ·:. ,,., 
0.336. i 
0.040': 
0.625 
0.000_-
0.270 . 
0.474:: 
0.257 
1,748 
6,700 
3.360 
2.316 

13.840 
1.990 
0.783 
0.013 
0.079 
0.434. 

0.572 ' -
o.2o4:· ,:J1::j 
0.599 
0.013 
0.086 
0.737 
0.059 
0.105 
0.013 
0.000 
0.790 
0.033 
0.165 
0.000 
0.158 
0.691 
0.153 
0.645 
0.283 
0.072 
o.ooo.: 
0.763' 
0.105 
0.053 
0.072 
0.007 
0.178 
0.401 
0.263 
0.158 

· ..... 'i-ii: 

,:i!···'" 

.. ,:I' 

:··' 

~-~~~: 

... ,. 

* Totals fOr any particular construct may not add to 100% due to rounding. 
* * SampiO 'standard deviations are not Included for 0,1 dummy variables. 

Edc.e.£ffoots..ofJ:l'liLs_oJ1AbJJ!tingjiom.."'-------- __ _jlit~~~ 
·.:;,. ;: ·.:·.::f :]·::::.· ~"<.$.'. 
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:' Descriptive Statistics' for Seawe Afea Sample Data, Control and . . 

Price 
,.._' 

2005 Sale 

2006 Sale 

2007 Sale 

Living Area (sf) 

Lot Sizei:(ac) 

sedr6o·h;li~;~~> :::· ; 
Bath;o;;/;,,; '? · .. 

.,~ '.·;· 
Age at Sale (yrs) 

Garage' (cars) 

~replac~s 

Pool 

Hot Tub' 

Deck 

Patio· 
Outbuilding( Shed 

GreenhOuse 
Sports Court 

Apt./MLS' 

Below Avg. Quality 

Avg. Quality 

Above Avg. Quality 

Good Quality 

Very'Good Quality 

Belo_w Ayg~ COndition 
Avg .. Con'dition 

Above Avg. Condition 
Very Good Condition 
Fair Landscape 
Avg. Landscape 

Good Landscape 
Exc. Landscape 
Leve·l Si1:~ 
Gentle Slope 

Moderate Slope 

Steep Slope 

Rectangular Lot 

Cul-de-Sac Lot 

Corner Lot 
Irregular Lot 

Flag Lot 

Quarter.! Sale 

Quarter 2 Sale 

Quarters Sale 

Quarter 4 Sale 

a Mother-In-law suite. 

$483,435 
0.506 
0.386 
0.108 
2,249 
1.030 

·. 3.580 
2.390 

21.160 
2.430 
1.330 
0.019 
0.147 
0.639 
0.605 
0.080 
0.017 
0.017 
0.051 
0.075 
0.518 
0.241 
0.123 
0.034 
0.051 
0.692 
0.222 
0.034 
0.082 
0.706 
0.190 
0.022 
0.451 
0.378 
0.194 
0.022 
0.554 
0.142 
0.135 
0.1.42 
0.027 
0.207 
0.316 
0.272 
0.205 

~ 
~: 

,:! 

* 

Std. Deviation 

$333,165 

** 
** 
** 

909 
1.49 
0.68 
0.66 

13.47 
1.11 
0.74 

** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

i; ** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 
** 

•· Totals for any particular construct may not add to 100% due to rounding. 
"'* Sample standard deviations are not Included for 0,1 dummy variables. 

1.350 
0.000 
0.118 
0.634 
0.556 
0.053. 
0.04i( :.·.· 
0.020 
0.026 
0.105 
0.500 

0.222 " 
0.105 
0.05:?: :' 
0.085 
0.654 
0.190 
0.072 
0.118 
0.712 
0.131 
0.039 
0.490 
0.353 
0.150 
0.007 
0.510 
0.163 
0.052 
0.242 
0.033 
0.170 
0.333 • i· 
0.268 
0.229 

' ~ I I 

,,'1' 

' ,•,• 

' ,:I 

::: 

**: .;._'·~· 

' , I ' ,. 

~~: . ~~; 
<,._,; __ •;· 

:: ·······!'.~ J;·,i.'''""'""•:.:·, 

ll.r1e~~taisaU.o.urnal, Win1~.~0.1.3 Price Ftte'crs of H\!rt son ~h;··,#i~g Homei:[;;·:~~;:·~_.~;. 

· , : .i!~r![!fti~"~.;~~:;;t 
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area'sname (neighborhood), and zip code: The 
sample. data also included cell phone tower visibility, 
the type of exterior and roof finish, existeri'ce of ' .. 
nearbt parks, membership in a homeovv:ner's 
assOCi~~ on, and gated entries .. With on~ excePtion, 
disi:iioution across treatment an\1 control pror:erties 
was· si!ni!ar for all variables. The exception cis lot 
area, ,Yhich averaged L05 ac~esfor non-*VTL 
abutting properties. and 1.5 acres for HVTL-abiltting 
properties." Use ofmultiple reliession modeUng in 
the an~lytical phas~ controlled for any diffetimces 
between treatment and control groups to isolate and 
mea,~W:e the HVTL proximity effect on price. Similar 
\0 the pprtiand data, most of the additional variables 
(~~¢eiit;;f~r a few selectlocationidentifiers) proved 

· to be sfutistically insignificant · · 

Analysis 
Portland Study Area Analysis. 
As illustrated in Table 5, the price effect of abutting 
a HVTL transmission line was found to be negative 
and statistically significant in the Portland Study Area 
The magnitude of the effect was (e-o·'""'- 1) x 1 000/o = 
-1.65oJofor the average priced treatment group (abut­
ting) home in the study area. Given the Portland Study 
Area treatment group's $291,122 average sale price, 
the Portland treatment group's typical home would 
have sold for $4,884 more if not abutting an f!VTL." 

The adjusted R' for Portland Study Area multiple 
regression analysis is 92.9%. The analysis indicates 
signifiqantly lower 2004 prices and significantly 
higher !'rices in 2006 and 2007 in comparison to 2005. 
Double-digit percentage increases in price over the 
study period are consistent with the seller's market 
the Portland area experienced during this time. In 
addition, the market exhibits the sort of cyclicality 
expected in a northern climate, with significantly 
higher market prices during non~winter quarters. 

As expected, the improved living area of the 
home is th.e most significant element of comparison 
for :the. price model. Bedroom and bathroom 
variables are opposite in sign, which is not unusual 
for thes'e sorts of models given the high correlations 
among· bedroom counts, bathrOom counts, and a 
home's improved living area. Property condition 

and landscaping qualiiy both .a.ffe"Ct::sai'• 
,,. ·: ... :· .. ,:' ,.,:,•·:·•"••i:•t:rlr• 

do lot size and property agej Thee sil!n 
''·' :-: ". ,, . , .I.' 

the age squared element'ofcomparison 
nonlinear improvementdep~eciation rate.ii'~pp~ars~~.1lim~: · 

"· . ·: '''!'!- li:.·'··':•·,.;,,,. ,., · 1 :"11".1'r:'· 1·:---•·"'''"":'.·~:•~'·'c":".: .. 
. that swimming pools may not be ·~gval1tageon:s froPJ.i 

a market price persp·~?~!,~'j~~;~~~::~!ii#b~~~~~~:~§l 
hot tubs do show a po~!~Y~>:p~jce;;~l'f~qt;!~o, 

The Portland Study: i\.rea:'l;eljl: 

increment At a more macro-location 
to be higher in Clackamas County, 
Clark County, WA (Vancouver), in 
base location (Washington County, OR). 

Seattle Study Area Analysis, . : ,,. , .. , '·' , . ,., . · 
As shown in Table 4, the price effect ofaP,ti~~:#:s'iiic,~ · 
HVTL was also negative and statistically sign:ificai:lti;i~?c''::· 
for the Seattle Study Area sample,')11e mag:tlj_\Udci:.;'f:./)> 
the effect was ( e"'·""'- 1) = -2.429°/o fortlie'average:::;. < 
priced treatment group (abutting) homeir(ih,.~i§.tii~Y,i~T'. > 
area. Given the Seattle Study Area treatmehfgroup's;i.:'( :; 
$502,261 average sale price, the Seattle tr~atmentJ :!::,;;: 

: .. '''. · ..... :;.:,i)·.···'"' .. • 
group's typical abutting home would have ·:Sold fon :;·:·:;:: 
$12,504 more if not abutting an HVTL.''. •:;:,; .• ~ .. : •::L:,,· .:,. 

The adjusted R' fo~ Seattle Study Are~ niul?pi~;~''ii:';> 
regression analysis is 95.5%. The analysis.inaiea\e~or~i';j:.: 
significantly higher prices in 2006 andi200i in·:;:·:C::: ::'.'. 
comparison to 2005. As in Portland, .do\iglec~igit i , 
percentage increases in price over the 'Stti_(lf,i)erl~d;§: .. :·~~> 
are consistent with the seller's market .t:b:~·;.s~:ltti~~~f.":·:·~.: ... ·--· 
area experienced during this time. In addition,' the·.~;;:.:':··<.:: 
Seattle market also ex)libited .the sort of cyclicality :t ·. · •'i•· . 
expected in a northern climate; ,with significantly:; .. : ;": 
higher market prices during non~winter. qurut.~r~{~~§~·:::::;::.;.~~r· 

Again, improved living area of the ho·m.~:i~ iJl({~·:'!f)~':~· 
most significant clement of compariso~·::fof·: n~e+··:,· .. ··-.. 
price modeL As in the Portland model,::be<lroom:i · ... ,,, 

, · · · ·' .,t~t';r4_;i~~}~~ .. ·~~. 
25. Larger HVTL-abutting lets are net unusual. given the data descriptions included in many of the articles cited in the literature review, ··,:·!: ~'.' ., ::·'~:f,";:~.; ::.~. 
2s. 291 .122 -2e1.122 = 4.884 ··:~ ~~· ::~. ::.~-~·r··.:.:i .. ,,. 

(.1-0.0165) ·<"·' ' ... ,; 

, "~~ -=~·-~~ ·, -~j·ii-Fg 
P.d.c.e..Effe.c.ts...aLI:!.Vlls_on.Ab.l!ttio.g.Jio.me.s Th.e_AP.P.tais.aU.o.~Wi~~· ~ri:(~::: 11 .;7.;·;:·.:·;:· 

.~~·~i·l~ij.;,{},;;:·~:~:~~:· :::::,., 
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Table 3 Multiple Regression Analysis of th~ Natural Log of Sale Price, Portland 

PredictOr 

Constan~ 

Abuts HVTL 
: .:·J•:_ "' 

2004 sale '· • 
'•:·. 

2006 sale 

2007 saie. 

Quarter 2 

Quarter 3 

Quarter.·4 

Age 

Age Sqi!ared 
• :. '~t : _: 

Lot Size,(ac) 

Fair Landscape 

Good Landscape 

Above Avg. Condition 

Good Condition 

Living Area (sf) 

Bedrooms 

Battis ·:·. 

Garage (car~) 
Central AC 

Pool 

Hot Tub. 

Rock Creek Market 

NW Portland Market 

Forest Grove Market 

· sw .Beaverton Market 

Scholls Ferry Market 

Covington-Orchards Market 

Mt. Vista Market 

Beaverton School Dist. 

Clackamas County 
Clark County 

s .. 0.064~50 R~ .. 93.3% R~(~dj) .. 92.9% I 

'r 

:!i 
;t 
~f 
:C 

~ , .. 
!t 
t' 
~r 
:·~ 

,;; 

:~ 

~~ 

~~ 

Coefficient 

11.73260000 

-0.01661500 

-0.16722000 

0.12987800 

0.17290100 

0.03179700 

0.05439400 

0.06355800 

-0.00444460 

0.00003131 ' 

0.42296000 

-0.02980600 

0.04986000 

0.04020000 

0.03544300 

0.00028992 

-0.01217100 

0.03968000 

0.04602000 

0.01409400 

-0.05634000 

0.02659000 

0.03855000 

0.06520000 

-0.07477000 

0.08464000 

0.03421000 

-0.07356000 

0.12579000 

0.07845900 

0.11841000 
-0.10052000 

3.94 

6.04' 

6.40 •. 

-5.85 

5.64 

2.58 

3.98 

25.02 

-1.59 

SA~' ( 
4.51:c: 

2.21 

-1.64 

2.14 

2.64 

4.88 

--4:05 
4.41 - ':'j: 

1:84· 
-1.95 

3.22 

8.02 

7.02 
-9.82 

' : ~ i ' 

and ·bathroom variables are opposite in sign as 
a consequence of the high correlations among 
bedroom counts, bathroom counts, and imp'roved 
living area. Property quality, property condition, and 
landscaping quality affect sale price here, as does lot 
size. Unlike Portland, a visible cell phone antenna 
( n= §5) was a significant negative influence on price 
in the Seattle market 

The Seattle Study •Area sample 
wider price range than the Portland 

I~: 

some of the significant elements of com!lar\~~!lm,~Yf. 
actually be more applicable either to !J.iglle~fl?#ce~·J:."·,i: 
homes or to more typically priced ho~es;~iit~rl~gjf~;-, 

l'~nf'P in -ii''~VPl\·i~-::':'),>· 
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Constant 
Abuts HVTL 

2006 Sale 
2007 Sale 
Quarter 2 

Quarter:S _ 
'~ I'·~:- '· " Quarter:4. · 

Living ~iea (sf) 
Garage (cars) 
Lot (ac):· · 

Moder~ie Slope 

Regression Analysis of 

Creek ~iver or Lake View -

Rural Land View 
Fair Landscape 

Good La~dscape 
· Exc::Landscape 

Bedrooms 
Bathrooms 
Pool 
Barn 

Above Avg, Quality 

Good Quality 
Above Avg. Condition 

'· Cell1_entJiber Board and Masonry 
Torch. cic;>wn Roof 
Cell Phone Ant, Visible 
Federal Way 
Maple Valley 
Issaquah 
Sammamish 

Lake Washington SD 

-~: 

li 
' _;i 
,1_ 
~ 

. , 
•: 

~' 

of Sale Price, 

Coefficient 
12.03530000 
-0.02459000 

0.16855000 
0.21629000 
0.03103000 

0.06668000,,. . 
0.07266000 

0.00025187 
0.02904600 
0.05042200 

-0.02618000 

0.10392000 
-0.09454000 

-0.02911000 
0.04146000 
0.29246000 

-0.02395300 

0.03472000 
0.06714000 

0.13152000 
0.05190000 

0.08680000 
0.03614000 

0.03089000 
-0.09631000 
-0.06327000 

-0.08459000 
-0.03311000 

0.14206000 
0.16244000 
0.24369000 

i·',' .I 

12.96. 

-1.79 

3.10 
-1.94 
-1.62 
2.77 , .... 
7.99 :: 

-:i:ss ., · 
2:75 
1.52 

6.05 
3.85 
4.32 
2.61 
1.94 . 

' ., . _.., 
-1.94 '· .. 

-3.46 .. 

-3.22 
-1.74 

4.92 
4.52 

15.63 

! 

·' 
'i'-1 

.. 

. ...:·' 

''i 

·.,,· 

Snoqualmie Valley SD 0.15103000 3.54 Q.OOO ... 
' ·, -~- -- - -.. ·-~~' -. . 

Auburn SO. -0.05125000 -2.88 c:': 0,004:::~;:;::;.,::;;,. 
". ,, ,.~·--- -- -· . - . ' ,•,• .·, ,,1~' -'::.':", ~ ~- . 

Issaquah HS 0.13107000 2.51 . ; !),O~;:q{~,:r;f:~;· 
Skyline HS o.11901ooo 3.52 .:;,o.o66 "2':::: ./ ,,, __ •.. , - ... -. 
Cedar Crest HS 0.26239000 4.83 'i::'<i.ooo :. ' 
woodinville HS o.3484oooo 2.92 ., , j_<,Q:qo[X:A :; 
Inglewood HS -0.28170000 -2.26 ' 0.024I"'~;:·c :, 

··:'<· ·-::<!;-'--~:· ::;: 
ZIP98045 -0.07825000 -1.44 0.149 .. ,..,,.:, . : .. •·' 

." _'- . -,- .. : I·;~ _•''' ·''> 
ZIP98010 0.17823000 2.54 < 0.011;:\;' 
ZIP98059 0.06275000 1.34 : :0.181''>;; 
ZIP98023 0 04924000 159 :;·'01l2:;,,,rc"•:·;::;: . . :··---·-~:--- .-:---:~}/<::.:.::::;:,. 

5=0.115197 R~=94.0% R2(adj) .. 93.5% , .::::f·::{::E;~.:p·~:f.~:1(;> ·:·,_: 

~unlike the Portland Study Area model, there !s no age variable !n this mode! because age W!lS highly corrc!mcd with tho qua!!ty and cond!tlon.,;.,~~~t':~~::~~c·~-~ . ... '" 
variable W!lS !ns!gn!ficant !n the presence of the data's quality and condition variables, and the standard error of the regression was !owCr without the- aiC:Varia.ble In 'f~ , -·-·:. 
the model (I.e., the model provides more precise price estimates without an age variable). · · .. :;Z.;-:~P!r._:";::"j ;~:~~~-- · :· A· 

· · ~~:~ft:~tt0§~1~~x:~r · 
. _:;:~:i ·;:'/?.:-~·\·~ ::~_;·, ~:~. 

£rice EffeCts Of HVTLsJ)fl.AblJ1ti.og.Ho.mes The .. Apprai~~A~~~Winte.r..2riid __ :J!J-:f:>·. ,~:, 

.. : ;::~t~~~ta~,r,fi: 
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''"" ': / · .. ' '•, '' ;- ., 
Examples of these sorts of variables include 'some 
of the· geo'graphic location identifiers, torch 'down 
roofing,~8 swimmin-g pools, and a Cenientfiber -board 

.H \i;·bi:·~ .. ':, 
seattle study Area..:.8\~~er-~~~~d liorrli{MarRefi#,~Yi:V 

' - : •:·;· ·. '• ,- ,. I •:~: ,,_J:.1:,.(~~~-~~···rll~'~':"~it:•'>-'•,,)-_,~; •. _: 

,. . ~ 

and masonry exLerior fmish. ' . ~ 

Unlike Portland's multistate and ~ultic~unty 

For the Seattle Study Area, the higher·J>iiP¢c .·. · ·· · · · 
market was operationalized by isdlat!n~ · ·····•· 

.- . , "''I· '·:, ing the upper price quartile of the data 
sample with a mean treatment 'iz,:oun ~ale' 
$1,055,105). As shown. in 

average treatment group sale 

. data, all of the Seattle transactions were in the:same 
stat<i: @~)and the same county (King). AltJiough 
namedisllbmarkets exist in the Seattle Market, city 
nanie,:~chool district, .and high; school influences 
provid~;: more preCise price mOdelS~ aCcomp'3.nied 
by ~ip 9ode micTo~location information. Ho~ever, 
the significant location identifiers proved to· vary 
between higher-priced homes and more typically 
priced homes. 

Area's typical abutting, higher-priced -"·~··.w , . .,,..,,,, ....... ,, 
have sold for $150,882 more ifnotabuttiilg a;j?~~:}:f::i;; '£ 

: .!. ·1:;; 11~~S.f~~t~'!':~~:-~:;~~: !~~:·. 
Table 5 Multiple Regression Analysis of the Natural Log of Sale Price, Seattle Study Area, 

· '' . ·Higher-Priced Homes ~, , · 

Predictor 

Constant 

Abuts HVTL 

2006 Sale 

2007 Sale 

Living Aiea (sf) 

Gar~ge (6ars) 

Lot (acr; 

Rural Lai1d View 

Good Landscape 

Exc. Landscape 

Bedrooms 

Bathrooms 

Fireplace 

Pool f 

Barn 

Above Avg, Quality 

Cell Pho'ne Ant. Visible 

Issaquah 

Sammamish 

Lake Washington SD 

Cedar Crest HS 

Inglewood HS 

ZIP9R010 

S "' 0.139418 R~ "' 89.8% R~(adj) "' 87.1% 

Coefficient 

12.48510000 

-0.11906000 

0.17862000 

0.23082000 

0.00020814 

0.04791000 

0.03763200 

-0.33530000 

0.09738000 

0.25137000 

-0.05165000 

0.03153000 

0.03115000 

-0.11282000 

0.14622000 

-0.07293000 

-0.09878000 

0.16150000 

0.32308000 

0.14799000 

0.18930000 

-0.39710000 
0.19440000 

28.A colloquial expression Identifying a multi-ply, flat, rubberized asphalt roof. 

29. 1,035,105 -1 035 105 = 130 882 
(1 - 0.11225) ' . . 

;,.,' 
. )i~ -

~~.The AppraisaUo.umai,_Win1eL20.13c__ _________ _ 

t-statistic 

126.59 

-3.34 

5.39 

4.85 

8.23. 
' 4 .. 01. 

5,43 

-2.68. 

3.04 

5.28 

-2.47 

L12 

1.50 

-1,81. 

2.74 

-2.00 

-L05 

2.73 

5:71 

4.49 

2.54. 

-2:45 
L34. 

,. 

Cr',',:!, I.: I 

!:'' 
·::; 

'--,:::1 

0.137 ... 

:c,o;dob 'i 
0.01:3'·.: ··. 

;. .. · 

··~) 
~:;··:-. 

· /,j;!;Blfr~~~_'~· f 
_enc_e...Effe.c!s_o.U:I.VD s on Abutt~DJ Homes.~~-: 

.-: .. ;:.~. ~. ;:,~~~;;: .. 

· :: · ;-~r~l·1~~i~JL: 
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· · .::. ... ·: 1·1· \: ir . ... ,_.: 
.. The.magnitude of this effect also suggests that the sig- . analysis; The analysis:' 

nificant:-2.429% IfVTL price effect for the full ~eattle higherprlces in 2006 · ··· 
, <•, , ' ' ,·_ 1[ ., •·:· '"" r ,' .,' , < ·• 1 

data serwas impacted by inclusi.on of higher-priced similar to the larger Seattle data' set; 
honws )n !he full sample. ' 

1 
• . ~ • data, seasonal cyclic~ty "[~~ ~/i~~fi~~tr£?ibio'f~r 

, :: ;;;;M!\')y·qfthe quahty, condition, and location the Seattle more typlcaU~·.pnced:)iome.mill;!<.ey;.~d, 
· '--:.:.ifnO,, • • • • - ,j'<,o,;,,,),.,,,,,., ... ,l~·'·o· .. ~·- ... -•,'t•· 

:eleni_e~rs of ~ompariso~~e not epdentin this ~ore- in contrast with Portl~~,: .. ~~v·p~~De'to~~-~!.~~~~~.~Mtt 
parsimonious, higher-priced h,ome model-Mlen did have a significant neg~tive imBI'.qt on hq!ll~){l;l! 
as a consequence of there being'no sales exhf~iting 
the missing characteristics (e.g.,: no homes with fair 
limdscaping and no homes locaied in Federal;\vay). 

·>, ' ,( 

Cell phone antemia visibility .loses signifi\iance 
(presuniable due to relatively larger average lot size), 
and.:cit{a\l,dress, school district, and high schools 
are rediiced to a few relevant locations. 5 
' . :: Th~adjustedR'is87.1%forthe Seattle Study Area 
higli"er~priced home multiple regression analysis. 
The analysis indicates significantly higher pri~es in 
2006 and 2007 in comparison to 2005, similar ~o the 
larger Seattle data set Unlike the Portland data and the 
larger Seattle data set, seasonal cyclicality wa~'not a 
significant factor for the higher-priced home m~rket 

. Seattle Study Area-More Typically Priced" 
· Home.Market · 
For the purposes of this analysis, the Seattle Study 
Area's more typically priced home sample consists 

· of the lower three price quartiles of the data (75% of 
the sample with a mean treatment group sale pJ:ice of 
$566,866). As shown in Table 6, the effect of abutting 
an HVTL right of way was a much smaller percent­
age of price and statistically insignificantfortypically 

, priced, .. ~eattle Study Area homes, ( e~'·""'" -" 1) x 
· 100% :i, -0.6415%. If statistically significant, this 
percentage would amount to -$2,569 for homes in 
the subsample's average-priced treatment gr9up." 
However, due to the smallt-statistic of -0.65, there is 
no strong statistical evidence to support the exi~tence 
of an HVTL effect for more typically priced h'omes 
in the Seattle Study Area. The small magnitude and 
lack. of significance of this effect suggests that the 

, ·apparently significant -2.429% HVTL price ,effect 
for \!Jefull Seattle data. set was almost entirely the 
result of including higher-priced homes in the full 
Seattle Study Area sample. 

The adjusted R' is 87.5% for Seattle Study Area's 
more typically priced homes multiple regression 

366866 -23 
' 30. (1-:... 0:()06415)- 366,866- ' 69 . 

Analysis of Price Sensitivity 
Voltages 
The Portland sales 
include treatrn ent 
variety of power line .,voltages, 

Two additional regression 
developed, replacing the "Abuts. 
the models shown in Tables 5 and 4 
variables representing tq.e _max~mum·:lme_-·v:onage-·~_.;: .. 
present at each abutting (tr.eaim~nt) sale;,All;other; : , , 
variables were left unchanged~' The re~i'ilt;i&il!r::":::,;::: 
indication of the HVTL proxi,city ~!feet brokeii:dd~~B::f('c-:: 
by line-voltage category. Line voltO:ge i~ a.t$i<I~le or:~:::. ·• 
interest because voltage affects thetoweJ1typ~;#r!d:•.;: :. 

' -·I ' "'" J~, c:~·--·-'•••-'-'-.• '' ., ... , .... 
configuration, width of right of way, and ~~~n~lQ,f;:L~Y:.-.. ·. 
line noise.~1 

: , •. . · .:·; --;.;·;~~r:_':t:{:~~;:;-~~~~~~:;~::. 
Since the kV interaction variables fullY:j:,Ji!cir.e·:t'·i;;:::;; 

the ''Abut HVTL" effect in both regression models; R' /'::1'> 
and adjusted R' remained the same as reported,il1i::,:'; .• '; , 
Tables 5 and 4, and lhe fulllist6rvariable cil'effiCienis;:(,''::;.,,:,, 
and significance levels are unchanged. Resui~0~ftlf~ i:Z,S1c'";: 

' ' ,.-;' '. 1'".' ,_ ·"·.,, ' -~:- !·: . :: ' ' 
kV category effects are· included in Table:~·~l-~:~~~-;~'i;i-?-'·~-:~-~:-: · 

As shown in Table 8, the d~ta dO nMti,~R~gf,l;iC 
the tdea that priCe effects are, greatei:! ol':more:''::· 
significant when a home. abuts= a hfgh~#;~:bJta1e~rx::~;:;_~ , 
HVTL. Although the Portland results in::Table:•8:~';;:]:.: 
suggest a lesser price effect from high ere voltage '' ' 
lines, there are too few higher-voltage abuttiii9 sales ':· .. 
in the Portland data to ~uppori the credibilii:)tof,this::~:·:;,:: 
counter-intuitive indication. ~: :.:': ,: ·: !'!: 1

: i'i!.~;_: d~j:~:~~!~?-/T~·.:·)~:~:-· 
The Seattle results in Table 8 ~1~8f~\i~g~~t';' 

a counter-intuitive result-a gieate't.:~~{iUfiOZ:¢·;:·~, 
"·- " -~ . _-t . 1.·. '_., '"', :· -~ 

significant price effect associated' with:.ilili'Seattl.e:':·: 

·:I' ~~:_:;:F··ff~:;~~~·; ;~:(;--.: __ .. _. 
·.;: .. ' 

··, i' •I II· ·!';<:' ;~·-~-:: ;., : 

31. ~~-~her:voltages are associated with larger towers. wider rights of way, and greater line noise. '; ·.ll~l!'l 
&i.c.e..Ef:f.e.cts..otil\!Ils__on Abutting Hom Ih.e.AppraisaLJ.o.umal...:..~; g~~:t:w.~-; . . . . . . . ·... ' }~~·!':~~;:~ ·' 

.. ,..;;: . .:.:· ~.- .. 
.~ i ., ·::~::!I 
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Analysis' of th~ Natural Log of Sale Price, 

Predictor 

Constari~ : · 
Abuts HVTL 

2006 Sale 

2007 Sale 

Quarter 2. 

Qtiarter3 
·: " :· );·( .. !"' .. 
., Quarter"!'•''' 
. ·, . ·_ :-'--. :::~; ·.' •.: . 
, Living A~ea (sf) . 

Garage, (car) 

Lot (ac)' 

_ Fair Larydscape 

Bedrooms 

Bathrooms 

Pool. 

Barn 
' Above Avg. Quality 

Good Quality 

Above Avg. Condition 

Cement Fiber Board and Masonry 

Torch Down Roof 

Cell Phone Ant. Visible 

Federal Way 

Maple Valley 

. lssaqua~ 

Lake Washington SD 

Auburn SD 

Issaquah HS 

SkYline HS 
ZIP98010 
ZIP98023 

S = 0.0872944. R2 '" 88.1% R2 (adj) "' 87.3% 

:·;-

"i' 

~~ 

' 

i; 
' .. 
<1 ,, 
" :• 
' ,. 
:J 

@ 

" 
l 
" 

:r-

Coefficient 

' 12.07930000 

-0.00641500 

0.16601800 
0.21829000 

0.02720000 

0.07700000' 
0.07728000 

0.00021149 

0.02019100 

0.05990600 
-0.03319000 

-0.00993700 

0.02874000 

0.39380000 

0.11218000 

0.07294000 

0.11901000 

0.03663000 

0.02538000 

-0.09667000 
-0.0564300 

-0.08896000 

-0.06119000 

0.07793000 

0.25318000 

-0.05947000 

0.21774000 
0.20463000 

0.16664000 
0.05955000 

Table 'i' Treatment Sales, HVTL Frequency Distributions by Line kV 

· Portland Data 

-0.65 

18.13 

1<'\.64; 

2.26' ' 

' ;:~~~ l,;::~~~l;ll i! ::'2ii;~~~g~p§t,[i.:$ 
1? :iq ;:J: -~1fr: !, ·. :: .. ;::~\l;~:~~~ts~.BQ.it~~~t---
4.17. >: .. h·-~!il-!1 ·:: :.: :~J,'l.J:~~~~:·-:noro·oo:::~~·:.-:~r 

12.63 

-2.42 

-1.20 

2.42 
4.33 

5.63 

6:24 • .·• · 
5.88 

2.97 

1.76 

-2.36 

-3.93 
-4.43 

-3.94 

3.6:;1 
18.17 " 

-4.17 

4.82 

9.28 
2.65 

2.52 

·i-

':.:!, 

:-:,ii. 

" ~ I 

' 

Seattle Data 

:i;·.··j 
-i .· ~ 

:~iii 
[.<'' 

iii~~·~. 
:,...,..,....;...;.._;_:·:·t 

::~~;-~~- ·::.:-~ 

·. :·: :;~:~~l[~if.;·~~~~~~· 

~~ ~~~ :~~~~~;: 
HVTL kV Frequency HVTL kV 

115 kV · 41: 115 kV 

230 kV 89 .: 230 kV 
345 kV 12 345 kV 
500 kV'. 10 C:::t"'lt"'l L--\1 

! )\ .. ,. 
1-': 

.:i ,:-; 

--' ~ 

. ~~ TbecAppraisaUoumal,.win1eL20.13: __ __: _________ . 

:;;:." 



Reprinted with permission from The Appraisal Journal (2013, Winter);· 
@2013 by the.Appraisalln,stitute, Chicago, Illinois. All Rights Reserved. 

: ~:,: 

Table 8 · HVTL Proximity Price Effect Voltage Category 

· Portland Data 

Line Voltage 
115 kV 

230kV. 
345 kV;i 

·-·::.·. :;('I': 
500kV§c. 

_ .. ,,, 

-1.14 
-2.66 

'-0.31 

. '-0.13 

-0.02099' 
'-().00628 ~ 

ii '-().09293 % 
· ft Seattle Data ' 
' 

230 kV c 
345.kv·:.· 

500 kV. 

Depen~ent:-:arlable Is natural log of price. 

.:0.03535 

+0.03275 • 

-0.01457 

data's lowest line voltage. This result is misleading, 
because 87% of the higher-priced, most-affected 
home sales reported in the Seattle data (analyzed 
in Table 5) are abutting 250 kV lines. Therefore, 
the 250 kV variable in the Seattle regression model 
reported in Table 8 serves as a proxy for the inuch 
greater; higher-priced home HVTL effect in Seattle. 

· Market Conditions Adjustment and 
HVTL.Proximity ·· 
Rates of price change for 2005 to 2006 and· 2005 
to 2007, were isolated for HVTL-abutling and. non­
HVTL abutting properties in both Portland and 
Seattle.: These were isolated and estimated by run­
ning multiple regression models identical to those 
shown previously for "abutting" and "non-abutting" 
subsets of each study area's data. Table 9 includes 

· coefficients on 2006 and 2007 market conditions 
adjus~ent coefficients for each study area, ·using 
a 2005 .base year (the data did not include e"ough 
2004 sales to allow meaningful2004 comparisons). 

As Table 9 shows, there was very little difference 
in percentage change in price from 2005 to 2006 and 
from 2005 to 2007 for HVTL-abutting and non-HVTL­
abutting homes in either the Seattle or Portland Study 
Areas., Rates of price change during the 2005-2007 
study Iieriod were not materially affected by HVTL 
proxiniity, having been slightly greater in Portland 
for HVTL-abutting properties and slightly less in 
Seattle for HVTL-abutting properties in 2006, but 
greater in 2007. Therefore, HVTL proximity price 
effects appear to have been limited to the sale price 

-2.29 

0.42 

-0.88 

: .. " .;_: .. :;::r -. ~-,:: :;~p~~;i.::.~:f.i:~~t::~;:· .. 
as of the date of the ~~sa_c~~ri, ~th::~~::fu:~~~~~1~~rwY + · 
effect on rates of price change. Figure'lJi>ri>vides 'a·; · · 
graphic representation of these market cdi:ldition "'" 

11 ' '" ,,, ~ 

adjustment percentages. 

Findings and Conclusions: . , . __ .. " ... '· ,., 
' "- • - ' '• ' -~- , .... r,..· '. "'. 

Results from the Portland StudyArea represent' a:'. -· ... , 
refinement to the earlier work by Wolv~rtdn . . ... 
Bottemiller" by provision of a'm:oreprecise:model 
principally due to the cuir~nt~mdy's da,;;_ sei~ii~Yd«~-· ..... 

: ·.- 1· · __ ,,. · ,•1'"''""'··:.·-·--Y""t 
for better statistical control of the Iilicingi~!l~':lc~·~f~,: 
the city's market areas (neighborhoods)' andiSchool ': 

'. • --~j' r-:·!.':- , .• _ ........ --
districts. The res~lting improv:~d- preCi~-~?-~/;~$~~~ 
of smaller regressiOn error, uncovers the Slg:rij.fiCan:ce~~: .. ::: 
of the HVTL price effect, which wahotevidetii;±;tli:~I;:: ,,., 
prior study. In addition, this study COnfll'l]lS tJiieariie~·;r} ,, 
Portland area fmding of no appreciable difference in: 
the price response to changing market condjti!Jris f<j~}c;,:, 

• • " .. ~1-<:~: ~- ·..:·;;. ;; : :-·~, ~!-- i _; .• ,~. ;; 
HVTL-abutting and non-abutting homes. -::;t~· ~~:lc)··nr;t:l:-.::::1_; ·. 

1 . : ·.-1· ,_ ,l ··.': t.,, .... ·_.;..-~, .<,!'t,·. ::·~r-" 
The Seattle study is unique inr~g11-1;<!:; to,its ~ . .':.:: 

breadth of home price coverage, 

location data, including municipalities,': 
districts, market areas (neighborhood~), lligh :, • 
schools, and zip codes: At first blush,' the. Se;J.ttle-;(;:.;. 

~~ , ...... - :--· y ':_;'·..\~ ._,1., ,-
findings appear to be consistent- with the Portland:r;;.: ,o: • 
analysis-a sman, significant, negative;Ii¥~l/P'rt~e_~.:F:~::· ·:-... 
effect. However, when the higher~prrced llOirles and.;;:- .. _ .. ~_·, 
more typically priced homes are arialyZ-~d--~~P~if~t~i)!Jt.:~:_:_>:· 
the price effects are found to be quite diff~teni.Th~J > .. 

;;: > I •• ~ ·"';-: ~~ -~:·: 

32. Wolve'iton and Bottemiller, ·Further Analysis of Transmission Line Impact on Residential Property Values." 

-~- > 

·· ... _;;_t;E::f:;j>:~i;i,t .. :J. 

.. .. : . . . ~:.~*:J~i;~~~:¥ 
. ,~-

Eric.o..EfteC!s of HVII s_QJLAbJJttinU\O.!n ' Ine~pptaisaUoumal~J&.£.]1 :;.:•: 

-· :···~~~~,~~~,~~:~::2·. 
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Table 9 Market Conditions Coefficients for HVTL 
. ~·' ' 

· · :. S~a~le ~tudy; HVTL Abu~irig 
. . ·:~. . ' ' . 

2o06 Sale 

2007 Sale: 

Seattle Study, Non-HVTL Abutting 

2006 Sale 

2007 Sale 

Portland Study, HVTL Abutting 

. 200~ S~le : , 

zqoi $~~;;" \ · · · 
Portland.Study, Non-HVTL Abutting 

2006 S~le 
2007 Sale 
2007 Sale 

p- ... 

.:, 

& 
" 

" <i 
;; 
~:­,, 
~ ,, 
;, 

~ 
;-~ 

and 

Coefficient 

0.14140 

0.21984 

0.16813 

0.20509 

0.13520 

0.17971 

0.128525 

0.171420 
0.171420 

-~-:-

t-St3ii$tic:..·.~·:: 
'-j'i"r[r'';.,;._-,.-,f·;. 

~w~ili:;:·1"····· 
7.27•,:·' 

12.99 

.,9,36,,,, 

I~~i!,'[I,s · 1 

:-: '~-, .•;;::r:· ' 
••.. ,I 

16.25 

16.33 
16.33 

,.!r'' 

Dependent vnrlnble Is natural log of snlo p~ice, co,nvcrt to percentages )using [c'ou~- 1] x 100% 

data fo~ more typically priced homes reveal J very 
small negative and statistically insignificant HVTL 
price effect One cannot concludethat the HVTI: price 
effect differs from zero for this subset of the• data. 
Conversely, the negative HVTL price effect for the 
bigber-priced Seattle StUdy Area homes is substantial 
and highly sigoificant Finally, as in Portland, there 
is no evidence that HVTL proximity affected the rate 
of change in home prices in the Seattle area during 
the stu~y period." 

· Th~se outcomes, like all studies of thi~: sort, 
are derived from sample data intended to be 
representative of their markets. Such samples are 
not generalizable to other markets due to differences 
in climate, government, terrain, vegetation; and 
local attitudes toward HVTL proximity and views. 
Furthermore, as the relatively high market price 
appreciation rates herein indicate, these markets 
cottld be described as occurring during an up-sloping 
segment of the real estate price cycle. One should not 
necessarily expect similar buyer and seller pricing 
behavior during other segments of the market 
cycle-such as balanced markets with verY: little 
price niovement over time or under-demanded 
markets evidenced by falling prices. 

'i ·, ' ' i-:i.: ' .' :·! :· ;->~. ' 
Additionally, there are material differences·, 

between the Portland m.arket aJ1d the S~~~~,Ip~~~~f~ ·!~\~ 
Portland is a multicounty, inultistat~ housi.itgn:i<)fke~ii! ·': • ;: 
Seattle is not. The choice of state o(ioesi~ence'irl:;,.: : 
the Portland area determines income ~ilf~t~sk,a; ' .. ;. '· 

:· • .', • •I ; ? t "' · ~ , • ~ >': _.,.,.... ·:·•··~~·:'.,",'•; · ~· 
sales tax rates. No such dynamic occut~·'lri'~eattle,,,:·:~·' .. 
Also, Portland's Washington c'ouri!f: i( hig~ty~_;j\. 
urban whereas Clackamas County (01\) and 'Clal'k:f .\ . 
County (WA) are Jess so. In contr~st,Seattle;s King::::;: 
County includes urban,~.· subu~barl,:·an&·:eXUrbarl::;,·_::::. 
lands. The Seattle sale data location~ aib 'al;n·;,;fi:: :f: 

•. ' •• 1 ·.:·<~>-'~--~·:.::....·-:·.::: .. :'····· ' ' 
exclusively suburban, and some of.the higliercpriCe'd ::·:·.'',; '' 
homes are at the suburban fringe where:}lllid,.~~es'l·::·· 
rapidly transition into an exurb;m envlr<iiiin"e!:rt,~ 
Therefore, the Portland findings are"r'io'(ai~'e'd:t!S\L. 
applicable to Seattle, and the Seattle ruidirig; 'ard":., 
not directly applicable to Portland. The most stiirk;':f C:·:. 
and revealing difference between the dat~ from·'; ? . 
these two markets is ~e:.much'larger";pe:r:-~~D:~g~·:;<.~: ..... :~.· 
of-price effect exhibited for bigber-pricedil,oijl¢s:ii:\:if'E':•L 

' ' .·. ··.·: 1-.·· ',' .\ , . ..,,.,~ ·", ... ·"' 
Seattle. It seems more likely that this effect is more:;J::: ·' ·· 
attributable to home price than it is to pity'i&catio,;,·''' 
(Seattle versus Portland). Unfortrinately,·th~reiis:no:•. 
available Portland data for testirig'this.~upp·oL~iti~h~::?,;·:~:::.: 

··l1 ·~:: :] (.:,;::;~;-:{:::.::r·"'· 

:·:_·P:· 
,, 

· . . .. : ~ ··: :>:~~~·::::.~:!.:::·:;~~ir:·;:.i: ... ·-~~· 
For coinpletencss. standard effors were examined for evidence of heteroskedasticity and none was apparent. To further ensure that·the resultS Were..•:(.:Y)' · , .. 
credible, each regression model was also estimated using Vv'hite's heteroskedastlclty consistent covariances and the findings were'unchaMt:Gfro1fdt:.:~ .. ;~-:· :1·: 

these reported hem. . ·· · ! '!! ;;}l:~~!~~~f::E 
~_AppralsaU.o.umal,...Winteiz0.13 pnCe Effe.ctS.:6ti&n.s_o·n·Ab·j~tfl'~i\iO·~i-£~ :_:;;_ . .-:: 

· i ·i:;: d:l :. :;·_~.: >r::k ~:-.:;: 
.;1; 

.. -~ !· ;\~ 

"'" .•.. ~ :. ,, ' 
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• Figur~i~ 

~ 
" .<: 

"' .<I> 

"· 

Conditions Adjust~ent . 

·Seattle 

;i; 15cd% +-------T-7""'------.,--
&': •.• · • 

1il' 
-:; 
1l 

:::: 

n 
:. 5.0% +----,.&''------------"---

o:o% .J-,t.:_:__ ___ .-----:'-r-
2005 2006 2007 

30.0% 

<I> '1! 25.0% 

" .<: 

"' " 
20.0% 

" •;: 
a. 15.0% 
~ 
" -10.0% " <I> 
2 
<I> 5.0% a. 

0.0% 

2005 

r~: :;··: - Seattle Abutting . 
• • • • Seattle Not Abutting • • • • '· 

•,± 

The study's regression equations also ~eflect 
what appraisers generally find to be axiomatic. 
Location matters in these two housing markets. 
Unlike investment income, housing is not fungible. 
Families care about the state, county, city, school 
distric(high school service area, and neighborhood 
they Jive in. In addition, all else being equa~ improved 
living area is usually the most important factor in 
home price. Furthermore, living area, bedroom 
counts; and bathroom counts are highly correlated. 
The appraisal "Principal of Balance" is conf~ed 
by these correlations, and when room counts 
depart .from market norms for a given floor._area, 
SF-BR-BA balance is disturbed. Also, the analyses 

. found here highlight the imp0rtance· of market 
condition. adjustmentS. When prices are varying 
by 20%. to 25% over a brief 21h year period, market 
condition adjustments quickly add up to meaningful 
amoun~ of money. Lastly, markets often exhibit a 
significant amount of seasonal cyclicality. Therefore, 
a winter season sale may not be comparable to a 

l'." 

,, .. 

., 
·' 

summer season sale absent a seasonality adjustnient·'' · 
regardless of longer term market ~ollditio:rf:eff~d"~~X;i:.·. :~:· 

, • ' "' o o~ •" · .• cO.,.'<!.•ia;, 

Considerable research has, 
regarding the price effects of HVTL proximitY: 
study adds to an understanding, of this ctimplex 

• . - . •I. . , :.:. - -··,, 
phenomenon in a number of ways: it takes a se~o~~· .. :_ __. 
look at Portland aod Seattle during a differeD.tin.ID-kefJi ·i··, 
period; it focuses on a seller'S market 's~~~~~~:-6f.;;~~;_!,:.T 
the market cycle; it offers a fir~t"ev~r:~l:iJ.pidcil':····· 
HVTL study of the Seattle upper-priced: ;ho.is\ngS;,:. 
market; and it confirms findings Or a:p~~~b~U~;¥,t#dY~~~:·~}./ 
regarding how abulting and non-abuttirii;:'iiomes';i:' ;.: . 
react to chaoging market conditions. The stud)"ali\l·~ ··;. 
confirms that all markets do not. react in the saine':''··· 
way to HVTL proximity. PortlandappearsJo diffe~·;: .... 
from Seatlle, and higher-priced homes ·~li. ;~e~~~~~l(h:~~:;::_: :. 
differ from more typically priced Seattkhom•e~;:;·:i 

. , ••. ·_·.--J·. ,:·,,:,_, .... 

Given this fmding, it would be beneficial if a future ' 
study were to compare higher-pr{Ced custOiP,.:~:Offi.~~~~. 
with typically priced homes in other locatfonii'•i()"; 
determine if this result can be confirmed el~e~here;~. 

' ·.,.: :.:;"•'" 

: ' ~'; 

.,,, 
':[i 

•'I : ·,· ..... 

'. :' - ' ' :~·:~:~·:~.:::.'-11 ·;,.::.:~·:.· . .::-
en.c.e...EffeCls of HVII s_on.Ab.uttio.gllo.me. TJte-.Apptats.au.~.~~atJN.m.~,' 20~·r;.UJi~:~:;.~:~ ... 

. . : . :' : :'~::~~1~~~;,~ :-.; 
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Electric Power Research Institute 
http://my.epri.com 

· ··• En&oirmental Impacts of Transmission Lines, Public Service Commission of"Wis.co~sin · ,, :;!~{tiTii'~(f!J;i<:•···· 
http:llpsc.wi.govlthelibrarylpublications!electriclelectricl O.plif 

Federal Energy Regulatory Commission-Transmission Line Siting 
http:llwwwJerc.govlindustrieslelectriclindus-actlsiting.asp 

US Department of Energy 
http://www.energy.gov 

US Energy Information Administration 
·",http://www.eia.gov/ 
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NewAltaLink'J>ower Line Will Kill Birds Near Innisfaill R.E.T.A. 

·~ · ·' · _Responsible Electri~ity Transmission for Albertan5!:~1 
~; 

;·I 

-';, 

NewAitabnk Power Line Will Kill Birds N . 
;··· 

Innisfail senior, Bernice Stewart, a birding ent:J.:iusiast and amateur wildlife photograph 
petition to save b.irds that will be killed by an overhead high voltage . .. . . 

-. J. ' ' ' ' ' 

Stewart already has close to 400 signatures of individuals who agree with her that the 
should not be bl.iilt at Cook Lake, just east of Innisfail (Innisfail Province 1; hui.isfctil 
News). .·.·:· ... ··• 5' 

· Ms. Stewart regtilarly visits Cook Lake, a permanent lake about three-quarters d£ a l<il\?i#'iftrg'!()ng/and 
•· - ·-•"' ~ - .. , . ,, ·• •. J rJ~~ !::;;, ..:', . .,, _,.. • • • • 

has recorded and photographed many species of waterfowl, other waterbirds, sbngbir®:i!!ld:l'!Yenbald 
eagles and swans. 

: •' ' 

The power line route which will cross Cook Lake has unfortunately already been approved. 
Alberta Utilities.Commission (AUC)which, along with electricity transmission companies inA1berta, 
refuse to seriously address the bird hazard problems that overhead high voltage poweilines.#eate~ 
a welH<nown fact that overhead power lines kill birds. The U.S. Fish and 

comprehensive 2013 study estimates that up td 229.5 million birds are 1<111ea 
transmission lines built above ground. 

.; .. ,, . ·.· 

There are well-documented records of hundreds of birds killed through .collision with overhead 
AltaLink high v~ltage lines in many locations in Alberta including Fincher Creek, Fr~La~.~.~~ ~ig . 
Lake, to name but a few. In one location alone near Fincher Creek, about 450 birds were killed crashing 
into a recently built overhead high voltage line built by Alta Link, even after the trans~S$1~§ E~mpany 
was warned by wildlife experts that the power line was being built in an area frequented))!: thousands 
of waterfowl and other birds. Eleven Trumpeter Swans were killed crashing into anothe~·recef1tly built 
AltaLink overhead power line at Frank Lake, southeast of Calgary, and experts estimate JO !in:t~s as 
many were actually killed. AltaLink' s proposal to build the line at Frank Lake wj>S approved by the 
AUC, even though the lake is an internationally-recognized Important Bird Area (IBA).' > > ·' ... 

AltaLink violates federal legislation that proteds migratory birds by continuing to [)u~~4.;~~~~i~~ hlgh 
voltage power lines above ground that regularly kill migratory birds, including ~'At Ri~~;~:.species such 
as Trumpeter Swans. AltaLink continues to suggest that bird deaths can be mitigated by;J)ir~d.iversion 
devices that have questionable success. Unfortunately, AltaLink, other electricity transmission :. . .· 
companies in Alberta and the AUC would rather continue to build high; voltage power lines above 
ground. than bury them where they cannot killbirds. As well, there are many other advantages of . 
burying high voltage lines associated with health, safety, property value, i:he environ:rri.ent;. aesthetics, 
agriculture, tourism, weather, fires, aircraft, power outages, pipeline corrosion, reliabilitY>rricii:iltenance 

costs and transmission loss costs. , . . ~· \.f:t ,'_)' :'/ 
:· · .:, .-- ·.··!·i:·~:i:··-~c.~:·i•)-;.:.~;_,,·---. 

It's not a matter of whether or not the Alta Link line to be built across Cook Lake will kill birds~·; .rather, 
it's a matter of how many birds will be killed annually. See this link and this link formo~efa,ct~ a..bbut 
above-ground transmission lines killing birds.; i · , > . : · ii ; ' :' · 

: , - . . . ! ~ . ' ' ' , ·' . . I , , . : ·.: ~_. ·~ ' ... _, -: , 
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.. ·· · ·· .. ·· ... :. ; ·~··•!i';'~w~~i~M:Jr . 
. EXECUTIVE SUMMARY ... 11 .. ,,"·""':"'''''''·'"'''·':·.·-·.:> 

'.', ·:·. . __ , '~: ':·-:· ~ ' __ · , ... : :_,r:':·,:i:_:·.~·!~::?]J;;:;j~·!;;;:~~-.~"._,··:·:.:::·_-:: 
·The,. primary objective of this report is. to present the technical background; and provide. •besti!:pra'Ctice,. :• 

' . ' ' :- .. ,•- . ' -· :' ._,,,; ;!;,.·:,. !.~ :t·,:;-.'····•1•!.: ,:- -. :·' ·:,;' 
guidelines and summary criteria for pipelines collocated with high voltage AC''power lines~•o.:Tijf;,f~port ·),., 

/ - ' ':. ' .• ' ':.' '' - •I·'~-~~ : .... ,;.,~ .. ~,;.::-· .. >_.:,.:•:::.~ -':;,:;. 
addresses interference effects with respect to corrosion and safety hazards, and'fault threats:' The 'gUidelines·•'•::• 

. ' -- ''" .• _, • '~ i("• -~- ,. ""'' . ~- •.. , ··f.l· .. . 

presented address mitigation and monitoring; encroachment and constructiqp,, risk, severity slassi.~~ation;>'ii' 
and recommendations for further industry development. •, .::• : i' ;• ·: : ': ': · .' ·,;· ... :..; : .. · 

. :··_:_ ._-:· _.::~-_-_::: : ... __ - .. ::: --;1;;:-)!;:;:~::~.-:E'::·:::!: -.. -.. >>~:~:I)~:~~-i~:,::.I::::.~·-:·~::·:._ 
· This report addresses the technical background to high voltage interference y;ith; respect to cono:catecl?and'•';p.·, 

crossing pipelines, and presents basic procedli'res for dealing with interferen~e''sc~ria~io's: 'The j;~'J~~~J:ik'ci1'·.~ · 
·. :. - '' · -•· •- " -· I ~ ! ; .l'i ·. -:·•.;,,i,:;.(•: ... ;,:Jh,")')•i\r.-J!l!<fi:':·.~·;,i.;:-<~"''::"':;;,~~:'-<• 

this docu':"ent are recommended _.to be used upder the direction of competent p_erson~j: ,~h.O, ;ar,~:;~ga,~i~~d,:i~< > 
the practice of corrosion control on metallic st(Uctures, with specific suitable exp~r!~n.~e,:~elat;~)!:,~~;~ql;!l~?,,lor:t; 

DC interfe~ence and mitigation.' This docum.~nt is intended for use in c~nj~~ct,ion; with; t~-~j':f;~!:~~~~:~X~ 
matenals c1ted herem. ' - ,.,,.~ )\:~ 

./collocated pipelines, sharing, paralleling, or c~ossing high voltage power lin.:; '~ights'-of-\Nay (RO~J;~:~~~ 
1

b~ :::': 
;· subject to. electrical interference from electrostatic coupling, electromagnetic! ihducti\te,' imd:~ccin'a~cti\te'':.f£: 

\

1 effects. If the interference effects are high enough, they may pose a safety hazard to personnel,?r,th:,P,ublic, '._i'.) 
or may compromise the integrity of the pipeline. Because of increased opposition to pipeline an,d power line.·::' 

·~iting, many future projects propose collocating high voltage alternating current (HVAC) and, h,i9h voltage 
direct current (HVDC) power lines and pipelines in shared corridors, worsening the threat. , . ·C :·; : . . ·, -. ,. 

"I (' i., ~ .._..:·,' =7 
redicting HVAC interference on pipelines is a complex problem, with multiple interacting variables affecting 

the influence and consequences. In some cases, detailed modeling and field monitoring is used to estimate .a: 
. collocated, pipeline's susceptibility to HVAC interference, identify locations of,possible AC current discha;ge, 
·:,and design appropriate mitigation systems to reduce the effects of AC interference .. This detail~d :.computer ,_, 

modeling: generally requires extensive data collection, field work, and subject~matter exp~~is¢;;,B~~~c: :.'.f • 
· industry guidelines are needed to help determine when more detailed analysis .is· warrant~dEd~{0tieri > 

detailed analysis can be ruled out based on .the known collocation and loading parameter~: ;,a;: consistent 
technical guidance document will benefit the pipeline industry by increasing public safety and:~ii6;,;i~g':tpi:l'an 

'· . ··=. ····q· .. --_·r -<-'k··-~~:~ .. 
efficient approach in assessment and mitigation of threats related to high voltage interference: :.·-;; :'\ ·.:'::'•·! ' , ,. 

"-~: >' ·-·· · .. .,. . ' 

The INGAA Foundation contracted Det Norske Veritas (U.S.A), Inc. (DNV G9 to develop this; guidance. ' 
document, The project included a detailed industry literature review to identify applicable techni_cal reports, 
international standards, existing guidance and operator procedures. In addition. to the literature, review,.·:~·. 
numerical modeling was performed to determine the effects of key parameters on the interfererice)evelsi '·;:.· 
The document addresses interference effects with respect to corrosion and safety .haza~dSi',cmitiQati~n, ::: 
monitoring, encroachment and construction, prioritization and modeling. It also includes reComrii~ndatiohs 

· · ,: .. ;,;,;i;-'•:~~~;,;;~u~: ;~·-· 
for further development. · . ..;,:o:.; ·, ·,::.::.,::: 

..r·I~ 'i .,·.c· :· ... ·;.:..;;:~-. .. 

The following severity ranking tables were developed for key variables and their impact on th•(severity,:of 
AC interference. Further background for the ·development of these rankings is provided throughout•'the 
report. Guidelines for determining the need for detailed analysis and applyi~g 'these severity ,ran kings are 
provid.ed in Section 6.2. . !~.: . . 
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Separation Distance 

Table 3~S~verit~ Ranking of Separation Distance 
·""'' ·,n,.uJ-~Irmuml.c\' 
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Soil Resistivity 
'•"' 

·Table 5-Relative Ranking of Soil ResistivitY: i: :. 

$B'i~\a2si$tt~i~ 1:~(9JW.l1'c~)· JR.e~~ii~~.se~~P.iY ·ofHvA:El:G~q$$(G'~i 
p < 2,500 Very High 

2,500 < p < I 0,000 I High 

I 0,000 < p < 30,000 Medium 

p > 30,000 Low 

·. C~Hoca'ti6h Length ' ' ' ' 
' ' ~ , .I ' 

.' ~-, 

' Table 6-RelatiV'e Ranking of Collocation Length ,, 

•rcdlf&c~tldO!:U~il ;y; ieet · ' R.efit!ive shveri 
, L > 5,000 High lj'' 

1,000 < L < 5,000 Medium 
L < 1,000 Low 

Collocation I Crossing Angle 

Table 7-Relative Ranking of Crossing Angle 
· ,,. ·c· .. -.,, ... ,;.;>·_,,e.;;:- ,.·.-,·.·<_.··,·. ·ii! / ·'·:-•· ·. ·-.c-.=~~ 

Collocatioil/crossil;) Relative Seveti ' 
9 < 30 High 

30<9<60 I Med 

9>60 I Low 

.. ·:·il: 

:; ... ,' 
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" ' . ",; ·:::,/;;:-t·r):i~~::"":,j 
The research and analytical studies accentuated the need for accurate power ,line current load'l:data:: 

·.- ' : ' ·_: ,, li,. ,., ',_ ' " ..... , __ "--··-· .. 

assessing the susceptibility of a steel transmission line to high voltage· 'interference. . .. ., .. . . . . . 
' :- .' ' . ·.· .,· .. 1:-... ~-~~i'!--;,,·,·· t•··:.::,-r-:'1-:'_•i 

collaboration between the respective pipeline "and power line operators is ad,vi~ed to accurateiYi'Cie.te'dliin¢i'f.' 
. . - . . . i .;. ~ : ' ' : . ' -' ' •! ' ' ' --' ' ! - ' " " -' -. . ; • ' . . - . . . ' 

wh~re detane.d assessment is required, and develop efficient mitigation where: n$cessar'y:, 
. -,~' ~ ,',\i.:::' l, j,: 

· The general safety recommendations' and guidelines for interference analysis'presiinted in ~ect•on 
'.: .-._ : ' - " ~-- ;, ' ' ::,: .,_-~,:~-:-~'l?•':c.r .. ~------ .... ,,,_ 

guidance •on the relative susceptibility .of A<;: interference associated with·the, selected ,y~~~J:!!!:~''?;Ih~Y: 
: ' ,, . _. . .. , .~-.. ·" 1,-!t/.·,, ........... -- ··-" ··- -· .. ,, 

primarily .address the likelihood or susceptibility of AC interference, and do not address:,ttle''!(:o~sequence · ,, . _. ' ',. ·: ~. :·l••t~-~··· '""'·~·----- _,,,. ___ ,. ___ ... 
aspect of .an overall risk assessment, as these fietails are specific to each individual :assessm~[it 
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HIGH VOLTAGE INTERFERENCE ON ADJACENT PIPELINES .............. ~ .. ·, .. ~·;;,;~;: •. ;;o.•;:•.iijj(,~s;;im.r;c,: :c; 

' il ' ,''','".:j: :i ;: I :1 i· ,,'J ·-~~ :.~:•it:~:,:.-; 1~:~~-;.,::·,:,- ·,~ ':,:: ••::: 0 • • 
0 

HVAC Interference Modes ~~ ; . -·~--~Ji :1 .~1 ~:!::~:.: :·;··~:;re~~:~~:·:~JP .. ·.:;! :·-·_; .. _ 
Capac·t· e Coupl·ng '' · :'.•1 '·''"'':nk·+•c''""'"''·•·o··,•;,::· I IV I ~. .,_ ~·t•• 1'-::;i!j·.', ·-l·:''::hO,.J;:;:~;;;·.c•;.L. ,Jr/1-~,:-, :-·,· 

Inductive coupling ~ , • · ':::: ::•sn:·:·:trc:•:: ·. 
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1 INTRODUCTION .... 
. ~ . - ' :: . '·:.' ! !-~ ': 1~1 ;_ : ~ 

.. :• .. Trends''A(ithin both the electric power and pipeline industries have increased th<i'numbe~ 
...... __ .. : '.'· ·:· .. . ,_-: ' ' -, .. ·.i!:'l 1' ·-' '-:: ' ·,:- ·: :'' ''".'·'·"'C''''• ·)-"''•,_: _.,. 
· locate high voltage alternating current (HVAC)';and high voltage direct curreriti(~VDC) powet.lin.~(wlt~;~~el:0•;ii; 

,. · ·:· ~- .;•: •:'·. - ... -.·,.,.,..·~.v.•:·•-~::~·,1:•::;..,~ .. ~.~:1--,..;;.,:. 
transmission pipelines in· shared: rights-of-way (ROW). The primary objective·;of this. report is<~d;j>tovfde::;:::: . 

. _. . ., : ·,.· ::•· ·:.···i--:;i •. ;::~·:.~~:..~:.~,:r-·,--~-:·._ . ..,,. 
technical guidance and present best practice guidelines and summary criteria 'for steel transm,is~:O~' pJp¢lines: -~." 

coll.ocated with high voltage AC power lines. 'i 
' ' ll 

Topography, permitting requirerrtents, land ~ccess, increasingly vocal public opposition "to iiifrastdJ~lire'''" · 
. projects, ~nd environm~ntal concerns, includi~g protected regions, all have iiid 'to an incre~seJQ:~~~'t[lii\fq{;j@/ 

common. utility corridors. While there are numerous. benefits to common 4tility• corridors)•ith~re!'aral'also'''''' 
• -· , ":-·.: , ,_ I , .:: -·:,~·-_,f" -:-~ '·:·- :;•·· :, _,: .. _ ... ! 

, , •·.:· many con.ce~ns; .Collocated steel transmission pipelines that share, parallel, o'tr'·.C~OSS'high ·,voltag< 
·':_ :._·:·:·· ·_;,:· _:_:_- _,. ,-· . -,- <·H:o.::w; 1-,.:<~'-:':···: ·-· :::il".:;~-,~;:,,~,1 "'"'"i·:·~~:'l,. 

ROW .may: be subject to .electrical interference from electrostatic coupling;·,¢1e.ctr6J11agnetici,i~guj;j;IY~i?:~l:\t:! 
_ _.. · .•' '.- . ·:· .'. · '' · r;.,,....,, ••. ~.J,c; ... ' .•. r .. ·._:·r',!'::'o.·.n,-..~~-~ll:¢1!.:<~~ 

conductive effects. If these interference effects are high enough, they mav ·Dose: a. :safety: hazar'd:i.to 
personnel or compromise the integrity of the pipeline. 

Pipelines collocated 'with overhead· HVAC li~es account for a significant' 
interference conditions encountered in the transmission pipeline industry. However, interference~, -.· .... 

to buried power lines and HVDC are also of concern to pipeline operators where close collocations ·exist. ::As-· ;: 
aboveground HVAC is still the primary concern for pipeline interference, it is the primary focus ot'this report. -
However; :comparison background and technical discussion is included related to ,HVDC ·and buried;lo"'!er.line. c 

. interference as well, and the effects of both should be considered on a case-by~~ase basis Y".hel],;,~~eel i { .. 
· transmission pipelines are closely collocated with these systems. . .. : .. ·,;:.~'.:'':.· :"' · •·> 

;: :~--~_:·: .' ~ : ... 
Numerous methodologies exist to analyze alternating current (AC) interference for specific .coUQ.catioQ~:a.nd .' .. . - .. -- ··,·:.·r···--............. . 
crossings, but the analysis generally requires extensive data collection and detailed computationaf 1)'\octe_ling. 
The accuracy of these models is sensitive to the HVAC power line operating parameters, which·'i:aii'.'o~~ri;iie. ":':. 
difficult or costly for pipeline operators to obtain from electric power companies. Basic guiqeli~es~ahd :::;. 
prioritization criteria have been established in this report to provide guidance for pipeline operators to· aic{in '' 

•' a risk-based decision-making process and help prioritize regions for detailed modeling arid mitigation, design, _ .... 
or exClude· further modelirig analysis for a giveh region. .:.'- .. : :···f::·/.!' '-:- .;1;-:~-\~~~?.::~~~~~f~::,.·;).~;; 

· ::. • , · .,, ~:: .1 :~· :;n1~::tt:~·.:~-~·-·::~.r: -.?: 

This report addresses interference effects related to encroachment and construction, corrosio!l:i:a'n~· safety· :•' 

hazards, mitigation, and monitoring. This project included a detailed industry literature reviel'!iJ~:i.q~,~gfy 
applicable technical reports, international standards and, guidance documents. Seve~al INGAA:mel1)bers 
provided procedures. In addition to the literature review, numerical models were developed. and trends 
presented detailing the effects of critical variables on interference levels under the conditions defined.:: ... ,. 

:. •' • -~•j' :) : •; _, L"' --c•;',': 

2 INDUSTRY liTERATURE REVIEW ) .::,.:1•'-;;.;,:<·,;::: 
:.. . ' :, ; I· i ' :· . .,_ T.--~:_ t~:~~-f~~~~~<-~:; 

There has been extensive research performed to understand the risks of high voltage interference ·and'.to 
develop efficient mitigation techniques. The ·effects of HVAC interference from a· j:)ersonnef':-~afet)i'"and 
corrosion standpoint are a risk identified in much of the literature. Case studies in Nori:hArn~'Pi~~fi~~~~Q'k; 
and continental Europe have identified and documented AC corrosion concerns. Through-wall 'ciere'ct~ctiave 

I . - ~ .• - - . ~ 

been reported with corrosion rates greater than 50 milsjyear (mpy) observed.' · .,.,. · , .. 

-.; 

') 

.·;.:· 
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.. L . . ' l. "'' 'Ill!~? 
' .... In: development of this-'guidance. document a literature. review identified and reviewed: mor¢.ctl:\an~:fii'ty _:c,, 

'.-. _, .. _.- .. , •. ::,.:···-~-~---- _ .... :.·,_. __ ~: , •r··'-'':;·'j'--;:ri!.-:i~!- · ... ,.,;~rf-::'J:,'·--;-~-.;:..·-r~;-_ . .;.;,;.•·-~~ 
··· technicaiJeferences, US and International standards, existing guidance documents;''fe5earch.ttie~esi:joqf.0~1'7:;: 
-: _m~mu~~ri'Pts) ::;arid. techniCal :::syrr\'poSia Paper~. Additionally, INGAA collect~d:·:o:p~-f.~ting -.::~~o~·~~:ciFe~;,~w~:d:--\~~::: 

· guid~lfne'~- frOm 10 m:ember com·p~ni~s for revi:~w and comparison. , : ·- , . :_._.;;_::t};jt~i:ji -~>:<;H~Hf~J~·¥J.t,~~7:~~~{~-k;:,·: -~~--~ .. 
,- · : , ... -;~ .:· :~:·:·.:·:.ji·l:;c··:::d::::lti~ .. !,li~i~-;~;;1i~~~-.-::: ... 

Where published, historically identified corrosion defects and pipeline failures associatetl witfi''ACflco(i;O~i~h 
degradation have been reviewed imd a selecti6h are presented as case· studies. in Appe~~i~ A;i 'd~i%8-ristigtfn'g .;:}~ 

' ·, • ,;f. :.,;-:'· ·._ ... :.1 . ·_:-. '--1t.l~":.-:~,,,;~::-\l;".'-~->-.i· .. 
the magn_itudes and variclbility _in ¢orrosion .rates possible with AC accelerated corrt?sion:-- · ~-., :--R::~;:~:;lr:~:t~~~~~C~-;~:::::~:·· 

__ __,: -:~ -·-_ -: ., :: ::_. -;; . ._. ·:· · :. r;.:; ... , ~ji:::·:,:~ ... -it:;! .. ;: .. :'::~:;~:·i·~t,;t.;_~~~~~·i:t·~:J;;~i''.::~:~:~-"-
·• .: The, prirl)ary: finding from this. review is that there is' significant variation, i~·· op~r~~irig.'p,aceQ~re~;;~iid ;. 
·• .. --·--·"·_·':•" ·.--····.-·:·· ·:·;' ' I ~- ' -.. ;··L··-~·:'•·'':~·J•:·Ii:·:·· ... '··~:~---:-~....,·~·~-c-,H~·.·.-:-·:' 

· :•: technical'literature with· respect •.to AC interf~rence. Various companies' pro·ceddre.s•':were:·col)ij:i~n;d$.\vith·,:i;:.: 
.•:· ... ··:·:, · . ., : .. ·r· 1-- .. · ··.:-~·:r·.n·~~ .. -i·~'':r . ~~:!·~t:J·~·;:•-:··~-<;~~,ot~~: . .-~,1:;:.;-t'·' 

· published'i'industry guidance;. historical project data, and project experience:. to detern:iinEha· .. b.es!::~Pfil\:l:ice.,·,,:;:•o.: . 
• ' ' ... _· - • ~· -~: ! •• :. ': :: .. :· •. ,;)lli'-li·.:--- 1 '~'-;,;li:.·---·3~.:~;-:-:;'.,'!'~:·,;jd;•.'·>::.' 

approach;: Details and cross references are presented in each of the subsections"of· this docu'l;iJent?witlf:a ;:,:, 
,. • •. ... -.. :' ·1), • .,_,.,·.f·:]·:!"•::,::,:'::·:~lil~;0.-'r~:~_,,.:,_~···:.<<·'::.-····"· 

detailed review of the technical literature; case': studies, and company procedures provided· in .Appebdix:A.: ·.: · . 
;: ' ;: .. ~ !' ', :"·i.'-,[1-~:::td:= t'ii 1~~f;~it~3.::~-~ ... · . .: 

3 HIGH VOlTAGE INTERFER:~NCE ON ADJACENT PIP~~~~~~:•;m,':r:~~v 
3.1. HYAC Interference Modes : :. , ... ·.·.· .. :. . •.. · t:;;;L,;ci:-';? .::. 
Electrical :;.interference from capacitive, electromagnetic inductive, and conductive coupling·':;c~n:.La.ffect .• ;; 
pipelines collocated in close proximity to HVAC power lines. The subject of AC interference· ha.~'b~~'rta · .. i· 
growing concern across multiple industries in recent decades as improved pipeline coatings and':uEilityRi)w· 
congestion has contributed to ari increase in 'identified AC corrosion incidents. Recent trendii?ln~>'th~i':f\i~h ·· 
voltage electric power transmission industry a're leading to increased power capacity imd higl1oi'f[6'pg~~·tj;,g ... 
currents in certain systems1 in part to overcOme long distance transmission'· line losses.2 Thi~''"lr\'C~e~s·e~(i·ti. 
operating current has a direct effect on the level of electromagnetic. interference (EM!):. 'ari(f:'tile· :· 

· · corresponding magnitude of AC interference ·on affected pipelines. This trend toward elevated: operlJting ... 

. . currents maY present a. significant challenge. for achieving adequate mitigati~n. qn : pipeli~e~'.c~q$Sirl.9J~.("} 
collocated with the high voltage power lines. '' ,, · :.:,. :i:::i!i::;·:~r;:i.;]:•·; ,,:· 

- ., ' ' '-: :.,' :~:·-~::.~:·_:.-.·:::~:·. 

The three primary physical phenomena by which AC can interfere or "couple" with pipelines'iare;thr<i~gh 
capacitive, resistive,. or inductive coupling as detailed in Sections 3.1.1 through 3.L3>.H'iil~i,\/.61~a)le 
interference can occur during normal operation, generally referred to as steady state, or durfng a.' pow~f:lin.e 
fault. HVAC power line faults are any abnormal current flow from the standard intended operating' co. nditi~ns, . 

,. ··' . 
and discussed further in Section 3.1.4. • : , , . : • .: .. 

-, .. ,._, - :,v,•'"-' 
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.. cap~dtiv;;; coupling i~ si~'riificant;!,: el~ctrostatic' interference may present a r!s~ ',bf' ele<;tric 
• ' ,: '·.-- .... : ' 1.' :. ' ::· 

While .elevated capa~itive voltages may existit the corresponding current 
shocking· ~onsequence3•4 .·: ;.:: ' ~1 

,[ , ., 
:; .. 

, r: 

~~~ 

. ~: i 

Abov~· Ground Pipeline 

' '" ' Figure 1. Illustration of Capacitive Coupling: : .· .•· .. :··~ .':'· 

' ' . . .• ,j~;- f§.~·ti;;i[·~i, > 
3.1.2 Inductive Coupling 1 , '':::~~[·:;;~> 

~ :, ~::·-· ~-:~~~~ .. ;:~:~~t:~;>:._.:·--. 
Electromagnetic induction is the primary interference effect of an HVAC power line on a buried stee!.PiP¢1ine 
during normal steady state operation. EM! occurs when AC flowing along power line conducto~s g-~~e~at~!H>n 
electromagnetic field around the conductor, which can couple with adjacent buried pipelines, inducing an' AC 
voltage, and corresponding current, on the structure as depicted in Figure 2. 'This induced AC potential may 

. ' pnisen1: a 'safety hazard. to personnel, and ca~ contribute to AC corrosion of the pipeline, as' O'llsc:us:secl.'Jn 
Section 3.3.1. 
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Figure 2. · Illustrati~n ~f Ste~dy State HVAC Inductive Int<>rf<>renci.: 

The .inductive effectS. of the HVAC power lin.e on an adjacent pipeline are 

resistivity, coating resistance, a:nd the power line operating parameters.": The 
include separation distance between the pipeline and the towers, depth of cover.(DOC),,pipediamei:er;:angi~ 

. " -- ' : ~- -, ';•' ' ,: ,: ":.. 'I .-_' '' _" ," . :' . 

, between ·pipeline and power line, tower footing design, and phase conductor.,:coilfiguratio.n.',,,These 
• '· _., , . • . .. . · _ · ~ -·.. : '· . , o ·, •• , ..... • .. _,_ .• '. .: . ·, _:. " . ·:,·,::::-j .. ,. • ;.,~: .. :J-: .,,r·.~·-· _,~--- ., 

. parameters remain relatively constant over the life of the installation. The coating;'resistance;: powe'r;system c:,.:c · 
. ·_. .. , . ·. ' -- ': -;··_ ·:·,-:~~-:·.; :. '·:::·t .. ·::·-,,'.)j~~.:-:-~~'!;.;.<.;o:?<-!:r·::•- .·:";": 

resistance, and soil resistivity may vary with the seasonal changes and as the,installations•agei!but:~IJ~'i(1<!re' ''' 
considered constants for. most analyses: However, the operating parameters ~f 
phase conductor load, phase balance, voltage, and available fault current ,.. all'"'~·~ ~"' uu·~~ ... ~.~··•""'~ 

. _ - -. -:· -. · _ .. ;• I: :· '::·:,.,I f :1'·1·• ~l,l,''!:ii.>:f-~~iilt\'1;;;iJ.:-:"::: 
effects of AC interference, and can vary significantly. The individual conductor current'' load·!.apd::p,h:ase 

. , .. · ;r'! .. ·~:·- 1 ~· •• ~" •• .'·r•.::~·;·:'· 

balance is dynamic and changes with load requirements and switching surges. These variaticins'in':op~ratfrig' 
··~ '·' : .1.:.· -; ... :;'·:~'"'.'!"'• ·-: 

parameters contribute to variations in levels of AC interference. During normal .HVAC:. operation;.,the current 
.load varies.as the load demand changes both daily and seasonally.'·' While normal operating c6nditl~~; ~~e 
ofte~ ieferred to as "steady state" throughout the industry, the term is somewhat misleading 'a~;1ti~;~ur~~iit ;;· 

. ~. , , ., ,'. ·'····'· ,; .. ,~•'··:'<-''3~ •:-.c ":', .. 
loads and corresponding induced AC potentials can be continuously varying, adding further •. compl¢xicy:,to' .\'' 

. ,. ~'-" '..... ' 

quantifying interference magnitude. 

For a straight, parallel, homogenous collocatio~, induced potentials are highest at the ends of th¥:~ollocated 
segment, and fall exponentially with distance past the point of divergence.• For more complex'coiioc~tio~s, 
voltage peaks may occur at geometric or electrical discontinuities, where there is an abrupt change in:,the 
collocation geometry or electromagnetic field. Specifically, voltage peaks commonly occur where the pipeli'ne 
converges, or diverges with the HVAC power line, separation distance or soil resistivity changes significantly, ..... 
isolation .joints are present on the pipeline, or where the electromagnetic' field. vari,es such C:as~~(phas~ 5:· 

~ ...... ,...... ,, ' :-~~' ,,, 

~'12 

•'i 

:'-1" 



-:;. 

·- '• 

.... ·· . . . .. . ~ ··· , :,··;II!! 
3.1.3 .Res1st1ve Couplmg . . , .. ,,,:,::f,::·l''''"''''":: ... 

-, . : ;: . . : -· · · . ,. · ~"·~,~Ptn-<-~7-:.;:::L<--t.:· .. :~;~::: 
Current traveling through the soil to a pipeline can cause resistive or conductive coupling. As the;·gro:~nd~d 
tower of an HVAC power system shares an electrolytic path with adjacent buried pipelines throughth~-ii~il, 
fault c~rrents may transfer to adjacent steel pipelines if the pipeline presents :a. loV/er resistance .• electrical 

. pattd~.eS'isti~e interference is primarilY a concern when a phase-to-ground f~plt occurs in ari ~r~~::)\.ti~~~'ii t£', . 
~ ·:;•_··. .: ·,,. [.'_ ·,- ·.· ;, __ ,·· ·)_.,· ... -:·,:rt:~:.:-~.li·"·~'-·;::.•.:<4-,'rr,·:~~.::·~!,~•;:;":: 

pipeline is:in close proximity to an HVAC power line, and magnitudes of fault ~urrents in_ .the groiJh~_>i;lj:eS~igp; !'h · ·: 
, ·' . , -: " , ' - , · ·: . ;_, .. ,,·,,, r-~.;~, ..... , .. r-.. .-·. · .-.. ,, .... · 

However/a phase imbalance on an HVAC ~ystem with a grounded neutral..can contJ"ib~t~i·:~R(it~~~~!=lye ·::·: 
interference as return currents will travel thro~gh the ground and may transfer to a near!'Y. p_ip~!J,~~p~·:,J.~iji.:[;:, ;, •. 

: - . . :.: .. · . •. ·: ;: .:. :. _.:! i}'~-~!.IH-~;\,1-'-.'·k~~~~-,~:.~.:- -..•. · 
During a· fault condition (see Section 3.1.4), the primary concern is the resistive interference:.•transfe(red :•j. 

through the soil. However, inductive interf~rence can also be a concern. as the·' phase 'C:iJi:r~nt>[il""nd --~-­
corresponding EM!, of at least one conductor can be high, as depicted in Figure 3. In ?ther wofcls,'(!~rin~h! .:;:· 
fault; the--inductive effects d ring normal ope~ation as described in Section 3.i.!2 incr<!~se due the elevated 
EM! duri~g the fault period. · . , . · • ! ii '': 

. _. :~ 'H·_:: .. ;,:r: :::;j:_:r·: i: .'-~'::. 
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Figure 3. Illustration of HVAC Fault Condition- Inductive and Conductive nterfereiice~',;:;;:::k"(: 

: :· , ... __ -::: · :-:-;i;tU!;~~;;~-;~::·r-K>: 
If any of these electrical effects are high enough during operation, a possible shock hazard exists for"anyohe 

.. that touches an exposed part of the pipeline such as a valve, cathodic protection (CP)' test stati6hr cir other ;: 
~' ' '" ~" I '' !' ,' ,' ".'I ·:

1
,• ,, ·:."··-~:·,.. •. ,~·".,;_',' :.0;_ • 

abovegrOund appurt~nance. Dur~ng steady s~ate normal power line opera~io_n;;f.S.-!~~~~~~~Y,~~,~~,~~~~~~~-~~-·-_ :':::· 
. coating holiday (flaw) above a certain threshold may cause accelerated external corrosion:.;damage-,to the· " 

pipeline. In addition, damage to the pipeline ot. its coating can occur if the voltage be~eerG~~!~ipeJi~<i'~,nc:l . 
, ' ' " I[.,: .• •Il-l'. i-l''•ep~~:t'/'"~'".;;" ~·. ,• 

surrounding soil becomes excessive during a fa,ult condition. !!.;:.; ::;_iiLi'!~M£111Jc"ii.£'~~~:-1~::,~·:, -., 

···•·· , I ' 1· ilif~~fc 
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For HVAc_power lines, a fault is any abnormal current flow from the standard intended operating.cofJ.9iti,ons: ;; 
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3.1.4 AC Faults ,,, 

. A faulnah occur between one or 'more phase wires and the ground, or simply b~tween adjacent'pt;~te'Wif~s;:'~. · · 
. , :. ,. . '. . ., . ·.·' :··:·• .. :cr.:"'c.'"";.·:; ..... :· •. 

·Faults cari occur when one or more of the conductors are grounded or come in contact with'each',other;•or · 
due to other unforeseen events;! This may be due to vegetation contacting the conducto~si~~oriductors 
contacting the towe~s or each oth~r during high winds, physical damage to a tower, conductodSt:'J~~t[;tor, ··~ 
flashover due to lightning strikes, or other ~bnormal operating condition. A. phasecto-grou~8'Sf~oltc-:'o·ij; ~ ;• 
power line causes large currents in the soil at the location of the fault and large ~eturn currents o.~·th~'pi\a'~e .::: 

c~~~~go,[;~~.~ ~round ret~rn:, , .· :: ·.·. . i \') f .·:.·· .••. • . •rff;,,:; .. ·,; .:· 
Faults are generally short durption transient events. Typical clearing :til'l)es · for faults ;;rang_~;Ttr.9m, ::.f< • 
approximately 5 to 60 cycle~ (0.08 to 1.0 se~onds for 60-hertz transmission) depe~ding on ttle':f~~i!~tii::;;r ;j 
the fault, breakers and type of communications. While the fault effects are tra~sient, high-inducecH>iif,;-il't;al~ · ::: 
or resistive coupled voltages along the ROW present a possible shocking hazard for personnel',ori~tiy9ne·y;ho 
may be in contact with above grade pipeline oi' appurtenances. . , ::: ~ .. ,:.Ji~:f.~J:~±~:~!~;f::1_;:~.~: 

. ,, ;;''!~/ .::~>:~~:·~:-:~>.: 

3.2 HVAC- Personnel Safety Hazards 
'. ' ~ . ., ~~ ., :·:· ,,. 

· An evaluation of the possible safety hazards for those working on a pipeline' s~ould take place:0henever.a 
• • • . , . .. : .: . : . . . I < '· ~ , : • . . . , . ': :.;-: ·! , . , · ... , .•. ~ :-,:• . ' 

pipeline is operating or constructed in close proximity to a HVAC power line:·Personnel safety;hazi>rds)are 
. ' . ·' . ; . 'i'''''"' ... ::··::;"'''•;'' 

present during both pipeline construction and maintenance, and during normal steady state operation:'·.: ;~ 

' . . . t . ;.:<,.:-~·;~~.f}::;s~· ... ', .. 3.2.1 . Hazards Dunng Operat1oq ,, ....... ,,, .... ,r••"'"-·,,.,,,. 
. R ~~:. :_:,·:~~~:F:8j~~J:n~!1~~:~ttt,:" -~-: 

Touch and Step Potential limits ''' · • • ' :,,. ci' ft!if;,>~'?.::~~C"'. ,. 
; ; ;.! ·1_,·', j. ',; ·:~.:·.:::f :·.~:·~; .';': :: 

Personnel safety is of concern when a person is touching or standing near a pipeline when high yoltages 'are . 
~ " , • ' 1 .,I ' I '• ,.", • 'i ,I : "· . ' "• ''. :", :: " 

present. The "touch potential" is defined as the voltage between an exposed feature of.the pipeline, such .as .. 
' : : .:. ,;,~· ' ·-• ' , ' ' - • : ' 'I,", ' ' ; '11' ' ' ,' ,•' ·: o'~O •" •c; ':';:,'.;~" ; .,. ' "" ' 

a. CP test'station or valve, and the surrounding soil or a nearby isolated metal object; such· as;,~Jenc~·that ''" 
can be· touched at the same time. The touch' potential is the voltage a person m~y' be ekpd~~g!fb~;li)f,'~;j ,\ 

. . , ., , • : · " : ,: I• ~ : • 1 · 1 .. · : • \r:• i I J:~.;.:;;,':'. i 1'' · !~- ' ;.' ' 

contacting a pipe or electrically continuous appurtenance. The "step pote'ntial" is the. voltage'acr'oss···a 
person's two feet and defined as the difference in the earth's surface potential between'tw~ s'potiis~e···meter. 

,;I', . ·, ·· ...... ,;.J.\~~·!;;·;·;,.1;::)~ • .;;(>::;·: ·. 
apart. The touch potential can be a concern during both normal steady state inductive{'and)fa!Jit 
conductive/inductive conditions. Typically, the istep potential is a concern during conductive fauit: '~o~Ciiti'ohs 

·due to high currents and voltage gradients in the soil. 'i:c:":·••:· .. :;·,.:·:, · · ... 
. 1·1, , ,. 

The Canadian Standards Association (CSA) 'and NACE International (NACE) 'ha~~·;p~blished 'stiui'i:lards 
addredsin~ HVAC interference hazards. Both NACE and CSA standards10•12 reco;,menci reduciri~Fth¢ st~ady 

·. state t~uch and step potential below 15 volts at any location where a person couldccmtact•thi{~i]ieiiri'~'ol'' 
. 0• . : . , ·.I,,,;.:;).'.; i.:,_ .• ~.- . . ·•: .; , .. , 
any electrically continuous appurtenance. The 15-volt threshold is designed to limit the availab.le·;maximum 

. • :: ' :, • " . " .~' ...... : \'( j~ ' '", :. " .. '" :: 

current through a typical human body to less than 10 rnA. An 8 to 15 rnA current results iri'.'<),'P~!bf91.;.'1hock 
. ", ' ', •.·~·f'•·l'·''"'.w~.'l··~-~~"-

but is still in the maximum "let go" current range, for which a person can release an object or 'withdraw 'from 
contact.'0 The Institute of Electrical and Electronics Engineers (IEEE) Guide for Safety in A6:sub;t~ti()ri 
Grounding, indicates that a current in the range of 9 to 25 rnA range may produce painful''shocJ<':and > 
involuntary muscular contraction, making it difficult to release an energized object. 13 Elevated body:current 
in the range of 60 to 100 rnA may cause severe injury or death as it can induce ventricular fibriilatio.rl/or ,, 

,

1

, .. , ... I. ·, •••• :;,~~lg:I~'''> i :~. 
0! 

,, 

,·I,''' 

:I. .. 
. · .. · :··· ., :·::~~ ' .. 

. ·. :.: :::,;'''"'''''.:.~.C'.·,·.c. 



~-

:>':TjiJ :t ...••. ··· ... ;; · .•. ·.·. t0 > .. · \ ·••· ~ ·.•· . [:j;":;·:·:TI:i: :· : ::Jii::i•'f;if~~~~~~:\~?~i 
inhibition .ofrespiration. Current lowerth1m nitie (9) rnA will generally result in. a mild.' shocl(·,'·'ilut iilv61ontiifir .. ~i' . 

;:.·· 

, move.;,enhould stil(cause an ac~ident.'~ ' ~ ' •• 
•• _, ,;: •• ' ' ,_. "1: ,,: ' .:: 

• -I•' • I 1.· • " , • 

The touch potential is equal to the. difference in voltage between an object 
"\. I ' , •.I I 

distance away, and may be nearly the full voltage across the grounded object, if thatoo)ect ts,grounoeo:1a.-:a• 
•• ~ '· 1·; 1 ;-•· • .- .,.... • ·' ,;-:: •• --;F-'""'~t.:,;;~:~'f!_:,:"~~ 

point remote from where the person is in contact with it. For example, a crane that was ground<i!,(t.Q'.;t;he• 
· -~- ' ' ,. ' :: : : .. i',: . 1 :- -1 v''·;:.·--.~~~,:·-;:;; ... -l~~t.•:'!'-'':;1~-·;-~,-

. system: n"utral and that contacte~ an energized line would expose any pers9~ !in;c9nta~t ;with tJ:1e i:ranftl''or 
•··• itsun~ini~lated load line. to a touch pbteMtial n~arly equal to thetull fault volt~9~:.::'.~2U!fli'';:::,::t;.:'r'i:i•"i 

.. : ·.·::;:;:~~··.·'~.':\· .. \'_.~·-_:· ::: . _____ :.\:':;_ .. ';.':.~,: __ .. ,!:::: ;::;_ ''}. f. .. , :":ll.~:·~~·.:d~.b!trJ.-:·,\.!1:. 
· The step' potential may' pose 'a' risk during a fault simply by standing nea~ 

potentialgnldients present in the soil, typically; during a short duration fault dinditior 

A risk evaluation of the ~ossible ~~z~~ds to pe;sonnel for those working on th
1

e pi~~line a~cl''i?M~[~le~P.I 
,· . -· · ·,· . .:. - ·,,-· ··-'<""·:· 11 .' ::-:"'I;;,:.~ .. J~~~-~~.r.v-i" 

coating damage should take place whenever;.:a pipeline is in close proximity tn··:.·•HVAC!'oowi!rtllhe 
assessment should consider the .. possible likelihood and consequence of 
determine' if further analytical as~essment or mitigation is necessary. NACE International standard' Prii'ctice' 
SP0177-2,014 .(Mitigation of Alternating Current and Lightning Effects on Metallic Structures and'.corrqsion .. 
Control S~stems) indicates mitigation is necessary in those cases where step or touch pote'nti'als.'ilre:;.f;)'·.~;: 
excess-ofl5volts. Mitigation is further discussed in Section 5. · · ::, ,;'::'f'ij~~:~tt:~:.:. ·x '· 

·: : ,_ ;-:r::~f-~::-~;;·:·-:,_·:_::2·:·~-:~ _'. 

3.2.2 Encroachment and Construction Hazards . _::;;;:;l:~i;s:,,,. _ 
:·:,.: :.~~;t~f;j·:r-+<;,:::!:·.:'' ,_ _.:_,· 

There are multiple safety hazards to consider associated with pipeline construction near 'a high:;voltage, ~i 
power line, the most obvious of which is the possibly lethal hazard of equipment directly contacting ~an :c; 
energizedoverhead conductor. 3 The Occupational Safety and Health Admi~istratiOn (OSHA) lias 'm'ui1:iple : 

',regulation~ for safety requirements and limitations for working near power lines tha): m~st be .. ~o.~:s,id~red-iry 
additio~ to pertinent company standards, and. industry best practice guidelines.:These include/:~~(~r.~{~bt ·'· 

limited to the following: · · i ,
1 

:ij:iifr!':K:)~s"! '' 
• 29 CFR 1910.269: Electric power generation, transmission, and distribution • i: ., ·il" 1;':!;\.ii':•::::• :·-

.: ..-1 :' ,,,~· '";-~' i'' 
• 29 CFR 1910.333: Selection and use of work practices '', ... :~£.: ·:. ,_:, 
• 29 CFR 1926, SUBPART V: Power Transmission and Distribution -:~:;;·:;:;'lJ.:;.; 

The OSHA standards address requirements for working near energized equipment, overhead pd~e~::lirl~s, .. :: 

.· undergro,L\nd power lines, and construction nearby. 
1 

•:.:::(, ~::: ,.·_ .. 

~--·._.;.. .. .... :1 ... '· ... ·,-;.-,~; ... :.·--.-~·.·~··: .• 
Elevated capacitive potentials generated on pipeline sections isolated from th~'ground on insulat(h~.S~i,4.{'ils ., 
described in Section 3.1.1 can pose a safety:' hazard. Pipeline segments that are supported' ai)iiveg'rOLiid. ·'' 
during pipeline construction near an HVAC po.ier line are subject to EM! and electrical capacitai'i2~'Ccan·bu"ild 
up between the pipeline segments and earth;' If no electrical path to ground is present, ever'i:$;::reliitiv~ly 

. ' . 'J,,,_,~~':"- -":"''-·:c-.· 
short section of piping may experience elevated AC potential, presenting a shock hazard to 'personnel"'near 
the pipeline. 

:·.-:::. 

Cases presented in published literature indicate scenarios of measured potentials greater than'l;ooo ~olts 
on a pi.peline segment exposed to an. HVAC corridor.• In general, while the capacitive c6upled 'viiitages can 

. exceed- t~e NACE 15 volt toucH potential s~fety threshold, the correspon'ding 1 current is ibW'J:requdfig 
' · " · ' . ': . :.', i" ·J ,-\·-~t::::;:-l.~-Ct~.-~ .. ": · 

shocking hazard. However, arcing due to capacitive coupling may present a possible safety ha~~r8i:'?s.:an ~ri: 
may be a possible ignition source for construction vehicles refueling along the ROW. Grounding:'pjpelines in 
HVAC ROW will reduce the possibility of shockiiig or arcing. :·;: ;.~·~r:~-~!~~--~t~i~~-:;(1:_:·-

.. ., ·":··:~smj:rz't;: 
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Capacitive coupling is . generally mitigated; by connecting temporary 

:i' 

construction to provide a low resistance path to ground for any electrostat;r 

addressesJurther mitigation techniques and gJidance for construction practic~'s;f'! 
':',·:· .. :;:;-~ ;~~~:::,::<::.. '.: : __ ._.-·.· :. ,.- -~ 

·. 3.3':·11\tACThreat to Pi~eline ;Integrity 
.. High volt~g~ interference poses multipl~ thre~ts to pipeline integrity for coili>i:ated,' 

under.both steady state and fauit conditions.\tDuring normal steady state 
inductive interference can contribute to accelefated external corrosion damage' to the pi'p'elin~i::Oi 
conditions, elevated pote~tials can lead to ~oat1ng damage or a direct arcing . . -. . . . -- ··_. :.:;~i ·r:-~31,1.~,;-?l~ww·:.:.;,; ;,r~, _ 

. .:: :· :· _: ::'.' . . . .. -._,~.:_:.;_~:··::,;;-:~~~;r~-:~.~~;s~~;-;;..:;~._p;-~·; .. -p 

The steady state 15 VAC threshold presented in NACE and CSA standards10•1::cohsid~rs;personMt;~af~ty::~nd ., .. ·. 
- • . - ·.. . · . ·' · ~· ·_· : . _ · ' I , • "~' .- · : , · .. - , h ., : · .~ -,. ! ., ' " 

does notcfiecessarily address corrosion 'issues. Research and experience haif:st\own·::that-'AC::;a, 

corrtisi9ri~cari occur in low re~isti~ity soils at A¢ voltages well below this thre~Hbi:iE);f((;::~! -~![:/~!:~~ 
:.~:~ · · ·. · · ·.. ..,_ -, :-. -~-: ·· ·· :r : ·_,_·nr-r):i~\:~;~~:.~·1i!l-l!.~~~·:i!t:!!·t·:'~~~1; 

3.3.1 'AC Corrosion ' :: 

External corrosion, whether controlled by AC'. or DC, may pose a threat to the 
pipeline. DC corrosion protection utilizes a system of corrosion resistant coatings and a CP systerrho'ni<\\iid';. 

electrochemical protection at coating holidays to reduce corrosion rate. However, AC corrosion 
even in the presence of cathodically protected DC potentials due to high ,AC current densitY at·coating 
holidays. :: 

. : .: . ::;:~::~-:- .. ;~t};i.;ki~·;·.-_-:_+,:" 
The concept of AC corrosion has' been around since the early 1900s with only' minor effects"expectea''for ,;;::' 
many years.'·10 AC accelerated corrosion has· been recognized as a legitimate threat 'for·~Oi(q~atkd:'$t~el :: 
since the early 1990s, after several occurrences of accelerated pitting and leaks, ultimately .ass~i:iated ·with 

.: : :: ·- _-; ,:-11~~-:;.-,·:·::~-";•'··.·; 
HVAC interference, were reported on cathodically protected pipelines. ·: '!:':1-;;t:[·~:··::c,-;:. 

:r · ::-- ;,·4:;::"·:_:~-f~~;;~~}.~f~'=·:,. 
Historically, there has been little consensus on specific mechanisms driving AC corrosion, and the·severity;of. 

:• , ,.,, :··.:•·,·.' >-·.I,:.·,,.! 
degradation attributed. However, several recent publications show tentativ~. agreement' in·:·a:,plausible 
mechanism.6•15•17 The explanation presented :hy Buchler, Tribollet, et al, ~dg'gesti'th'al: AC \:6rrosion<on , 

- ... ' "! ":.·-: . ' : "_ " ,' . . _. : " ';.i.;iJ-~:.;; •• ~:.:,-;;,: .:·.·. :· ,:-: 
cathodic~lly protected pipelines may.be attributed to destabilization of pseudo-pa'ssive film that .can' no~niaiiY' :;:· .. · 
form o~ ~xposed steel at a ·coating holiday onder DC cathodic protection polariz~tion.' Due tci: 'tfie'''6fcli2 :), 
nature of AC current, the charge at the steel ,surface is continuously varying between ,anodic iand:'.;~~hodic 
polarization, which acts to reduce the passiv~ film at the steel surface as shown in Figure 4.,.)U.;..~.ot:the 
intention of this report to identify the specific rnechanism driving material degradation due to Ac'i:cirrosion, 
but rather to summarize a previously proposed mechanism and clarify the risks and contrib~ti~g factors . ,,. . 
associatec;i with AC corrosion. 
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Graphical representation of p'roposed processes occurring during 
. ' . Reproduced from Tribollet. 6 . 

-~j 

3.3.1.1 · AC Current Density 
,. ': 

While there may be disagreement regarding t~~ specific mechaMism driving AC corrosion~:'Ac:current<lehsity .. 
is generally recognized as being an indicator of the likelihood of AC corrosion fo~'a giverll~catioh:;'fri)i~~-a&· :,. 

. _ : . : ' ! .... ·. :: . , · '· ":1'1'1-" •;''l•·~··'l{.,•""'':·l·-::)· c-:··· 
of 2010,: NACE International prepared and published a report entitled "AC' Corrosion' State:=-of-'tfie=Art·i.· ,·;: 
Corrosion· Rate, Mechanism, and Mitigation Requirements," which provides the 
corrosion current density. 

''In 1986, a . corrosion failure on a high-pressure gas pipeline in Germany was' ifttdbliteC!,:to:§JfC c 
, , .. _-. ': _·,·~~:;: •• -:~-;~,~~-:·_ ~~v~·-_,._ ·;,.: 

· corrosion. This failure initiated field and laboratory investigations that indicated .. induce(ic:'ACc; •: 
:: 1.,; : I ;,:.~; 1;.-:ij;_~<>' :::,.; ;,"i, -,~·:., 

··:enhanced corrosion can occur on coatf!d steel pipelines, even when protection crite;ia\"a,re' ::n,.e.t:·:Yin 
,: addition, the Investigations ascertained that above a minimum AC density, typically'ac'cei3i:ed•i, 

ofCP would not control AC-enhanced corrosion. The German AC corrosion investigator5i.~ondJsJor)s: 
.. '""''-.- .1.:_.,,.;•,<,·/•• 

can be summarized as follows: 

)- AC-induced corrosion does'rwt occur at AC densities less than 20 A/m2 

)- AC corrosion is unpredictable for AC densities between 20 to 100 A/m2 (1.'9 

)- AC corrosion occurs at current densities greater than 100 A/m2 (9.3 A!ff). 

The AC density for a given location is dependent on soil resistivity, induced voltage, and' the size ofa:C:oating 
'holiday. Research has indicated that the highest corrosion rates occur at holidays with surface area~ Oftto. 
3 cm2 (0.16 to 0.47 in2). 1 AC current density is best obtained through direct measurement cif~',cpt;~Cj:Iy 
sized coupon or probe. However, the theoretical AC current density can be calculated, utilizinll th~'s'oil 

~~~~!, 
.. 

·:·IL' ,,,.: 



!·' 

I l;ji' ti fj; 
" ' I 

i:' 
·> ,. 

-J, .. 

• -. ;.·:.- -. ,,. 1~ •· :' · •• • :'!:. ' 
resistivity·and AC potential on a pipeline, in conjunction with Equation 1, presented in' the 
Report. 1 · ,. tt: .:'''· ;.. - ;·::: 

i:';· 

fAC = 

~c = 

p = 

'" '• 
:.1: 

:avAc 
lAc = ~jnrd 

' 
Theoretical Ackurrent Density (A/m2

) . . i: 
Pipe AC Voltage to Remote Earth (V) 

Soil Resisti~itY\Cohm-m) (1 ohm-m = 100 ohiTJ,cc,m) ::~\: 
d = Diameter of a 'circular holiday having an area , . 

;,. " to that of the actual holiday (m) 11', [1 : ,• ; 

... --·-:: _,::~ ~::r~ ~-- ... - .. ··I . • ~ - : ~.;;~:.rj:.i~-~~:-:~:~;,·~ ... __ .. _ .. __ .. ~,_, ....... ,-, ~ 
Multiple industry references discuss a current density threshold below which Ac:corri)sion is noti<i 'sigriifiduit 
factor;. however, there is still disagreement "on the magnitude of this thnishoid;'··While , .. ,. , , .. "., , 

technical literature indicates AC corrosion is possible at current densities between 20 
experimental evidence presented by Goidanichi et al14 indicating that AC current densities as:low~~.s·,lo:Arm• 
can contribute to a measureable increase in corrosion rate14• A significant conclusion or' 
Yunovich and Thompson in 20049, reiterated in the NACE AC Corrosion State of the'Art Report in :2oio,. 
indicated that there might not be a theoretical threshold below which AC .corrosion is active?:Johe': 
should,rather be on a practical limit, below which the contribution of AC interference to; the overall: corrosion 
rate 'is1 lo;:,, or rate of corrosion due to AC is-:not appreciably greater than th~ free c6rrosio~''r'~t~.fbhhe 

. . ., ' -, ·: ' ' ' ' '1 .' "' .. ,\~1,'···; ~-"··"·-·~.:or-1,;;;·_;,, 

particular'. conditions. 3
•
9 The results of the. experimental study showed that-·a :· curren~iifd!lriSJtY'-'!of 

· ·II :· ·. c _., ... -'"' ."'·<~ .. 

approximately 20 Aim' produced a 90% or greater increase in the corrosion rate versus theh:4!itrol)·;,{the 
absence of CP.9 Experimental studies perforihed by Goidanich, Lazzari, et al in 2010 :a~'(:i'','20'!4;~\d 1:.the 

! '· ' :_-_;: .-:"li:.i,''.l(:~, .. ~:--:~~:.--.?:!":". 
presence of CP, concluded that while it was apparent AC current density greater than' 30.Nini:shov.fecl.) 

' ., ' ..... :-'q~·, .. ' ·.,~-" .• ,_, 
considerable increase in the corrosion rate, a current density as low as 10 A/m2 resulted in a corrosiori!'dite 
nearly double that of the specimens without AC.14• 18 ·, ,,,:; 

. ;:·_.- : ... , 

For reference, the European Standard EN 15280:2013, "Evaluation of AC corrosion' Ukelihood·of Buried 
. Pipelines Applicable to Cathodically Protected Pipelines" adopted the 30 A/m 2 current density m~9riitud'e;a§'a 
· lower threshold, below which the likelihood of AC corrosion likelihood is low. In an effort to addres~''tlie• 
practical application seen in operation, considering interaction effects of CP current and AC,interfenini:e, 
recent research has assessed the likelihood of AC corrosion in terms of the ratio between AC :a~d:'·oC:i:'urrent 

' · .. -· '- ·., .;~·.··t:(;-''i-.~.' ~-':~~~-
density (IAdlod. ~·) ":,1 · .::·,.,.:j'.'t;~rg~~·il:.".i'.~~~-;~ 

I 
1
; ' -~.-;;. t:i.~-~~~;i~?~:~-~~' 

3.3.1.2 Current Density Ratio ,, .' :c::,:;,;;;;iE< 
Recent're~earch has shown that the likelihood"'of AC corrosion on pipelines is 'debenclent''onbot~ t~e:·1~J~1;·of ".· 

· AC interf~rence and the level of cathodic current from either CP or other stray cl]rrent sciGr2~~!~~~~i!e~::tri ,+ 
general, Ac current density values below the previously cited 20 A/m2 recommended limit.i·wef~l'gti6~~1\'J ·:··,. 

··. . . - ' - ; i,, •; ... < •. ~!:;·:.'~--'.;.:i~;··~-~ .::;-_ 
accelerate corrosion rates in the presence of elevated DC current density due to excessive CP, ·overprotection. 

. . ; .·, .. ,_:·i_,ri~':::;~;~t~:cf.].ii~tf:~·::n:.: ... -
The latest revision of EN 15280:2013 was revised to present criteria based upon the AC interfereric\if.ana:pc ·· 

,•.. " ' ·' •' .• :: ·:·--.. >:~1~~-:~ 1't:-J:,:~--

current due to CP, Alternative acceptance criteria are presented in terms of limiting cathodic curre.Q_t'den.sity; 

·or limiting the ACto DC current density ratio (!Adloc) below a specified level. , ,::;;':,:.;;f,':;;~,:~· 
.... ·. 
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Current density obtained by: use of coupons'2or electrical resistance (ER) 
Jl: . ' ',',- :" ' ,- :':, 

· However;,;both AC and [)C curreot dens_ity data required to utilize these li 
_.,.. ·-r. · ':·. · .. ,., . ' ::· ,_ ' - •· . !- .:~:--:-;o'JI•t:. ·.-::·i··-·>.~:-oc~-1 

.easily obtained along the· pipeline in practice. Therefore, the current density ratio ·limir<''nrolii'rli><f" 

EN lS2SO si:andard·:are:not widely. used or~ easily applicable criteria. This 
recognized interaction of: AC inteiference and fCP systems, presenting an r~lt,:::.rnr~th~P/ 
valuable for specific ~i:en~rios where data is av~ilable.' ' 

- . . ' ~ ;~ 

As mentioned previously, the measurement 'or calculation 

indicator ·~o determine the likelihood of AC corrosion· across industry in: NorthiAI1)eri_cai• 

"' me~su~e:~c:cuiTent density on a rep~esentatiV'¢ holiday througti the installatip~ :a[l'c:l;i)'~~ 1pf'rn~t~iiT~ 
A co'llpon{epresentative of the pipe mat~rial, r,ith a defined bare surface 
connected to the pipeline routed through a test station will allow the measurement' 

' ' , " - ., , , " ' , ' ... -' , ' '1 : ' .. .;~, • - , , ' I I• l, , I'· ' r l :~ 61 ~ 1• 

measurements along with the known surface j'area of the coupon, allow for calculatiodi.of::af) 
·: -.. :1::: .: :·1'11~' :.: 

current density. In many cases, the coupons ~re supplemented with additional instru111~nt~!;iS 
probes and reference electrodes to provide additional pertinent information. The ER probes'1proliiCfii''i(ti'..;;a 
based corrosion rate while the reference electrodes provide both and AC and DC pipe-to-soil nnrPnrr~i<: 

Section. 6 provides further details related to mitigation and monitoring methods for 

' .. Appendix A indudes additional details related to literature review, historical AC corrosio~· 
case studies. ·. ' ' :· 

3.3.2 Faults _ . " . ! 
1

:C! .. ~]~fuifl*~;~tL 
During a phase-to-ground fault on a power line, an adjacent or crossing pipeline may be .s\Jbjeq:;;tp;i,both 

resistive and inductive interference. Although these faults are normally of short duration (generaiiy.les~':tn~n 
one second), pipeline damage can occur from high potential breakdown of the. coating and conductive.ah:ing' 
across_·:the coating near the fault. Further, the fault current is typically carried by, a single .C:ori-ciuctor, 

resulting·~~ short term elevated induced voltages that can reach thousands of volts ~r greater. Thls p~esents 
a significant risk to personnel in contact with the pipeline or electrically continuous appurtenance:dJriHg .a 

fault. : ;: .. . ·!. , :.: ·; ./<-~.;-E~f;!S;;·:~~·: . 
A phase-to-ground fault, or a lightning strike, 6n an HVAC power line can result in large potenti<!(:qiff~~nces · 
with respect to the adjacent or crossing pipelines. If the potential gradient through the soil: is'.st/ffici~At;;a 
direct arc to a collocated or crossing pipeline is possible, which can result in coating damage, or arc da.iT\age .. 

to the _pipe wall up to the point of burn-through. Even if an arc is not sustaineq long enough to,c,.u;;~:'l:>urn 
through, 1a short duration elevated current can' cause molten pits on the pipe surface that may l,ead_to:~rack 
development as the pipe .cools. ~ault arcing is generally a concern where fault' potentials are '9reateE:·than 
the dielectric strength of the coating, or at coating holidays within the possible arcing distancei.:Sectibiif!7:3 ' ' , ... , ... ,. ",.,._ . 

provides guidance limits for both issues. Where necessary, installation of grounding and shield ·Wites.can be 
, , 1 .-', ·n. :: .. _; •.. -" ,. ~ , .; -

used to mitigate the fault hazards as discussed. in Section 6. · . ;,, :.:::;g;~;iL,;;,;;_; 

. . _ . · . . .. '.~· ~-:)::.~~~-lii~0';;~~ffL·· 
3.3.2.1 Coatmg Stress Voltage . > ·•,::::"::>_ 

. .. ', .,:''(_;~; 

During fault conditions, damage to the pipeline or its coating can occur if the voltage between the pipeline 

and surrounding soil becomes excessive. Fault conditions that produce excess coating stress voltages. across 
.. the coatin'g are of concern for dielectric coatings. The main factors to consider are the magriitlld~,pf>t_tie 

. " '. . ' ' •'i ... )"'1'::~·,.;.:.~.-'--··: 

voltage gradient and the dielectric strength of the coating type. It should be noted that there are;~everal 

. , ~~~:i~E 
', .·•' 
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TV=1;2SO ~T 

TV = Test Voltage (V) 

T = Average coating thickness in mils 

<:·· 

This results in a test voltage of 8,840 volts +/~ 20% for a pipeline coated with a SO-mil coal tar coating·; 
" .~ • ·: ··: ,.;! . ~-- ; . '· .• ,:,·:: ·: :• I. ' ' . ::: I::.::. ;~ 

• The first standard above is the subject of AC mitigation and the following two • standards are. the 
"recommendations for holiday t~sting; however, there appear to be inconsistentes'as•to what:\lolta'ge~win . _.· 

actually damage the various pipeline coatings. The inconsistences appear to be due to theJ'.unlcteritifJ'ed: :.:.:­
coating thickness in SP0177-2014 and actual duration of the fault resulting in conservative value~;~'y(:•.··;;.'-•·::. ·' 

': :: ' I. . : " . ;;J:·.c~:·",: ... ::~ .-- .. , .>·:· . . .. 

Gummow et al. in their paper "Pipeline Ac" Mitigation Misconceptions"" present d~ta: tgat:ZiJd~~'g''the :. 
duration and coating thickness in the analysis ~esulting in values that are more practical. They'~b-~~l~dithat 
FBE coatings with a 16 mil thickness should conservatively use a voltage gradient limit of s,ooii, voltS: ~l'ld ·· 
that the 3kvto 5 kV range indicated in NACE SP0177-2014 would be more applicable in the range of 7.'S'kV 

··.·to 12.s kY,.••> . . •:c''··· ,,. '' , {;t;)c;:::l'~i~_,;:!: 
3.4 ·~voc 1 underground HVAC ·' · ;~;tt!c~tr&qp~· 

.•· .: . -· , ;r . -~);.~;;;~:>:·;~·:·_.,-., 

High voltage power interference is primarily a concern for pipelines collocated with HVAC overhead power 
lines, due to the widespread sharing of com,;,on ROW, and the interference effects assodateJ:£fi~';;;'e~er,' 
there are associated concerns across industry regarding interference effects of abovegro'tiil<l·''HVDC 
transmission and underground AC power lines. Presently, the U.S. transmission grid :_Con~iSts·,,::of.-·_.··· 
approximately 200,000 miles of 230 kV or greater high voltage transmission lines, with an estimate that 
underground transmission lines account for less than 1% of this total.20 Industry trends indicateJiiaf.dU<i'to 
significant disparity in overall installation costs, it is expected that while buried transmission°:liiies;:\0ill 
continue to .. be devejoped and implemented, overhead transmission will remain the' primar:i-::,.iriciahiS"tb~ 
electric transmission for the foreseeable future> ';: ;;;~: •. , .. ,, , .... 

'' ; :, ~ ~f:~['jf~~~·-
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In general, the level of' interferemce from b-~ried HVAC power lines is tY'~i~~lly lower as thei'Proxlni\t.Y -·;-
. · . _. . , .. · . . , ·: ·- ~ I ,,_,~ ...... "~.~•·'·':i•l'~l,,~'• ' 

between the. individual phase conductors actS to balance. electromagnetic 'fielc;lstred~cihg: j:M~·_;O(in.':foreign · 
structur~;tgepending _on the ___ tyPe of con~truction, sheathing or coridUi,rmm~Y!r!l:~~ed~O:.;}~ 

'· - .. -.:.,_. ·••:·-··· .- .. ·~· •· •· :1 •-. .-Jr, •. L., ... ,~":"•'''·'~- .. :·.·.i_h··-.-~lp;·rfi0.1 
electromagnetic shieldingjfurthe~reducing inductive interference effects. " · ' - ' · 

,-" ' .. - ' ' ·: 

-As aboveground HVAC is still the primary cory.cern for•.pipeline interference;-
• ,• ... _-, ' 1 ~· • • '" ,. C 1: 'i I ; "•'"! "',;' 

. report. However, the effects of both aboveground HVDC and buried transmission cables: •A~ .. , 
• • - • • ~ •• • - • 

1
.11 

case-by-case basis wheri'pipelines are closely collocated. There are currently less•-thar.,~v.""' 
voltage direct current (HVDC) transmission liryes operating in the United State~~;.'Ait~ougfittW~~i;a~~f~~ ;';': 
relative to overhead HVAC, and the interference effects on a pipeline are different f:oni HVAC'trah?mls§i6n::•;~ 
lines,_.tl,ey .. do warrant .:a brief discussion sol that pi.peline oPerators ar~ ·~·~w~r~-~~Or:·::_pO~~ri·~i~·rYT~~~~tit-iti.¢·: :·~::·: ·_ 

... : . ·,.·,I:~ .1·_:• .. -:: ·'• -" -' .; '' .: ' ,' ~- '• •.. : :· '·.·:;.:·:::e--\•)•''"'~'1~:1•iidl:; .... ·.,;;:-"·:;.;:,':':':t,"'•"' --.J .• 

'.CaJ1adjan,,Association of., Petroleum Producers (CAPP)22 have produced a tec_h-~i_c~l:>Jp~umentth,!!]l 
. .. ,.,,;:, •,•._' ._,· .- ,·_ ', ."'· ·.,' , ":- ,' ·.;\I .... :',·'•L·'~(-':•'•'1••-,' .. -"•d;.,il 

in detail: the' issues associated with: HVDC transmission lines influence on\m~tallic;;:pipelines~ 

· technical differences, the detailed extent ~~ HVDC. transmission line ihterfere~c~!'l!on:,gii~~~j~'Pfp~)in.~ '> 
necessitates its own study, beyond the scope of this document, however a summary overvieW 
interference comparisons follows. , . -_<.;lf~:~~~:>"l~ifd~-~-; 

"' _ ... · ._:r: f~_..!.',;: ·:_;:;:i:;"f,;..:;(~:·-· 

HVDC transmission systems in operation today are typically of monopole or bipole design. In e~2ii'ca~b~"the 
systems consist of a transmission line between stations with the major compo~ents being DC·AC:convei:\:ors 
and large' ground electrodes. In monopole systems, a single conductor transports the 'power 

·. return;• a~ depicted in Figure· 5. It should be noted that where HVDC systems use a' oround::•returri:':the 
interferen~e concerns are similar to typical DC stray current interference, 

· ·SP0169 and is outside the scope of this document. 

Figure 5. 

,, !Une 1 =!G 

:Monopole System <J•) 

~ I : 

.:r' 

'~ - •' ' ! :, ;. ' ' '' ',: - " .. 

In bipole .systems, two conductors between stations allow the system to transport power through 
· conducto'r~, one conductor and an earth return, or a combination of both, as depicted iri Figure:6-.:.The''m95t-

. :·: .- ' ' ' :!'·-:·,_'_:_,,<·,~-~ ... .- .. , •' 
commo-n-:use of monopole· systems is in submarine applications using the seawater as:the earth,::·~e~l!n1~::The' 

·most common use of bipole systems consist' of onshore overhead transmission tow~rs to •trar\sport''.the 

power. ••'•· ' ~- ,;~j~~~fJf~}~t. 
_':;;~:-.~ -,~.:.~;,_···~· 

·i''' ;: ...... ;. !'- '"'' 
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, IG =I Line 1 -I Line 2 
Figure ,6. '! Bipole System Cl•l 

. .:J:;t.... ..·.. :r:.s .. . .... 
::. Tripole :cOhfi'g'UrationS" have been. Considered arld reviewed' in research, but haVEr:nbf::seen'~ WYCi'espre:acrc~~e;yn: 

· :··; :-. - · -·· _ •: • .;~. · '" ··-:···· .. ··· - .... ,,,:;•;;"rl;:l:':)ti\~~.'.1'.':->''',YJc;;;_•\,.··~"-~ 
pract1ce. There are several types of des1gns• and operation modes within the broad: paramlaters',iof;>the 

' . ' :· ' " ····.~··.-·;~,·-~~~-~--:--~·--:-·· ... , ...... .. 
monopole and bipole systems. During emergencies and in maintenance of the bipole system;:iilni'€~retilrri 
. . .. ·· . ,. . . . . - ... _,_::·.~ .~:;:<::.~I;.'N"·'·--~ .. --.... 
IS used. In an earth return mode there IS a: potential grad1ent generated and metallic objec~)· 
pipelines, can be subject to varying potentials 'and become a conductor of the return current'. - .. · 

· a low ;resistance path. Where current is collected or received by the pipeline .generally no damag·e:o'i:cur$ 
:, c;.unlessthe.:c~rrent is high enough to damage the coating. However, corrosion, will occur at current".disch'arge ., 

',• ... - , .... !.,,. -~-· - ' - :. ,_' . ----·.J···~--_-.-.,_. _ _..,, .... _._: 
· locations)The amount of corrosion is dependent on the amount of current and duration of discl)·iirge;:::J:n"'tlie:;c:' 

-·· --~-~- .. ' '-:· '' ' .-.. -.~~~~,jl:,:..:;:t.·-.: .. :.·:··."·''·· 
case of la'rge discharge current, significant corrosion damage can occur in relatively short time'Peritids>•l;he, .. ·Y 
effects are similar to'the interference currents'caused by other DC power sources such as' tracti8'rr~t1t~'rris: 
cathodic protection systems or welding with an' improper ground. 

HVDC transmission ·lines also have the same coupling modes with pipelines that 
transmission lines capacitive, inductive, and resistive. Although under typical circumstanc~s these:,~effect·s· 
may be negligible. However, interference level~ under faulted conditions can be significant. 

3.4.t.L Capacitive coupling ' ' . i iW;;i"~~~~~r't. 
· The results of research presented by Koshche,ev indicate the electrical field below HVDC tran~T,i~s·it~'Hn~s 

does not generally require significant safety measures during construction when the pipe is isolated on skids, 
as the electric field influence associated with HVDC transmission is limited compared to HVAC;2~'i"hi\1\:~£;:;t,;. 

. _ _ · :~-~~~f~·,~:r~;7~t;·~·:. 
3.4.1.2 Inductive coupling ''·"·': .. ,c:;;,;.:" 

• .' '.-:: :· ·.: .... , • .. I_ ·': ;,;_;_;;·~:~~"<~:.~::;:~·i.: 
.. CAPP indicates the voltages induced due to HVDC, under steady state conditions tend to' be negligible .. The 
. ··. magnliuci'e'of induction may contribute to minor interference problems with teleph6~e lines, 'arid 'possibly 

other coni~unications systems, but is typically low enough that neither pipen~e' integri~ npr sa:f~~;E~,~~-r~.~ 
, are considered likely under steady state condi,tions. However, during fault conditions, there, ,is 1 .~.JlOSSibility' 

for short duration of elevated inductiVe coupling. · · · ' 1
'' 

1 :.;-;i:;T;::.:<--.~~--~--:. 
J . ~;:;(18~~:1:.~~:: ?:.:: .. 

3.4.1.3 Resistive coupling s·'i!!J!~ t~~~\~ 

During faulting both HVAC and HVDC transmission systems can present personnel, safety:T~~~e~:;:-~~d . 
compromis~ pipeline integrity, with possible damage to the pipeline, coating, and associated equipment:' A 

· faulted HVDC power line presents a possible integrity concern for nearby pipelines. CAPP indicates thatJhe 
• ' .... 1 ' ' :. ' - ' - ' ' .:·.--- ::.~-'·: :-,·:.'; ,,.:_- •. 

fault current discharged to ground at the power line tower causes a ground potential rise (GPR}''rieat'.the 
'· :· . ··!·I ..... ::: ,;;!;·.-,~~~:;~'"-~:-~·;·:~·-. 

ground electrode. A voltage gradient exists relative to remote earth. A pipeline within the voltage:gradiimt' ,;, 

. . ' ' .·' '. ,, .. , :::· .... '· ]:~~'~.'~;,~;~~ 
·::::· ....... 22 
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; .'· ': . :. '" ' .'- : ·;: : ': . ~; -~ ' . "" ·' ,, 
will experience a coating stress voltage as' diScussed in Section 3.3.2.1. If high enouah. 

could puncture the insulating coating possibly damaging the pipeline. . 

-~ ~ -- . I'' g . 
; ~;5 ,:IiJc,l.w;try Proc.edure Sum:mary : ··• ·,c·. 
':.- - ' · --· · 1 •t'~ . .,. '- . . . . ' " ' · "'. .-,· '· . I· 

··,The l<ick (lf industry consensus on the subjeruof AC corrosion guidelines 

pipeli~~ operators in' regards to mitigati~g AC· interference on pipelines. 
Foundation requested a review of industry pra~tices aria procedures related . 

• .. , '. .. ~·- ·: . . '''"'I~ - • "' •·, •... ,,. 

this review, all of the procedures address a safety concern and define a maximum allowableiAC 
; ' -:... ' •. ., _"' ':· -._. '·:-- ,.•·' _,;i' ;.,, .. -';,:ti!::;-1'·~ 

potential. limit for above-grade· appurtenances~- For pipelines in' close proximity·to··_HVAC:.'PoWe('.;-1.,ll~r'~""''-'='· ... !_· 
:· .:;:_ ·:._ , .: .. ,.... ··:~~-.":'~·•·'~~ ... ~1.-'-'·'·Q~'-·-·c<c.:>.·· 

are identified as a hazard in almost all of the procedures. However, few addressed" coating stres.s1il'l!!t;a.I)8Y.~:.:,;~;·:• 
' • • " .1 .... ~:: ...... ! .. :, •• ,.' • '·. ~-,, 

which !)litigation is required. For current density criteria, several. procedures.ha,dclearly. d~fined:Jinji~~~;·,Wl').iJe·:~' · 
.. others addressed it as a concern for AC corrosibn but did not sp~cify a target'ed fiinit:Jr•ilc cJrr~i:.;d~nsitf;or . :, 
•·.· . ·- : ·:: , "<' , ... -- . - , • .' ,. ... . -~: -:~~-:~~ ·f'~:'.;;:- ::~; ·:r~~- .. _.; .·;: ·~---:~·;r-·_·.~.::r·,·_..;,-;:_~-'-~.-/ -<".: 

define limits for mitigatiop. Table 1 provides a ~ummary comparison of the indus~ry ~.rq~edur~~ f;~.Y,!.:Y:.~,~jj:?f,~ E 

Modeling Required> 2 V 

15 v 
,.; .: Y':. 

!:i~ 
10-15 v 

':' 15V 

--
15 v 

15V ' 

'~-

1:: 

..,_ ....... !. ".·:_,; .. : .:,~,- ::>1 ,. ;:_·, .. :::~:·::.r~ •. ~::~:;:£?_~~:~~~~~~~?~~~ ... :;:.:_:" 

Not specified 

Consider with Modeling 

sooov 

1~0-2000 V depending on fault 
" duration 

75 
mitig~tion, 50 A/m'. [•· ·\·'" .;;y ,,., 

. requires further. 
evaluation 

30A/m' • 

20 A/m' 

mitigation analysis, but no limit I 50 A/m' 
1:• ,., '"' 

during I, , , , , 
mitigation analysis, but no limit : :··' :sci A/m' 

' !": 
. ,; -·~-~ 
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4 NUMERICAl MODELING 
._·: ___ -_/;-rt:c--:~:-- .. ~ ... ;I, . . :1. . ..... -... _ ........... !·:···.;·;,:·_ .... --.. , .... -.,--; .. 

'''' .Predicting~high'voltage interference is acompiex problem, with multiple inte;racting'~aria~H!~Slff.ect(~!i;:t 
inftuehc~:and impact: In recent d~cades, devel.opment of advan~ed calculation'·m~thods :i.iid 

. tools for'i'irnulation ofinterferen,;e effects, an'alysis of faults, and developm'ent 
. been ~ignifi~ant.23 •5;9,10 : Computer based nufnerical modeling can be utilized to 
pipeline'sisusceptibility to HVAC interterence, !'help identify locations of possible AC 

- ' . - 4 . 

where necessary design appropriate mitigatioil systems to reduce the effects of 
·. and AC current density to meet accepted iAdustry standards. These 

analyzing.:the interacting contribution of multip!e variables to the overall mag~itude 
' · ... - ---~' l-.t;· :, .:.: .. i:. . :,:· <:·· . ' ' : ::"•: 

''· .Comp4te~pnodeling Is used to f'nalyze the :\nteractions and 'sensitivity of)' 
magnitude ofAC induction on pipelines. This section provides a brief review of riiJmerica.l 
in gener~l; as well as the results of ttie individ~al variable analyses. ' ' 

" :{ 

4.1 Modeling Software :,r 

' :! ' ' ',' .. ··~~ f;:·~q~~-:f':.!:.:-~:··.:r~"¥:~~f~'~:~:·:;; 
Previous research has compared the benefits of specific industry standard software; literature· is·avaflable for :. :: 
each of the common software packages. '·'·"•' This review addresses the generalizations coricerliing.:thP 

. present i~dustry standard software, but does not aim to address or endorse sp~cific software pa~kage~ .. : .•....... 
·:~ · .. , . ... h~ : ".~- . . . ::: · · :-. i I· ·;" . :: .. _ :;~;;:~-<:<~;;·:·~~_;·,;.~~-~·:: ,.::·:_.::.: 

For the majority of simple collocations considering a single pipeline and single HVAC power lin~;oum~~t<US,'2i::.: . 
. ·.:. :· -- . . , .. ··[,; . .,",·.·:_·y:;~ .• _..:-~,,,. ·:_;:•1.• 

industrycaccepted models have shown to be consistent in the assessment of HVAC interference;·Of'l:eni:Jor: ·« · 
,-- ' •. ' ;_ ' "1·--·l::.',-·i:.;: ... ·; ... -·,",'.:·-·--. .: .• ·,, 

these simple cases, the benefit of a more complex model is not gained due to uncertainty·:in'ithe a.naly~is 
inputs. That is to say that for a majority of simple collocations, any of several industry accepted,i,tt\od~l~care· 

. ' - ': -:, ,);' .• /_,. ~'. :....il;i~ ,, :· . -· ' 
capable of providing an accurate analysis. The:applicability is limited by the accuracy of.the-inpu,t~da!a;¥'ai)(j 
expertise .of the analyst in utilizing the specific model. Often the uncertaintyin critical 'input vari·abi'esJ.~i~ch :,\::· 
as theJiVAC load current and phasing, outweighs the benefits gained from .a more complex mode(,Hpwever; ;;:· . 

. .• as_the:c9llocation complexity increases, both in terms of the number of str~ct.ures an.d geometric,,routing,. :,. 
"• , ~,• , " - , , , ~ , I ,' , ' • ' : ! : • •'·'-': ;.:, I,.; •. •,' <':1. " ' ~-- • • ·: • ,." ' 

the limitations of some basic modi!IS support the benefits of the more detailed modeling softwar'~~i;.•ij'ifta!;li~';::i;•: ·. · 
. ' _-:. . ' ·> ' .: ' "~:: ~ .. ,, .. ,- ~·"1"····' '-' ··--:: ~- .... 

Typical in~d~stry standard softwal-e packages ~~hat were reviewed use a tra·~~~i~~i·O-'n~;'l'irl~: Al~i~~/,~~(¥~~}-:::fc;:. -_~;-> 
calculate longitudinal· electrical field (LEF), ba~ed on established fundamental Carson or Mai<1ii~~(eq\.;ati;ns .. 
for electromagnetic fields. The geometry and routing of the complete pipeline and transmission:)ine:'ii~tWork 

' . , . •;C::.c.~:-·:,:r···:-:·1,;;:;-:·.'.'. 

incorporated in the model considers multipl,e pipelines, transmission lines, tower .sections,s;~nd.;"other 0:. 
collocation parameters. Collocations are simplified as a connected series of finite sections and ii~de~;::...;ith· ..C: 
appropriate parameters applied simulating the pipeline, soil, and transmission load-ins., The: mod~Ji'ng 
software:~an then calculate the LEF for each section and solve the fundamental equations to calculate.the ,_. . 
potential,<current, and theoretical- current density along a given collocation. ! ... I'· ·i\;·~1:-~~~-iiJA.i:::·:::},;.::·-: 

- . :': . · . . , ~; ' .. ; :.. :;'· ~: ,. . :~. ,_..ti·i~~,~:i:l:e5bf.l;f~rc;;r.J:·n~--· · 
Calculation of the EM! and corresponding effects on buried pipelines requires a thoro~gh. understa'r\'Ciiri!J·:C>r 

'I , .r'·_,•.';,p:-.:.-- :. 
the variables involved. Detailed· modeling requires knowledge of electric field interactions, l,tr~h~I)JiSsion 
current, tower design, bulk and local soil resistivity, and pipeline parameters such as geome~ry;ji(;~'atirig, 

I' - 1> • '· "<;•,;;_...,,1\:•~'I>J.;TI;,_., __ :., 

depth, diameter, electrical connections or isolations, and existing CP. All of these variables may·§.ignificantly 
·- ., .. -- "'t---~ "" .- .( .... 

affect the AC interference model, and similarly the analogous real world interference .. Ukewise;:· the 
' t • , ' 7: ' , . · -·,~: ··: • :~·~ .,, I r •·:' , ' 

assumptions and simplifications made during the model setup can have significant impact on the' accura'cy 
. and applicl.bility of the outputs. ,. . ' .· '::';·''':·.'( . 

. ' . ~- ! ·' ~,')1'~~(,~i~{'t:[: : 
~~ • ;J.:~_;: ;,.,

1
··-J o·:.-~-~ -~ 

~- ·~ ' ...... " i I ,Li~~!;:~'-J . ._~:,.-24 
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While. mo~t of the a~aii~ble models a~e ~ble t~ analyie ~ach of these variabfe~Je'ii:~er:::~ir~$i~~ 
the accuracy of the analysis is dependent on ~he expert1se and understanding of the •analyst:fci 
given variables. Similarly, the accuracy' of tlie models can only be as good as·. 
sources are required' for .the collection of data, i.e. measured in field, provided:· 
operators; or based off published nominal data. For that reason, the accuracy of th'e results::f?·:Uitimately :;· 
dependent ·on the expertise of analyst and the reliability of the data input to: eQsure .• technica·ll~f~h·~~J'jj¥i~f~' / 

• ·•" .. " ' . :, . ': ' : '.:' • '' .1::-·· 1::1; ' ' _, ., .• ·'•· '• ...... 

:setup, :p~~pite the presence of multiple model:s that have been shown to be· ~a~!!1b]e'i~f 
analysis 'lihen used wiWn, their applicable limi~ations. '' ~ 'T)1~: 1;: • 

· · 4.2 · v:a~iable~AI"'alyses ii ii .. 
. ,_ . " :.t. :[ 

.. ' '" ' • •"•' .. 01' ,.., .. ,-~-; 

Due to the number of interacting variables affecting the overall levels of AC lnterference;,]ll 
.:, · ' :;,. ' ·· "·' .:.: i ; ·:. ~i!"'~""''r 

isolate the effects of a single variable for all collocations scenarios encountered. Consequently,rlt. 
to determine distinct limits for~ individual variables outside of which interference become~8i\~glf9;bje; 

, ... "~,,• ~-.r,,-, .. _, ·:~"I ~·-··'"' 

Considering several key interacting variables is a more viable approach. , Fol': ': exainple;•o reported 
· recommendations cite a distance of 1,000 feet as considered 'far' and: assumed. low risk' 'tor ,HVAC 
interfererite. However, in cases where power line current loads are greater than 1,000 amps and 'fn:r~gi'dns 

· · .. · · - · . . ...::::r-'·':~_.J::··.''c':;·,,_, _ _. .. _ 
of low soil resistivity, elevated induced AC potentials and corresponding· current I density.· exceeding 
recommended thresholds have resulted at even greater distances. Therefore, separation dist~~d~:~~~~e.m.ay 
not provide sufficient justification to exclude a': collocation from further assessment. Conversely)~onsi~~ring · 
the interacting effect of the key variables identified is necessary when determining the neeif~~··detaiied 
analysis for a collocation. . ·. ~:~ ·.f,·~-:~::;:.:;!)~:~-- -r,-

. ·-: ' ,. ' ··: '':' :' :! ' ", .-';;/~~·;:,.::·>~:·1+:~: :_. 
DNV GL cieveloped a series of computer models to illustrate the infiuence of key' 'variables affecting l'ndl!c.ed 

.. . .. :._·_. · ·· : . . -, · , ·'.·. --:~ ' I· , ..•. ,:,,~_ -._ ... ; · ·:·· .• 
. AC on· pipelines from nearby HVAC power lines. The software used is a • graphical. simulation: platform 

,.,-. ,;.," . ' ,· ·. :.. ': : ', ' ' '., .' ;;:-_:::,:.:· ... ·--"~,;~,~-1-· 
developed to predict the steady state interfer~nce and resistive fault effects ofHVAC power'linesjo(['p'url~d 

, - · .. •· : . : . , , .:· , .. 1!· .. :.--~>i-i::"'t-t""'··<\!·,:·-r· .. 
pipelines in shared right-of-ways (ROWs). Using a TLM and appropriate input data, 'the' software. calculated 

. ' ' ,... ,, ; ~ >:< ~~~; t.; .,;, .. -' :-" ., ' ' 

the LEF, which then calculated the magnitude of induced AC potential, and current. alo'ng'tti-e)i1odeled . 
• • •· .. 1 '· _.,: .".;li/~j•:t.::;.r::po;:~{~,!-.· ·-

collocated p1pelmes. '! :_ ·::y::f->~,:·~'-·:~!-~2:!.-~: · 

The models created for these studies are simplistic in terms of geometry and serve as a dem.~h~~~~tio'n' of . 
. ~ ',.,, -. ~' ,. 

the variables' infiuence on AC induction on adjacent pipelines. Based upon the. number of variabl.es and their . 
interactions with respect to AC interference on pipelines, these studies determine the relevancy of :the 

. various p~~aO:,eters. The studies offer guidanc~ demonstrating the trends associated .;,it~ each p~~~rne't~; on 
·:-- . ., ;· . , !·', !· . -~ ... ~: .. ~~-""·::·:~r·n::;, 

the overall level of interference, and were used along with existing industry guidance and literatLi~eJi!)d.irigs 

to develop the recommended guideli~es prese~ted in Section 6. ' . ,,,i )Ji:~t:;;~; ·:·:·- •.. 
The primary variables analyzed as part of this Study are as follows: · -.'.; ::>.-:-~!~~~.irl~~~·-::~~;-f~~i·.: 

'I . :.t<~:;.··;::_-~·~:;d~; .. : .. 
•. HVAC Power Line Current ·. •:;::,:: ·-c;:::· .. 
• .. Soil Resistivity 

. ·: ';.'•.;;•.j ;,-, 

': •· ~- Separation Distance Between Pipeline and Power Une ;;.• 

·· ~:';": Collocation Length of Pipeline and Transmission Line ''·.' ,. ' · ·· 

•'''' 'Angle Between Pipeline and Trans,.;,ission Line . : ' " .,. 
•' :, Coating Resistance · 

• Pipeline Diameter and Depth of Cover ';; 

The results of these studies are presented and ',summarized in the following sub-sections. 

-~.: .: 

1::-'~· ~ ·,:i: 
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4.2.1 'HVAC Power Line Current!! ,, , . • .. "'''''''''''''"""'''' 

.... :- I , : • f. :· .. -/-·· ·": . _· , ·:_,:::-H:;,::~:;~q~ir;;;.:~:l!i~~f}~;;(;;: 
A primary xariable influencing the magnitude2 of induced AC potential on· a• pipeline. ~qllocateaf,witli:'l;i'ifAC 

•' :~' ' , , ' <'' :;" ':. -:.' ':i I" '-~- - ,,, .• ,, ~ • " ~_,! '' 

power lines is the magnitude' of the phase conductor current. The current load,'o(the.'ri¢arby:poYo(:!!(li:n§!si 
""·- ,' ' ., ' , .... •1_1''"•.''''' "•.'' 

a direct irifluence on the LEF generated .:by tli~ HVAC power line circuit(s). Jhe''ihtensit;i 
·with the .~~rrent loads affecting both: magnitu~e of induced AC. potential on t~J':'rie~fb~l p(p~)[~~ 

the area 9f influence. The area of influence ~ffects the separation distance· 
experienf,~S significaryt interference and i~ ~rt~er discussed in ~ection 4.2.3. 

; . ,_.. "I ,. . •' . ,:·. ': ·:· ~~ , . .• 

To demonstrate the sensitivity of power line current on pipeline interference;'', 
model simulating a single circuit vertical trans'inission line, parallel to a 
feet af:a ~~rizontal separation distance of lOQ feet. The pipeline approacheS: 

, · - . • ' '! . . _- · • , . , - " . • . r • ::; : • " _, _ , · . · -· -~ • · :1 

degree arygle and parallels the transmission line for 5,000 feet before recedina··from·'th 
' '~- ' - - ' ' :. ' ;: ' 

a 90-deg~ee angle, as depicted in Figure 7. The HVAC load current was 
remained•constant, to analyze the influence qf current alone. A uniform soi('r~sistlviW1ot 
was applied and constant throughout the analyses. The transmission line current 
500, 1,000, 2,500, and 5,000 amps based ,•on ranges of operating and 
reported in literature and previously provided ·from power transmission operator's design ~n-rlnitr~n~'>-·F·i·n~irt=o 
8 shows the maximum induced AC potential as'a function of transmission line current load. 
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Figure 8. . Maximum Induced AC Potential as a Function of HVAC Transmission Line 
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The resul~s of this analysis show that the relationship between transmission''lin'~:current. 
induced AC potential on the pipeline is linear f6r a parallel collocation, consideri;,9 a'single . 

line. When all other variables remain constant;: the HVAC operating current load has a di 
the magnitude of the induced AC potential. This relationship allows for estimating influencei'';ol 

,_ ·: ". ·.i.:;~t:~~T~--.. ···• ·· 
current loads based on field measured AC pipe-to-soil potentials. For the specific case, ·with:: a··,~gfpeline 
collocated with a single HVAC circuit, if sufficient measurements of AC pipe-to-soil pot~ntial areriak~~z'~nd 
corresP.onding transmission line current loads are provided for the specific time of measurement/th.;j,Miieis 

can be ·scaled linearly to estimate the induced AC potential likely at the correspondingly scaled t~ansmission 
current. This. may be applicable, for example, for estimating the effects associated with a power)in~:.~~~t~ci.~· 
with a ·new current load. However, this method of approximation is only applicable for pipelines''C::ollocated 
with a· sin-gle transmission line where sufficient data is available. As the number of transm:iss.io~j~ne· drCiiltS 
increases, the multiple interference sources and interaction the complexity of the interference. incre'ases such 
that the simply linear relationship is no longer valid. As the number of influencing HVAc·•·i:i~c~its's'ahd 
pipelines within the area of influence are increased, the complexity of the interaction necessit~f.;s a·n;i~i:s 
that is more detailed. 

It is .known that while the higher current loads presented represent the high end of typical reported design 
loads, rec~nt trends in the pow~r transmission industry have shown development and installati6n:of,hig'i1er " 

•· ,. . - .:: . . . :. -,.. ~ ,_ .. ,,., --;~r~-r;~~~;:~lt:;~-:·<--.:_" ·:·:-- . 
capactty HVAC transmisston systems capable 'of carrymg stgmficantly greater current' loads: F~r,:example, ·' 

· previous references indicate a typical load for: 345kV to SOOkV systems to be approximately'soo"'to 1,0.00 
amps percircuit.324 Recent research indicates increased capacity for 345kV lines carrying up,to'~)ooo amps 

__ , ;·,--~~}.:7~+-~~~\ii;;J~::· 
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per circui~r and over 6,000 amps, forSOOkV s~stems.2•24 While these magnitiJ,d.e~ ar(not consid'efe.~~ty,p_fcil,lic, 
numerous projects have developed recently that require mitigation for circuits operating at.these,elevated.,::.: · 

,. ' ::: :, ,, .:;!,'; .. , .. ,_. ": .. ~ .,",•:'.':i;~~f.;::-: ,.~~-·:.:'' .. :-·· 
loads, indicating a need _to consider actual current ratings for c_ertain collocations::For thisreasoo,:Joads are 

•·-~:::le:~~li:~e~:~o~:dc~~:~nl~::~:~~n~:a:r!i~P~~~~~9:i~:~~~·t:~mcsu~:~~~~~~~1fi~~.~~,;~#~ii~i~~a~,~.~f: 
. kV, etc. however, the current load is the more relevant variable when det~rmining: th~fi l~v~!j>t::I'!VfiC· ,;"• 

' .: '}f · :. ·. ,.:' i.'· ,.,.._;-,_-';·' rl '_: :,1: "'I"'' 1j!fl',. , . .., .• :·- _,..-., •. ¥•,:-: _ -.' ·• 

interference. Voltage rating alone can be mis\~ading as the associated loads c~n b.~:~i~~~~-$~D~l¥i:'J.~~D~(.:Pr 
lower than the 'typical' current loads for that kV rating. For this· reason, it is recommended ,t6,o_~t~i(i;curr,ent 

•, lj ,,, •·· '., ... ,.; _,, .. , .. ,, ... _i,'t;;•····')'"·'~·-·~12'.;, 

load· dcitcl:_-trom the pOwer 'utility C?mpany wheij assessing riSk o~ interference.[::FJ:::;t~-~::~_;H i' ~~::;~ti~:-~~J~~f::~~:~;:~7·"~-~ ,~:-

4.~.2 i~?i,l Resis~ivity ·•. ; _ . . _- i!\~j. 1;i\J;~~~ij;.j,f ~;'·:~~~j'f['[(i,~~< ·:: 
'·.The soil resistivity along-the collocation affects'.the magnitude of induced AC'pote'ntial.d'istributi:o_l}iasc welbas . .-... 

•· . '.: ',•• .. ,1··~: c '"' '·•·••-rw~----~"··: ... · 1;~-''''"'.: .. 
the theoretical AC current density along a gi,)len pipeline. It is necessary ~o icims,id~.): pq~~,:m~::o~[K;i'ahp _\: 
specific layer resistivity when assessing likelihood and severity of interference. The b'ulk resi~th(ity to· the · 
pipeline depth is one of the controlling factors in the analysis of induced AC potential. The b~n(: ~'esistivity is 

" .• .;,; .':·:~: ff!•;"-'" .. l·:... .. :,,.; ;~-
the average soil resistivity measured in a half-hemisphere to the depth of the pipe, as showQJnJ:igure 9 
below. However, the specific resistivity of the soil layer directly next to the pipe surface, show'r{:€5':La~'e~2 
in Figure 9, is a primary factor affecting the corrosion activity at a coating holiday, considering··'bdth ... 
conventio~al galvanic and AC assisted corrosion. The bulk soil resistivity ~ombined with the"'co~ting 
resistanc~_of the pipeline affect the level of induced AC potential expected along the pipeline. · 
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Figure 9. Graphical representation of soil resistivity measurements, showing bulk and'layer':zoiies'f.\: · 
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·::-::To: !=le~o·~~~~~~te. the serl~ii:ivitY of ,soil· resiStiv;J on ~ipelin~ :interference and :CUHeKt-
- .. --.1::~·-.:. · _, .· ··: ·:: . .::: .:~h·:~fi:··~::·;:, ... ,r'' 
·a compute~· model simulating a''~ single· circuit vertical transmission line,. RaraiiE!I:;tiJ ·: 
pipeline v<ith a confi.guration similar to the m~del setup described in Sectio . . . . . . ' 

varied alcing the pipeline while :all other m6.del inputs remained constant, 
resistivity_:: alone. The. soil resistiVity was uniform 

1,ooo, 1o;ooo, and ioo,ooo ohm~cm. Figure shows the maximum inr!ucl="d 

varying cUrrent loads." :r . 

sooo ft:collocation Le~gth at 100ft Separatio~iti 
·'i' 

: -~ ·: :.:·. -, .. ·I~· 
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Figure 10. Maximum Induced AC Potential as a Function of Soil Resistivity: :·::.: :: .. ::.:<;,:•::.: 
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The results of the analyses show that the induced AC potential increases logarithmically with increasing soil 
resistivity. This increase in induced AC potential changes significantly between 100 and lO.ooo''ohm-cm· 
approaches asymptoticallimit at soil resistivity.values greater than 10,000 ohm-em. 

The effects of soil resistivity have greater influence however on the current density. While an'increas~··in' 
' ' .• --1 .-

resistivity can result in a slight increase in the magnitude of induced AC voltage for a given collocation, 
theoretica.l current density and associated risk of AC corrosion decreases Hnearlyi with t~~: in-creased 
resisti~ity'; The layer resistivity of the soil directly next to the pipe surface is a primary fa'ctor in the:~or'~osj.on 
activity ~t a coating holiday. The specific resistivity near the pipe at a holiday' is inverseiy~f~l~t~B'iit;l 
theoretical AC current density, as shown by the calculation for theoretical AC current density in;'Equation''1: 

' ' ''1.';;:.:. --. 
Thus, an increase in soil resistivity results in a decrease in theoretical AC current density. :'.:i1i:,··.;. :.•:.\c · 
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Considenng the 250 amp current load case from Figure 10, the theoretical {;Urrent ·densitY:\W 
:_.. . ·- .. j), _ ·::· ~--· ;:-~-:c'.-:c"~'•l:•'·::· ~~,:;·, .... ll~'-."':'··t''· 

from the .induced AC potential for each mag~itude of soil resistivity, considering:~ ~i! ch12f;hillti:fi!IY, 
. · :t . I ''-'".1·, :·, ~ ,• ·: • r:'. II ;. ·- -,.·-• ... ·1 : :-~ ... ,.'1'' ":•~·.··-

in Figure 11 and Table 2; While the soil resistivity values increase several orders· of magnitudeo'~i:ro~i 
'· - . , -,~_.,_.,,,,: • .:·: -~··r-,T-~"'. 

range, th~. theoretical cur.rent density decreas':F on similar ~rde~, with mini~.~\\.)~~~~-~~~~~ ~~1e,;o~~~~II\JQ?i:',91!d 
AS: po~e~~!~l!;.as shown In Figure 1l and 0 T:"ble 2. The red .dashed hne mPrr.~r~~:i~~:~l~~~s'~q~c\1.9:,t,o 
amps/m~:'.threshold for. current d~nsity as discussed in Section · 3.3.1.1. It canc!·.be· seen that' f;\~se' 

. . ._ :'; . · _- -· · : : . "1 . ·: < · .... ~": : r. :.:,1::, ::.;i :• ; - , ,. · '"; --~ -"'"-' ·:.l"'-" 
calculatiohs provided by Equation 1, a very high theoretical AC current denslty'is(pb,ssi,~le .. f 
AC potential, if soil resistivity values are below;(10,000 ohm-em. This results 
for soil resistivity ranges below 10,000 ohm-cri\. 
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Table 2-Calculated current density and induced 

I il ~ ' · H ~al~ul~ted Curr~n'tl· 1rictiJced ~ote1 

4.2.3 • .Collocation Geometry 
Ji· 

The georrietry of the· pip~line relative to the transmission line is critical in determinin.g' the:,m~gnitud¢F~hd 
': ·:' 'I' ·• ~'I' .·;; .. ~ ·~~.,~.~ -·;.. .. ~·-

distribution of induced AC potential along the pipeline. The level of AC interference for a given 'collocatio"i\:.or 
.. ·~~i,; :! · .. ·,~.;£-.';~ ;;::~" ., 

crossing, with respect to collocation geometry, is dependent on the relative distance betl'leen•:the :phase 

. conductors a_nd pipeline, the locations of convergence or divergence, and angle of appro~~hL~~J •. ~t~ssi~9. 
Each of these variables affects the overall level of induction or susceptibility• to fault hai~rds)t'ah'd-· 
influence is dependent on all other configuration variables. When assessing susceptibility.to'AChnEi;"fi~ 
all of these· variables are considered. However, for the sake of this assessment, 

analyzed each independently in order to provide a simplified assessment of the influenc~iof;_,~.#c 
:~ ' ·: ' ;, : ;·:~~~ ~:\.1:~:::''1•" 

The figures presented in Section 4.2.3.1 to 4.2.3.3 incorporate a dashed line similar to the···currelo•·us:!!>"Y' 
. : '· ....... ··-·-"f!;,,.'i'<'··., • ..,.~-:f. .. 

threshold indicator in Figure 11. The limit lines provide reference to the AC potential limit that ll'lay''fesult;iri 

a theoretical AC current density of 20 amps/m2 for a hypothetical 1 cm2 holiday, at soil resisti~i'0.iJ(::!;o'o6 
and 10,QOO ohm-em. The limit lines are included to provide guidance illustrating' the levels 

' . ,:" ·.. . ' ' ', ., .. ...,;·.,1> 

elevated risk of AC corrosion .at potentials below the NACE specified 15 volt limit' for personnel· 
'··. '•i 

4.2.3.1 Separation Distance Between Pipeline and Power line 

The separation distance between the pipeline .and transmission line is a significant variable: c6,dtr.ofli.Qg'',the 
level of induced AC potential influencing a given pipeline. The proximity of the pipeline to the, 

limits the strength of the LEF to which the pipeline is exposed. 

·:> 
'', ~; . 

To demonstrate the sensitivity of separation distance on pipeline interference, QNV GL ,created· -~:corn~uter . 

model: sf,Y,ulating a single 10-inch pipeline, and single circuit vertical transmission line, ·,.;;iiti:Csimilar .. 
... ;I ·,' ' '· :·;-~··~.·.>·"· .. ·,·· ... :·:·--.-.~ 

configuration as described in Section 4.2.1. The separation distance was varied between the models:wnil.e•.:all· ::,. ' 

other model inputs remained constant, to an~lyze the influence of separation alone. )nd~c~d:~2:pbt~~ti~l 
results are plotted for separation distances of SO, 100, 500, 1,000, and 2,500 feet in Figure 'i2':!:Thd res~lts 

• , ,: ', ,II :;)•,•.· _':<-~.',~·,;,,;,• I ' 

indicate that for the higher load currents, the 20 Afm2 recommended current density threshold..is~exceeded 
. : .. ; .,~;':'· .. '':~:. i,,~·,·:.::;··. 

for separation distances greater than 500 feet !s exceeded. , . , 
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Figure 12. Effects of separation distance on induced AC potential. Current density 
for a theoretical 1cm2 holiday. 

As the distance between the pipeline and transmission line increases, the induction on the pipeline 'ded'eases: 
This is expe~ted as where the distance between the pipeline and phase conductors increas~ the di~tance 

· froni the ;LEF origin increases, decreasing the coupling effects. The results of this study ~~::~~~~~~~~cl>i:: . 
in Figure 12 illustrate an important effect of the load current as well. The area of influence or· sep'aration. ••· 

· '.' · ·. ;:,\j :.t·,.J~,;.,;.,:,I,·J7:<:·•,,...;- .. 
distance at which a collocated pipeline experiences significant interference increases accordingly)'ig':i.;c:'·:•.c · 

- :: '' ', ~ • l!'!"'~t<o!<"l>c •• •'•'<~,"-:· .. 

The figur~ also depicts potential levels corresponding to a 20 amp/m2 current densityfor'llof~~J!(~b'(i'1'~:nd' 
10,000 ohm-em soil resistivity for reference. For the given parameters analyzed, a current load· or:2sit~mps 
results in an induced potential of approximately 2 volts at a 50 foot separation distance which q~ickly 
decreases to less than 0.5 volts at a distance of 500 feet. However, a load of 2,500 amps r~sults·o;i\ ·an 
induced AC potential of approximately 21 volts at a separation distance of so feet, and approxjrnatel\i'l.S 
volts at a·separation distance of 1,000 feet. This is important when determin.ing which pipelintFcolio'~atr6n~· ·· . 
require detailed analysis, as there is variation among industry guidance documents for the limitiri9'·.Jj~i;;;·;,-c;;;. ' · 
A limiting distance of 1,000 feet .is common p~actice, however, for HVAC current loads great~.diia~ 1;000 
amps, significant interference might be possible at distances exceeding 1,000 feet. While·th~';;\ii_QUS~d::,Ac 
potentials magnitudes may appear relatively ·low in Figure 12, for separation greater tha~ :2-;i)oo.: fe"~t;; it ,: : 
should be noted this example is considering a single HVAC circuit, and only an approximatei/o.s··f!1He • · 
collocation length. In practice additional interfering circuits collocated for longer distances would result-in 

:··;~ .. '~~ 
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higher induced AC potentials. Further, as discussed in Section 4.2.2, 

, current ci;?~ity under relatively low soil re~Istivity conditions, such that ,'~fi~.~?~[P,~!p~,.i.s:,.~·f!'~:c~:~ .at. 
relatively-low induced potential. { )fl~ 'f\,~: 1 ~·; J / f ~ ~ ~~,t r.:~~~:::::;.- ~.:;';· 

• , I , ~ A ' , ' >' •• ', )'ji''"'"":; >'~' -• 1 

It is necessary to consider separation distanci in conjunction with the other 'f~cto~ "td', '~x'clli~~~~~ ~6:tib1~~~~~n 
from further analysis for separation distance;, within 2,500 feet. At a ' · ''"'·'· ' ' ·"·· 

estimate .of it, is also necessary when determiri\ng if further analysis is reauired; 
.. ' -,~ 

>( 
. ' ~ ·- . 

4.2.3.2~ Collocation length of Pip!i!iine and Transmission' 

. Just:as:sep~·ration distance affects the magnitJde and 'distribution of 
·. · ... ·--- 1·:.-• .. · . : ;.' ' ' . . 

'.":$0. does ·tJ1ei,length of collocation. The collocation length· is the distance 
·· .. parallels ·8r ~rosses the. transmission line witbin a separation distance 

coupling. 
1

The collocation length affects the magnitude of induced AC . . 
pipeline as it defines the length of the pipeline '~xposed to the LEF of the phase wires;'':~ I:},·,·,, 

. . . ;: ' - : ' : ~ ' '. - - -

To demonstrate the sensitivity of collocation length on pipeline interference, DNV GL created' 
model simulating a single 10-inch pipeline, parallel to a single circuit vertical transmission line.' 

offset. The collocation length was varied between the models while all other model inputs remained.constant, 
to analyze the influence of collocation length .alone. Collocation lengths of 500, 1,000, 2,500,' 
10,000 fe~t of the pipeline and transmission line compare the maximum induced AC potential in'figoriq~}: 

. :·: :: ' : ,· :.:' .-:. :-~-~~~-~~~~~~:~~ 
' ' ' ' ~ ' ' ' i 

' -,, -...," .... ,,, 
Maximum Induced AC Potential vs. Collocation Length: 

at'so ft Separation •'\'ii;;:l\}j~•Gil 

-250Amps --SOOAmps 
• • ~-· • ···- 20 Amps/m2 @ 10,000 ohm-em ........,_ 1000 Amps ~ 2spo Amps 
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Figure 13. Maximum Induced AC Potential as a Function of co'n~cation"t:ength .,.. ... 
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\~: :;:. 1·.· - ~ 
·.·_As the col;ocation length increases, the magni~ude of induced AC potential orr;t~e:plpeli[W:J 

length of pipeline exposed to the LEF is increased. Collocation. lengths as short' as 
inducing 2.- 10 VAC or greater considering a s

0
ingle collocated power line operating· 
i~ ' '··--. 

The potential levels corresponding to a 2.0 amp/m2 current density for 

resistivity_ have been included for reference. Considering a relatively low soil resistivity o( 1,000 b~m~'ci;;')jthe' 
'·· .~ · ~ . .." . · "·'~(i\',f' 1 '~- ·,,.,, j' 1 ·: ;,' l•i: ',: :'··.:~!-;r,:l.~~L;;,.·;:,-:;:~,,f~~----/.· 

2.0 a111P~f.rn.' current density criteria is . exceeded at a ; 2.,500 . foot collocati9n',;J:eng.~i}iiifP~·;al,l),~aq,, currents 
analyzed1

:'
1: r;> ... _,.,, .. 

·· i\.:--: .. :· .·.. ;. ~ : '. "i· .. ~:•·.·::c·~:-J-J;·i'lt"":'····-·:--·i•'' 
The results of the collocation length study alsa accentuate the sensitivity to HVAC'Ioad:~~rrent· 

• ~- .. -- · r ·,. .... -' _1,, ·, .-.-- -•:' . · • . I·~,_· .. 

discussed in Section 4.2..1. The collocation length required prior to exceeding tlie'15)iqlti:safety 
,; . . ' ., '• ,, .. ,_":)I~-,, 

the2.,500 and 5,000 amp load conditions is approximately 1,750 and 800 
are further increased in complex collocations where multiple lines exist. 

:l 
It is necessary to consider collocation length In conjunction with the other factors 

~ _ · ,'. ·~,: 1 ,-"~~·-'· ~·''.;; ---:· :"';cl,:;. • 

from further. analysis for separation distances within 2.,500 feet. At a minirnum; 'operating currenti''or M 

estimate ofit, is also necessary when determining if further analysis is necess,ary. .:':;:·. ··,, ,_·,;· .i' 

. ,l.i_.·{~ )~:~,:;·i~t~:~_;;:_i;·.~--
4.2.3.3 Angle Between Pipeline and Transmission line ,,, '·''i'::c.•;.:•.::'i:-1: 

., " ' ~; ::::<~~it; -~-~c.~·.:::.~~--:-:-:';. h ' 

The angle at which the pipeline and HVAC transmission line cross has an effect on the magnitude .of 
induction on the pipeline at the crossing. As the angle increases between the pipeline and trari~rriissi.iii:'.iirie, 
the magnitude of the induction decreases as the component of the pipeline exposed to induction''d~cr~~ses. 
For a perpendicular crossing, with the pipeline 'crossing at or near 90° to the power line, the induction on the 
pipeline is minimized as the effective parallel length is minimized. The magnitude· of the' currer1t'~n''the . 

transmiss'i'on line also has a significant impact on the induced AC potential at• crossing locations>.Previous 

'rule-of-thumb' practices throughout industry ,may have indicated crossings greater .than ,60~: • .res~lt~'d'in, 
negligible induction on adjacent pipelines. 2 However, recent studies have res~lted in' HVAC instahati~n-i:';\iith· 

; , • •• .,.I<~_,,,.J_o,".L-·."1\c·• ,1¥> 

significantly greater current capacity, which ~cts to increase the corresponding interferercei'ri,sulting.' in 
_. • '•"":, ·~~~ •'"• c>~·•,',~!' 

cases with induced AC voltage at relatively high angle crossings. . .. ; '• ,:;,', .: . .'i:.,;l:ii1h';,·St·:::; 
- ,_ . . :.~:;: .:~~~;::';; .. !:~·~---~r~:,:::!~= -... 

To demonstrate the sensitivity of collocation angle on pipeline interference, DNV GL created 1'iF6o(nputer 
' ' • ", ~; I -: ... '-•. ,_- , • ;;_ J ' 

model simulating a single 10-inch pipeline, .. and single circuit vertical transmission line, .with'; ,Sill'lilar 
configuration as described in Section 4.2..1. The pipeline was approximately 2 miles long and 'the' ~'ngle . 

. ~ :, , • ' ~ : · . · .' •, .... , · ; I I · , : · , : .' _ . - .' __ :~ : .. . · ' 

between the: pipeline and transmission line varied between models while all other model inputs: remained 
constan{in order to analyze the influence of crossing angle alone. Figure 14 shows the res~lts'iof''an . 

. - ; ' . . ' ·.·: ,: <;_.;:.:::·"'17':··.· . 
. analysis of crossing angles between 15 and 90 degrees and the calculated maximum 'induced :AC·;iotehtial 

for each case. · )\(~~m=E.;~( 
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Maximum Induced AC Potential vs. rr,..,.,; .. 

,. ·. .·~:: : Considering a 2 mile section of lO~inch Diameter Pi~~· +i~;: .. iill''i 
- ·...;. 20 Amps/m'@ 1,000 ohm-em 
; ;: •; • 20 Amps/m'@ 10,000 ohm-em 

u 14 
:; 
;;; 12 .. 
c 
"'' 10 e·, ... 
u 8 < 

10 20 30 so 60 70 

Crossing Angle {Degrees)) 

Figure 14. Ma;.,imum calculated induced voltage at various HVAC line crossi'ng . . , ,, 

Considering a typical 34SkV circuit, and current loads of up to 1,ooo amps, a crossing angle o('g~eate 
45° degrees resulted in an induced potential of less than two (2) VAC for the 'study presented))iJ[;osSi)1g 

,.:;._ •• _,._1-:::-~·:. 
angle of greater than 60° induces minimal potential such that the corresponding current density.is:les: 
20 amps(m2 even in a relatively low soil resistivity at 1,000 ohm-em. Previous industry experi.evc:e>and 
general g~iclance practices across industry appear consistent with this understanding that .;9·rbssr6'6s:i6f 

greater than 60° are typically low-severity with respect to induction. ·. ::, · :i.•G:ll,:i!~'Jlf:!%Jtl~;, c : 
': - · - -- :: ' __ . . .. -... ;.: ~ :_ i:m~~};F~1~:;~(~~/ 

However, as the transmission line load increases to greater than 1,000 amps, it can be'. shown·thcit•·cr0ssing . 

angles up to 60° may induce potentials such that corresponding current density exceeds 1ooi!ij"JUi~Z~5;[in · · 
.. , .. ""···· .~~--:•,m"if~., ~ 

low resistivity soil conditions. Depending on target limits for current density, models show'tha~!·'(:rcissing' 

angles of 80° can cause high current density in relatively low soil resistivity locations. .. '?if';:f'4Q':h\;:-, 
•· - -:·.;··_;--.:::::;:1'.!:::::1:;~-->.". 

The crossing angles discussed above are with respect to induced AC interference specifically. Assessiiiei)tJor 

susceptibility to faults, and coating breakdown due to fault voltage, is required for all crosslng';;;>v.&;iir:e 

pipelines Pass· in close proximity to a tower grOund. . · :::;:-:;h~.£i~jj;~~3i~:l;!~:: 
.~I . ··.:·:;;,t;~~}(f.\::~;i::,:~·;::..· 

4.2.4 Coating Resistance >c:::v, : ... 
, :: . . .. : ::Y:.'~~·1H-e·~.J:+.~+--· ... ·, 

The resistance of the pipeline coating to ground is a significant factor controlling the lever''oC,iiiduced 
potential that may build up on a pipeline. How'ever, in practice the coating resistance is typically:·not i<n'01Nn 

with grea~ certainty and is generally inconsistent along the pipeline length. T~e coating resistance .to ground . ,. .. .... ' ' ' '."·- . 
,is a function ofthe coating type, condition, thickness, and local soil resistivity, all of which may v_ary along a 
typical collocation length: 

:·::: 
t;• 

1.:::· 

· .... <: o:. :r- 0 

·•. ~ ' 

.;!:;~~· :;;, .,, ''' 

:I . :.:.: .. · 



::: ;,. 

: .• ,~!~(f~;c~i~l:·.··:·· 

xi :i . . . I ... :: lli~~~i~il'!!il,j1,llcc·F 
In general,: a poorly. coated pipeline, or deteriorated coating with low resistance ·.ta,·,-gh:iund.;allo\'[s'imi:J!tipJ~··::i.;:•: 

' :·· :_ · -·~- ::· ',--; 1 .. ,,:i:i:-·,i•:•-~1::~--:.'"···':,:~·:r.-::;,:.~·-:·~·:""/' ;· .. 
paths to. ground for AC potential to dissipate;! This reduces the buildup of in'dui:tio?ii:~~~Y~f.in~j?,~)!?:~~t.Ac 'i<> 
potential and lower current density discharg'e at any individual holiday. Conversely;l;,¢on.si~er.fng,:.a;:vvell 

•. .. ' ' ··:1,·><·:.•,'-'l<~·\\'1~·- .. -:·~h··~·:~~·lr":'f"·''' 
coated line with high dielectric strength and excellent coating condition, the resistance to•eartflt'aloo'gicthe 

-. ... .' · ·:-~i:-·":··.;·('"::>r>·::--fo:··;·'-·: 
length of the pipeline is relatively high allowing for greater induction build. ~p over •longer :distapces~:·~?r 
example, this case may exist with a newly FBE coated pipeline, with mini.rnal holidays, in.: p~q~i~ltY;~c.~·(a ;· . 
coll~cated,HVAC power line. Due to the hig~; resistance to ground, and rel~t.[vely(f~W }gr9un~~·~attisi'the · 

; induted A,c potential can build along the collo~ation length: This can generate'i~l~vfl~~(j'!fi: 'p{>te,1tiil,l.s',((:i~i~.h. •: 

maY ·b'e h_ai:ardous fr9m a safety standpoint~ b~pt also create a possible corrO_~~~Pi:fl~~{-~~::~h:~;:~~~~-~~~£~~~h-~J)-t: 
· discharge:: from a relatively few holidays after a physical or .. electromagnet!¢; dis~O!Jt!ri~ity~,; 1~~}'~~gJ:,~sH~e -::•', 

. I' d' . h II . it . ; .. >:.:::·~hl!J:Il,,::-~\-i'l).j'~,~I.Yl~:)j.;;j,~:;,·:·, ..... ~,~~-- ..... _ ... p1pe me 1vergmg from t e co ocabon. .:-. ..: -.:,. .: : .. _.;,j, !:i~if\'(:h.J,fitt~-~-~~~"'~---.. ~:--:.~·--, _-..:· 
··-·· - -__ . ·f - --.- ... ":::::· 1·::.;·:':-(!Jq~u;~~,:f~~~t;;;llf'+.;~J;~+Y·;_::: __ -_:_--: 

Relative estimates of coating resistance are provided by Dabkoski in the report for'PipelineRese~rch'Couticil :. 
International (PRCI) and Parker24•25 , and sumry1arized in Appendix B for reference> to b~ ·utiiized;!(~;'ciet~iled .~;. 

' ' , ' ' ·-· !'-·' •" I ,,·,.,,(.' ... ; •• 

modeling analysis based on coating quality, and soil resistivity, however specific guidance is not'provid~cffor< 
a .relativerisk associated with the various coating resistance values. . •.. ~" .... :.::·· 

4.2.5 Pipeline Diameter and Depth of Cover , :::~j))il~fi~l[:: 
•• I I .". -~ ;,.'fJ,'.r:~~?.:,c,:~~-,; •' 

The diameter of the pipeline collocated with or crossing an HVAC power line affects the levei of;ln'd'i:ic~ciAc 
potential on the pipeline. However, historical experience has indicated that the effect is rel~tiVely.'riiinor 

,I ', • .[,',"d•,'-"- ·u!~'," 

compared with the influence of other variables: : · ,)'''''ik ·:oni,',;·,• 
. . . ::;<-.t;;t: _::;,_,;::.;;1 ... ::~.:!'::. 

· To demonstrate the sensitivity of pipe diameter on pipeline interference, DNV GL created a co,;J~teh.:i;~~~l 
simulating a .single pipeline, parallel to a single. circuit vertical transmission line forS,OOO feet at·~ horizohal 
separation distance of 100 feet. The pipeline. approaches the transmission. line .. at. a 90-degree.~~ngle,:~nd 

. . . : ' . . ' .- '·~' l~ .. ' .. -~ j"?""·'' _' 

parallels the transmission line for 5,000 feet before receding from the transmission line at a 90~d!2g~¢~~~J1!Jie. 
'" ····: ', ... ;-. ___ -,,~··h·:J .. ,,< 

·The pipeline model considered diameters of 6; 10, 18, 24, 36, and 48 inches, while. all• other,~p,!l,e[Jnp~ts· 
remained constant, to analyze the influence of diameter alone. The model used a unifQrm s<lil'ie§is~iyi):ycof 

. ' ' -:~ "'\ i"' ,.- ~···'''"' /" 
10,000 ohms-em. The results of this study indicate that the magnitude of induced AC,poteptia,l:t~.~cr~.a,s,e§ 

with an increase in pipeline diameter/ as show'"! in Figure 15. , ··'. ;:·:··-~·~ff~·~·~~~~~~{;~-

As the diameter of the pipeline decreases, the surface area exposed to the LEF also decreases. How~v~P)J:fi~ : 
magnitude of LEF generated by the transmission line remains unchanged. For a smaller diametef'plpeline, 

··. the LEF ipfluences a smaller surface area resulting in greater induced AC potential compared;;t(),i;a :l~rger 
diameter line, considering all other variables. equal. Further, the pipeline characteristi.c impeiia?~~tv~i,i~;\ 
inversely with pipeline diameter, as presented i.n previous work by PRCI324

• Considering all oth~.\i~ll~·~amete.;s' 
equal, a larger diameter pipeline will have a g~nerally lower effective resistance to ground, and''~herefore a 
lower tendency of HVAC interference. For relative comparison, an increase in diameter from: 6\6i;i'8:h1i:hes 

, ,-;.:;.:~<,·F~ . .-.;-r,~-< :;. .·· 
resulted in a 20% decrease in induced AC potential on the pipeline, regardless of the interfering cu~rent:.l.evel. ·C .. 

. ·r~· :~';>:·· 
In the previous analysis, the models used 10-inch diameter pipeline, which will provide .• a .consel')lative 
estimaterelative to typical larger diameter transmission lines. This was chosen to Glearly dernons.tra'te,the 
effects of,'the individual variables.: ! ; . . • :·· ~ii~t::.,:.;.;~;;.~~;~~;~:.:: 

. ·~-;. ., _,_,' 
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Maximum Induced AC Potential vs. Pipeline 
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Figure 15. Maximum Induced AC Potential as a Function of Pipeline Diameter 

Similar to pipeline diameter, the pipeline depth of cover has a relatively minor influeric~ --''""~' 
potential on the pipeline. In general, the level of AC interference decreases with increasing ·cr-.-.• .., •• ,,.,,;,·c""·c.c 

' ,-!'•"''' ":'·I'~' ::~ ,,--,-~-,\ ' •• " 
the distance from the individual phase conductors and total resistance to the LEF is increased;';though'ithe 
effect is relatively minor for typical burial depths. A fixed depth of cover of approximately 5 feefwas'i.isec(iri 
the sensitivity studies above. '. . j:cy:i.:·'•·.:;•;·;k .. 

: -~· . 

5 MITIGATION , •:· 1;;:m•;:~"i<t'b''' 
I ;_1_':Ji-~.'.~.1~h:w.~}:·,~:.;:l?, -~·'·' ,. 

NACE International Standard Practice SP0177·2014 requires a mitigation system designed Johii'pipelines 

where HVAC interference is present. 10 Mitigation system design varies across the industry; bufi.il~/i~ii'~h\l;·an 
••• •I; ~- j!· •• :: . ·, :..:;.-~1.: .. , .. " .,_. : 

involve a low resistance grounding system to pass interfering AC to ground. Typical mitiga6on··~ystem· -· -~ .. ·' ,,. 

designs can be either surface or deep grounding designs. Both designs have benefits 
conside;ring performance, cost, and constructability. 

Uquid and gas transmission pipelines are regulated under the Department of Transportation (D~TfPipe)ine·,,, .. 
' ' - . .. ; ' ' •l:·'· .··" ·;~,;,,_. :_.,1:1 -:'·'· "-'!.': ·, 

and Hazardous Materials Safety Administration (PHMSA) Regulations §49 CFR Part 195 Subpart: l:li:Co~ro.srop · ··:;··.' 
Control (195.551 - 195.589}'6 and §49 CFR Part 192 Subpart I Requirements for Corrosi.O:n:'·2~·ntrol · 

(192.451 - 192.491)27, respectively. The regulations have various requirements for corrositii{Jtb'ntrol of 
I , '· • ·.:,:,;·;., ,,,;·~·.~:!-:·_,_.,; .... ' 

which CP and electrical isolation are major factors in compliance. CP systems apply a DC to thepipeline;,.md 

electrical isolation quantifies the surface area or limits of the system. CP systems designedfor'tr~hs.h·i~~i'on 
pipelines must meet federally regulated criteria. · , ,, /::: ;:!· ... 

. . ·. :~ ::.'' :~ _..,_, .. 
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. .. . i · · ··... .' ~:!ll,.t:~i:;;:~,i~:~:il::,:i~,~~~·~d~.~I~;~~,: ;_ 
When designing mitigation systems for induced AC and faults on transmission:pip'elines, detrimentaFeffei:tS ·!1.\::': '_ _ , . , ;; ·< _;·. ··. -:·- ·::;: ::,; ;·1.-•,~j (:·.'/::;v\;:::.;;..~:-~"~·:·.::.·· : __ ·.~: · 

·' to the CP·system must be considered. It is ess.ential to.ensure they do not compro"'!ise ~h~ .~pe.r,~t;!()n:of t.he · · 
CP systems. Additional structures such as grounding and shield wires used in mitigatingi:inddb~Cf)A'C'attached 

"; .. ,: ·" '.- . > ii ~--... : 1;! ~~~~h:;?-.,;-t·tl'·;j,;:.:,,·.~,~-- .:: 
directly to the pipeline change the operating :·characteristics of the CP system;: changing: :tlj~:':l;J)tfa.c~•i.jlrea .. , . 

·~· I-:·· .. ·· ··---:- I,::·;' •::...t.:t·.i.:-:·:k'8\,T-:,-;:;r.·.~~--:.:>;::-::... . 
intended for the CP compromising its effectiveness. Direct current decoupler~· (DCD) alleviate thfs;:sctuatio.n; ,::' 
However, there are some cases where the :•design of CP accounts for the rnitigati~n. The', de~ou'plefsj >' 

• - •• ·:· :, _._'1''· i . • , ·-:>'•;:._,.: .. ·.;,·,·:' • .. ;:-·,'.:;_-,_., . 
designed into the circuit, allow AC current to pass to ground, while blocking::the::pc~cp!i~urrent}'maintaining ' 

·:·-: -···· ;.; ..... ·.; ' .. :. ' . : ·: •,llih• .. -:·~;-'!~:.,.-,tiliii.l.• .. ,i',:,_,, .•. , .. :... .•. ·.:.·· ·::''_,.· 
· ,the pipelinelsurtace area. There .are various t;ypes, sizes and ratings of dec.\l.(lriJer.sr.u$~d :qepe):rsl.(ng:;:cm::~b,e .;:, 

·. '· • '" .• -~- ·:-'' ;". ·- '· · · .,- -~:· "· 1 ow), I"• ''•"!\•~· ';' :
1 

',;._.: .•::l-''~r""'.;~~~;:-·-: ;_- ... :•··~·;;.,, .. ,.;··-'··.··· 

·. predicted faults or induced AC and mitigation:pesign. DCDs are also used t9::~~~~S~!?S',i~~~~;nff~~~~~~fli,~,~/~; 
above.grade,appurtenances, such as block val~es, metercng stations, and lau~c~~r(~~~~IV7.~.s~~~~.~!!~";~~·J:'(~f;~;,,· .: 

~~ , . ; ----·:·:~ .,-, .~~~:,:·~~!:.11 c~-Lfi1:1!l~;dt~.~;;·,::.:.:·>·· ,::· >'.>:· 
Decou piers installed across electrical isolation flanges (IF) prevent "burn over" which can: occu~:wh~n .an AC 

~,.1, :·: : .. •1' ,·-:;x~.;~C-1!~.;~-·--:•;~.-:-:··; ·::-
fault current or lightening surge is large enough in magnitude to arc over the gap between•;ffange,faces•:or 

• -~ ':I. 1: : .. '(~ ;~:·;;~·.; -1~-~';;~ __ ;:,::..;.:~:;·:::,-:': 
exceeds the ratcng of the IF. :: ··· ,. ·'·'I•· · · crli'.'d''"· .;: .. -,c;.::: .•. 

· · '~:>r;.;·/~} .. :;·· :·T·:-., 
5.2 Surface Grounding • •> '· • 

Surfac~ gro~nding generally refers to one of several types of mitigation grou.nding ins~alled a~:~~ ~~at:the 
- . _ -_,.; 1 _4 • 1 ;.~ ·: :; .:;.;.:l .• :;,_r:.~ , 

surface or pipe depth. Typical designs may co~sist of bare copper cable, zinc ribbon, or. engineered systems· 
buried generally parallel to the pipe path and connected to the pipeline through a DCD;i;btlriri~··n~w · 
construction, surface grounding can be installed directly in the pipe trench, or laid parallel toti\~:pipe,.iQ.an 
adjacent trench or bore. This approach allows for cost-effective installation of a significa~t:le,rigfh·';of 

•• e ' -• ' l' '*"~'<•,!~.~~-,_,,,·<-:;·~~;,.,._..,~_. 

mitigation at a lower cost relative to alternative forms of mitigation, but is dependent on construction access 
16 ' '·;;:(:,~_:~··.:.;<::·: ..... ·:. 

along the ROW. · •·• · · ,.,,,, ... . 
,, - 1'::1:; .:·.~.;; ··-.,j;_t;'!;·~~---~1::•:'-:·:·~,,.-· 

If necess~ry, connecting additional mitigation ribbon in parallel and even adding shallow vertic~j::anodes.~p 
the circuit will further reduce grounding resistance up to a certain extent. Inst~llingthis type :6f'irii'tigati'cin 
system at distributed, targeted locations, optimized from the interference. model, ,,reduces'.~ti¢[ifidl[<±ib'ri 
along the pipeline. Additionally, when laid parallel to the pipeline in regions where transmissio~'i(~e:'tow~rs 
are in close proximity, the mitigation ribbon: also acts to protect and shield the pipeline: frgli)[~~iriage 

_' . , I , _ :'·;:"~'':"'~''~·' ·.iJit,l;1--;~t· _ . 
resulting from fault and arcing scenarios ~· ~,,~,·~;~~.~.:.;;::;·.:l)iS;.i;~..::·~- .. . ·, .... ' :-. ";~;.~-~~;~'~-:ri~~':.:~·-~:: 
Analysis of the reduction in ground resistance possible with various installation approaches-:induded:·a 
calculation of the resistance of 1,000 foot long mitigation ribbon in varying soil resistivity, using th~ modified 

·. Dwight'sc.Equation for multiple anodes installed horizontally". Figure 16 illustrates how this'i'calcu:lated 

grounding resistance varies with the numbe~ of ribbons connected in parall~l at multiple ~~~ils:;?Sfis,5il 
resistivity. While numerous sizes of ribbon cables exist, the length is a much more significant"'factor:"in 
determining total resistance than diameter, when considering typical ribbon diameters,: th~r~forei,this 
analysis considers a constant diameter ribbon.; ·i: ·:;';];~r:~~g~fflti1~2 
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. . Gro~nding ~nst_all~tion Resista_~:S~:+:~!fj1 if: 1 :u.:;,~i D1stnbuted Honzontal Parallel Zmc R1bbons (Constant 1;ooo ft{e~gth)j 
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Figure 16. Grounding Resistance of Horizontal Parallel Zinc Ribbons at Varying SoilResistiTitlii.f 

As shown' in figure 17, at low soil resistivities, very low grounding resistance, results with a 

short ribhbn length. As the soil resistivity increases, so does the achievable grounding 

is presented considering multiple parallel mitigation ribbons to demonstrate that further 
resistance is possible by adding additional grounding at a particular installation. HoweverR:, 
returns exist such that further increasing the extent of grounding at a specific site, 

threshold, results in minimal additional reduction, as shown in Figure 16. 

The length of vertical grounding installations requires review of economics, construction~ 
design considerations. Multiple shorter grounding rods can be incorporated to achieve a low resistap~~)() 
ground: without requiring deep drilling, where parallel surface grounding does not sufficiently-red_uC.::-the 

· ·ground' nisistance. Vertical ground rods should be separated horizontally by the length of the gfqunc:(,t~~,s'~t.:: 
minimUm .. for optimum efficiency. 23 

For locations of high surface resistivity, one .drawback for horizontal surface grounding is 
mitigation ribbon wire required to achieve a low resistance. Where multiple parallel ribbons:are'Teciuired;to 
achieve sufficient grounding resistance significant ROW access may be required. As discussed,:'the' ~~a~ed 
utility ROW may limit construction access for mitigation parallel to a collocated pipeline. Addii:ionally;'as 

pipelines cross physical obstructions, such as roadways, railroads, access may limit the extent of:pa~allel 
.· m-itigation' systems. However, surface grounding still continues to be the preferred mitigation technique and 

can effiCi~ntly provide adequate mitigation grounding for a majority of collocations .. , __ .. :'';::i;,1;:;:,;ii{([.,_'i':· .-. . '' ' :;~~'~> 
,., . ·,·i,t; 

I~~· .:~ .. ··. 
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5.3 LJ~ep Grounding ;; 

:~. ·. • ·•· .;1 .; " :· .. ,:; ~--:····:·,n·:~ii ' .. ~•t:i;,r~: 
Deep drilled ground wells (deep wells) offer another form of mitigation grounding, :··ari\l. rljay)jl!_fconsidered 
for select applications. Deep wells generally consist of one or more anodes drilled vertidaiiltl'lt~01:fi'enl'~'ii~nd 

~,_ . 

in order to achieve low ground resistance. Actual deep well depths can vary baseci ori ri~e'd~;:c'!,'oi:::i:l;:ey 

generally range greater than 100 feet in depth. . .. ..· . • •..• ·•·.·• · .. · · .... ·. ·•• ••.. •·••·• .{;':;":.•:;;;(:\:•: 
In geriim31,. construction costs are generally higher for deep \veil ground~~~ith~n',tcM fcb~,~~~;bj~'~t~~~~ :• .• 
mitiga~io~i However, deep well grounding can ~e a viable option in specific aRP'ii~atidri~:~~~~r~ioh~i9F:-~ii£il1.ot.:; .. 
the .fOnOWi.rlg criteria are Satisfied.:· ~ ·· · .,:·;;~\:::i~~J;::~:;::~~t~j:jt1' ::~.j-;;i(~l-~:~tiil~i$lf~~l~J~~>!;::{~; : . .... . . :; . . . ; :>:.tlV;::>p;;:£:~,;i.~\i::=·~:;:t::~lt;i1~1"tYirJ'~~·;·:·i~~i:~~:.·.~:<·;r 

·1 The soil resistivity at the surface is s[gnificantly greater than (>20 x):cthetsoi.l' t~i.~.ti.\(i1:Y]~t:lower 
d th ),'· ". ·... . .·: .,: F: : .. : -~~::::;r:,!!,;_::.l:~~J!1 ~: ':-i·11.!'t~t!1;,~~:tP~:)f. ::·:: , ep s. . ....... , ...... ~······ .·····(l'.r.,r1, ,..,rtl_!i~ .... ~.,.("<:'"""'~~~~~"''·:~'·· 

· ... :i · .. ~:.. .:::~.·.:~~ ~:;:t:;~.~,~~:~i'l!:·:tD!~f~~t..f!~~Ft*1~~:f~:~>:-.-· 
2 Horizontal surface grounding is not feasible due to construction obstaCles (roads, rallways;'.'tightc.ofc' 

.. way access, etc.) •,• • ·•.: ... · , ,.,,;;,; • ;, •·• i :• !f J,iJ;:.:;-:~:;· 
.. For typical mitigation systems, where parallel ribbon and· deep grounding are both· options; parallel ribbon _ 
, ···-··· :.". , .. . ·:··I , >"'I;"'· ··: ·'•-., ,, .... , .. 

proves to'. be more efficient and economical because it can achieve a lower resistance to ground for"lower · 
overall ~~st. For comparison, ground resistance calculations were analyzed .to determine the •:app.fo~~~~t~ 
equivalency in effective ground resistance between parallel zinc ribbon, and an individual deep ~el(~~6d'et · 

:. . .: : · :·~i ;~;:r;~.~;.; f::;:-:~_:>[ :.:;::· ... ,;.- · 
Figure 17 below shows a comparison of parallel horizontal grounding configurations compared·tof<[~)ngle:6" 

: . . . ··. L•·· -i~¢_.•_..<<•<• !.J.<:~.:;·!,C·'"·: .. ·, 

inch diameter deep well anode approximately 200 feet deep. The soil resistivity ratio, plotted on•the X"<ixis, 
is the ratio between the bulk soil resistivity ·to a depth of 10 feet for surface ribbon and th~- b~i~',s.oil 
resistivity, to a 200 foot depth for a deep well. Along the y-axis is the equivalent lengt~ of horizonta(~urfa.ce ,· 

' ' ' .• •' • 'I ' .••.. ·····-· ... 

•- grounding .. r~quired to meet the same level of grounding resistance as the deeR well a~ode. . . . 
in the.figllre below display this trend for single. and double surface ribbon installatiO(l~·.; 
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Figure 17. Comparison of Surface Mitigation to Deep Well Anodes 
:~:~ .... ;:,;~~~~~~t~~~gr~~{:· 

Considering a typical scenario where deep soil resistivity values are of similar order to the surface· resistivity; 
a single deep well grounding installation would be necessary for approximately every_ 1,000 to 

.; individual pa-rallel ribbon. However, considering a hypothetical location where the deep soil resisj:ivit' 
·. orde~ ~tinagnitude lowe, than at the surface (soil ratio of 10), it can be shown that a sing_Je·!(j~~j:>-:V\!ell 

installation could provide a similar ground resistance as approximately 5,000 feet of individu~ljf~~,~~-llei· 
· ribbon. Under certain scenarios, where the ratio between the surface and deep soil resistivityia>h-ig'tD· . . ,. ·'.'[ .. , .. ; ..... :•'.· 

well anodes may become a viable solution to obtain a low grounding resistance_. Previous cas~ ~~~g!~?: 
project experience have rarely shown soil resistivity ratios of this magnitude, such that deep weii:'9roundirg 
was a preferred option. However, where construction access is limited, not allowing for installi~g 
lengths of surface grounding to achieve the required mitigation deep well grounding may be benefi.ciai,::In 
scenarios'. where grounding is only necessary at a single specific location on the: pipeline, deep,· well 

· ·.· grou~din~-m~y be ~n option. • : .· > ' ., .•.• • ;1 ;~\1ft~l~:~!~t~. 
5.4 Mmtmgat1on Companson .. ,, '"·'"'"'"'""'''''" •... :.. ·:' '.:~·1.::. :,.;:_~:t;r.·;:r:.~i\:~··.~. :--·_: 
Deep well anodes may provide a viable mitigation option under specific circumstances, but, indus~ryp~aCtice, 
historical assessments, and construction practice have generally shown that surface mitigatib'n~i_'prc;~i'des 
more economical and efficient mitigation for the majority of collocations. In cases where arc'' shieicling 

protection is required to guard against fault scenarios, deep well anodes do not provide such protection, thus 
.. necessitating the installation of surface ribbon:•in addition to primary mitigation) Surface mitigatipn SO''" also 

· · serve as fault shielding, protecting against damage to the pipeline and its coating when properly placed ·, 
betwee-n the pipeline and power transmission ground. ;·.;,qW4i:~tfii''~f,: • :• 

. ··• : ' ~'~:if~t:i:~l 
.. :~~' ~:; i:·;; .~:;ft:;~f::~·: 
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,.,;:Jlt ' ;, 
· A· primary benefit for surface mitigation is ease of installation and a 
, installed ,in the same t.rench beside the pipe during pipeline construction further redu'des.; 
Typicafin(justry construction estimates indicat~ that the cost of a single drilled.. , , , .. 

mai be ten times the cost of a 1,000-foot .i~rface installation, if installed ·~uring, .. , ... _ , , 
·_. '', '-:- .. ' ' - . .., 'I.--·,.,, '(11·~~-

would indicate that each deep well anode would need to replace approximately '·lo;ooo~f~e~ 
mitigation before it is economically viable from' a ground resistance standpoi~t' . . . , . "' . 

betWeen surface and deep grounding installation methods most often 
. .. . ' ~ '_·_-, : ·. ; : .-·:-- • ' . .:: .·. ~ 1"·':1'": ,., ' .;: :: ·.'qi ~; .. i: .1>:~· ·'-ii ~ -•.. ,,>'~~-):;~:;, 

:-:·:.;·-:c~!l.~~-~:rr~~-io~_~, including construction access, ·;grounding distrib~tion, and cor_r~~~!?t~t~~~t~f~~~Jm~.t~"f~giE,~~-~~~:.~>:. 
· to cost.alone. [Appendix C contains a simplified summary presents the pros and ·con~ '"• '""'•'A~·~··-:.•~•••i.'.-·• ···•· ' 

" - • : ~ ·. -_ : . . . ·: I , ~ ! •.• ·,;,_, ' -~ ', ~'1': 
. mat_eripltf.and methods for reference.] The corhparison information provides Qt'•in~nrP: 
. comparative. benefi.ts .. of each approach based 6n variou~ soil resistivity layers:.'. 

. ;i . ' .• ... 
s.s ···Additional Mitigation Methodologies· 

The AC mitigation techniques discussed utilize low-resistance grounding to transmit induced 

,industry 'experience has identified collocations where induced potentials or. current' 
. ~dequ~te''ievels cannot be achieved by grounding alone. This is generally duEi to a combinatior\'"ot:eie~~t~d 

• _ , ! • ·'· •- "! ... ' l_-,, ~ -;-~:;::•.,, ~I ·-·· ~': • 

transmission. currents and unfavorable soil re~istivity conditions. Trends in the power transmi~iOI)jndustry· 
have led to increased power capacity and ';corresponding operating currents, for· 

" . l'l '<W·'·~··-"'- ~- ·, , :. 

transmission systems as shown. This increase in operating current has a direct effect on· the>lel(ei''OJ'.E/ill.C::In 
many cases, this has presented a significant challenge for achieving adequate mitigation·:;j~'!'·~;Seiiri"es 
crossing or collocated with the power transmission lines. In these cases, additional mitigation~:techniques 
should• be• considered. I"" '·:1' 

::. ---:--- .. : ..... :_ :·;:,;-···.' ·: '·;·i-::· •,'·\·;.:::: ',· ,,;·,~;~_;:,.~~~-<::::-~;_: 
. In terms· (jf risk reduction or prevention, the approach to AC interference mitigation ca·n 'be categ·o'rized::on:a .. ,:;- · 

.. ' - '--:~' ' ·- ,, ' .• ' ' ', . ,. ' ' ~·-- ·- --··-··;.1,1· -~t···t:·••'J -.,-. ,._ 
primary, secondary, or tertiary level. Primary prevention targets controlling 'or reducin'g the:·soJircib:@the• i ·:. 

·· · . - . . ,: ·•ihl: I r·:~:,··:•··l"'t'-ti"!e'-~;.,.1,./-I'·F··,·.·_' 

risk, through elimination or control. Secondary prevention targets reducing exposure to a risk,Jai:tifr;':and 
· · · · . , . :. · '· ·~ : . ·i' ~: · ,,rl,'r~;!ll ::;-,,,;., t.- , r'·"<" .. : 

tertiary prevention targets treating the response or consequences of the risk factor, gerierall,rafl:e.rc.~xpqsure .. 
... : , H '' ,. " ·~,; ·'·_'.1~f~~~••'l>·,-f':"""'~>'\ol'>•·•,~·· 

to the risk. By these terms, a standard practice of mitigating AC induction by grounding alon.e iS:.:considered 
" ,I • I "" ' ~-·"-:'"' ;_;J,.._,, ~~---"'-:-- • "; , : ·,." 

a tertiary form of mitigation. That is to say, the treatment targets only the consequence of the"lnterferiince ~.' '· 
by reducing the detrimental AC effects at the pipeline level, after allowing the pipeline to be exp-;,s~ir'~o·i:iie ; · 

. ' ' :, .... '--. 
interference risks. While not currently in widespread application, further research of primary and secondary · · 

·. riskcontrols:should be consid.ered in future development, to reduce overall interference and riskS'" associated 
with, Ac i~terference, especially considering cases that cannot be effectively mitigated by traditio·n.~l 'mea:~~; 
While the• concepts presented may not be readily employed by pipeline operators withdut furth~r::tJ~-;;~~th, 
they are presented to address the need for continued research and development of more robust:fiigh:voltage 

.... :n:.· .,.,._;--,_, ·. 
interference· mitigation methodologies, and pursue improved collaboration between the poweri{tlin~dand· 

pipeline operators. ' : •~j::!:t~!b~;' 
5.5.1 Primary Threat Control of AC Interference ,, , . .;.\,:<::;i~i;; 

· .,:· :, ... (/- · · ·: : .· r. -'.· ._; i:.!. -. ,, .. -.. .;:~:~: ..... L>~-:: 
Although :mitigation grounding is a common industry practice, cases exist, where' grounding_ alone.;Js 

- "'<' ' -· · ,. ~ :". '" .· ,,,.-;'"--:".C::r;.;·.!.:i•JW·•·::· 
insufficient to reduce interference levels on collocated pipelines. For such cases, additional techniques·sf\ould' ·' 

• • •• ' • .: -1 'I j, r• : '' : ;i .. -lN":·tl'.;::';;,~·.;~.:':. ' 

be considered. From an engineering risk basis;' with respect to overall risk reduction; a preferred ~pproach is . 
to reduce the source of interference. Specifically, this means reducing the interference prior t6'iit"feaching 

, . ,- , .:r?:: ·~j . .;.,·:~,~·.--·~ ,, .. _. 
the pipeline, generally through design controls during the development phase prior to' constru'ctiori;:where 

. <:j;';,::.ff:~~;. 
<:·! 

·:·· :');·.~, 
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modifications to the pipeline or transmission line are possible. The level of interferenc~ experience-.-~-,,··-
- · .,,;,:, 1'i·'· ~ · · .. · :. .; · ··::·~_;:;-/_.;,.,_:;,,-.;:::c'l~-. 

pipeline is dependent on the magnitude of EMI generated at the source, and the collocationpara'!lete'rsJ;~~t 

limit the EMI levels reaching the pipeline. Specifically, revising collocation·+outing,::arid towe~1;ln'ci"Cficfiit 
·. ~ . '•: ' ,_ - ',I --" . ,' .. _..-.::II:· ·''. ',:,~; ' .. ' .. •<-: >-

configuration modifications can reduce or optimize the level of EMI produced:l:c;ond.Ud:or:amingem9nt:S:1, 
-·- .. __ ,.:· ,.;_ .. ·'.' · .: •·· .·;t~:;t•~!?-l~~··;'r·l~.:.:·:·:~;,_:,-.,,i:• 

be designed to balance individual-phases producing the lowest levels of EMI fo~:a''given':drci.Jit cdn 
. -· :· .·. ::~~-- :' . ___ . ·~:.-:~;;\t~::~-::-s;::-i;:i·l:.;ij·pr:~~*tf.\1·1 
- For a given: circuit configuration (single circuit horizontal/vertical, double circui'ftioriz(inhil/vertica 

there exists an ideal phase sequence which riiinimizes the LEF at the pipeline;loca'ti'i)~;:~n~'i~~r 
'" ·,· · . - '" · -. · :·-- · · ·I' rr" .. ·p- '-lj'~·lili 

lower magnitudes of. AC interference. Dabkowski studied the magnitudes of the.-LEf- for•htarvlHd!' 
and phase sequence. The results demonstrated that for a single horizontal: drr:'oit

0 

percent of the LEF may be achieved, by choosing the proper phase 
. . • - . , . ·' ' I ' ~ , :" : . ' , ::;,. ' ,· . : . 

vertical ca.se, the LEF at the pipeline location could be reduced· by as much :psC:lS% :"'ith 
--~··,seci0·~:-g~e?,?~<~-~--.. · ·- · -· t- _ .. ·-·--·-· ,,. 

",I·"' 
The double circuit vertical tower configuration presents a unique scenario for'.llhase"'s~guencirig:Oft!]"e 
36 possible phase sequences, classified into five sets of phase combinations: center point syn\rli~t~fc;'ft 
partial roll upper, partial roll lower, and center line symmetric. The LEF magnitude betwE!en;.'~~'e,;i(~.ripus 
phasing configurations can vary significantly.29 Generally, the ideal phase sequence for 

circuit is the center point symmetric phase configuration, which generates an LEF approximatelv·65°icl''to 
less than the center line symmetric phase configuration.29 This is significant when considering 

the result of the physical interaction between conductors, and primary mitigation reduction at the source 

. reduces the interference levels that ever reach the collocated pipeline. Additionally, optiri1i:z'ition~'ti{,the 
·:_ .-"".'> 1 • ·:·~··- -~-". ·.r:·~·~r.-:---•·c;;_.:~:.,_~;C\'(1·1: .. 

phase configuration does not require unconventional installation methods to obtain this reducticirr.:in::,J:.EF· 
· · ' • , , • :•1!1! '• "i « .. ,,.;.,.:~(~,:·~.• -'I;J~c,· ·, 

magnitude.:29 It is recognized that for existing installations, pipeline operators generally may ;nof becable•to 
, : " : I , · --i . ""·1··!·:: J-;~--! t~- .. · ,. ,.. : · 

influence HVAC power design; however, for new construction and power system exparisi.on~;;where. 
• . !I , . :" '.·,:~·, .. •JT'~e:-i!t•c.;•""C"•:·· .. 

interference is a concern, communication between pipeline operators and transmission owrierS)f __ possible 
. · ' ,. I ,., '"'; -;_" .. ,;:-l•t•>"'::"'~""':''~, .. · · 

effects is recommended in order to review possible interference hazards prior to constructibn::'\Nhere 
possible, pipeline and HVAC power line design controls can limit EMI and interference on adjacentpipel_ineil~: 

, -: ;; --~ ,. '~ ,; ; 

The addition of phase transpositions along a given collocation can also act to reduce the' overall EMI 
' ,·· ,;f '·· 1'' , ' ' I 1 ·'· ,' _., •. , ·•·,·_,:· -· •··.-

influenCing a collocated pipeline. However, phase transpositions should only considered as part.:qta'get~i(eq 
,-_ ·- :. ' . .---··~ ... :·--"~---~;J_;:·~'f'"~ 

analysis, as the discontinuity presented by a phase transposition can create a localized point o[-'elevated 
· · ' ··" · I - ·J. '1· c-·1 ·~·" ' .. ;" ' ' · . 

interference, and may have further impact on the power transmission design.24 However; where:apprppriate, 
· :I : ·I' -~~" ·":" · ... ": 

phase transpositions can create discontinuities and effectively break up long line interfere~ce JiuJJLui? _·on · 
• 1 ••• , ,,.~ ..... _...,-,.,r.,.,._, ,_ .. 

long collocations. Further, in areas where construction access may be limited, phase transpositionS ¢an··be 
:: ~:-: 1:·: ~: ~-:;;;:-• .-, :·.;·• 

located strategically to reduce interference at the source. -,••<!;.':•.•:'·>:··-
;(:: :;;::;~:r;r;;:;:~: :::·' 

5.5.2 Secondary Threat Control of AC Interference . ' i• / · 

--~ ... :- :.::r .. -~ . ::1 : .. -:, :,. :::::, ; •. :_::~;;;_~·i,:;:;:_{J:~-:·; __ ~·-,. 
With respect to overall threat reduction, a secondary control works by means:of isolating a threat.froti{a 

• ..;. ' ' ; -.. - .' ' ' 'i '"' -~""::_. .• , .. ~-~ ..:,.-·~.-! , .. 
structure. In the case of AC interference, this specifically means intercepting and grounding the._E;MJ_:prio"~:to 

· .. ... · · · , 1 , · : i' , ' l:~!1-~· (, r.s, · .<: ·.·v ~- ::--- ' " 
reaching the pipeline. · ;';:-:;::cfi::: · · .. ··: 

. . . :' .. ,,: .. "'.:::! :·~~·.:;,;.~;:.l~;_::~;:::::.::i':-· 
One· proposed example is overhead shielding, .which is used to_ mitigate AC interference in ·oth'ef!ini:fu"stdes · 

·• : ·-;.-.:· ;.~' . ·. -;;I.,'_;;,_.':: 
including rail transport systems, but is notably less common in mitigating AC interference on pipelinesi.l\,n 

• .. '- .. ,._.,, 
overhead shielding technique works by placing a conductor, grounded at regular intervals, within ~-Jargeted 

region _between the pipeline and the adjacent transmission line. This shielding conductor, located .iri'._the 

same LEF:,.generated by the conductor circuit, induces a current and an accompanying LEF 1$Q:cl.eg~~!=.S,B 

' 
,·· 

.'r' •'I! 
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1~::·-->~i::::.j~.f '- ' .. :·1'"''1''"''·';•.,·~---";', ·-·· 
of pha~e;with the field generated by the transmission line. In so doing the co~(:!ucto~-'~cts~ 

the_ LE~ Q~n~rated bY the transmission line1 reSulting in lower levels of induc~i~.¥~_b .. _:~tb~.ip'iP'~t'i\1'~'~: 
studied the effectiveness of this technique for the same tower configurations discusso;;4' 

The- results indicated a substantial reduction in the induced potential on the pip~lin_e 
the mitigating effectiveness was highly sensitive to loading conditions, 

shielding conductor. For the single circuit horizontal circuit, an auxiliary overhea'd_ ground 
reduction:of approximately 25% in the LEF, and thus the corresponding indup:ion on_ 

" placeofen~- ofthis overhead auxiliary shield wire was approximately the sa~e\'hki~ht!as the, :PP.a~-~~1 
·: ·- ,-,.:. , .. ,1 _. , ·'P"'',·i;i·j .. ,.., ... •,:;·!:.·,·:·,,:~•.l'·~~f:.,:,.'flo~~ 

whictffor,single circuit horizontal __ circuits may make this solution impracticai:'.'F,or[thei' single :.clr.cuiE>V< 
~: .• ·'':, ;l.~'·f.;:l:,•:•"•1::;,'il,:···,. zo1-·:~'~':~»•! 

_ tower~onfiguration, Dabkowski found a maximum LEF reduction of approxim~-~el(6.9:?'~, 1~~,z~~/?,t!'J: 
the overh-ead shield Wire at an optimum height on the tower centerline. Reduction~-
the _double circuit vertical configuration were found to be range from 50%-95%; Howeyer) 

slighfimbalances of-+/-5 to 15% between phase wires, the benefits realized 

quickly diminished to 20% or less when compared to uniform current across 

circuit.2923 While this is generally not a common practice in mitigation of pipeline interference/overhead 
shielding has been considered and studied in the past, and is used within other industries. Specific overhead 
shielding 'installations require detailed design, and precise locating but this· a-pproach may.::'pr~~eht,,:an · 

alternative means of mitigation where ineffective through more traditional means. ~~rther. }e~~~t~H~~-~d 
testing is required on a case-specific basis to determine if this is a viable technique. -. ,: ,- ~:~t'''?' ·; __ ::: 
Fault and arc shielding, which are used to reduce the risk of damage to the pipeline and t~~-:~~~~]~i.:.;~ar 
tower grounds during fault conditions are another form of secondary risk control. Fault protectionibjp(cally 
takes the form of a parallel shield wire, similar to mitigation ribbon discussed in Section 5.2. Hciweved'the __ 

' '_ • ""' J': .-·: ~ ."' -. :·' .-.-:-. 

primary function of fault and arc shielding protection acts to intercept transmission line fault,:currenf:and ·-
,_ transfer to ground prior to reaching the pipeline. For this reason, the location and placement;of<the_·arc 

·shielding' mitigation is far more_ critical when protecting against conductive' (fault) interfere~:t:e,.t_nari;:tor :,: 
- . . ' .'.- ' ·: :·····,,_.,..~,~~-,h'~;-·1,.!".>•"'" ·, 

inductive iflterference. ~ · : · : ;,,' · 1 •• ~~·-~~·r t: ::i·t~Jt)Jtd:rlrl-~~·K·~ .. ,-:,.-> · 
./ ; .. 'r,:::;j_ H,R~:~gt;~F~(i~J;~~.-~--:: 

5.5.3 Tertiary Threat Control of AC Interference · ~:,;,,:i.1i'ii~~:,;:iil!'' 
. . - . - -~: ~; :j::~~w:~~.~~~~,;~~·~ 

With respect to overall risk reduction, tertiary controls rely on reducing the consequences of the threaLafter 
exposure to the structure. Per this definition, typical grounding mitigation can be consid-ered'_~~ ti!rl:]~jy ,·· 

control. M-itigation grounding works by transmitting the AC potential to ground, only after it' h-a~' ~11i'~~dy · 
reached the pipeline. While grounding has proven to be an effective means of n1itigatibli for mari)i"histo'rical 
installations, and installation is generally within the capabilities and access' of the pipeliri~c~'pefatc;~~; ,-_. 
scenarios :occur where grounding alone is not sufficient to reduce interference to acceptable levei~; ~:ifA1;\;~;/:, · 

' . : i•::·lj 1!:; ;.~~:::·:-c~:: ':_'. <'·~-~-
Ideally, a combination of primary, secondary, and tertiary mitigation techniques would. proyide,::~tl(hj1gh~st 
level of threat reduction and protection for the pipeline. However, addressing a threat at thidowest:((~ver .. ·;, .. _..;;-:--·:'r:: ,..,,::1-,.:.::·.' 
possible will provide reduction in severity, increasing the likelihood that mitigation will be effect;!ye;;,'f~at: ,is c · 

to say, reducing AC interference at its source or shielding EM! from reaching an adjacent pipeiiri~:'c~n :::· 

provide greater risk reduction than simply allowing the interference to pass to the stru.cture and- dissip~tihg 
to g~o~-nii'\/ia tertiary mitigation methods. In practice however, it may not alwa~~ be'possibl~- q~'iiYaC!;i~~r:to 

_. "_",---~·-_'·t":'. ··_ ·- ' -. ··: 1 ""_ •• :'.'·'···p·-.. ~~~-·•._----.".,r,~~·.:.-. 
address :interference at a primary or even secondary level. Tertiary mitigation through 'low::-reslsta_nce. 

· , .. ·.' · . .. ·. • · r. ,-, ... :.•, I' ·:· :;:i 1 ,·'!':r,··-l~·~'r-~:"'"':'1' !:.,<,,,;,-

·. grounding techniques may provide· adequate risk reduction for a majority of interference :collocations: 
. ,' . ' ·:-!: ·.--:lli:·!~J~~~·'·:·-.. ··_.-.~--

However, :further research and continued development into additional mitigation techniques.·woiJid·. benefit 
. •- '' :·P' .. ,;~ji:l•1l~;)~·.-~-: ~' the· industry :' i· -~ r,:- --·1~1,.~·'::~~-·~·~,._. \1.". ' · .:·;;~ :~:-w~im-~t~;~~:~:x-~_,_ 
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5.6 .. MONITORING 

As mentioned previously, the measurement or calculation of AC 
indicator to determine the likelihood of AC corrosion across industry 

.,_· 

,. ',I ; ; ;,. ~ : ', , • 

measute i>,c .current density on a representative holiday through the installati.~hiianii•'I.~~.'ni' 
' ,:' . - : '~; ;·:• ' - ' " . . -, ·:0' ;:.,'•-1·; 
·•·· .or EJ;t·pr~pes. A test wire connep;ed to the coupon, routed to the surfac!l f~rj~: 

through ~'test station is an example of a simple installation. By inserting an a'milie\:er:into.ttl'e'cfrc 
" - : • • : · .: · ' · · . .-.:·:·· ' II ]·,' :1 ::··~~: ~ii \.'l !:l·.:" '' 

and DC current can be measured which when can be used to calculate the curi'erif'dei)si~:1 ;#j;lj In many. cases, test stations with coupons al~o include additional instrumentai:iori 'slltt\i~~!!e 
reference' electrodes. The ER probes provide a time based corrosion 
provide b~th and AC and DC pipe~to-soil potentials for comparison. ' 

Using coupon test stations (CTS), and ER probes, real-time monitoring can provide 
.. the interference effects acting on a collocated pipeline. However, as previously discl\ssed; 

' !:·_· •· · . ,·;•(rfj••.i.:, 
interfere.n.ce depends on the magnitude of current loads on the associated 'p!)we.r· 
CTS and ER probe data with power line loads provides a thorough understandind 'of 

· While it has historically been difficult to obtain this information from 

recognized need to have good understanding of the operating power line loads to determine,:reie~ance ' 
".' .. :·:-~·;u.r.'~--.•'":·""_,,. 

coupon test station or ER probe data. Additionally, best practices dictate obtaining'' datai,0over: 
representative period (days or weeks as relevant) in order to assess the interference respon~e.du~iri~'hi~h 
load conditions. A measurement for AC potential or AC current density at a single point in 'time 
unknown 'operating current loads may not be representative of the actual risk for. interferen~e" on'.the 

·.·. pipeline. j 
1 

·,,,:; !i~~~;li:~~~\~t~ C ' 
6 GUIDEliNES FOR INTERFERENCE ANAlYSIS ' i· ,;J;ii~i~:Ffl.:•.{:c . 

: : .. ~ ···:·::, c~ ·~f-iB. ~~~~:>:~:ri~::.> . 
The following steps are provided as best practice procedures for determining where detailed':i~.nal\':si~;.is · · 

recommended based on the results of this study, industry standards, historical technical publj~~t:i~nsg~nd 
previous industry experience . 

. · Pipeline operators are faced with many existing and new construction pipelines collocated a'nd crossi~g 
· power.lin~ ROW. Uttle guidance exists to assist in selecting and prioritizing collocations for detail;,'ianaiysis · 

and modeling. Under certain conditions, it may be possible to justify the low likelihood of AC ini:erf.e're~'c~, 
and exclude specific locations from further detailed modeling with detailed monitoring, or just!1'i9.a.i:i(,ri'that 

the risk due to interference is low. .., · ·-:: ::-i1::$·fii~~Y::~eii~~:~:,. 
• • ·: '

1

' • ·_· ::. :_/::'.i1tP:.t~\£~~r:~.;;.-:·_,· 
It is recommended to collect the following information, where possible, to determine if a detailed:AC::~nalysis 
is required. Appendix D is a sample of data to collect from the powerline company. Use the c6~i'e~ponc:li;.;g. 
severity limits in Sections 6.1.1 through 6.1.5 to assist with this methodology: .::y:::,,·:;:•:: ,: 

,. -. ' ' ;, ;I .' •- ~#· ,. 

• .. ~~ak and Emergency load rating (amps) for collocated power lines 

·' ':. Li~e rating (kV) for collocated power lines 
l : ., ,. ~ - ;: ' 

• .. Soil resistivity along the collocation at multiple depths 

• 
• 

Collocation and I or crossing routing geometry for the pipeline and power line 

AC pipe-to-soil {P/S) measurements {for existing pipelines) 

• AC Current density using coupons or probes where previously installed 

• . Maximum fault potential and fault clearing time 

i' ~~ ' . :· 

' 
,--!1 
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Detailed ~~analysis" in the context of this document refers either to data collectioh~ using detai.ledi!rl;'o'n 
or .to specific application of numerical calculation of interference magnitudes.•iTiiis::analysis: is.:::cto'rie,:tising .· 
detaiiE!C! computer modeling or similar application of interference calculation m~ti\o.cls:: ••:: : .... ·:s•ti!i:i8i~jitt'' . ' .. ·· 

6.1 ··Severity Ranking Guidelines 

This section provides general guidance with. respect to the relative 

variables with respect to their impact on the severity of AC interference. 

6.l.:l ;separation Distance 
":' 

separation distance and load current are key factors in determining whetheini. e:()ifo2~ti'oi\):w 
' • :c.: ......... ' : - . .. ( '1>-• ,._:' ':·-: .. ;·_,": ;·,,, •' ,· ,,. ·.:;:/ i-7· 

significant.AC interference. Generally, the separation distance is readily available.or:ieasily d~te,rmtr, ··.-._ } .. ·· -·--r: .. _,l,··:"~:i::r~~t-·'·"~-~·-
. is often a•primary screening variable. However, it has been shown that significant interferepce~ 

distances greater than 1,000 feet when considering collocations with load capaci0J •9re'~i~~K!f6~i\:: 
amps.' It is therefore recommended to consider collocations within 2,500 feet, and . · · ..... ~ •.•... 
analysis should also incorporate estimate of the power line current. 

Severity ranking for separation distance is provided in Table 3.The following generalized ran kings have 
. determined through review of industry data, parametric studies, and historical experience. ':. ·· ··· ,. 

Table 3-Severity Ranking of Separation Distan'ce
1
· ·: 

Separati<lri Distahc~..::D (Fedt) 
D< 100 

100 <D < 500 

500 < D < 1,000 

I ,000 < D ~ 2,500 

Severi R.ank:ih ofHV XCI!rltbrf'e'f~ll~~1 
High 

Medium 

Low 

Ve Low .. -... ,;-._, .. _,. ·,., . 

•. ,: . \t ···. . . I 

1 

• t~;~!t:rf2;t,;./ ... 
6.1.2 .HVAC Power Line Current :•;::.rr~:•''l~·'r•·:·.•" 

• ' I ' ···, ·~' -:f;~~: :.:~~~!~5!{Y-:l?:-:~·:_ 
The magnitude of transmission line currents is one of the most infiuential parameters determining:.the 
likelihood and severity of AC interference. However, there is often debate as to which load ratin'~·'tii.:c~l1sider · · 

'- ' ·' ,., •1-,~::·-.~·f··.·~·~ -:~: 1.'~: .: .... 
for interference analysis and mitigation design. HVAC power lines generally have multiple•.r~~i.ngs~:t~a~ 
specify the operating loads allowable during normal operation and peak or emergency load rati~gS::~i,l~l-iJ~.Ie 
during short duration scenarios. Ultimately, the load rating considered should be a risk-based decision· made ~ 
by J~~: pipeline operator, considering the frequency of occurrence for the ;i~ad .leyel, t'PJ~.al ;.~.ura,ti.~n 

.·.th~O_qQh~~:t.operation, and the consequence associated. . >: ·,: . · , · .. :.~·-'_.:_·:.t~-~i§;:t:t .. :~~-~~iF-·> 
. ··' '·.:-. - . _,. ' :.>~;~p~~-:-~~!t~"t;~J':~:~< :·.--:·· 

From a personnel safety standpoint, it is recommended to consider the maximum load that a power.line.'can · 
.· ' - . ' ' . ' • '· :\I'' -~j-~·-l.::''·~--~..:: 1::-,;-. )· 

carry for any duration. The terminology for ti'Jis varies among transmission operators/, but ·-it ~iS:; ~ommor:'IIY : ' ' ,, .·'' ·:~·:_s;:.-:.:.~. ,:;,,.:,-; .. 
referred to as "Emergency Load", defined as the maximum load a transmission circuit is capa()l~.)l!:f:<iJIY,!.ng · 
for a short duration such as during an emergency or maintenance condition. Considering persO'nneLs~.fei:y, · 

elevated step or touch potential could pose an instantaneous threat as a shocking hazard, .-eg'ardle~s;;of 
duration of the elevated power line current. As the pipeline operator is generally unaware of anceme~g~ncy : 
load co.ndition on the power line, it may not be feasible to reduce or prevent exposure ·during even a short-

~ ' ' ' .. ~-
duration elevated current load. It is therefore generally best practice to consider the maximum. capacit)il:or 

. ' '~~~;l~ 
I :::1·0~k<;i_~-~-:~-~-FJ.;,:·· 

,,,, 

. ~ -- --- ~~~ . d;~K~;s;~;~~~~it:Ji· ;_.:-:~ ._ .. 
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emergenc~ .loading conditions when assessing the risk of personnel safety threats su~~ i:a$ 1 :$'!{~! 
other prqVisions can be made to prevent expos'ure . 

. , 
However, AC corrosion is a time-dependent threat. The magnitude of 
pipeline under AC interference will be sensitive to the current load on the adjacent 

.. . emerg~ncy_ loads, or other spikes in power. line current may cause 
' "'';associated C:orrosion damage may be low as the duration is limited. 

' '. --,:.; ~.;.>. ::i;. ,· -- . 
·.The power line currentis often the most controlling parameter influencing 
·For this reason, we recommend obtaining the power line load limits from the relevant 
operator when assessing the risk of AC interference on a given pipeline. These litnii:ii:s~qu 

··•· · · . · · •" II · ~- ~·:- i (,1 •- ... --, 

various operating ratings (generally 'Normal', 'Peak', and 'Emergency'), the allowabl~ d~,r~ti,~~ic!< 
expected frequency of occurrence. · ... · ' · ·" '·' 

. ,. :: ""~t:~~:}.':)_'~~:r-;:~,-,:~'::'"" 
Transmission operating parameters are not always readily available to ,pipeline, op~rator,s~rt'~nd:;;~~rs 

. ' ·. ,.,._,.-,.vi,',·,·-· . . , . .:._;·:- .. ·.· .. ,'.-·_ 

. .-. infofmatlo·n may be difficult to obtain. However/ the power line current is a primary factor,- and th.e.-·relevance 

.. and accuracy of an AC analysis may vary greatly with the accuracy of the operating current. \(llh~re'actual 
. - '' ' . \,,.,,_:-,· . ..::•;,,; :.::.: .. :; ~- •. 

load data· is unavailable, published reference currents for various HVAC power. line,ratirgs,are ayaiJgble:"in 
literature2.

4
: However, these guidelines are for reference only, and may provide over or under,:C~ii~~Mi~ti\le 

results. In practice, there are cases where·· the operating currents provided for a' specifit:!'Hl>l'{~r(;,li,ne 
' ., ,;, .. :;.I';,Mo·\•,··.rfi··'-"' .. :;• 

significantly exceeded these estimates. Additionally, as discussed in Section 4.2.1, increase load'·capatitt•:on 
new and upgraded systems may result in load ratings above the provided reference levels. : ·, ,. ,;,.,;:·:'? ... ·· 

· severity r~nkings associated with HVAC load current for a collocated power line is provided in:Ta'bie''{·\.;',l;~,: 
'~ ! ~:: ~ . : ·- ' " ' - : • .,,. i ': ..... '· .:·-.' . 

The ,follo')'ing generalized ran kings have been determined through review of. published technical Jiterature, .. 
in-dustry· data1 parametric studies/· and historical experience. ·;: ; .. , '· : T§~:f~~~)£;_\1,~;~;~~ : 

.,111 ·;:::: ::,._,;,dt::·~:~.-u-:·:~ r' __ · . 

·Section 5.2.1 contains further background and detailed information for effects of power li~ p~as~i~l!r~~ni:~,' ,· 

Table 4-Relative Ranking of HVAC Phase Current i ' : 1j:~i.f;if~~:;l:t)· 
!HvA.c curr~rit~'r(liill.~s)ll R.~Iati~~severi\YofHvAciili~rl'~illi'i'6~!! ·•• ·· :~:;;!~i;;:.@~~· 

I> 1,000 Very High :' :,;,:•j,\;J:~ 
500<I> 1,000 High ' • ' ,,, '"'''""'" I 

' ~.- ; ·,:~.-- - 250 <I<500 Med-High .,;, 

100< I<250 Medium 

I I< 100 I Low . I] 

' .... 
6.1.3 Soil Resistivity 

, , 'r; :,.~:i.;;if:~·;)~l1T'~C:'·:' 
Soil resistivity affects both the magnitude of induced AC and the susceptibili.ty to AC. corrosion.·The' AC 
corrosiori:process, as presented in Section 3.3.1 is a function of the AC curre[lt 1densitY,,at a coa.t;_H!l ~,oli?ay, 
which in .turn is dependent on the level of ACvoltage on the pipeline and the local spread resistanceSrlie 
bulk soil resistivity is a primary factor controlling overall level of induction, while the l~c~l soil resisH;;:t}?~ear 
a holiday is a primary factor in the corrosion activity, as discussed in Section '4. :2.2: 'THe\}olfowi;.;g 

• ', 1 ~': •• - • '.- ' ' '- :· 

generalized severity rankings have been determined based on industry experience and guidaric~;pi~\t!~;~g,;in · 
EN 15280:2013 with respect to AC corrosion." · ' :,, 'i'2'i:••;;·::~·~.:0:''" 

, · ·· · .. . ,m .. ;.;.~\~i~· 
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6.1.4 .Collocation Length 

· ;.r~~ ~9.119~~tion length of the pipeline. and transmission line affects the mag:ni~ude i§f'jndJ~e~'~Jt~P:~I~i)~ial 
· accumulating on the p1peline as 1t defmes the length of the pipeline exposed,to•the:lEF.of the.:Pbase::• 
· The foiloiNing generalized rankings have been determined through pararnetri~f~t~dies~fi'~'ri'8~fu~} 

expe.rience. 

L > 5,000 High 

1,000 < L < 5.000 Medium 

L < 1.000 Low 

6.1.5 Collocation I Crossing Angle 

The angle of collocation or crossing of the pipeline and 
following generalized ran kings have been determined through parametric studies, and historicali,xoerier'lc9:. 

Table 7-Relative Ranking of Crossing 

.. 
:1 J:·· 

6.2 Recommendations for Detailed Analysis 

The guidance parameters presented are based on industry literature and standards where available.· ~H~re · 
.. guidance has not previously been provided, qualitative classifications have been provided to aid .in .severity 

ranking and prioritization. The qualitative guidance parameters have been determined based on'published · , . 
. · industry guidance, numerical modeling parametric studies, previous analytical 'experience, laboratd~~adi~s;ic.' ' 

and failure investigations for AC corrosion related damage. The intention is not to replace or rem6xejletailed 
analysis from the design decisions, but rather 'to aid in severity ranking and prioritization wher(~'ei:erm!ning 
where additional detailed analysis and mitigation design is required. · ::·.::;:);~;£;!:~--_:->!~;h .. / 
The guidelines within should be used by the operators as part of an overall risk-based decision·.:;~~:;;~~~ii.i. 
within this report and this section can only provide guidance regarding the severity of HVAC interference or · 

:· AC: c~~rosion. When determining whether to perform further detailed analy~is, add loca~ion :·specific .. 

:·; ,~·· •' . , ... 
•i: ..• <.•· 
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n1~nn:ori~~' or where no further action is reqGired, possible consequences rriu~tlb~·~. n~rt:rM 
· process and reviewed on a case-specific basis.· 

' 
As discussed in Section 4.2, collocations with bower lines operating at greatertha~ · 
to i~terference under conditions where likelihood would otherwise be low. Special consideratiiri 

collocations where the power line loads are ,greater than or equal to ~,900· ampsi·' 
understanding of the power line load current is necessary for evaluating the .. need for 

•· • ,.,,j_: 1·: 
two:c~.~es .• below provide an assessment of collocations and crossings encoun~0~0~~ 

Case: 1 .c!: Current Load greater than or equal to 1,000 amps, pipeline crossing 
feet: · ;;· 

. ';' --· ' ~- .. ' -- .. ' 

case 2 -Current Load less than 1,000 amps, pipeline crossing or collocated within 

6.2.1 Case 1 

For scenarios where power line current is known or can be estimated to operate at or above . 

and a 'steel pipeline is crossing or collocated within 2,500 feet of the powe~ line, a detailed analysis is 

i : :)liJ~~~~~~t£ ( 
· .. recommended when one or more of the following conditions are met: 

0 Collocation Length severity is characterized as "High" 

0 Soil resistivity severity is characterized as "High" or worse 

o Three or more of the variables identified in Section 5.1 are categorized as --~-Medium-'[E-or. 

· . ::.s1~i~~~t~{; .. worse 

6 2 2 Case 2 ·::•: ... ::,".''' 0 0 

, ,• , ., ·,", 1, '• .:;.::~::j~~t~~:::;.~:i"-;~' 
... For scenarios where power line current is known or estimated to operate below 1,000 ·amps;· and: a ·steel 

,·. · · : ···: ·, .. --- · . .. =. .,. .I ., ;'·;:;r;..~"":"·.:.::-.i::- ·"·· 
pipeline is crossing or collocated within 1,000 feet of the power line, a detailed analysis is 'recomtnencted 
wherl o·ni'or niore of the following conditions are met· ·I:· · :: :~:..-.: · . ,i, ;jF~.:.~~~£~i~1BM;::.· r 

. , . · ~.-. :~'1 ·: ·~:; ::.:~:<11iJ.§;:::r:-~H:'-·-;· . . . . ". , . ·l·.·'r·(:lfm .. ~~~.:..._,;~,.;.~j\.··~ o Phase current seventy IS chara~tenzed as H1gh or worse :::: : .:- .. 11 :_'r:!~~~~i%_:12.:.-~~5~:.:.>-H .·:,,,·-·:,1·-~~,;··~··:"·., .. _.~ 
o Collocation length severity is characterized as "High" -~;;;)_1::-~\-jf .. ig::y1::aV:~::. · 
o Soil resistivity severity is chara·cterized as "High" or worse ··:; ~::!h~t;Hg-~_:rn~;_tff.:i~~ 
o Three or more of the variables of severity rankings identified in Section 6.1 arr~~teg.;'~jz'~d 

. _ as "Medium" or worse . ·:•: ·-'.i , , .: '."'(:I .. : . . ·.i.-::<_/:.:;~::_~nf-'· · 
.. High .angle crossings, with crossing angles of greater than 60°, while considered low-risk foro inductive 

interference, are susceptible to fault or lightning arcing, as well as coating breakdown due to fault yoltag~;·::· · 
Crossin-gs. with an angle greater than 60° may still be susceptible to inductive interferery,ce if subjecti8'fVecV · · -. ' 

;g; c;rre;~~~~~ or multiple HVAC power lines. . .. · •. , '(''rf:,'~}~~t·*;i~;t{' .. 
• • ' .: '-'·.:_j;!:;-::~-~·i:i--:'f;~~d~. 

As fault conditions are generally infrequent and of short duration, it is not practical to obtain measu-rements 
of AC potential during a fault condition. Analysis of fault voltages generally requires numericaf mod~liDg .. -. 
Fault c_urrent levels or estimates of possible magnitudes, are generally obtained by. HVAC ·pow~rj)ine 
operators and can vary significantly depending on tower design, power capacity, and! locatiqn~·rel~tiye.~o 
substatio~, and generation source. ; :; · · ,. ,. · :' :.~' ; ... ;:,.;_~tk:·~E~~~£i~l::.:·.: . .. . . .. . !ij~~~~: 

··r .......... , 
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. - . - . . : . :1·: .. ·: ~-·:-, ,,1; •• ,;,;<:~~¥••:,,.,~,r.¥;': :w·'-' 
Whenever a pipeline crosses or is collocated in close proximity within 500 'feet·:an!' 'HV~C~tfo\i{er:jlriit'iis 

• : 1 .•< ,' ··' , '' ' .. ,;,~l~,t'.::'~·~~·:,:"~~~.::;.~:.::.t::~~· 
susceptible to faults. Detailed calculations or modeling is required to determine the possibility' off.a,u~tar~ji)g 

and possible coating damage due to GPR. 

6.Z,,4 riault Arcing Distance 

·· ... When a pipeline crosses or is collocated in close proximity to an HVAC 

. arci~!iradius can be calculated. The fault ar~ing radius is the distance 
sustained lighting or fault arc may reach an .·adjacent metallic structure. 
function of the faultor lightning current and·: the local soil resistivity magni.tude/:ani:J::'is':'e~'i:ij 

. ~-- '·:·: .·- ._,,, .--~_,···-r--~~-"'-"! .. i""'''~"··""''·"·':r-·~--.· 
equations· 2 and 3 based on Sunde's equations for lightning arc distance.30 ',The ~quatioris'"i>r~s~ji~e~·;;Villf~. 

-~''•'~.\ 1': -~ .. ;) ,•'.:; ... •.,., 

developed to predict a safe separation distance considering an elevated current due to lightning'.:J>tri)<e,':"ahd· 
. . ' - ; : '- ' . ; .,,,. ,:, ;; II 'I ' ' -··: "- .:-' .,.~, ~ c; ._ ;, ; . . ' -.:·· : . 

... ... can .be' utilized to provide an estimate of possible fault arcing distance from .a:.faulted'' high'voltage.:J:o\\<er 
' - ,• .::~"1·''''' ·.n'• ,,1·: ·' . 

ground-as well. '!>~·:.:~:-i:':·,-:" · · 
. . ::· :::··~,.--~;-::-~:;: 

Where: 

r. = 0.08 J.,x 1~0 
r;-:p. 

fa= 0.047 ..JlacX10Q' 

r8 = arc distance in m 

p= soil resistivity in Q-cm 

!
80 

= the fault current in kA 

If p $ 100,000 Q-cm 

if p > 100,000 Q-cm 

6.3 Data and Documentation Requirements 

(2) '' .. 

(3) 

• '' e ;~·: 

"ii, 

Where the Severity Rankings Guidelines criteria indicated a more detailed analysis is necessa,Y·;:colle\:t 
•'·'·'··•'"' 

following information where possible, to facilitate development of an AC interference 

. cont~ins a sample data log provided for reference: ·:,: 

Pipeline Parameters: ·!> .:·, 

• Routing geometry 
·;::· 

• Depth of cover 
• Diameter 

• Coating details 
• Coating resistance 

• Existing CP installations 

• · ' Location of bonds •,:•· 

• · . Soil resistivity at multiple depths and locations along the ROW 
• Location of insulating joints 

Power line Parameters: 

• Routing geometry 
• Number of circuits 

• Conductor configuration (dimensions, orientation, phasing) 
• Conductor loading (Peak and Emergency current) 

·;·' 
' ~ ' . 

'.;·: 

ll 



;.··· ),:' 

~ 

·· ~.. To~er ground resistance 

····•' Maximum fault voltage 
• Fault clearing time 
• Shield wire configuration 

6.4 General Recommendations 
: .;!<"·;:·,,.,,,._, •, .;-,.,; '··--·~·-".~.><~·~-1~--~-

As the operating current is a controlling parameter influencing AC interference; it is ·recoinmeridedJO;:~ 
~·: ·,~-:~!:~~,.jl''~:;•' 

the power line load current from the relevant electrical utility operator when, a1:;e,~~,i8g,, ~ co}location,J 
threat Of AC interference. Historically, lack of collaboration between pipeline :ahd: poweninr 
led to projects being assessed without accurate understanding of the power li~~i'ii~d'+J,i~' . 

an overly conservative and costly design or an under-designed system 
. interference. Collaboration between the respestive pipeline and power line ooerato'rs 
assessment and efficient mitigation of any possible interference effects. 

II .J,•:.,r;:H:.,.E: 

In addition to the assessment described in pr~vious sections, the following g~neral 'i-ecd~:~~~~ 
for collocations and crossings where AC interference is a concern: 

' .. 
• 

• 

• 

.. 

• 

Install coupon test stations or ER pro~es to monitor AC Current de~~ity, a;~~~pon);utf~#~l~te_ll,;of 
1.0 cm2 is recommended. 

During pipeline construction near HVAC transmission lines, confi~.;n:! 
program complies with the recommended 15 VAC limit for shock hazards, .•• 
construction standards as referenced in Section 3.2.2. . _: ::·5;~/·F :,;;.:·;·:;;.·~-- . ·. 

. l -!i··;:·:·~~:s·~ j:.:~?~::.~-
Record AC pipe-to-soil potentials along with the DC pipe-to-soil potentials during the annual ~athodic, 
protection survey on sections where AC interference threats may exist. This can provide information, 
should the power transmission company change its operating parameters, or unexpected changes 
occur between the pipeline and transmission line. ··-·. 

;~·{~·:~;~-~·;:±h;~y;: .. ; ·: ·:. 
Request PO. wer line loads corresponding to the time of AC pipe-to-soil potential meas0j'ei)1¢J:if\to . 

··'·I ' '' ... .i -· •·: 1~-.:->;· ... ,_J":''·':, 

provide thoro_ugh understanding of the ,interference measurements . ;;:: :· · ~--~i::i r;;~i:~;~~~~l·Si-:':;~rf~i:;~--:;_: 
-~ ",, ' '•:_ '.' .;;:-;;,.:..;:·:'··::~~- .. ~t,:·.· 

Measure soil resistivity at locations where AC interference threats may exist. This.d~t<fig.Jr!bEi':ll~ed 
with the measured AC potentials to estimate theoretical AC current density for specifi2J6'c~tT<fii'~:i;, 
the absence of coupons or ER probes. ·r · · ':,'•:i;>r'\i);i•: . 

. , . . :··(:·.i),:-(;i:.:_:t~r:· 
Operating personnel should be trained in the hazards and safe practices associated with working on 
pipelines subject to HVAC interference :;;·):':~· .•. '· ... :·· 

, . " ': "'.. ·. . : .. , .;(;~~.;;~~;~;:_;\~~;::r:.-;. ·: .. 
• suspend work (when possible) along the collocated or crossing section of pipeline ·during·;weathei: . 

conditions that may lead to a transmission line fault. '·, .. ··:~<· ''' · 
·: :·i :;:·,\~~(::~·-·_-:. < 

Safety. precautions are required when making electrical measurements: · ,_. ' ' , _;-')1~i~f:Yd:ID~.5~ 
·, · .. ,_.~·:: ~~·:::-:.·:;L!~,.,~_.,: 

• Only knowledgeable and qualified personnel trained in electrical safety precautions install/ adjust, .. 
repair, remove, or test impressed current cathodic protection and AC mitigation equipmerit>:·:"..·,,:CT::•·,\• . 

- I" ' ' , , : .:'~ ;~·,,: :;_,_;:~;){;..·' 
• Properly insulated test lead clips and .terminals should be used to prevent direct contact with .the 

• 

high voltage source. 

Attach test clips one at a time using a single-hand technique for each :~onn~~i~ri,whe~'.l ;6~;~\\1;~1·1i~)!:r· •. · •..• 
'.,,;-:!;::j 

. ' ..... '"''' '"'''"""''::·:":·: 

r.! 
' 



'-•!'' 

' ~' 

• Extended test leads require caution near overhead HVAC power lines, 

voltages onto the te;st leads, or present a source of data error. 

'"' ::ii 
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~- :' ' 
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•!. 

·!I! 

..• I 

,, 
:,, 



,, 

7 ··REFERENCES 

· i. NACE TG 327, "AC Corrosion State-of-the-Art: Corrosion 
Requirements, NACE Report 35110, 2010 

'2. S. Finneran, B. Krebs, "Advances in HVAC Transmission 
Corrosion", CORROSION 2014, Paper No. 2014-4421 

'!:. 

3. P. Simon, "Overview of HVAC Transmission Line Interference Issues on Buri .. ed 

4. R. Gummow, S. Segall, "AC Interference Guidelines," CEPA 2014 

,;,·: 

, ·- -i· ";: ~: :;:_J~:~; ;' ~- ':;·\; .. l;ii : ·t I.; •j!) · (!::~.~-~~:'~;~~~~~-~~-.:..-,~:--
; 5. E,-Kirkpatrick, "Basic Concepts of Induced AC Voltages on Pipelines," Materi~~s;.~~.i,f~~~~-~E~.~~~£l~3~ ·.·· 

_:- , . . , . '. ,, ., ,. ·'., . ·:. ~-. o-: "~-~·~~ .. ,.t'!•, ,:,·-:·o!':'\: .. ;.._~,. ::··:·· 
6 ... B •. Tribollet, "AC-Induced Corrosion of Underground Pipelines," Underground Pipeline Ccirros'-"-·""M •·· ·• · · 

p. 35-61 .::· .'::,1 i:.d:;,,~:t.::~i:~.~ 

· 7. Prinz, W. "AC Induced Corrosion on Cathodically Protected Pipelines", 
Proceedings of NACE, Nashville, USA, 26 April-1 

I "') .. •::;;~· 

8. H. Hanson, J. Smart, "AC Corrosion on a Pipeline Located in an HVAC Utility Corridor" 

2004, Paper No. 04209 . : .··· . .:•·· .... , ~-· .. ,, ,. 

9. M. Yunovich, N.G. Thompson, "AC Corrosion: Corrosion Rate and Mitigation .. Requirements," . 
CORROSION 2004 Paper No. 206 2004 ): ::: •/J,:: :: 

I I . ' '' ' : .. '.: '. f:~;}'~:{:~1~T:;·.'.-::, 
10. M. Yunovich, N. Thompson, "AC Corrosion: Mechanism and Proposed Model,", Proceedings·:of 

International Pipeline Conference 2004, paper no. IPC04-0574 · , . · .:i' i!'~L,;,:,•·,;:: :, 
. ' : " :. '~~~ ::_.;/i·::r:1.fii.h'7;~~-:~±+:" ' 

11. NACE SP0177-2014 "Mitigation of Alternating Current and Lightning Effects on Metallic StrUctures·aiid 
Corrosion Control Systems," 2014 :•;: ::.::''··:·~> · 

• J"'" 

. 12. CAN/CSA-C22.3 No.6-M91'"Principles and Practices of Electrical Coordination Between Pip~iir1~~%nil · · 
·. :, ·Electric Supply Lines," 2003 :• , .: . .:,•.·,~ .:"' 
:-_-.·.. · · . .. --".~ ::.r~li.>_,_7,-.• J:.?·;i::;:<;;-: 

i3. IEEE Std 80-2000 "Guide for Safety in AC Substation Grounding," 2000 • 1 

·' ' • 'lt0\:,t;~2j{~!~f:,<, , , 
' ·.·: r ,(:';·~~·:·;:;;:;.J~r~::\::: .. :>· 

14. S. Goidanich, L Lazzari, M. Ormallese, "AC Corrosion. Part 1: Effects on Overpotentials',o(Ariodii: and 
Cathodic Processes," Corrosion Science.S2, 2010 : ::j;·;~~hj.~~~;~::;;;~J~---::: ·_ 

; ;'_:·..[.~;:.E'?t~-~;,:~;:~t~ 
15. EN15280, "Evaluation of AC Corrosion Likelihood of Buried Pipelines Applicable -to': CathodiCally 

Protected Pipelines," 2013 -,:" ...... , . 
. ,,., .. 

16. R;_ Southey, F. Dawalibi, "Computer Modelling of AC Interference for the .,Most' Cost Effective 
· Solutions, "CORROSION 98, Paper No. 564 · -· .-. 

. 17. M. Buchler and H-G. Schoneich (2009), "Investigation of Alternating Current Corrosion od:~.tho~iJ~IJy·· 
Protected Pipelines: Development of a Detection Method, Mitigation Measures, a~d a' M~de(toi'the 

• 11 • • I:·: ::·; ;.;.~; T: ··.; '_- :;• 
Mechan1sm, Corros1on 65,578-586,2009. . .: -::i~·"··''' ,, , .. 

i::l- ,:,!i:i"~i~!tf.f~~1~.11~;_:; ... :' 
18. M. Ormellese, L Lazzari, et al, "Proposal of CP Criterion in the Presence of AC lnterfereni:e";'NACE 

2010, C2010-10032 . _ . ~-;"\:;,;::.j:~: 
19. R,. Gummow, S. Segall, "Pipeline AC Mitigation 19Misconceptions" NACE Northern Area Western 

·. C~nference, February 2010 . ', - , 
,--- '· '. . I f•;_ ,_.' . i .. : 'I' 

· 20. "Underground Electric Transmission Lines", Public Service Commission of Wisconsin, 

··-·"''· ··:,-



"I" 

1:.,. 

, 2L' L.'Koshcheev, "Environmental Characteristics of HVDC Overhead Transmission .Lmes::.Hv 
Transmission Institute, St. Petersburg, for Third International Workshop. 
North Eastern Asia 

22. Canadian Association of Petroleum PrClducers (CAPP), GUIDE, "lnflue~c~ of Hlgh "voitagg;p(:''PoWer 
Lines on Metallic Pipelines," June 2014 · 

23: ].:Dabkowski, "Methodologies for AC Mitigation," CORROSION 2003, P<!p~r,No,;03.703 
~·:··:>:::.,..,f ::~;.:. :. :-- . :, ... :. ~:,:-;;;::: j::~~:.~:,_:;i:l !!·:!: -:.;::"·;; ~--;:e~·;:; __ ;,.;..,-:~_; --~.::-::.-.:··, 

. ··.24: J:c:Dabkowski, "AC Predictive and Mitigation Techniques", -· .. · -· · .. _ · .. · · • 
... , 'catalog No. l51835e, 1999 

25. rvi. Parker, E. Peattie, Pipeline Corrosiori and Cathodic Protection, 1988' 

26. DOT PHMSA Regulations §49 CFR Part ~gs Subpart H Corrosion Control (195.55J]': 

27. DOT PHMSA Regulations §49 CFR Par/192 Subpart I Requirements for Corro~i()~ 
192.491) 

28. H; Dwight, "Calculation of Resistances to Ground," Transactions of the American Institute of Electrical 
Engineers, Vol. 55, No.12, (December 1936), pp.1319-1328. 

29. J. Dabkowski, "Mitigation of Buried Pipeline Voltages Due to 60 Hz AC Inductive (.Ouollnl!. 
of Joint Rights-of-Way," IEEE Transactions on Power Apparatus and Systems 
(Sept/Oct, 1979): 1806-1813 

30. E. Sunde, "Earth Conduction Effects in Transmission Systems", New York, 1968 •. 1 

31. I. Ragualt, "AC corrosion induced by VHV electrical lines on polyethylene coated steel ga~pipelihes," 
. CORROSION 98, Paper No. 557 . ' , ... ·. ..• ' ' ... ~:;: 

:: : .. : .... ·_··:,: .<:~·:·~:-::n):_~::~:!::··_::.~---
32. R:'Wakelin, R. Gum mow and S. Segall, "AC Corrosion- Case Histories, Test Procedures andMitigatio'njl 

CORROSION 98 Paper No 565 1998 , · · .:.•.'f:.f~ft::,;,::,:,: 
' . I :- ' ·:I;; : ;>.:_i ::-::-:i;&~.l~.:~P:Ff.:.-:2 ;~· . 

33. S. Goidanich, "Influence of Alternating Current on Metals Corrosion," PhD thesis, Politecnico'di;Milano, 
2005 . , • : :.: .•.. ;;: •• ~, 1·:.t;;•oi;:;.;;,: •... • I '1" ·' ~'1'''1"flt~r'"':iii:!i'q!,· '," :':: ::.:-:-:~\·~~:·:t;l:'~_;'~:::~' 

34. P. Nicholson, "High Voltage Direct Current Interference With 
CORROSION 2010, NACE Paper No.10102 

!:.~.' 

Underground/Underwater" Pipelines," 

) ;.· 

·:i,, 
' ~ I 

'C'I 

' 
·::1 



'' -

;;.· 

)> 

:g 
m 
z 
,o 

loot 
.. _,,,,."'" X 

)> 



.. '\ Whe~{published, historically identified corrosi~m defects and . . . .... _ . •.· .. 
··. · · degra~ati;n were reviewed and are presented to demonstrate the magnitud~s and,.l/ariillliiii:y)ci~ 

' . ' ' ' " : . ; - ' ~ ~ -' ' ' ;:: ; t -. 

· · rates possible with AC accelerated corrosion. The general findings, discussion, technical detail' 
are utilized and summarized throughout this document. 

Thi~-lack'of industry consensus on the subject. of AC corrosion guidelines has led to.;vaHe'cf 

pipeline operators in regards to mitigating AC interference on pipelines. As part of this-study; 
;_o·•·•'!-f''t'h~1·';to.;o,~,_'-:,,, 

.. Found~,ti?,n requested a review ~f industry practices and procedur~s related-~~ ,~c i~,:<;rfj~~~ce~p-p,[,if,,~~~ 
: .,:· Foundat1on. prov1ded DNV GL w1th the procedures related to AC Interference or 11]1tlgiltlon :foro;::J.:();,:pipehne 

;."_.··.;!'·· ::· .. :·.: .... ,. ,:;~- ·• · .:,:r:·:•.,;-, ... ~::';!-~,,::.-,>,;· ... J!·:.::,;;.("f"i-:-.~.~~':!~·:·.~~::!:--:: 
·. :•.operators~who are members of the Foundation. The primary finding fro11J•.this:,::~evu;iw:"-~•'-'~•··~-·--···-· 

signifi'~ar\i:cvariation in company procedures with respect to AC interference.iBa~~c:fi'up~~. 
the procedures provided address a safety concern and define a maximum allowable :Ac 'pipeftili$9.~)~otenti~i 

'' . . :. ' •. ' ~.-·: -, : ::·: '-.': •"l,!l,t..fJ,O:~tf~tr~;;.""''·~---- - --. ·' ', ' 
limit for above grade appurtenances. Faults were included as a concern/risk for pipelines in'dose;:oroximitv 

to HVACpower lines in almost all of the procedures. However, few addressed coating stf/;~~<]ijl 
which mitigation is required. For current density criteria, several procedures had clearly defined'lirfi'iiSi'•wti"ile 

others addressed it as a concern for AC corrosion but did not specify a targeted limit of AC currentdensity·qr 
define limits for mitigation. 

,_;·-·- ,· ,. 

Case $tudies 

Numerous studies, both laboratory and field based, have been performed that attempt ·to:~. determine . · 

magnitudes of corrosion rates associated with AC interference. However, reviewing availabie~technical 
'.· ' ' -·: ·,-y:;;··t~~-~--~:1-:r;..;-~;-,_,~ ,. . 

literature confirms a wide range of experimental rates, and a scarcity of controlled field measured:r.ates~~:--!:". 
·:· ·! . -~:~. :.~~;-;~S!--<,:-9:~::.::: 

Where published, historically identified corrosion defects and pipeline failures associated with AC corr()sion 
degradatipn have been reviewed and are presented to demonstrate the magnitudes and variability· in 

corrosio~:rates possible with AC accelerated corrosion. . . .. . .... :> .. 
•' --·":·:~· :·~ ' . : ~'' ·. ,;; ·::._;;!;i,_q_~;;~;,_,;i)::_,.~ 

. Field investigations reported by Ragault" considering a coated cathodically protected pipeH~e;·,;-i~;~_ehW'i,ed .• · 

corrosion. rates between 12 and 54 mpy (0.3 and 1.4 mm/yr), for AC current densities· rangi.Qg_be~~e.n ,,8.4 ·--,- -
d 1 100 A/ 2 . . . "'"'''''' . · ... an , m. .,. :. ,·-·::.l(.-~;"'!',l.::::::;.:t!~::;. 

' : ., . '·::..:·:·::.-:r~··[,;:.'." .;':)'"::.-,.: •. , 
Wakelin,' Gummow, et al32 provided three case studies where field inspections idehtified·: d~fettS'''a~~iki,c ; '' ~"·> ..-:·':' __ ::·-~-~;;:-~:~--
corrosion-related degradation. Based on inspection intervals and corrosion degradation,ccorrosion•rateswere 
identified ranging from 17 to 54 mpy (0.4 to 1.4 mmjyr) for AC current densities between 75 and'200 Atm2:: 

,.,. ,·, , .. .__. "' 

:A German . .field coupon study, published by 'Prinz, and Shoneich,' indicated. gene~ai AC co~rosion rates 

: between 2 to 4 mpy (0.015 to 0.1 mmjyr) for a current density of 100 Nm2
; ~nd ).2 .;,py (o:(~~(Y£~il~t 

400 A/m 2 
.• However, pitting rates were considerably greater and showed a wider range between:!L~Hii:;ss · 

mpy.(o.i'to 1.4 mm/yr), with considerably less dependence on AC density.6 • ':ij•i:i\' :• .. ,,., 
' ':11 .~;·.·~·. 

A doctoral thesis study by Goidanich presents similar findings concluding that AC current densl/&!a'~-~ow.:as 
10 A/m 2 may be considered hazardous as the experimental studies showed it nearly doubl<!d\h·e:c:f~ee 
corrosion rate of the experimental samples in simulated soil tests.33 

. A 199B- report by Wakelin, Gummow, et al published by NACE reviewed several case studies dating 'back to 
the i9GO's where AC corrosion was identified or suspected to be the primary m~chanism' of degradati~ri: The· 

report s~mmarized recorded details on multiple case studies with specific focus on co'1Jpari~ohj'~\'!:'sir~si~l1 
rates and AC current density where known. In 1991, a failure investigated on a 12-inch diameter: pipeline 
concluded AC accelerated corrosion after onlyfour (4) years of service. Induced AC potentia.ls ·;y;-e~~ured as 

. ::~'~,l:~I1fr-;~ 
.> :; 

., 

''_r :··! . : ' [''jj!~i:!Miliji~fi!:"• 
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high .. as 28 volts. Based on the nominal wal!"thickness and time to leak, 

through wall pit was estimated to be greater than 55 mpy. Two other case studies indicated::fhiii 
induced corrosion rates for the identified sites between 11 and 24 mpy. 

A 2004 paper by Hanson and Smart, published by NACE, presents a case study for a 
::•;'thE!':Su.'nriier. of 2000. 8 The pipeline was coll~~ated in a shared ROW with a: 230 
· '·app~b~im~tely 9 miles, and then entered a shared power corridor with six pb\V~r · 

which were rated at sao kV, all within sufficient proximity of the pipeline: to·: 

occur~ed within 5 months of installation, before the line was in operation. Several other.,l,eaks: 

shortly after, with four leaks within close proximity. Induced AC potential measurements 
as high as 90 volts on the pipeline. The failure assessment indicated the corrosion wa.~ . 

corrosion! and estimated rates in excess of 400 mpy. 

The majority of literature reviewed indicates AC corrosion rates in the range of 5 to '6o':mpy;' 

· · cases fiav~ been identified with localized corrosion rates significantly greater, .in 1 exc~s,i"'of 400 iiipy.Tiiere.iv. 
- ' I • " ' " •;,_,• • , '" ~: ~:~;_,;·:, "' 

general agreement that higher AC current density leads to greater risk of AC corrosion .. While h"igher:cu~rerit 
.. ·- .; ,- .. :· _; __ .... ~c'.··. 

density may lead to accelerated corrosion rates, the correlation is not simple or direct. 
,,,, 
:1: I 

International Standards 

Review and comparison of multiple international standards identified the consistencies and variations 

accepted industry standards. -·-. 

Recent: laboratory and field work has focused on the interaction between AC and DC current" densitY in 

determining overall risk of AC corrosion, and the latest European standards 'reflect this ~s ·'cif~tusseif'ih 
Section 3.3.1.1. 15 However, there is no generally accepted method of correlating current deh~iW'·'iir"'~ny 
other measurable indicator to an expected corrosion rate. A direct method of approximating thejAcicb_rrqslon ·· 

. I· , •:-..:·,,j·l<'d~·-~:.::'"',·;~. 

rate using a buried coupon or probe would provide accurate information. · . :i i! :b.::;: ~-l4liWt~~J7~~jq)::~ ·. 
. ' -:· :·,: ~;.-:(~;~;,~:~:'·- ~::.{::.::,:., .. 

The Canadian Standards Association (CSA), NACE International (NACE), and the European Committee::for : 
Standardization (CEN) have developed published standards addressing HVAC interference issues, as beiQIA!~: . 

: .. . - ' ~~ ~ ' 

• .. ' CAN/CSA-C22.3 No. 6-13 "Principles and Practices of Electrical Coordination.B~tween~ipeli~~s.apd 
·····' Electric Supply Lines : .• ·' '· ,.' .. : :: .. jji~ :: .. _;·'.:,;:,:,•:· .. -

• NACE SP0177-2014 "Mitigation of Alternating current and Lightning Effecti. ~n Meta;IW:sSJ~G~~~ . 
and Corrosion Control Systems . .:,;:.;;:!i':. : ,.,··: '' : :·:•_:' .. <' .-' '"):/·~-- · .. · . 

• CEN EN 50443:2012 "Effects of Electromagnetic Interference on Pipelines CauJ~.j'i)'y:i'Hl~f{\i%)tifge. 
AC Electric Traction Systems and/or High Voltage AC Power Supply Systems" · ·· '':1;::·;•.:;".c,,;;.": 

• CEN EN 15280:2013 "Evaluation of AC Corrosion likelihood of buried pipelines applicable'·to 
. :cathodically protected pipelines" 

. ' ";_ ··.. . ' . > . ,_ -"' ' .. · , .. :::.!::~ ::, .. - _,.;:::l;,~--~~·::.~ 
·of t~ese. _standards, the first three primaril~, discuss safety issues, interf~_r~~~e i:.~~~~~~·:i~.~~1,jffi~~~g~~b~2, 

,,,..;... .... ··, .• 

. systems but do not explicitly . address criteria for AC corrosion control. The:' European ;;stand~rd 
EN15280:2013 deals specifically with corrosion due to AC interference, and establishing crit!lri~:~rctolerable . 
limits for interference effects, as presented in Section 3.3.1.1. ·,:;: ·::.·J:·:-:f.~"j~-~j!~J~;~S:>:_...-:. · 

I: :~; :/:~~~rc·{r:~:.~fJ:~:,::~ 
NACE Standard Practice SP0177-2014, Mitigation of Alternating Current and Lightning Effects._pn, M..eta.(fic; · 

Structures and Corrosion Control Systems, addresses problems caused primarily by the proxi.mity,"of r!)e~~Ui,c 
,_, ·''' " __ ,, ' .. ' .. !•.'•: ··.:·.' -·_·'1.'"'' 

,, 



::':--

.strJctures to AC power transmission systems: In this standard practice document,-
. ···.-: ·- . :·_ '·, _' ', ,_ . ' •(l,Jr..::::-·:,_, ... ~·:-;:; 

steady· state touch voltage of 15 volts or more with respect to local earth 'at above-grad·ecror··ex!!f 
. . ' ' _., . ; I .• - · · .• _:: L· :e~'J.> . .\.::::'~;;ll.:J'\"1 

sections and appurtenances to constitute a shock hazard. Findings presented in the stang~s.d•i.f,Pjic.a~~: 
average hand-to-hand or hand-to-foot resistance for adult male ranges from 600 
NACE uses "a reasonable safe value" of 1,500 ohms (hand-to-hand or hand-tocfootr 

currents. Based upon work by C.F. Dalziel regarding muscular contraction, SPOiTl 
inability to release contact occurs between 6 mA and 20 mA for adult males. 10 Ten 

. ' '• ~- -~~ 

or hand-to-foot) is recognized as the maximum safe let-go current. This 15-volt safety,tl)reshold·:1s'there· 
det~rmined based upon 1,500 ohms hand-to-hand or hand-to-foot rP<i••~nrP 

"areas (such as urban residential zones or school zones) in which a high probability exi~~ th~t;cP,~~g~~9l£~to .. 
are more sensitive to shock hazard than are adults) can come in contact with a structure unqe,rt2~i!)\W~·7·ce ·. 
of induced AC voltage."10 This standard practice document requires remedial measures to reduce:the':·~ou 
potential on the pipeline where shock hazards exist. 

,:· .... 

During construction of metallic structures in regions of AC interference, SPO 77-2014 requires minimum 

·. protective requirements of the following: o . : .:r> · .. :: ... :·.· .. . .. 
·. · :·! ~~-~ :.~,:,::.;_:::::>!.iir: .. :· · :·, ;· 

• "On long metallic structures paralleling AC power systems, temporary electrical grounils''s/lall'•be.· 

used at intervals not greater than 300 m (1,000 feet), with the first ground instaneCi''at· the 

beginning of the section. Under certain conditions, a ground may be required on indiyid~:~Cst~~c:):ure · 

• 

. . . . , ·· ' · ··~'J.:~'"-::CUJiln~.;--.,. 
JOints or sect1ons before handling. . • •:; .. ,:- ···'";: .. ; 

'"".?. ~ ·. _:~ -'~.:;:~~:;~~::.·· 
"All temporary grounding connections shall be left in place until immediately prior to :backfi.lling • 

.. Sufficient temporary grounds shall be maintained on each portion of the structure until:adequate 

permanent grounding connections have been made." _ __ · 1:::1 :~7;;;; -~:·~- .-:_.~-

.The 'intent of the temporary grounds is to reduce AC potentials on the structure, and thus the stfd2k;~.~;g~(j ... 
· to personnel during construction. SP0177-2014 advises against direct connections to 'tiie' elect~i.~.~i'"'tftfi·i~;S .. 

: '' '" ' :--!•' .: ~~--'"!''; ,_,_ ''" ··' - - ' 
grounding system during construction as this· could actually increase the probability of a ·sho~~:ll~~~rd to 
perSonnel. ·· _,(:. :'. 1 ::1·~:·1 :1-if:~-~~~~--~Sf;~t:?~-: 

. -~: ~- :~:r;:~s-:;.'-~;1:::;:::;-;·: 

Regarding AC corrosion, there are no established criteria for AC corrosion control provided in SP0177~2014. 
,_ I - :·~-· ·'·:-•· .. • 

Further, this standard states that the subject of AC corrosion is "not quite f~l,ly understood, nor.i~ th.:re:an · 

. industry consensus on this subject. There are reported incidents of AC corrosiqn o~,b~riedpip~).in~~;U~9er 
.··.specific conditions, and there are also many case histories of pipelines operating under the .influ~nC:e:i>f. 

.. " ' - ·J :- -~--- .. _ ... """':.····: .. t.'<·· ;. 
induced AC for many years without any reports of AC corrosion." · .. 

1 

;T:'~·;f:':n;· .. ,: c>· · 

While not a Standard Practice document, NACE published "AC Corrosion State-of-the~Art: Co~t~~io~ ·R~i:e, 
. .' . ., • • - • ' ~~--.> ,. . . ,: ' :· . -

Mechanism, and Mitigation Requirements"' in 2010, providing guidance for evaluating AC currelit:density, 
and providing recommended limits as discussed in Section 3.3.1.1. ·• ::,::;:.,·;"'',; •· ... 

The State-of-the-Art report also cites European Standard CEN/TS 15280:200615, ,;,hich previo~~jy·~;~~ed .. ' .... ·- .. 
. the following guidelines related to the likelihood of AC corrosion: 

'The pipeline is considered protected from AC corrosion if the root mean square (RMS) Ai:.densit:y, is · 

lower than 30 Ajm2 (2.8 A/ft'). '' , .. • . ,· ~:' .. : i~\;~ig!IWE.!/ 

, .. · ' ~1~f","i~"i~L 
--1\:: :):-E:~~-~-~ 

i.:.·>·: ·.,:· ;:;; ~! -·~~- c;-; 

i:: 

,., .,,,: 
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In practice, the evaluation of AC corroilon likelihood is done on a broader basii/ :; 

• 

• 

• 

EN 15280:2013 

Current density lower than.30 A/rrfl (2.8 A/rf): no or low likelihood/'',,: 

Current density between 30 and 100 A/m2 (2.8 and 9.3 A/rf): medium likelihood;-a{J&;X 

Current density higher than 100 A/rrfl (9.3 A/rf): very high likelihodi:JH . :: Li;;,;,:!;ffit: 
·;.::;:.;:.-: ... ,' 

.. . .· 2- I . . ;i c:i§i1l:~'J":;'c 
The .latest revision of EN 15280:2013 was revised to present criteria based upon the:Aq .lnterfer!!llcE>;~. 

·current due to CP. EN 15280:2013 presents using the cathodic protection system of t~e· 
the levels of induced AC potential do not cause', AC corrosion under the following conditions: .. 

'-~~1:;2~.-~:;;.~~;-~-~- ,_-~· . 
L AC voltage on the pipeline should be decreased to a target value, which should be ,less.ttl~rj:'c~'$:Y': 

(measured over a representative time period, i.e. 24 hr) · · · · · .:;.c;·, ;, .. ;z;:;;;:::: 
c: ,. '.'. ·-: ·:::.:. .:;.:..,:~~>~<<. 

2. Effective AC corrosion mitigation can be achieved while maintaining cathodic protectio~!-~ri~_€rf?:ita~s.-:._:::_·· 
. . " ·~.::· .• :,~·:'.~:::;:·~-;;.-;,,~:t~-~- :.··' 

defmed m EN 12954:2001 · : . · , · ···"'·'··)'"'·'"·' ... 
- -,;;:~f·?~:-f_·_~:: .. ~r:·: ·c ... 

3. One of the following conditions is satisfied in addition to items 1 and 2: .•.. ,.._' -··· .... ·.•.• ..... 

0 

0 

Maintain AC current density (RMS) over a representative period of time (i.e. 24 h~fr~si._than 
30 A/m 2 (2.8 A/ft2) on a 1cm2 coupon or probe " · .. :·;: ... •':::C:C_;'•~:· ·. 

If AC current density is greater than 30 Nm' (2.8 A/ft'), maintain the average ca~h~di~ (DC) , , . 
current density over a representative period of time (i.e. 24 hr) less than 1 A/m2 on a 1cm2 

' ; ·~: •, •"· ' .. ·., 
coupon or probe " ~ . '·:·.-:·:~<.-:-, 

". . -.I !---~ r:.:_:::7i~'~;?:.:-·. .· 
o Maintain a ratio between AC current density and DC current density ;C·J•ce~s)1r!,:,s.~:~vWt.S · 

over a representative period oftime (i.e. 24 hr) . . · ' ·:;;s ·c' • ,· 

The NACE State-of-the-Art report also references experimental studies by Yunovich and Thompsohitti'aL:~;' 
concluded . · · :.: -··:;:_:_~;~t~?-~}~:~~<;.-~:. 

-"··· 

"AC density discharge on the order of 20 A/m2 (1.9 A!rf) can produce significantly'enti~'riied · 
corrosion (higher rates of penetration· and general attack without applied CP). 'Further,: the authors 
seated that there likely was not a theoretical 'safe' AC density (i.e., a threshOld below which Ai:;'f:/O.es 

" ·:" ' : -I-~~-•• :: . ' : ' - . 

not enhance corrosion); however, a practical one for which the increase in corrpsion because:·Ac.is · 
.. ,·' . '·- · .. ·--~-- ~- '--·1_: __ -: .... . 

not appreciably greater than the free-corrosion rate for a particular soil condition maY, ex,ls.t:-''}. ' · '· ' 

'i!: 

' ·1!· 
;c'l'l 
'' 
'~ ·,; I 

:j_,-· 
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Pipe Coating Conductance/Resistance 

Pipe Line Corrosion and Cathodic 

No. 
Coating 
Quality 

Soil 
Resistivity 

Marshall E. Parker & Edward G. Peattie 
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:' Zinc Ribbon 

::. 

Advantages , .. .. ... 
• Can typically be installed during pipeline construction minimizing installation' cost~·· 
• Cost of raw material is typically one third the cost of copper · .... , 

Can be trenched or plowed in relatively inexpensively after pipeline installation 
• Typically results in very low resistances 

: • · Historically has performed as intenped 
'·' ,, ... · : • Surface mitigation ribbon can double as shielding for fault mitigation 

Disadvantages . . 
• Zinc clad ribbon is more difficult to work with compared to copper'' 
• life expectancy is generally less th~n comparable copper installation 

Co'j)per Cable 
Advantages 

Can typically be installed during pipeline construction minimizing installation costs 
Can be trenched or plowed in relatively inexpensively after pipeline installation 

• Typically results in very low resistances 
Historically has performed as intended 

• Surface mitigation cable can double as shielding for fault mitigation . : ,1,,:,::.:;;1:.:;•<:::, .• '' 
• Depending on the size cable the material cost of a copper installation can be lower thar);ii'>z\nc':.': 

installation ·:~.:8:~~~·0;~;;;-.: 

Disadvantages 
• Cost of raw material is typically higher than the cost of zinc 

Risk of having a more noble metal (cathodic) near or connected to pipeline even if through::a:i:T' 
. '" -. '"' ;,, -~:~;:,;>::-~ decoupler ., ·· ........ -~·-

Deep Grounding (anodes used as the·grouildl 
· Advantages 

• May be advantageous when surface resistivity is extremely high 
Disadvantages 

• Typically high cost for both installation and materials 
Generally not suitable for mitigating ground potential rises (GPR) or arcing issues 
with faults 

Shallow Grounding (driven ground rods or bored ribbon or cable) 
Advantages 

,~,,: · • .. Can be used to supplement horizontal ribbon or cable installation if required · 
• Magnitude of the surface resistivity affects the resistance .:: 'i· ,2.:•:f: 

Disadvantages ' :~·- :::•· _,-. ... ,·;::.;~:;:;·;'<:~·-'·· 
• Generally not suitable for mitigating ground potential rises (GPR) or arcing issues associated '/f·· 

with faults · . . . . .. 

Engineered mitigation and/or Additives <no specific product identified} 
Advantages 

Could increase design life 
. Disadvantages 

Notes: 
1) 

2) 

• J ". 

Typically increases the material costs 

These are typical statements and there are instances where they do not apply. .:,'• .. '~·:· .. · ·.<f· 
All mitigation installations are considered connected through a decoupling device such thafthereJs · 
no direct passage of DC current to or from the mitigation. :' -: · :;.r~·.:-~:::~:):~:~< 

r , ••• , - •• •• ~ ;:--;;· 
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Company: ______________________________ __ 

Project: ---------------------------..:._ ____ _ 
Project Number:------------..:._ __ _ 
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