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The Price Effects of HVTLs
on Abutting Homes

by Stei}en C. Bottemiller, MAI, and Marvin L. Wolverton, PhD, MAI i ‘.‘: :

In fulfillment of its mission, BPA now operates a system of 15,000 circuit miles!

of high-voltage transmission lines (HVTLSs). BPA’s 500,000-square-mile service
area includes 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 lo the region’s utility companies at cosL 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 land -
in these western states, they also run throughout the urbanized western regions, .
of Oregon and Washington in and around dense housing markets in Portland |
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,? although
the most frequently occurring line voltages are 115 kV (23.4% of the HVTLs),

250 kV (55.0% of the HVTLs), and 500 kV (51.1% of the HVTLs). The HVTLs

abulling 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 reducing 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 abulting property owners, who own the underlying fee title, for

gardening or other agrarian purposes subject to BPA’s need for maintenance access. ;

1. A clrcult mile, as the name implies, Is the distance covered by a circuit. A transmission right of way often
accommodates more than one circuit. For example, a right of way containing three circuits would include three
circuit miles for each right-ofway mile.

2. AkVis a kilovolt (1,000 velts).
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-he Bonneville Power Administration (BPA) was created in 1957 to market

electricity generated at the then new Bonneville Dam on the Columbia River. i -1 =%/ el
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. This study was undertakén to gain fﬁ}ther
understanding regarding the effect of BPA’s HVTL
rights ‘of way on abutting single-family home
prices. The sample data was sufficient to derive
precisé‘ market price equations via multiple ]inear
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 m11110n in price, in comparison to HVTL effects
on more typically priced homes. Lastly, the study
looks at price movement in response o changing
market conditions over the 2% year study penod
‘10 determme whether or not HVTL abutting homes
' apprecxated in value at a rate different from non-
HVTL abutting homes.
~ Giventhe moderate marine climate in Portla.nd
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 trees grow smaller, less vigorously, or not at
~ all. As a result, the findings of this study relate best
_to the. pormm of the service area located west of
the Cascade Mountains where the marine climate
prevails and large trees are abundant. There are
nevertheless differences between the Portland
sample and the Seattle sample. In particular, lot sizes
are typically much smaller in the Portland sample

(roughly 6,600 squarc feet, compared to roughly

1 acre on average in Seattle). Therefore, Portland

homes cover amuch greater proportion of the typical

Iot, leaving less room for HVTL view-blocking trees.

For this reason alone, the Portland results are not

apphcable to Seattle and the Seattle results are not

applicable to Portland. i'-

The study is organized as follows. A 11terature
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

o sample;‘.:(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 possible in

3, Jennifer M. Pitts and Thomas 0, Jackson, “Power Lires and P;opcny Values Revislted,” The Approisal Journal (Fé!l 2007y 323-325.
Mnchael Rikon, “Electromagnetic Radiation Fleld Property Devajuation,” The Appraisal Journal {January 1998): 87-90.
5. James A, Bryant and Donald R. Epley, “Cancerphobia: Electromagnatlc Fields and Their Impact in Reszdent al Loan Values. Journal [/

E

- Research 15, no. 2/2 {1998): 115-129, T

6. ‘Susan M. Tikaisky and Cassandra J. Willyard, “Aesthetics and Public Perception of Transmission Structures,”] nght of wey (Marcn/Aprll 20
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of the amcle.

Literature Review

appraisers of the need to assess‘whether market
behavior is rational or not (if this need e ev
existed), and frees them to base; them conclu 0
solely on market data. :

Tikalsky and Willyard® chime in on the health
issue, stating “extensive research has yet, to estab].lsh
a link between health risks and. EME In' add.mon,
they provide a historical study :of HVTL".tI(uctUJ:
design over three decades and how des{ [

to “public percep tion oftransrmssmn line .In2008'
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. agdds a list of factors that affect the 1mpact of
: power ]mes and design elements to consider as; ways

Cto'x mmgate the impact. He notes that diverse impacts

stem from differences in dcve]opment densuy, right
of way. “width (power line distance), right of way
_ -amemt_;es, and topography. Tree cover is nnpgrtant
as well, although not included in Holisko’s List.

.- These legal perspectives, as well as personal
eLperlence with high-voltage transmission lines,
: .led to the'studys focus on the *what” rathenthan
. the “why of HVTL 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 1967, Kinnard reported on a survey of owners
- of residential properties located in subdivisions
either abutting power line right of way casementls or
encumbered by them.® His findings were based on 561
responses from residents of 15 subdivisions located in
Hartford, Conmecticut. He also surveyed appraisers,
builders, real estate sales professionals, and lenders.
Kinnard’s main findings were (1} the value of most
residential properties is unaffected by overhead elec-
tric fransmission lines, (2) overhead electric lines do
~ affect land development by reducing density due to
larger lots being typical of abutting and encumbered
properties, and (3) 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
_ powerful enough Lo measure and control for all of the
factors affecting market value? :

In 1992, Kung and Seagle' analyzed 47 responses
to a survey of homeowners living near power lines.
They alsc analyzed a small sample of four home
sales near the same power lines and seven home
sales located in the same neighborhood but not

7. Gary Hollske, “Developing Near Transmissicn Lines?" Right o! Way (July/August 2008): 32-36. i '
- B:William N. Kinnard, Jr., “Tower Lines-and Reskdential Property Values,” The Appralsal Journal (April 1987 269—284
9. Lome Reesa, “The Puzzle of the Power Line,” The Appralsal Journal (October 1967): 555-560.

413—-418

11. Charles J. Celaney and Doug as Timmons, “High Voltage Power Lines: Do They Affect Resldential Property Value?” Joutnal of Reaf Estat

no. 3 {Summer 1992); 315-329,

12. Dean Chapman, “Transmission Lines and [ndustrial Property Value. Right of Way {(November/Detember 2005): 20—-2?

. near the power lmes Th'

1k

Appraisal Institute’s RM de31gn u
usable responses. In summary, )

(see Kinnard). However, use ‘of fan do’ﬁi i
melhods does support the validity of the

designated appraisers at that time:

Chapman'® provides a dlﬁ‘erentperspec,
effects of HVTLs by examining industrial p pemes
He reports on more than 100 interviews. of- property
owners, brokers, and propertymanagers ‘B sed on
interviews, Chapman finds no basis for o sequen
damages to industrial properties based ‘éﬁfpijcf}diﬁi
to HVTLs. He also provides an informative discussio:
of property rights issues and remainder ‘parce
configuration issues that can arise"when appralsmg
industrial properties in an eminent ‘domain setnn He
speaks to the issue of the difficultyof domﬂ matche
paxrs fand by 1mp11cat10n the beneflt of mulnple

property characteristics to control. -
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Most recently, Chalmers™ employs case sludy
methods to investigate' HVTL effects on generaliy
large land parcels located across West-centra1
Montana Properties studied were classified as
agrmultural production land, agricultural’ land
. Wlth a recreation influence, avncultu_ral Iand with

) hlgh recreatlon and natural feature amenities,rural
residential subdivisions with either less than or
greater than five-acre lots, large rural: resmentlal
acreages, and rural residential tracts (cabin sxtes)
The aunthor conciudes that properties orlented
toward residential use are more vulnerable to a
(negative) HVTL price effect, larger properues are
less'vulnerable, and when a market provides more

. purchasé alternatives (substitute properties) HVTL~

' 1mp@cte__3d propemes are more apt to experience
" a price effect. Price effect evidence presented by
Chalmers is primarily anecdotal, a consequence
of a paucity of data and information due to the
rural pature of the power lines’ location$ and
difficulties inherent in obtaining information in a
non-disclosure state.
Credible and reliable results are much more
difficult to obtain using survey and case study
methods: As these studies reveal, (1) survey methods
exhibit inherent difficulty controlling for all of the
factors affecting market value, (2) the opinions
of market participant proxies :(brokers, lenders,
and appraisers) may not accurately représent
the opiniens of buyers and sellers, and (3): case
study evidence is mostly anecdotal in nature.!*
For"thése‘reasons revealed-preference analyses
(&g regressmn modeling of actual market prices)
“are. much more popular for addressmg these
questlons today than stated-preference methods (e.g.
questionnaires, contingent valuation methods, and
case studies). Revealed-preference (price) anélyses
are used here. The database is relatively large
and regression modeling allows control for many
property characteristics and takes advantage of the
method’s stahstlcal power.® \ a1

dent estlmatlng “his/her reaction without the pressure of the transactlon, negot ation and financial commitment.” )
15. Statistical power can be thought of as the abiiity to isolate and assess the significance of small price movements. i
16. Peter F, Colwell and Kenneth W. Foley, “Electric Transmission Lines and the Selling Price of Residentlal T—'ropeny The Apprarsal‘ Joumef (0 ot;g 19

490-499. o

17. Peter F. Colwell, “Power Lines and Land Value," Journal of Reof Estate Research 5, no. 1 (Spring 1990): 117-127.
1.8. Stanley W, Hamiiton and Gregory M, Schwann, “Do High Voltage Electric Transmisslon Lines Affect Property Vaiue?" Land Economlcs 71 no

1995); 436-444,

19 LR, Cowger, Steven C. Bottemiller, and James M. Cahill, ‘Transmission Line Impact on Residential Property Values, Right or Way (September/October

1.996 s 13—17
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effects of an HVTL. Both analyses reﬁed off ni
reg;ressmn equations reiatmg the naturgl log

transactions from four nelghborhoods in Vancd\ivﬁer
Canada, occurring over the 19851991 peﬁo
study found a 6.3% diminnton in value for: home
in close proximity to power lines and towgrs..,An
important aspect of this study is the rich" (larg
and detailed) sample,. wl:uch enabled 'the’ aut.hor
to investigate the eﬂ“ects ‘of numerous eiements
comparison and to examine many funcnona] form
for the regression eguation. Price equauons Were S found
10 be heteroskedasuc, and esnmauon methods"wer

or lack of tree screenmg, and the like. 0

Cowger, Bottemill¢r, and Cahill® usedf
pairs to test for significant HVTL! proxnmty flects
They examined 296 matched pairs consmung of
home sale abutting an HVTL right of way:
a sale of a highly similar, nearby home unaffe
an HVTL. They used ftests to examine diﬁ‘erence
between pairs in mean price per square foof, ﬁndmg
that HVTL prommlty had no mpact on ho

he Appraisal Journal, Winter 2013
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The'study did not analyze or control for the impact of

ot szze dlﬂ"erences between affected and unaffected

propemes nor did it control for mmor dxfferenoes

in other elements of companson These potential
: wea.knesses were addressed in a follow-up study

by Wolverton and Bottemiller,*® where multiple
regressmn modeling was used to ‘control for element
of companson dxsparmes The follow-up Study
confirmed the “no-effect” conclusmn of the earher
matched palrs analysis.. . | 1 5

Des Rosiers? used a mlcrospaual approaeh

©involvi g:50 mulnple linear regression models,
" which’ found (hsparate power line effects, ranging

. from negatwe 25% to positive 22%, IIowcver, 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.u*a.tlsaotions 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 “enhanced
visual appearance” conical steel; however, the pylons

‘and power lines were hlbhly visible and mostly

unscreened by vegetation.
Chalmers and Voorvaart® analyzed 1,986
single-family residential transactions located in four

_ study areas in the northeastern United States. They
'regr'esséd 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.
Jackson® examined rural agricultural and

recreational land located in Wisconsin. He used

regression modeling to compare online (HVTL i)ower
line proximate) sales to offline sales (more than one-
quarter mile [rom an HVTL power line). Although
the models indicated online sale prices 1.1% to
2.4% lower than offline sale prices, the differences
were not statistically signiﬁcant—meaning one

20, Marvin L. Wolverton and Steven C. Bottemiller, "Further AnalysEs of Transmission Line Impact on Residential’ F'roperty Valuos The Appmisal Jour

{July 2003): 244252,

21 Francols Des Rosiers, “Power Lines, Visual Encumbrance ang House Values: A Microspatial Approach to Impact Measurement, Journa f Réal Est

Research 23, no. 3 (2002): 275-301.

{Summer 2008); 227--245_

- middle position, and ,

_ from market condmons, seasona.hty‘- opo

22, James A. Chalrmers and Frank A. Voorvaart “righ-Voltage Ti’anSﬂ']ISSLOﬂ Lines: Proximity, Vislbiiity, and Encumbrance Effect's." 'Tne  AppH

P

mtersecuons—such'

ey

Ianﬁ's'cgpmg,
charactens‘ucs, and locathn‘(schoolu '

variable. This functional form is the most 2
in the literature, and it prowded the most pr dl
precision. i

The results were examined for heteroskedasucl
(non-constant regression error variance). and no
were found, unlike the data examined by H I
and Schwanmn. In addition, hlgher-vaiued home
in Seattle were investigated: (51m11ar to what-was’
done by Chalmers and Voorvaart), operationalizin,
“higher valued” as the upper price qu rile;:]

Wolverton and Bottemiller. - .

Data e
Sample data covered a 2% year period spanning
2005, 2006, and the first half of 2007. Someé nor
abutting sales were included from outsidé (of thi
time frame when they were deemed to have been
most comparable Lo a'nearby HVTL-abutirig sale;
In these few, exceptional instances the ouf<of: :
sales were either from late 2004 and compu blé: (
a nearby early 2005 sale or from early in-the ‘third
quarter of 2007 and comparable toa nearby Second
quarter 2007 sale.
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;The data collecuon protocol mvolved 1dentxfymg
a. suﬁiment number of HVTL~abutnng sales 1.1:4J each
study area (Portland and Seattle) then searching
for at least two, and preferably three, non—abyttmg
sales from the same neighborhood and time frame
as similar in square footage, lot size, and bther
elements of comparison as possible. This resulted in

“treatment” sample of HVTL-abutting homés and

“la “control” sample of non-HVTL—abumng homes

Tables't and 2 illustrate that the data _.eollecnon__efl'ort
was successful in its attempt to acquire highly similar
treatnent and control samples. In the analytical phase
of the study, any remaining variaticn in elements of
comparison between sample and within each sample
was controlled for by use of a multiple regression
model using an “Abutting HVTL? dummy variable to
distinguish the HVTL price effect, all 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
sood 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
forthe treal.ment sales abutting a HVTL right of way.

Portland Study Area Sample L,
The Portland Study Area sample included 538 home
sales: 152 treatment sales (HVTL abutting) and 386
control sales (non-HVTL abutting) located in three
Portland metro-area counties—Washington County
and Clackamas County in Oregon and Clark County
.in Washington. As shown in Table 1, central tenden-
‘cies and dispersions for numerical variables-were
highly similar across control (non-abutting) and
treatment (abutting) data subsets. The same holds
true for categorical (dummy) variable proportions.
Data were assembled from numerous sources.
Two secondary data sources were county tax
assessment records and each area’s multiple listing
service (MLS). Primary data sources were property
' -1nspecuon (noting the appearance of each home
viewed from the fronting street), aerial photographs,
and recorded documents. In addition, assessor
quality and condition ratings were cross-referénced

24, Bonneville Power has no transmission ling rights of way wzth:n Seatte's city limits. Seattle is totally within King Courity, as are the

here. These suburbs are censidered to be part of the Seattle Metropolitan Area, and are included in the Seattle MSA, although they are outslde of th '
Seattle city limits.

(neighborhood), and mp cod :
also 1ncluded cell phone tower

and membership in a homeowners assoo ati

Distribution across treatment and control properties
was similar for these addilional variables-as well.
Nearly all of the additional vanables (excep forafe
select location identifiers) proved to be- stansncally
insignificant and were not mc}uded in;
models reporied here.

Seattle Study Area Sample ,
The Seattle Study Area sample included 568 suburban
home sales: 153 treatment sales and 415 oontrol sales :
all located in King County, WA (none. were :Wlﬂ'l’lll'
the Seattle city limits).?* As shown in Table.Q entral
tendencies and dispersions for numenoal variablés
were highly similar across control (non~ab_q
treatment (abuiling) data subscts. The same]
for categorical (dummy) variable proportuo_

Asin Portland, data collectionrelied on seeondax:y :
sources (county tax assessment records and MLS) :
and primary data collection, (property mspecuoo
from the fronting street; aerial: photoﬂ'raphs and":
recorded documents). Assessor quality and'conditi
ratings were relied on and cross-referenc
MLS descriptions and photographs.inclugde in l:he‘T
MLS database. Lot shape was confirmed b
plat, aerial photography, and field: 1n'
Lot topography and landscape: gquality were: ﬁel
assessed, and the landscape was cross Ve?flﬁ_ed_by
exterior- MLS photos to determine if it had béen *
altered after the sale date. - SRRy :

Also sumlar ] Portland other vanables not list
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Varlable
Price: iy .o -

. State ofpregon

State ofWashmgton :
Clark County, WA
Clackamas County, OR

Washington County, OR "

2004 Sale
2005 Sale
2006 Sale
2007 Sale
Living Area {sf) .

Lot Size: (ac : ";

g Bedrooms G

. Bathrooms
- Age at Sale (yrs)
Garage (cars)
Fireplaces
Pool
Hot Tub |
Deck.

Patio i

: Outbw!dmg/Shed
Central Air Cond.
Fair Quality
Below Avg. Quality
Avg. Quality
Above Avg. Quality
Good Quality
Fair Conditicn
Below Avg. Condition

U Avg. Condition

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
Quarter 3 Sale
Quar{e:‘ﬁ Sale

Control Mean Treatment Mean

COntroE Std. Dewatmn Treatment St

$294,048 $74,812 $291, 122,

..-0.848 *k
1 0.352 ! Hok
$ 0.352 o
0.042 H
0.606 . & 1 %
0.008 @ & **
0301 : - & Aok -
0.505 = i *x
0.187 *x
1,775 ; 514
6,455 ‘ 1,904
3.380 0.580 .36¢
2.310 0.390 .31¢
15.320 © 10.750 13.840
2.030 i 0.350
0.852 L 0.496
0.008 © o
0.044 : *ok
0.386 Hox
0.609 o
10458 aox
0.860 o
0.005 : o
0.087 %
0.738 *x
0.108 : *ox
0.080 : >
0.008 _ *
0.021 . ok
0.785 : *ok
10.036 *x
0.150 : ok
0.016 b
0.109 5 o
0.733 Kok
0.143 ok
0.749 ok
0.184 *
0.062 2 Hok
- 0.003 . **
0.676 ; *
0.135 : K
0.145 : o
0.044 - *ok
0.000 ; o
0.218 : *k
0.345 ok
0.251 _ *ox
0.187 : *

* Totals for any particuiar construct may not add to 100% due to rounding,
** Sample standard Oevlations are not Inctuded for 0,1 dummy varlables,

Price Effects of HVTLs_on Abutting Homes
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P ; [

Control Mean Controi Std. Deviation  Treatment M_e

PR $483,435 | $333,165

2005 Sale : 0.506 .. & *x
2006 Sale : 0.386 = & o
2007 Sale o 0.108 - ' *ok
Living Area (sf) 2249 S ¢ 909
Lot Sizeifac) - : 1080 © 0 1.49
Bedr o y,.3580 0 % 0.68
Bathrooms T ST 0.66
Age at Sale (yrs) R ' 21.160 13.47
Garage {cars) R 2.430 ; 111
Fireplaces ' 1.330 g 0.74
Pool = - - 0.019 ok
Hot Tub " 0.147 l} *ok
Deck 0.639 ' o
Patio- . . 0.605 : "o
Outbuilding/Shed 0.080 : "ok
. Greenhouse . 0.017 o
Sports Court 0.017 : W
Apt./MLS? 0.051 o
Below Avg. Quality 0.075 = . ok
Avg. Quality ‘ 0.518 o
Above Avg. Quality , 0.241 ok
Good Quality 0.123 . *ok
Very Good Quality 0.034 ; **
Below Avg. Condition . . 0.051 *
Avg. Condition - 0.692 = | *x
Above Avg. Condition 0.222 ", b
Very Good Condition 0.034 : ok
Fair Landscape 0.082 ok
Avg. Landscape Q.706 : ok
Good Landscape 0.190 : Ak
Exc. Landscape 0.022 *
Level Site : 0.451 ; "ok
Gentle Slope : ©0.378 - ok
‘Moderate Slope : 0.194 *
Steep Slope 0.022 S A
Rectangular Lot - 0.554 i sk
Culde-Sac Lot 0142 *
Corner Lot 0.135 ok
Irregular Lot 0.142 i ok
Flag Lot 0.027 . *
~ Quarter 1 Sale 0.207 : ok
. 'Quartef‘.:?Sale- _ D 0.318 . ok
" Quarter3 Sale 0.272 2 ok
Quarter 4 Sale _ 0.205 . Lk

a Motherin-law sulte,
*Totals for any particular construct may not add t¢ 100% due to ruundlng
*=* Sampie standard deviations are not Included for 0,1 dummy variables,

e Appraisal_Journal, Winter 2013
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areas name (nelghborhood) and mp code. The
sample data also included cell phone tower v131b1hty,
the type of exterior and roof ﬁmsh existence of
nearby parks, membership in a homeowner 5
_assoc1a ion, and gated entries. th one exceptlon
) dJstn _'uon across treatmernt and oontrol propemes
“was s1m11ar for all variables. The. exceptmn is lot
" area, whlch averaged '1.03 aores for non-HVTL
abuttmg properties and 1.5 acres for: HVTL—abutnng

‘' properties.” Use of multiple regressmn modehng in

the analyhcal phase controlled for any. dlirerfmces

between treatment and control groups to isolate and

measure ‘the HVTL proximity effect on price. Similar
“tothe Port]and data, most of the additional variables
'f'_:(except_ of a few select location identifiers) proved
“to be statmncally insignificant. ‘_ :
Analysus ‘ - ;s
Portland Study Area AnalyS|s
As illustrated in Table 3, the pnce effect of abuttmg
a HVTL transmission line was found to be negative
and statistically significant in the Portland Study Area.
‘The magnitude of the effect was (g=0°1%15- 1) x 100% =

o _ .—1.65%‘1‘01‘ the average priced treatment group (abut-

ting) home in the study area. Given the Portland Study
Area treatmrent 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 HVTL.28
The adjusted A2 for Portland Study Area multiple
regression analysis is 92.9%. The analysis indicates
significantly lower 2004 prices and significantly
_higher prices in 2006 and 2007 in comparison to 2005.
Double-dlgit percentage increases in price over the
study period are consistent with the seller’s market
the Portland arca 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 the most significant element of comparison
for the' price model. Bedroom and. bathroom
variables are opposite in sign, which is not unusual
for these sorts of models given the high correlations
among bedroom counts, bathroom counts, and a
. home’s improved living area. Property condition

25, Larger HVTL-abutting lots are not unusual, given the data descnpﬂons included in many of the articles cited in the I:terature review, '

26, 291122
(-~ 0,0165)
7,502,261

"L - 0.02429)

3

- 291,122 = 4,884

- 502,261 = 12,504

Ecic.e.Ette.bts_nf,H!ILs”on“Ab.uttingJ:Inmes

- nonhnear unprovemeq deprec1auon rat

the age squared element ‘of companso

Clark County, WA (Vancouver), in comparl
base location (Washington County, OR)

Seattle Study Area Analyms
As shown in Table 4, the price effect of a‘ ttm
HVTL was also negative and staUStloally mgmﬁoan
for the Seattle Study Area sample. The magni de_o
the effect was (e 0248 1) = -2 .429% for- :
priced treatment group (abutting) home'i in the:study;
area. Given the Seattle Study Area treatments group
$502,261 average sale price, the Sealtle treatmen
group’s typxcal abuttmg home would have: soId for.

significantly higher prlces in o00(:‘; and 9.007 1
comparison to 2005, As in Portland, doub}e-
percentage increases in price over the stud
are consistent with the seller’s market the
area experienced during this time. In addition, the-
Seattle market also exhibited the sort of cyclicality
expected in a northern c¢limate, with 31gn1ﬁcantly
higher market prices durmﬂr non-winter quarters

Again, improved living area of the hom s
most significant clement of compariso] for the
price model. As in the Portland mode_l bédr_oo_m

[N
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Predlctor

Constan; -
© Abuts HVIL.
2004 Saled

2006 Sale - -

2007 Sale. .

Quarfcef_?
Quartei"_;S e

Quarte'r'?‘{l»
Age

Age Squared
: "Lot Snze (ac)

Fair Landscape
Good Landscape

Above Avg. Condition

Good Condition
Living Area (sf}
Bedrooms
Baths -f"‘ ;

' Garage {cars)

Central AC
Pool -
Hot Tub "

Rock Creek Market -~

NW Portiand Market
‘Forest G_rbve Market
'SW.Beaverton Market

Scholls Ferry Market
- .Covington-0Orchards Market
Mt. Vista Market ‘
Beaverton School Dist.
Clackamas County '

Clark County

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

$=0.0640650 R*= 93.3% Ri(ad)) = 92.9%

W

and bathroom variables are opposite in sign as
a consequence of the high correlations among
_ bedroom counts, bathroom counts, and improved
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=255) was a significant negative influence on price
in the Seattle market.

‘ e_Appraisal Journal, Winter 2013
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T _"Pred:ctor* R

Coefficient

Constant o . 12.03530000
Abuts HVTL . - -0.02458000

| 2006 Sale - . § 0.16855000
2007 Sale P % 0.21629000
Quarter 2 ¢t 0.03108000

r3 . © 0.08668000,,,

- Quart i { & 0.07266000 -
 Living Area s ;’. ¥ 0.00025187
" Garage’ (cars) ' Y 0.02904600
Lot (ac)~ 0.05042200
Moderate Slope L =0.02618000
Creek River or Lake View - i 010392000
Rural Land View -0.09454000
Fair Landscape ~-0.02911000
Good Landscape 0.04146000°
UExes Landscape SR ; 0.29246000
Bedrooms Y 0.02395300
Bathrooms - . S . 0.03472000
Poot . ‘ - 1 0.0671.4000
Barn : L © 0.13152000°
Above Avg, Quality B 0.05190000
Good Quality : ” 0.08680000
Above Avg. Condition _ : 0.03614000
-, Gement Fiber Board and Masonry - 0.03089000
“+ Torch Déwn Roof : i =0.09631000
Cell Phone Ant, Visible ¢ -0.06327000
Federal Way ’ § —0.08459000
Maple Valley . -~ =0.03311000
Issaquah i 0.14208000
Sammarnish : 0.16244000
Lake Washington SD ] 0.24369000
Snoqualmie Valley SD : . 0.15103000
" Aubum'SD: . -0.05125000
Issaquah HS - . 0.13107000
Skyline HS 0.11901000
Cedar Crest HS 0.26239000
Woodinville HS 0.34840000
Inglewood HS -0.28170000
ZIP98045 -0.07825000

ZIP98010 0.17823000 6

. ZIP98059 0.06275000
ZIP98023 0.04924000

$= 0415197 A*=94.0% R3ad)= 93.5%

*Uniike the Portland Study Area model, there is no age variable In thls madel because age was highly corrclated with the quality and cenditlon varlnbl
varlable was insignificant in the presence of the data's quality and congition vartables, and the standard error of the regression was Iower thhout the. agc varlable In

the model (he., the model provides more precise price estimates wlthaut an age varlable).

Price. Effects of HVTLs. oo Abutting Homes,

e
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Examples of these sorts of varlables molude some
of the’ veovraphlc location 1dent1ﬁers torch down
roofing,” swimming pools, and a cement fiber board

and masonry exlerior {inish.

Unlike Portland’s multistate and mul‘acounty
.. data, all of the Seattle transactions were in the same
' ',st.ata (WA) and the same county (King). Although e
bmarkets exist in the Seattle Market, city
: name,.school d13tnct, and hig h school mﬂuences
prowde more premse price models, accompamed
by zip: code micro-location mformatmn Howover,
the 31gn1ﬁcant location idenlifters proved 10 vary
between hwher—pnced homes and more typxcally

pnced homes.

Table 5 Multlple Regressnon Analysis of the Natural Log of Sale Price, Seattle Study Area, _

© i Higher-Priced Homes |

,.

N Reprmted w:th permassmn from The Appraisal Journal (2013, Wnter)
©2013 by the Appraisal Institite, Chicago, Hlinols, All Rights Reserved.

© Seattle Study Areamngher-Priced Home N‘arl‘?tﬂ.\

Hn

ity

L -

Predictor: . .
Constant B ;
Abuts HVTL -
2006 Sale
2007 Sale
 Living Afea (sf)
‘:'Garag .(cars}
‘Lot (ac)

Rural Land View
Good Landscape
Exc. Laodsoape
Bedroorhs
Bathrooms
Fireplaoé e

Pool” ¥ i

Barn '

Above Avg. Quality

Cell Phone Ant. Visible
' Issaquah

Sammamish

Lake Washington SD

Cedar Crest HS .

Inglewood HS

21P98010

Coefficient
12.48510000
-0.11906000

0.17862000

0.23082000

0.00020814

0.04791000

0.03763200
—0.33530000

0.08738000

0.25137000
=0.05185000

0.03153000

0.03115000
~0.11282000

0.14622000
-0.07293000
~0.09878000

0.16150000

0.32308000

0.14798000

0.18930000

~(0.397100C0
0.1.9440000

t-Statistic . -
12659 ol

-3.34
5.39
4.85
4.0 -
543
-2.68
3.04
5.28
-2.47
112
150 . i
—1.81
274 U
~2.00
-1.05
2.73
5.71
449
2.54 - -
245 1
1.34

$=0.139418 R®=89.8% Ri(ad))= 87.1%

28, A colloquial expression identifying a multi-ply, flat, rubberized asphalt reof.

1,035 105
29. T -044225) ~1,035,105 = 130,882

e Appraisal.fournal, Winter 2013




. The magmtude of this eﬂect also suggests that the mg—
‘ mﬁcant ~2.429% HVTL{ pnce eﬁ'ect for the full Seattle

data set was impacted by mclusxon of hlgher-pnced
‘ homes m the full sample. | i : g

\

eler ents of 1 companson are not ev1dent in this more-
.par31momous, hlgher-pnced home model—often
as a consequence of there bemg no sales exhibiting
the missing characteristics (e.g., 'no homes Witlh fair
Z landscapmg and no homes located in Federal Way)
Cell phone antenna visibility loses s1gn1f1cance
(presumable due to relatively larger average lot size),
and; c1ty add.ress school district, and high schools
are: reduced t0 a few relevant locations. 3
e The ad; usted A2 is 87.1%for the Seattle Study Area
- hi vher-prxced home mulnple regression analy31s
" The analysis indicates significantly higher prices in
- 2006 and 2007 in comparison to 2003, similar fo the
" - larger Seattle data set. Unlike the Portland data and the
larger Seattle data set, seasonal cyclicality Was ‘not a
mgmﬁcant factor for the hlgher-pnced home market.

: ]Seatt[e Study Area—More Typlcally Prlced
" Home Market
For the purposes of thlS analyms 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 price 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 insignificant for typically
.. priced;Seattle Study Area homes, (e9%15 = 1) x
" 100% = —0.6415%. If statistically significant, this
percentage would amount to —$2,569 for hores in
the subsample’s average-priced treatment group.’®
However, due to the small &-statistic of -0.65, there is
no strong statistical evidence to support the existence
of an HVTL effect for more typically priced homes
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 the full Seattle data set was almiost entirely the
result of including higher-priced homes in T.he full
Seattle Study Area sample.
The adjusted R is 87.3% for Seattle Stud}r Area S
“more typically priced homes multiple regression

N
W

' 3p, 366,868

[L.- 0.006415) - 366,866 = 2,369

a1, ngher vohages are associated with larger towers, wider rlghts of way, and greater line noise.

Price Efferts of HVILs an Abutting Homes...

Repnnted wnh pen-mssnon from The Appransal Joumal (2013, Wn{er)
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;.. data, seasonal cychcalg ,

any of the quality, condxtlon, and locauon . the Seattle more typxea

Voltages
The Portland sales data and th ,Seattl
include treatment (HVTL-abutl:mg) effe
variety of power line voltages, I‘our lev
voltage are present in the Portl' d;
230 KV, 545 kV, and 50_0 V. Wherea'

are present in the Sealﬂe data—-—-250 KV, 54
500 kV. HVTL voltage d1s1nbut10ns among]
ment sales are summanzed in Tahle

by line-veoltage category. Line voltage is a
interest because voItage affects the towe




Repnnted with permtss:on from The Appraisal Journal (2013, Wnter)
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[T 11
' Prediéi‘:{jr_ {  Coefficient t-Statistic'
CConstant - Z4 % 112.07930000 7.4
© Abuts HVTL T D LT R 2000841500
2006 Sale s ‘ 0.16601800
2007 Sale S bR E g 0.21829000
Querter 2. EEEEE S 0.02720000
iarter o i 0.07700000
 Quar | Woeen B0 T 0.07728000°
: lemg ea (sf) A 0.00021149
Garage (car) 0.02019100
Lot (ac)” 0.05990600
 Fair Landscape © -0.03319000
' Bedrooms i -0.00993700
Bathrooms 1 0.02874000
Poot . 8 0.39380000
Barn’ ¥ 0.11218000
" Above Avg. Quality 0.07294000
Good Quality i 0.11901000
Above Avg. Condition- 0.03663000
Cement Fiber Board and Masonry ‘ 0.02538000
Torch Down Roof o i -0.09667000
Cell Phone Ant. Visible ~0.0564300
Federal Way ©-0.08896000
Maple Valley © =0.06119000
-issaquah . ': 0.07793000
Lake Washington SD : 0.25318000
Auburn SD T =0.05947000
Issaquah HS i 0.21774000
Skyling HS £ 0.20463000
" 2IP98010 ; 0.16664000
ZIP98023 i 0.05955000

§$=0.0872944, R?=88.1% R°{ad)=87.3%

Gad

" Table 7 ' Treatment Sales, HVTL Frequency Distributions by Line kV

Portland Data

Seattle Data .:

Frequency

a1
89
12
10 .

HVTL kV
115 kv
230 kv
345 kV
500 kv

he_Appraisal_Journal, Winter. 2013
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‘Table 8  HVTL Proxlmlty Pnce Effect by Line Voltagé Category

i
% Portland Data

Line Voltage

COefﬂcaent = t-Statistic
-0.01285 | -1.14
©-0. 02099 : =266
| -0.00628 ;% 20,31
- —000293 g 0,13
O . ' q Seattle Data
Line Voftage - T COefﬂclenty t-Statistic
230KV & ' P 20.03535 -2.29
345.KVE © 40.08275 ¢ 0.42
500 kv - ~0.01457 * -0.88

Dcpenq«enf}arianle is natural log of price,

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 230 kV variable in the Seattle regression model
reported in Table 8 serves as a proxy for the much
greater,'ihigher—priced home HVTL effect in Seattle.

* Market Conditions Adjustment and
HVTL Prox:mlty

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 {or “abutting” and “non-abutting”
‘subsets of each study area’s data. Table 9 includes

i "coefﬁments on 2006 and 2007 market conditions

adjustment coefficients for each study area, using
a 2005 -base year (the data did not include enough
- 2004 sales to allow meaningful 2004 comparisons).
As Table 9 shows, there was very little difference

in percentage change in price from 2003 to 2006 and
from 2005 to 2007 for HVTL-abutting and non-HVTL~
abutting homes in either the Seattle or Portland Study
Areas.iRates of price change during the 20052007

‘ 'smdy penod were not materially affected by HVTL
proximity, having been slightly greater in Portland
for HVTL-abutting properties and slightly less in
Seattle for HVTL-abulling properties in 2006, but
‘greater in 2007. Therefore, HVTL proximity: price
effects appear 1o have been limited to the sale price

32 Wolverton and Bottemiller, *Further Analysls of Transmisslon Llne Impact on Residential Property Values,”

graphic representatlon of the
adjustment percentages. - -,

area data benefits from inclusion of a wealth
location data, including munlclpalmes, schoel
districts, market areas (neighborhoods), hi
schools, and zip codes. At first blush, thé, Seattle
findings appear to be consistent with the o8]
analysis—a small, significant, negauvenHVE[‘L rice
effect However, when the hlgher-prmed home and
more typically priced homes are analyzéd sepaxately
the price effects are found to be quite d;ﬂ‘erg

Price_Effects of HVILs.on Abutting Homes_ i
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i 1 i M
: 1 ! oo
Co

) 1,

1 udy, HVTL Abuttrng
2006 Sale
2007 Sale .
Seattle Study. Non-HVTL Abutt:ng
2006 Sale - : .
2007 Sale Lot
Portland Study, HVTL Abutting | |

EERUCES S 1ot

S

A

TyRadi ATy

Portiand Study, Non—HVTL Abuttmg :
2006 Sale :

2007 Sale
2007 Sale

| 0.13520°

Coefflcient .

0.14140
0.21984

0.16813
0.20509
0.147971

0.128525

0.171420
0.171420

Dependent varlable is natural log of sale price, convert to percentages using [ = 4] x 100%

‘data for more typically priced homes reveal a very
' smal] negatlve and statistically msrgmficant HVTL
] pmce cffect. One cannot conclude that the HVTL price
effect differs from zero for this subset of the:-f data.
Conversely, the negative HVTL price effect for the
higher—frriced Seattle Study Area homes is substantial
and highly significant. Finally, as in Portland, there
isno evidence that HYTL proximity affected the rate
of change in home prices in the Seattle area durmg
the study period.”

' These outcomes, like all studles of tl'us sort,
are derwed from sample data intended to be
representative of their markets. Such samples are
not generalizable to other markets due to differences
in cliﬁiate, government, terrain, vegetatiori, and
local attitudes toward HVTL proximity and views.
Furthermore, as the relatively high market price
appreciation rates herein indicate, these markets
could 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 movement over time or under-demanded
markets evidenced by falling prices. ;

33.For compictcncss standard efrors were exarmined for ewdcnce of hetereskedasticity and none was apparent Tu further ensure that the tesults wen
credible, each regression mode! was also es;lmated using White's heteroskedastlcity consistent covanances and the ﬁndrngs were' unchange L

those reported here.

Additionally, thefe are matenal differenc:
between the Portland market and the Seattlem k
Portland is a multicounty, mulustate housmg_

Seattle is not. The cho1ce of state of resn:l

Also, Portland’s Washmgton County is; fnghly
urban whereas Clackamas County (OR) and Clark

homes are at the suburban frmge Where7 ._
rapidly transition into an exurban envu'o me

apphcable to Seattle, and the Seattle ﬁ.ndmgs ar
not d1rect1y apphcable to Portland. The most stark

o_Appraisal_Journal, Winter 2013
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A Market CDndltlons Adjustment Percentages
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®

The study’s regression equations also reflect
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
_ district;high school service area, and neighborhood

' theyhvem Inaddition, all else being equal, 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 confirmed
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 importance of market
i condmon adjustments. When prices are varying
by 20%; to 25% over a brief 2% year period, market
condition adjustments quickly add up to meaningful
amounts of money. Lastly, markets often exhibit a
significant amount of seasonal cyclicality. Therefore,
a winter season sale may not be comparable to a

Eﬂcfe.éfﬁej;ﬁ.utiﬂ[[Ls.onAbuﬂjth:lom_s )

regardless of longer term market condmoﬁ 'ffec ’
Considerable research has been conducted
regarding the price effects of HVTL proxmnty Th]S
study adds to an understanding of this complex
phenomenon in a number ofways- ittakes a se(_;ond
look at Portland and Seattle durmg a dlﬁ‘erent market
period; it focuses on a seller’s market segmen of

from Seaule and hlvher—prlced homes m Seattle
differ from more typically priced Seattle home
Given this finding, it would be béneficial 1f a future
study were to compare higher-priced custom homes
with typically priced homes in other. locgnpn to
determine if this result can be confirmed ellselt'ffh' e
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' Steven C. Bottemlller, MAL, is chlef appralserfor
the Bonneville Power Admmlstratmn us Department
of Energy Bottemiller is a graduate of Seattle Pacmc

' Unlvers:ty in the dnsc:phnes of busmess admlmstra-

psychlatnc/substance abuse famlltles. electncal .
transmtssnon I:ne/ﬁber optic corridors, -electrical sub— :
Stat:ons, mountaln-top commumcatnon sates, beam

path easements, conservatwn easements tlmber

Iands unique rurat/recreatlonal properttes farm/

ranch propemes and all forms of special partial mter-

mlneral water, various Iand rights). He has

| ed artu:les in Right of: Way and The Apprarsa!
cn..'rneil concernmg impacts of transm;ssnon !mes on work of Rosemary Tobuga who worked a. ;
proper_ty values. He is an instructor for the Appralsal employee with Bonnewlle Power Admm
‘ Institute. Contact: sbottemiller@bpa.‘éov

g Web Connectzons S i
Intemet resources sugwestcd by the Y. T and Louise Lee Lum Library

Electnc Power Research Insntute - :
hrtpj/m'y epri.com : ;i:

http SHpse.t.g ov/thehbrary/publzcanons/elecmc/elecmci o.pdf

Federal Energy Regulatory Commlssmn—Transmlssmn Line Siting
hitp./fweww ferc. ov/mdustnes/eleccrw/mdus—acl/sztmg asp

US Department of Energy
hitp /Awww.energy.gov i

Uus Energy Information Admlmstrauon
' ":'http //www eia.gov/
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New AltaLmk“Po" er L1ne Will Kill Birds Near Inmsfall IRET.A.

tof2°
Responsrble Electncrty Transmission for Albert‘ S

Inrusfarl senior, Bermce Stewart, a b1rd1ng enthus1ast and amateur wildlife photogr__
petition to save birds that will be killed by an overhead high voltage power line to be,

‘Stewart already has close to 400 signatures of individuals who agree with her that the
| should not be built at,Cook Lake, }ust east of Inmsfall (Innisfail Provmce 1, Innisfail Pro

| has recorded and photographed many spec1es of waterfowl, other waterblrds, song
eagles and swans

 Alberta Utilities Comrmssron (AUC) which, along with electricity transmission compames in
refuse to serlously address the bird hazard problems that overhead high voltage power ] ling
a well-known fact that overhead power lines kill birds. The U.S. Fish and Wildlife Service estimates that
close to 175 million birds are killed annually_m_tbelLS_a.Lop.e,-craslnn,gMerhead power Imes A
comprehensive 2013 study estimates that up to 229.5 million birds are killed every’ year
transmission Imes built above ground.

There are well-documented records of hundreds of birds killed through collision with overhe d-
AltaLink high voltage lines i in many locations in Alberta including Pincher Creek, Frank Lake and Brg
Lake, to name but a few. In one location alone near Pincher Creek, about 450 birds were kil 3
~ into a recently built overhead high voltage line built by AltaLink, even after the transmrssmn company
was warned by wildlife experts that the power line was being built in an area frequented by‘thousands
of waterfowl and other birds. Eleven Trumpeter Swans were killed crashing into another recently built
AltaLink overhead power line at Frank Lake, southeast of Calgary, and experts estimate 10 times as "~
many were actually killed. AltaLink’s proposal to build the line at Frank Lake was approved by the
AUC even though the lake is an mternatlonally~recogmzed Important Brrd Area (IBA) -

- AltaLink violates federal legislation that protects migratory birds by contlnumg to bulld ssive ;high
voltage power lines above ground that regularly kill migratory birds, including ”At, Risk specres such
as Trumpeter Swans. AltaLink continues to suggest that bird deaths can be rmtrgated-;b ‘brrd drverswn
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 kill birds. As well, there are many other advantages of .
burying high voltage lines associated with health, safety, property valué, the environment; -aesthetics,

agriculture, tourism, weather, fires, aircraft, power outages, pipeline corroswn, rehabrhty"mamtenance
- costs and transrmssmn loss costs.

It’ s not a matter of whether or not the AitaLmk line to be bu11t across Cook Lake wrll k111 1rds rather,

- above- -ground transmission lines kﬂlmg birds. e .
- https: //retasﬂe Wordprcss com/2016/08/25/new-altalmk-powcr—lme—mll kill- blrds-near-mmsfar 2/8/20 16 "
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5 satlng, many future projects propose coliocatmg high voltage alternating current (HVAC) a_n

i coilocated pipeline’s susceptibility to HVAC interference, identify locations of. possible AC current dlscharge,

subject to e[ectrlcal mterference from electrostattc coupling, electromagne .
effects. If the mterference effects are h:gh enough they may pose a safety hazard to personnel or

direct current (HVDC) power lines and pipelines in shared corridors, worsening the threat.

redicting HVAC interference on pipelines is a i‘:omp[ex problem, with multiple interacting variab e :'affeci:ihg
the mﬂuence and consequences. In some cases, detailed modeling and field monltor:ng is used to estlmate a

.and desugn appropriate rmt:gatlon systems to reduce the effects of AC 1nterference. This detatled com‘ uter

technical guidance document will benefit the plpehne industry by increasing public safety and’ ailowm for:an’ -
efficient approach in assessment and m|t|gat:on of threats related to high voltage interference

" The INGAA Foundation contracted Det Norske Veritas (U.S.A), Inc. (DNV GL) to develop:this:guidance. -
document The project included a detailed industry literature review to identify applicable technical reports,
" international standards, existing ‘guidance and operator procedures. In addition, to the llterature rewew
numerical modeling was performed to determine the effects of key parameters on the mterference leveis.
" The document addresses interference effects with respect to corrosion and safety hazards" mltlgatlon
monitoring, encroachment and construction, prlorltszatlon and modeling. It also mcludes reco mendattons :
for further development.

The following severity ranking tables were developed for key variables and the:r |mpact on the, everlty.xof
AC interference. Further background for the -development of these rankings .is provlded throughout the

: report Gurdelmes for determining the need for detailed analysis and apply:ng these seventy rankings.. are

provaded m Sectlon 6.2,



Separation Qistance

100<D<5001

' Medium

500 <D<, 000~ i

Low

1,000 <D<2 500

Very Low

HVAC Power Lme Current

S 31,0000 -
Co _ 500<7>1.000 High
' 250 <1< 500 Med-High
100< 1<250 Medium
<100 Low

Soil Resistivity

‘Table S-Relatlve Rankmg of Soil Resmtw:ty

£ <2,500 Very High

2,500 < p < 10,000 High
10,000 < £ <30,000 Medium

> 30,000 Low

_.,.'-Coliocatlon Length

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

Coliocatlon / Crossmg Angie

Tab!e 7- Relatlve Rankmg of Crossmg Angle

30 <6 <60

9 > 60 !




‘assessmg “the susceptibility of a steel . transmlssmn line to high voitage _
.-'collaboratxon between the respectwe p:pelme and power line operators is’ adwsed to‘accu

fgundance on the relative suscep’ablllty of AC interference associated W|th the seleci:e
;prlmanly address the !nkehhood or suscep'ab:lity of AC mterference and do not address

Szt
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Acronyms

e

Alternating Current

AC

CAPP Canadian Association of Petroleum Producers
CFR -ii |.Code of Federal Regulation - - o
cp = | Cathodic Protection
“CSA . | Canadian Standards Association

CTS =~ | Coupon Test Station-

DC . | Direct Current

DCD . | DCDecoupler %

DoC Depth of Cover } ‘

DOT Department of Transportation

EMI ¢ | Electromagnetic Interference

ER " | Electrical Resistance

FBE Fusion Bonded Epoxy

GPR Ground Potential Rise

HVAC | High Volitage Alternating Current

HVDC High Voltage Direct Current

IEEE Institute of Electrical and Electronics Engineers
IF Isolation Flange

INGAA Interstate Natural Gas Association of America
LEF tongitudinal Electric Field

MPY Mils per year

OSHA Qccupational Safety and Health Administration
PRCI* Pipé{ine Research Council International

ROW Right(s) of Way °

TLM

Transmission Line Model
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1 INTRODUCTION

collocated W|th hlgh voltage AC power lines. t

]L H

' Topography, permutt:ng requwements Iand access, mcreasmgly vocal pubhc pposmon‘

to buried power lines and HVDC are also of concern to pipeline operators where close COiIocations eX|st As

: aboveground HVAC is still the primary concern for pipeline interference, it is the pnmary focus of thls report
g .]'V'fiﬂHowever, companson background and technical discussion is included related to’ HVDC ‘and buried’ power Ime
o mterference as well, and the effects of both should be considered on a case by—case ba5|s. '
- - transmission pipelines are closely cellocated W|th these systems.

- difficult or costly for pipeline operators to obtain from electric power companies. Basic guldelmes % nd
Z pr:ontxzatlon c:ntena have been estabhshed in thls report to prowde gundance for p:pelme operators to and |n 7

" hazards, mitigation, and monitoring. This project included a detailed industry Ilterature rev:ef
apphcable technical reports, mternatmnal standards and gmdance documents. Several ING_




_manuscrnpts, ‘and techmca! symposua papers. Add:tnonally, INGAA coltected op 2
h -1-"gu|delmes from 10 member compames for rewew and comparison. :

: Where publlshed historlcaliy |dent1f“ ed corrosron defects and pipeline failures assocnated w
- degradation have been reviewed and a select:on are presented as case stud:es |n Append:x
- the magn[tudes and varlablirty in corrosson rates poss1ble w:th AC acceierated corrosmn.

~ voltage eiectrlc power transmission lndustry are Ieadlng to increased power capaaty and hlgher peratmg
currents in certain systems, in part to overcéme long distance transmission line losses.? This” lncrease, n:

' operating current has a dlrect effect on the level of electromagnetic. interference (EMI) and;--the
S correspondmg magnitude of AC interference on affected pipelines. This trend oward: elevated operatlng
_‘."'currents may present a s;gnn‘"cant chalienge: for ach:evung adequate mntlgatlon on.- p:pelmes crosswﬁg_‘ i
" collocated W|th the h|gh voltage power lines. : :

fault. HVAC power line faults are any abnormal current flow from the standard mtended operatmg condltlons,
- and discussed further in Section 3.1.4.

1 1 Capac;tave Coupllng

during construction when sections of the p|peime are aboveground on msulatlng supports as ndlcated o
. in F:gure 1 The plpehne can bu1|cﬂ up charge as a capac1tor with the 5urround|ng air actmg as the dtelectnc,



t i ':Z.mterference may present a .
;Whlie elevated capacntwe voltages may exis ;‘ the corresponding current s’
shockmg consequenc:e3 o '

& et s‘:,.":é.a

P

Above Ground Plpetine

Figure 1. Illustration of Capacitive Couplingf%; o

N
i

Electromagnetlc induction is the pnmary |nterference effect of an HVAC power line on a burled steel plpellne
during normal steady state operation. EMI occurs when AC flowing along power line conductors generates an
electromagnet:c field around the conductor, which can couple with adjacent buned pipelines, mducmg an AC
. _:_Voltage, and corresponding current, on the structure as depicted in Figure 2. ThIS induced AC potentlal may ‘

i‘_present a’‘safety hazard, to personnei and can contribute to AC corrosion of the p:pel:ne, as dlscussed'm '
' Sect[on 3. 3 1.




L TRt IE

s Lgem

Eteclrnngnetic
Induction

Figute 2. 3 Illustratlon of Steady State HVAC Inductwe Interference

: :often referred to as “steady state" throughout the industry, the term is somewhat mnsleadlng as he A

“ loads and’ correspondmg induced AC potentials can be continuously varying, addmg further/complex
quantifying interference magnltude ; '

For a stralght parallel, homogenous collocatmn induced potentials are highest at the ends of the col[ocated

segment, -and fall exponentially with distance past the point of divergence.® For more complex col[ocatlons,--

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 aoccur where the plpelme'" ‘
- converges, or diverges with the HVAC power line, separation distance or soil reStstwsty changes signifi cantly,

" isolation joints are present on the: plpelme or where the electromagnetnc Feld varies such ‘astat ‘phase’

- transposmlons 3.7.8.9 : o




2 _: tower of an HVAC power system shares an electrolytic path with adjacent burled p:pellnes throu'gh the, oil,:
fault currents may transfer to ad_’;acent steel p1pe!:nes if the p:pelme presents a Iower re5|stance electrical

' Durung a fauit condition (see Section 3.1, 4), _the primary concern is the resnstlve mterferenc
. through the soil. However, inductive interférence can also be a concern as the phase curren
- c0rrespond|ng EMI, of at least one conductor can be high, as depicted in Fugure 3. In other words,

_'{;j-,fauit the mductlve effects durmg normal operatuon as descnbed in Section 3 iz mcrease due the ‘elevated
T EMI durmg the fault penod b i '

F:ult Currents

Pipelim‘s Conductive Soll

Figure 3. Iliustrat:on of HVAC Fault Condltlon Inductlve and Conduct:ve Interferenc‘

[RCEETRR

.'._coatmg hollday (ffaw) above a certam threshold may cause accelerated external corrosnon damag



31 4 AC Fauits |

‘ -due to other unforeseen events. This may be due to vegetation contactmg the conducto
contact:ng the towers or each other during hlgh winds, physical damage to a tower, conducto
flashover’ due to Ilghtmng stnkes or other abnormal operating condition.: A ‘phase-to- groun .

: power Ilne causes large currents |n the sonl at the location of the fault and [arge return currents o

may be i m contact with above grade pipeline or appurtenances

3.2 HVA€ Personnel Safety Hazards

3. 2 1 Hazarcis Dur;ng Operat:on

Touch and Step Potent:ai lelts ':*‘

'Groundmg, indicates that a current in the range of 9 to 25 mA range may produce palnful shock and R
' A_-_-mvoiuntary muscular contraction, making it d:fr" cult to refease an energ:zed object 13 E[evated body current




determine’ if further analytical assessment or mitigation is necessary. NACE Internatlonal Standard Pract:ce
,c__:'_;'.'SP0177 2014 (Mltlgatlon of Alternatlng Current and Lnghtnlng Effects on Metalllc Structures and Corrosn '

excess “of 15 volts Mlt:gatlon is further d|scussed in Section 5.

3.2.2 Encroachment and Construction Hazards

Ilmlted to the followmg . ; Giode
« 29 CFR 1910.269: Electric power generatlon transmlss:on and dnstnbution
« - 29 CFR 1910.333: Selection and use of work practices
+« 29 CFR 1926, SUBPART V: Power Transmxssron and Distribution

descrabed in Section 3.1.1 can pose a safety hazard. Pipeline segments that ‘are supported ab egi-
during plpelme construction near an HVAC power line are subject to EMI and electrical capamta “C?F‘ puild
“up between the pspelme segments and earth If no e[ectncal path to ground is present, eve €




nature of AC current, the charge at the steel ,surface is continuously varymg between. anodn
po!anzatlon, WhICh acts to reduce the passwe film at the steel surface as shown in Flgure 4.

assouated with AC corrosion.

;;
Lhe
©
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Figure 4. Graphlcal representatnon of proposed processes occurrtng durmg _C o
e Reproduced from Tribollet.® ‘

. i . B
. "l
o

'3.3. 1 1 AC Current Densuty

' The AC dens:ty for a given location is dependent on soil resistivity, induced voltage, and:the size of a coatlng
T hohday Research has mdtcated that the hrghest corrosion rates occur at hohdays with surface areas of




resnstlwty-;_and AC potentlai
Report.t

Lo = Theoretlca! AC“Current Densnty (A/m?)
Vae = : Plpe AC Voltage to Remote Earth (V)

Dlameter of a cnrcular holiday having an area equai
to that of the actual hol:day (m) ‘
LE ; R

denslty (lAdl ocls

3.3. 1 2 Current Dens:ty Ratio

Recent research has shown that the I:kel:hood of AC corrosion on pipelines is dependent on‘ bot
L AC tnterference and the Ievel of ‘cathodic current from mther CP or other stray current sour

i




current densxty In many cases, the coupons are supplemented wnth additional mstrumentat,’ro UChHas R
probes and reference electrodes to provide addrtlona[ pertinent information, The ER probes provide a-time
based corroswn rate while the reference electrodes provide both and AC and DC pipe- ~to-50il potentlais

,_.:'_.Sectlon 6 provides further details related to mitigation and monitoring methods for to AC corrosmn

" Appendix Aindudes addntaonaf detalis related to literature review, historical AC corrosson rates, ‘and industry
" case studues SR

‘332 Faults - | ‘

across.- the coating near the fault. Further, the fault current is typically carrned by a smgle conductor
L resultmg in short term: elevated induced voitages that can reach thousands of volts or greater. Thns presents

used to mnt:gate the fault hazards as d:scussed in Section 6.
f

3.3.2.1° Coatmg Stress Voﬂtage ";

During fault conditions, damage to the plpelme or its coating can cccur if the voltage between the’ p:peltne o

© .z and surroundmg s0il becomes excessive. Fault:conditions that produce excess coatmg stress voitages across

'. - the coatmg are of concern for dielectric coatmgs. The main factors to consider are the magnltude"
'voltage gradlent and the dielectnc strength of the coating type. It should be noted that there are:




. 7 undergrouind transmission lines account for less than 1% of this total.?’ Industry trends indicaté that due to .

_.A"),'For reference, NACE SP0490 2007 “Hohday Detectaon of Fus:on Bonded Epox, ‘
250, to 760 ym (10 to 30 m:!)” uses an equatlon for calculating test voltages WhICh recomme
- to. 16 mlls isa common specfcatmn for FBE coatmgs) fusmn bonded coatmg (FBE) be test

'NACE SP0188 2006 “Dnscontanunty (Hohday) Test:ng of New Protectlve Coatlngs‘

also uses,,
‘ calculatmg test voltages for coatmgs in general '

V=1, ZSOJT

Test Voltage (V)

~ 3
N

" Average coe;i:ing thickness in mils

H
i

)I ;||

Gummow et al. in the:r paper “Pnpelme AC Mutlgatlon Misconceptions”*? present data- tha

there are associated concerns across industry regardmg interference effects of abovegroun _
transmission and underground AC power lines. Presently, the U.S. transmission grid consnsts of.
‘_'_approxmately 200,000 miles of 230 kV or greater high voltage transm:ssmn lines, with an est|mate that' ‘

_ significant, disparity in overall installation costs, it is expected that while burled transm|55|'
' continue..to. be developed and implemented,  overhead transmission will remain the pnma
electnc transmisston for the foreseeable future. :




report However, the effects of both aboveground HVDC and buried transm155|on cables ‘
- case- by case basis when plpellnes are closely collocated There are currently Iessttha

necess:tates its own study, beyond the scope of this document however a summary overvte
mterference comparisons follows.- 2T

'f systems consist of a transmission line between stations with the major compohents bemg DC-AC convertorsf
"...and Iarge ground e!ectrodes. In monopole Systems, a single conductor transports the power wuth,an earthf

3--SP0169 and is out5|de the scope of thls document

S | .7 Ilinet

o | o . Iline 1=1G

L L Figure 5. Monopole System ©?




[line2 .
iG=1Line1-1Line2
Bipole System ‘(3‘”

Figure 6.

" as the electr:c field mﬂuence assocnated with HVDC transmission is limited compared to HVAC‘

_3.4.1. 2 Inductive coupling

 for short duratlon of e!evated mductave coupllng

3.4.1. 3‘ Resistive coupling 'tf ‘

i
i

5 compromlse pipeline integrity, with possible damage to the pipeline, coatmg, and assoaated eqmpment' A _
* - faulted HVDC power Iane presents a possible mtegnty concern for nearby plpelmes. CAPP |nd|cates- that the .




- could puncture the msulatlng coatmg possmly damagmg the plpelme.

\'*

In accordance with NACE: 15V

Not specified

Not Specified

C15V

2500V

Not Spec:F ed

g5y

Mentions damage possible from
faults but no limit

: ‘} Not Specnf ed

15 V or higher - No work’

unless approved by area
supervisar

Not specified

' Not Spe’cifié_d :

Modeling Required > 2 V

Consider with Modeling

130 A/m’

75 A/m?requires’

specified

15V 5000 v ‘mitigat_ion, 50 A/m*.
_ o, requires further.
: - avaluation .
10-15 V ' 150-2000 v depgnding on fault - 30 A - .
: duration
Faults to be considered along with a N
15V mirfimum separation distance, but 20 A/m?
! no limit specified LT
Faults to be considered during
15V mitigation analysis, but no limit
M specified -
. : Faults to be considered during
15V mmgat:on analysis, but no limit

Ty ot




LQT 3

m'ﬂuence and |mpact In recent decades, deve]opment of advanced calculatmn methods and corrjpute -Das

in general as weII as the results of the mdrvrduai variable analyses.

d
3

4.1 Modelmg Software J ‘
_ Prewous research has compared the beneﬁts of specific industry standard software, llterature’ is' avallable for.
- each of the common software packages,®®29% ThIS review addresses the generahzattons concernlng the

4‘:"\For the majortty of sample coliocatlons con5|denng a single pipeline and srngle HVAC power I|‘
' mdustry accepted models have shown to be conssstent in the assessment of HVAC mterferen

oy

1 H .‘
: Typlcal mdustry standard soﬂ:ware packages that were reviewed use a transmnsg n I|n
.ca!culate !ongltudmal electrical field (LEF), baeed on established fundamenta[ Carson ‘or Max

collocation parameters. ColEocataons are srmpllfled as a connected series of finite sectlons and nodes, :
_ eppropnate parameters applied simulating the plpelme soil, and transmssuon Ioad-:ns.r The modelmg

T JERE AT H

pERERE RELESE
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Con51der|ng several key mteractmg vanables is ‘@ more viable approach For exemple
" recommendations cite a distance of 1,000 ‘feet as considered ‘far’ and. assumed Tow rlsk for
‘,mterference However, in cases where power line current loads are greater than 1, 000 amps a
of low scnl resistivity, elevated induced AC potentlals and corresponding’ current den5|

to develop the recommended gundelines presented in Sectlon 6.

The prlmary variables analyzed as part of this study are as follows:

o | MVAC Power Line Current !

+ . Soil Resistivity ) :
"« Separation Distance Between Pipeline and Power Line
Collocation Le'ngth of Pipeline and Transmission Line
Angfe Between Pipeline and Transmlssmn Line

+ . Coating Resistance
“+. Pipeline Diameter and Depth of Cover

_ The results of these studies are presented and ‘summarized in the following sub-sections.
bl

[ P TS TSR S Y B



500, 1, 000 2,500, and 5,000 amps based 'on ranges of operating and emergency loa
reported in literature and previously provided | from power transmission operator's design COﬂdI
8 shows the maximum induced AC potential as a function of transmission line current load. :

; PIPELINE | .
ST A s
¢ ~Forerm

Figure 7. Simpliﬁed ROW Model Geometry !
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Figure 8. Maximum Induced AC Potential as a Function of HVAC Transmission Line Curren

line, When all other vanables remain constant, the HVAC operatang current Ioad has a dlrect !megl;

“with a smgle transm1ssnon line where sufficient data is available. As the number of transmnssno
increases, the multiple interference sources and interaction the complexity of the mterference |n
that the sxmply linear relatlonshap is no Ionger valid. As the number of mﬂuencmg HVAC
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Thus, an mcrease in so:l re5tst:vaty results in a decrease in theoretical AC current densnty




range, the theoret|cal current densn:y decreases on s|malar order with mm:mel change

.\‘Im

- for soxl resmtw:ty ranges below 10,000 ohm cm

N ‘)‘

w'.

hf_l'

. DenS|ty :
5000 ft Collocatlon Length at 100 ft Separation °

i M3X Vae -eml_\_/lax Current Density == = 20 Amps/m2 R

100 4

Induced AC Induced AC Potentiai (VAC)

o 10, 000 220,000 30, 000 40, 000 50,000 60,000 70,000 80, 000 " 90, 000 N 100, 000
: Bulk So:i Resistivity (ohm-cm)

Figure 11. Effects of Soil Resistivity on Induced AC Potential and Correspondmg Hollday Current
T . Density. Current density presented for a theoret:cal 1cm hohday
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fable 2-Celculated current densuty and mduced A .

1,000 . i35 ' 15
100006 | ¥ 5 ‘ 23
100,000 = 0.6 2.8

operatmg at 250 A Ioad 100-ft saparation dlstance

“r

3
N

distribution of induced AC potential along the pipeline. The level of AC mterference for a g:vé"n
- crossmg, wlth respect to collocatlon geometry, is dependent on the refatlve dlstance betwe



- 2500 ft Parallel Segment
- 20 Ams:s/mz @ 1,000 ohm-cm e 250 AMpS

w20 Amps/m? @ 10 000 ohm—cm —-a--iOOO Amps'
—0—5000 Amps

-_..r_.-...k,.,....;..,__l-low
L 132

-,...)_-..,.-...».......(-,3.._
N -

Maximum Induced AC Potential (VAC

 As the distance between the pipeline and transmlssson line increases, the induction on the plpellne decreases

o Th[s 15 expected as where the distance between the pupelme and phase conductors mcrease the

10, 000 ohm-cm soil resistivity for reference. For the given parameters analyzed, a current load'o, 250. IMps:
results in_an induced potential of approxmately 2 volts at & 50 foot separation distance whlch qwckly




. 1gi€. Ie
"couplmg :The co!locatlon Iength affects the magnltude of induced AC potentlal.athat{écé'umulate

Max:mum Induced AC Potential vs. Collocatlon Le‘ngt ‘

at 50 ft Separation
L= w20 Amps/m? @ 1,000 ohm-cm e 250 Amps
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_Figure 13. Maximum Induced AC Potential as a Function of Cojlldcatiéni'fl.‘éng'th




The potentlal levels correspondtng to a 20 amp/m2 current densnty for both; J. 000- nd 10 00'
o resnsthty have been mcluded for reference. Con5|dermg a relatlvely low scnl resxstxwty of 1 00

:estlmate of |t is also necessary when determlmng if further analys:s is necessary

: __-‘4 2, 3 3 Angie Between Pipeline and Transmission Line

The angle at which the pipeline and HVAC transm:sswn line cross has an eﬁ"ect on the m ghitude . of -
induction on the pipeline at the crossing, As the angle increases between the pipeline and transm:ssmn ne,"‘"?‘
the magnitude of the induction decreases as the ¢component of the pipeline exposed to, mductlon decreases.”
. For a perpendicular crossing, with the pipeline crossmg at or near 90° to the power line, the mduct:on on the
pipeline is minimized as the effective parallel length is minimized. The magnitude of the current-on the"’-"
" transmission line also has a significant impact on the induced AC potential at crossmg Iocatmn ”-'"Pr_e\nous
Crule- of~thumb’ practices throughout industry may have indicated crossmgs greater than 60%; result
negligible induction on adjacent plpe!mes. However, recent studies have resulted in HVAC mstallaﬁc}ns w1th
significantly greater current capacity, which acts to increase the correspondmg mterference resultlng‘m
cases with induced AC voltage at relatively h:gh angle crossings.

for each case,
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F|gure 14. Max:mum calcu[ated mduced voltage at various HVAC lme crossmg angle

"general gmdance practices across industry appear con5|stent with th|s understandmg that
greater than 60° are typlcaily low-severity w:th respect to induction.

p|pe[mes pass in close prOleItY to a tower ground
4. 2 4 Coatmg Resistance :
The resstance of the pipeline coating to ground is a mgmf‘cant factor controlling the Ieve of .
potential that may build up on a pipeline. However, in practice the coating resistance is typlcaliy not known"_.?':‘ '
with great certainty and is generally inconsistent along the pipeline length, The coating reastance to ground :

s a funct;on ‘of the coating type, condition, thrckness, and local soil resust:v:ty, a!l of whlch may vary along a ‘
typncal cot]ocatron length! :




- "-‘;-"__separatlon dlstance of 100 feet. The pipeline.approaches the transmission line at.a. 90 -degr

coated line with high-dielectric strength and exce[lent coating condatlon the res:stance ‘eaf
- length of the pipeline is relatively h|gh allowmg for greater induction build: up:over alonger d
exampie, th:s case may exxst with a newly FBE coated plpe[me, with mmlmal holldays,,,ln

_ Internatmnal (PRCI) and Parkerz""25, and summanzed in Appendix B for reference, to be ut:hze
modeling anaiysm based on coating quality, and soil resistivity, however specifi c gu:dance is not
.a relatwe rxsk associated with the various coatmg resistance values.

p3 2. 5' -Pipeline Diamete’r and Depth of Cover

compared with the influence of other variables.

i [ i

"To demonstrate the sensitivity of pipe diameter on pipeline interference, DNV GL created a compute model .
- simulating a single pipeline, parallel to a sang]e circuit vertical transmission line for 5,000 feet ata hor:zontal

‘parallels the transm|ss:on line for §,000 feet before receding from the transm:ssion Ime at a 90-

W|th an increase in pipeline diameter, as shown in Figure 15,

~ As the diameter of the pipeline decreases, the surface area exposed to the LEF also decreases. HoWever, th_e-’
magnitude of LEF generated by the transmission line remains unchanged. For a smaller daameter plpe[me,
the LEF influences a smaller surface area resulting in greater induced AC potential compared:
diameter line, considering all other variables: .equal. Further, the pipeline characteristic |mped
" inversely with plpeime dlameter, as presented |n previous work by PRCI324 Considering all other,ﬂ

‘f-effects of the individual varlables
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' j}.:'above grade appurtenances, such as b!ock valves, meterlng statlons, and Iauncher/receive

the cm:u:t_ wrll further reduce groundmg resistance up to a certain extent. Instalilng thls type

- Dwight's| Equatuon for multiple ancdes installed horizontally?®. Figure 16 illustrates:how. th|s alculated -

it
il “m

|peI|ne'f_surface area There are vanous types, sizes and ratlngs of decoUpIers*

o v

exceeds the rating of the IF.

;‘_'5 2 Surface Groundmg

'._system at distributed, targeted iocations, optimized from the interference ' model, reduces't'
- along the pipeline. Additionally, when laid parallel to the pipeline in regions where transm|SS|

are in: close proximity, the mitigation nbbon also acts to protect and shield the plpelme fror amage;"—_i- ‘
resulting: from fault and arcing scenarios.

Analysis of the reduction in ground re31stance possible with various mstallatlon approaches -included™a =~
* calculation of the resistance of 1,000 foot long mitigation ribbon in varying soil resistivity, using the modlf ed -

\groundmg resistance varies with the number of ribbons connected in parallel at multlple Ievels of:iSoil
resistivity. While numerous sizes of ribbon cables exist, the length is a much more 5|gmr” can ‘factor in :
determining total resistance than diameter, when considering typical ribbon dnameters, th refor"
analysis consaders a constant diameter ribbon.;




e

iy wpirars i e

Ao

. —@—500 ohm-cm - ;-vwn- 1,000 ohm-cm
&= 10,000 ohm-cm - 20,000 ohm-cm

160

1.40

T 0.80

" 0.60

Ground ReSisté'ﬁ'ce ohms) -

utility ROW may limit construction access for mitigation parallel to a co[located pipeline, Addltlonally,- Y e
pipelines cross physical obstructions, such as roadways, railroads, access may limit the extent of parallel = -
: m:trgatlon systems However, surface groundlng Stl" contmues to be the preferred mltngatron techmque-and

,.




t:

AEa g USENE e

1 i'f--The so:l resistivity at the surface is sngmf" cantly greater than (>20 ‘X):th

" For typlcai mtttgataon systems, where parallel rlbbon and deep groundmg are ,oth‘. C pt|ons, paraltel rnbbon
' ‘f-:-proves to be more eff:c:ent and economlcai because it can achieve a lower res;stance to ground\for Tower:

is the ratio between the bulk soii resistivity to a depth of 10 feet for surface ribbon and th_ “bullsoil 0
resistivity, to a 200 foot depth for a deep well. ‘Along the y-axis is the equivalent Iength of horlzonta! surface =
roundmg requ:red to meet the same Ievel of . groundmg resnstance as the deep well anode The two curves




- Equivalent Installatiéﬁ}érjgth of Zinc'B-ibl_Jpn‘_ :

) '._:Ratio of Soil Resistivities
_— ¢ (Surface/Deep)

Figure 17. Comparison of Surface Mitigation to Deep Well Anodes

more economical and eff“cuent mitigation for the majority of collocations. In cases where arc shleldmg
.protection is required to guard against fauit scenarios, deep well anodes do not prov:de such protectlon, thus”f—?""
s necessutatmg the installation of surface ribbon:in addition to primary mltugatlon Surface: mltugatlon can also
“serve as fault shielding, protecting against damage to the pipeline and its: coatmg when properly placed
‘between the p:pelme and power transmission ground e :

£3tdnoc Lan




: ‘Lf‘mstalled m the same trench besude the pape durmg pipeline constructlon further redu'ées

e

K prlrnary, secondary, or tertaary Ievel anary prevention targets controliing:' or reducmg the ;source

sl
-nsk through el:mmat:on or control Secondary prevention targets reducmg exposure 'co a risk

L e

fudidttg

to the rlsk By these terms, a standard pract1ce of mitigating AC induction by groundmg alone is consrdered
a tertiary form of m:t:gatxon That is to say, the treatment targets only the consequence of the mterference-
by reducmg the detrimental AC effects at the pnpelme level, after allowing the pipeline to be expose ‘
: mterference risks. While not currently in widespread application, further research of primary and secondary

‘ 'f.."rlsk controfs should be conmdered in future development to reduce overall tnterference and risks’ assocnated- o

with' AC mterference especnally considering cases that cannot be effectively mntrgated by trad:tt'o.
" While the: concepts presented may not be readlly employed by pipeline operators without furthe esearch N
they are presented to address the need for continued research and development of more robus high oltagej_ ]

pipeline operators ‘ :!

5. 5 1 Prlmary Threat Controi of AC Interference




partial roll upper, partial roI! lower, and center line symmetric. The LEF magnltude betwee
phasing configurations can vary significantly.?® Generally, the ideal phase sequence for a d
circuit is the center point symmetric phase configuration, which generates an LEF approx:mately 65% »
~ less than the center line symmetric phase configuration.?® This is significant when considering this is s:mplyf;“"‘".‘
‘ ____the rESuIt of the physical interaction between conductors, and prlmary mltlgatlon reductlon at the bource

_ phase confguratlon does not requ:re unconventtonal installation methods to obtaln tI|I'IIIIS redush _
-magmtude 2% It is recognized that for existing. installations, pipeline operators generaliy may ‘not be able;‘to (
1nﬁuence HVAC power design;, however, for new construction and power systemI Iexpa '

lnterference is a concern, commumcatlon between plpe!me operators and transmlssmn owne

phase transposntlons can create discontinuities and effectively break up iong line mterferenb
long collocations. Further, in areas where construction access may be himited, phase transposs
Iocated strateg:cally to reduce mterference at the source. -

overhead shielding technique works by placing a conductor, grounded at regular intervals, wnthm a: targeted"’.': |
g reglon between the pipeline and the adJacent transmission line. This shielding: conductor, Iocated in' -;the'




circuit.29%® While this is generally not a common practice in mitigation of plpehnE‘ mterference, overheadj‘.‘."':‘
sh|eld|ng has been con5|dered and stud1ed in the past, and is used W|th|n other lndustnes. Specnﬁc overhead

tower grounds during fault conditions are another form of secondary risk controf. Fault protectlo
‘ takes the form of a parallel shield wire, 51m|iar to m:tugatlon nbbon discussed in Sectmn 5. 2 Hc_:

: 'mductwe mterference : . ?, s

5. 5 3 -Tertiary Threat Contro! of AC Interference

_‘ controi Mxtagatwn groundmg works by transmlttmg the AC potential to ground on!y aﬂ:er |t has alread”y
‘i '-:;;‘-reached the pipeline. While grounding has proven to be an effective means of mltlgatlon for- many hlstoncal o

Ahpyaragh

’ 'mstallatlons, and mstallatnon is generally w:thm the capab:lmes and access of the plpelme operat

the md ustry




As mentloned prev:ously, the measurement or calculation of AC current densuty ‘has ‘bee
mdlcator to ~determine the likelihood of AC corrosion across mdustry in North Arnerlca. )

- While it has hustorlcally been difficuit to obtain this information from power' [me operator
recogmzed need to have good understanding of the operating power line loads to determme
coupon test statnon or ER probe data. Addut:onally, best practices dictate obtalmng

Peak and Emergency load rating (amps) for collocated power lines

LJpe rating (kV) for coliocated power lines S
. Soil resistivity along the collocation at multiple depths c

Collocation and / 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

. Méxi_mum fault potential and fault clearing time




variables wuth respect to their |mpact on the severlty of AC interference.

6 1 l ~-Separatson Distance

dlstances greater than 1,000 feet when consndermg coliocations with Ioad capacn I
amps.? It is therefore recommended to consider collocations within 2,500 feet, and. the dedsm
analysis should also incorporate estimate of the power line current.

" Separation Distance - D everity Rankmg-:df HVA Interferencc
D<100 i‘ High Y
100 < D < 500 . Medium
500 < D < 1,000 Low
1,000 <D <2500 Very Low

;'6: 1 2 .HVAC Power Liné Currentf

. during, short duration scenarios. Ultimately, the load rating considered should be a nsk-based dec:s:on made"—“—'
1:.by th_e plpeime operator, onsndenng the frequency of occurrence for the Ioad Ievel typlcal _duration .

carry for any duration. The termmology for thls varies among transmission operators,‘ but It‘
referred to as "Emergency Load" defined as the maximum load a transmlssmn c:rcuﬂ: is capabi

duration of the elevated power Ime current. As the pipeline operator is generally unaware of an emergency""': :
- j_;' Ioad cond|t|on on the power line, nt may not be feasible to reduce or prevent exposure during even a short— o




'_'emergency loads, or other spikes in power line current may cause a o
‘ated corrosmn damage may be Eow as the duration is limited. ‘

o Ioad data is unavailable, published reference currents for various HVAC power Ime ratmgs are
N literature?®, However, these guidelines are for reference only, and may provide over or. under
. resu!ts. In practice, there are cases where ‘the operatlng currents prowded for a specn“

new and upgraded systems may result in load ratings above the provided reference levels.

Sever:ty rankmgs associated with HVAC load current for a collocated power line is prowded in: Tab e

: The foilcwmg generalized rankings have been determined through review of pubhshed techmcal
g mdustry data parametric studies, and hlstoncal experience. A

o - . ~|T 15
'Section 5 2 1 contains further background and deta:led information for effects of power lme phas

Tabie 4- Relatwe Ranking of HVAC Phase Current

- HVA o e verity of HV.
1> 1,000 Very High
500< 7> 1,000 - High S ey
250 <J <500 | Med-High "7
100< J<250 : Medium ‘
I<100 Low

6.1. 3 ol Resistivity : e ,?T

EN 15280 2013, with respect to AC corrosmn.lf




p <2500 Very High
2,500 <p <10,000 - High
S 10,000 < p < 30,000 & Medium
‘1“f§ : i 2 >130,000 : Low

6. 1 4 Colﬂocaﬂon Length

' experlence

\Se'venty-

High :
1,000 < L <35.000 Medium 53
L < 1,000 Low '

6. 15 HCbEEocation / Crossing An_&;ie

i Relatwe Seventy
High
30<0<60 Med
0> 60 ;i Low

6.2 Recommendations for Detailed Analysis

- The guxdance parameters presented are based on industry literature and standards where ava:lable. Where =
X gwdance has not prevuously been prowded quahtatlve classifications have been prowded to aad'm seventy. -




621 Casel

. For scenarios where power line current is known or can be estimated to operate at or above 1,000, amps,
o and a steel pipeline is crossing or collocated within 2,500 feet of the power Ime, a: detaited anafysns is
i recommended when one or more of the following conditions are met:

Collocation Length severity is characterized as “High”
Soil resistivity severity is characterized as “High” or worse

Three or more of the variables identified in Section 6.1 are categor:zed ”a
worse :

'622 Casez

'when one’or more of the following condltlons are met:

T e

Phase current severity is chara_c;tenzed as “High” or worse
Collocation length severity is characterized as “High”
Soil resistivity severity is charactenzed as “ngh" or worse

OOOO-_

" high current load, or multiple HVAC power lines.

6.2.3 Faults . 1

As fault conditions are generally infrequent and of short duration, it is not practical to obtam measurements“;' ‘
of AC potential during a fault condition. Analysns of fault voltages generally requnres numer:cal mode[mg

substatlon and generation source,




5""-'ground as wel!

r, = 0.08 "“"120 If p < 100,000 @cm * (2)""
= 0.047 [,acx 150 if p > 100,000 Q-¢cm (3)

~ Where: r,= arc distance in m

p= soil resistivity in Q-cm

IL.= the fault current in kA

6.3 Data and Documematioﬁ Requirements

-.‘___contams a sample data log prowded for reference

Plpellne Parameters

. Routmg geometry

« ' Depth of cover

« Diameter

+ Coating details

= (Coating resistance

«  Existing CP installations
. » . Location of bonds :
__;‘:"Soal resistivity at multiple depths and Iocatlons along the ROW
‘e Location of insulating joints

Powef line Parameters:
" s Routing geometry
«  Number of cifcuits .
« Conductor configuration (dimensions, orientation, phasing)
e Conductor loading (Peak and Emergency current)




Tower ground resistance -
. Maximum fault voltage ~ ol
_ Fault clearing time

« Shield wire configuration

' 6.4 General Recommendations

In addltaon to the assessment described in prev:ous sections, the following general recommendatt'ons;u
Ak
‘ for collocations and crossings where AC mterference is a concern: :

;Instail coupon test stations or ER probes to monitor AC Current densuty,
1.0 ecm?is recommended

-. Durlng plpeilne c0nstructton near HVAC fransmission lines, confirm tha_.the c tl: C
rl‘;»,,

program complies with the recommended 15 VAC limit for shock hazards, and ‘applicable ‘éHA--:
construction standards as referenced in Section 3.2.2. o - :

+ Record AC p:pe-to -s0il potentials anng with the DC pipe-to~-soil potentials during the annual catt d:c'll-'lg. _
protection survey on sections where AC interference threats may exist. This can provide mformatlon, N
should the power transmission company change its operating parameters, or unexpected changes '
occur between the pipeline and transrmssmn line,

. - Request power line loads correspondmg to the time of AC pipe- to—soni potentlal measurement to
provide thorough understanding of the mterference measurements

‘e Measure soil resistivity at locations where AC interference threats may e><|st TIhIS data
with the measured AC potentials to est:mate theoretical AC current den51ty for specn'”
the absence of coupons or ER probes ‘

conditions that may lead to a transm[ssmn line fault.

Safety precautions are required when making electrical measurements:




Extended test leads require caution néar overhead HVAC power line
voltages onto the test leads, or present a source of data error.

an:-ird
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o ]f‘,‘_‘-;- corrosuon rates possuble with AC accelerated corrosion.

the 1960'5 where AC corrosion was tdentified or suspected to be the primary mechamsm of degradat'
- - report ‘summarized recorded details on multiple case stud:es wuth specnf"c focus on comparlson o -co

which mttlgatlon is required. For current densnty cnterla, several procedures had clearly def“ned i
others addressed it as a concern for AC corrosion but did not specify a targeted limit of AC current denS|ty or"‘_"‘
3 define’ hrmts for mitigation. '

'L':_:.‘Case Studaes . : ) _.‘:_;:‘

”"-Numerous studies, both laboratery and fi eEd based, have been performed that attempt to d:etermme,i‘
: magnltudes of corrosion rates associated with AC interference. However, reviewing. availab e
Ilterature conF irms a wide range of expertmental rates, and a scarcity of controlled field measured"

Where. pubhshed historically identified corrosion defects and pipeline fallures assoc:ated wrth AC orrosno aioe
degraciat:on have been reviewed and are presented to demonstrate the magnrtudes and vanablllty in

g

Wakelm Gummow et al” provided three case stud:es where field mspectlons adentlﬁed,, efec

PR




) 77"':‘ ‘.The maJonty of literature reviewed mdlcates AC corrosion rates in the range of 5 to 60 mpy ’
e '-~iic:ases Fave been ldentnf:ed with localized corrosion rates signifi cantly greater, m excess of 400 Y

~ and Corrosion Control Systems

CEN EN 50443:2012 “Effects of Electromagnetrc Interference on Pipelines Caus
AC Electric Traction Systems and/or H|gh Voltage AC Power Supply Systems” I

o CEN EN 15280:2013 “Evaluation of AC Corrosion . likelihood of buried plpelmes appllcab[e “to .
; .;;1 cathodncal!y protected plpelmes




of induced AC voltage.”*® This standard practlce document requires remedial measures to redu
_ potenttal on the pipeline where shock hazards exist.

joints or sections before handilng

. "All temporary grounding connections shall be left in place until immediately prior to, _backﬁlimg e
- Sufficient temporary grounds shall be maintained on each portion of the structure. untzl adequate ’
. permanent grounding connections have been made.” ‘ ;_3- : [';_;u! i !‘::

personnel. , o ”-'j'

. Regarding AC corrosion, there are no establ:shed criteria for AC corrosion control prowded in SP0177 -2014.
Further this standard states that the subject of AC corrosion is "not quite fully understood nor; |s there an"' ‘

-', = industry consensus on this subject. There are reported incidents of AC corrosmn on burled plpellnes under

‘-;.lspeqfc conditions, and there are also many case histories of pipelines operatmg under the mﬂuen [

induced AC for many years without any reports of AC corrosion,” b i

Whlie not a Standard Practice document, NACE published “AC Corrosion State of- l:he-Art Corrosnon Rate,
K Mechanism, and Mitigation Requirements”® in 2010, providing guidance for evaluatmg AC cur
and provudlng recommended limits as dlscussed in Section 3.3.1.1.

lower than 30 A/m? (2.8 A/fE).



1.

The NACE State~of-the-Art report also references experirmental studies by Yunovich and Thomp
concluded

EN 1528032013

" (measured over a representative time period, i.e. 24 hr)

In practice, the evaluation of AC corros}bn likelihood is done on a broader basfs

. Current density iower than 30 AP (2.8 AMfE): no or low !rkehhood‘

* Current density between 30 and 100 A/m? (2.8 and 9.3 A/ft") med:um I.vkelrh' d;
e Current density hrgher than 100 Afm? (9.3 A/fE): very h.vgh lrkehhood” ‘

Effective AC corrosion mitigation can be achieved while maintaining. cathodic protectl
defined in EN 12954:2001

One of the followmg conditions is satisfied in addition to items 1 and 2:

o]
30 A/m? (2.8 A/ft?) on a 1¢m? coupon or probe

o If AC current density is greater than 30 A/m? (2.8 A/ft?), maintain the average cathodic (DC).
current density over a representative period of time (i.e. 24 hr) less than 1 A/mz n
coupon or probe

over a representative period of time (i.e. 24 hr)

“AC density discharge on the order of 20 A/m? (1.9 A/fY) can produce sfgnfﬁcant_fy ‘enhanced. "
corrosion (higher rates of penetration’and general attack without applied CP). Further,. : the authors
stated that there likely was not a theoretical ‘safe’ AC density (i.e., a threshold below wh.rch A does ;

not enhance corrosion); however, a practical one for which the increase in corrpsion because Cis
not appreciably greater than the free- corrosron rate for a particular soil condrtron may exis ‘




COATING RESISTANCE ESTIMATES




Pipe Line Corrosion and Cathodic Protectién, Marshall E. Parker & Edward G. Peattic

Pipe Coating Conductance/Resistance

- Coating Soil Cor;i::iince Resistance Range .
N. Quality | Resistivity - ‘

- pmhos/ft2 ohm-m? ohm-ft* - <

1 | Excellent - High 1 10 92,903 | 9,290 | 1,000,000 | 100,000

2 Good Hizh 10 50 9250 | 1,858 | 100,000 | 20,000

3 | Excellent Low 30 100 1,858 | 929 20,000 | 10,000 ¢

4 Good Low 100 | 250 929 372 10,000 4,000 -

5 Average Low 250 | 500 372 186 4,000 2,000

6 Poor Low 500 | 1,000 186 93 2,000 1,000

i pRCI |
' -Coating SOi.l . : . . l“-::-. :
No. Quali t; Resistivity Coating Resistance (Kohm-ft2) -
(ohm-m}
1 i Excellent 25 Mauttiply Soil Resistivity (chm-m) by 5 5
Excellent 50 Multiply Soil Resistivity (ohm-m) by 3 5
Excellent 200 Muitiply Soil Resistivity (ohm-m) by 5 5
Excelient 600 Multiply Soil Resistivity (chm-m) by 5 5
2 Good 25 Multiply Soil Resistivity (ohm-m) by 2 2
Good 30 Multiply Soil Resistivity (chm-m) by 2 2
Good 200 Multiply Soil Resistivity (ohm-m) by 2 2
Good 600 Multiply Soil Resistivity (ohm-m) by 2 2

3 Fair 23 Multiply Soil Resistivity (ohm-m) by 0.5 0.3
Fair 50 Multiply Soil Resistivity {ohm-m) by 0.5 0.5
Fair 200 Multiply Soil Resistivity (ohm-m) by 0.5 0.5
Fair 600 Multiply Soil Resistivity (chm-m) by 0.5 | 0.5~
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Znnc Ribbon

Advantages i

., « Can typically be installed during p:pelme censtruction minimizing mstallatxon costs

' + Cost of raw material is typically one third the cost of copper

= Can be trenched or plowed in relatively inexpensively after pipeline |nstallat|on

= Typically results in very low resistances

: '. Historically has performed as intended . ! R

. Surface mitigation rubbon can double as shielding for fault mnttgat:on
Dnsadvantages

« - Zinc clad ribbon is more difficult to work with compared to copper

"« Llife expectancy is generaﬂy less than comparable copper mstal!atron

Cog]:_ber Cable 3
Advantages ;
« Can typically be installed during pipeline construction minimizing mstallatlon costs
= Can be trenched or plowed in relatively inexpensively after pipeline |nstaliat|on :
"« Typically results in very low resistances
= Historically has performed as intended
« Surface mitigation cable can double as shielding for fault mltlgatlon
« Depending on the size cable the material cost of a copper instailation can be Iower than-:
installation
Disadvantages
. Cost of raw material is typically higher than the cost of zinc

-

decoupler

rounding (ano used he qr u'nd
: Advantages ’

« May be advantageous when surface resistivity is extremely high
Disadvantages

+ Typically high cost for both mstallatlon and materials

= Generally not suitable for mitigating ground potential rises (GPR) or arcmg ISSUES a

with faults
hallow Grounding (driven ground rods or bored ri n or cabl
. Advantages

zie .. Can be used to supplement horizontal ribbon or cable installation if reqwred

e Magnitude of the surface res:st:vuty affects the resistance

Disadvantages ‘ B

* Generally not suitable for mltlgatmg ground potential rises (GPR) or arcmg assues assoc:ated
with faults

[ PR S,

Engineered mitigation and/or Additives (no specific product identified) -

Advantages

« Could increase design life
Dasadvantages
. = Typically increases the material costs

. Notes:
1) These are typlcal statements and there are instances where they do not apply

no direct passage of DC current te or from the mitigation.
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- Company:

- Project:

Project Number:

General™~

Hugh Voltage Alternating Current (HVAC) Power Transmission Parameters

Qwner:

Power transmission voltage (kKV):

Average Tower Span (feet)

+] Substaticn ground grid impedance (ohms):

Phase Wires™

‘No, of circuits:

Circuit type:

Conductors:

7 | No. 1 average height (ft):

8 | No. 1 average horizontal distance (ft):

9 | No. 1 phasing (degrees):

10 | No. 2 average height (ft):

11 | No. 2 average horizontal distance. {ft}:
12 | No. 2 phasing (degrees):

13 | No. 3 average height (ft):

14 | No. 3 average horizontal distance (ft):

15 1 No. 3 ohasing (degrees):

16 | Other: Cable Sag, Lowest pomt (feet)'

Circuit Loaqu

17 | Peck loading (amps):
18 | Emergency loading (amps):
19 | Emergs ney load:ng time (hours):

“Shield Wires'
20§ No. of conductors:
21 | No. 1 type:
22 | No. 1 cenducter GMR (ft):
23 | No. 1 conductor resistance {(ohms/mil):
24 | No. 1 average height (ft);
25 | No. 1 zverage norizontal distance (ft).
26 | No.2 tyoor
27 | No. 2 zordugtor GMR (ft);
28 | No. 2 conducter resistance (chms/mil);
28 | No. Z =verage height (ft):
30

Mo. 2 average norizontal distance (ft):

Cuirent Parameters -

31| Foun clradng time {(cycles):

32 | Averzge tower resistance {ohms):
Beginning of Collocation: Total from feft substation

33 from right substation | e e
Middle of Collecation; Total from left substation

34 from right substation
End cf Ccllocation: Total from left substation

35 from right substation




. Compaiy:

- Project:

Project Number:

x".forrriat ﬁ':'R'aquésted'
engral

P:peline rumber:

Pipeline cwner

Fioeline name:

Produst transported:

Diameter {in)

Eurfai depth ()

Wall Thickness {inch}.

Lc-ng{ri'of Collzcation (feet/miles):
Coatings Tao LR

Coating t:pe (majority):

Coating resistance (kohm-ft2):

Coating thickness {mils}:

“Cathodic Protection ™ i1

Location -7 cathodic protection:

Resistance of cathodic protection groundbed(s):

Bonding 1 foreign pipalines? (Y/N):

Existing ~C mitigation measures? (Y/N):

Describe 2xising AC mitigation;






