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Date of Request: September 5, 2012 Request No.: UIU- 3
Due Date: September 17, 2012

NIAGARA MOHAWK POWER CORPORATION d/b/a National Grid

Case Nos. 12-E-0201 and 12-G-0202 - Niagara Mohawk Power Corporation d/b/a National Grid
Electric and Gas Rates

Request for Information

FROM: Department of State’s Utility Intervention Unit
TO: Staff Consumer Issues Panel

Request: Low Income Program

Please clarify your statement on page 15 of your testimony asserting that the CIP “considered the
size of the low income population, the economic conditions of the service territory, and the
impacts on non participants” in determining your proposed monthly gas bill credit of $8.50.

a. In what way did the. CIP consider these factors? Please provide all assumptions, both
quantitative and qualitative, that support your proposal to increase the discount to $8.50 rather
than to $10.00.

i. For example, what size of the low income population, economic conditions of the service
territory, and impacts on non-participants would have to exist to support increasing the monthly
bill credit to $107?

ii. To $12.50, as proposed by the UIU?

iii, To $15.00, as proposed by PULP?

b. How do the factors in Niagara Mohawk’s service territory compare to the same factors in the
other gas and electric service territories in New York. Please provide your analyses and work
sheets. '

c. Please state whether you weigh these factors equally or is one factor given less weight and one
more? Please explain your rationale.

d. Please state and discuss whether an increase in the customer charge should be an additional
factor considered.

Response:

a. We reviewed the following census and labor data, in comparison to the statewide averages:
the average annual income in the Company’s service territory from 2008 to 2010; the average
unemployment rate in the service territory from 2009 to 2011, and the number of households
living with incomes below the federal poverty line; along with other selected statistical data on
low-income populations. We also reviewed the following Niagara Mohawk data: the annual
total number of low-income disconnections from 2009 to 2011, the total number of
reconnections in the historic test year, the average dollar amount and number of customers in
arrears greater than sixty days for the historic test year 2011, and the percentage of revenues



allocated to the low-income program. From our review of this data, we determined that an
increase in the gas low income discount to $8.50 was appropriate. We did not consider what
hypothetical scenario may have to exist in order to support an increase to $10, $12.50, or $15.
Niagara Mohawk’s service territory is geographically large and economically diverse. A specific
formula for determining the size and scope of a low income program does not exist. As we
indicated in the CIP testimony on pages 14-16, we believe that the $8.50 bill credit strikes a
reasonable balance between the needs of low income customers and the costs of the program to
ratepayers.

b. As shown in the attached table (UIU-3 Attachment), as a percentage of total sales revenue,
Staff’s proposed gas low income program, at 1.14%, would represent the highest percentage of
total revenues of any major utility in New York State. On the electric side, at 0.52%, it is
slightly above the statewide average of 0.50%.

For 2011, 16% of Niagara Mohawks customers had arrears due over sixty days, which is the
highest in the State. In 2011, the percentage of accounts terminated was 3.5%, which is the
statewide average. '

Unemployment in the Company’s service territory is slightly below the statewide average. In
2009, the unemployment rate in the service territory was about 7.8%, in 2010 it was about 8.1%,
and for 2011, it was about 7.8%. The statewide average for those three years, were 8.3%, 8.6%

“and 8.2%, respectively,
According to Census Bureau data, the poverty rate in the service territory is about 13.5%,
while the statewide average is about 14.2%.

c. We weigh these factors together in a comprehensive manner and strive to achieve the best
balance of competing interests.

d. Niagara Mohawk has proposed an increase in the customer charge in this case, and the panel
took this into consideration.

Name of Respondent: ' Date of Response:
L.eonard Silverstein September 14, 2012.
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Date of Request: September 5, 2012 Request No.: UIU- 1
Due Date: September 17, 2012 :

NIAGARA MOHAWK POWER CORPORATION d/b/a National Grid

Case Nos. 12-E-0201 and 12-G-0202 - Niagara Mohawk Power Corporation d/b/a National Grid
Electric and Gas Rates

Request for Information

FROM: Department of State’s Utility Intervention Unit
TO: Staff Consumer Issues Panel
Request: Low Income Program

The CIP asserts on page 12-13 of its testimony that “successful” Jow-income programs result in
“reduced costs to the utility, and ratepayers.”

a. Please identify those costs that are reduced for the utility (that is, shareholders) exclusively,
those that are reduced for ratepayers exclusively, and those that are reduced jointly for both
ratepayers and shareholders. _

b. Please provide any analyses linking Niagara Mohawk’s “special programs for its low income
customers” to each specific cost reduction identified in the response to (a) above. These analyses
should also include historical data, that is, the impacts on each specific cost reductions of the

Company’s low-income programs at the levels prior to the current Rate Plan.
¢. Did the CIP perform any analysis of the impacts on the specific cost reductions of increasing
the gas low-income program credit from $7.50 to $8.50, as proposed by the CIP, or from $7.50
to $10.00, as proposed by the Company? If yes, please provide. If not, why not?

Response:

1. a. We testified that, “these costs may be reduced by an effective program to assist low-income
customers.” Whether the savings inure to ratepayers or shareholders depends on other
ratemaking factors. See our testimony page 11, line 14, through page 12, line 2, for a fuller
discussion of how such costs and/or savings may be shared between ratepayers and sharcholders.

b. Staff has not conducted any such analyses.
c. Staff did not conduct an analysis of the impacts on the specific ratepayer cost reductions of

increasing the gas low-income program credit from $7.50 to $8.50, or from $7.50 to $10.00. We
do not believe such a study was required to develop our proposal.

Name of Respondent: : Date of Response:
Leonard Silverstein September 12, 2012



Date of Request: September 5, 2012 Request No.: UTU- 2
Due Date: September 17, 2012 '

NIAGARA MOHAWK POWER CORPORATION d/b/a National Grid

Case Nos. 12-E-0201 and 12-G-0202 - Niagara Mohawk Power Corporation d/b/a National Grid
Electric and Gas Rates

Request for Information

FROM: Department of State’s Utility Intervention Unit
TO: Staff Consumer Issues Panel
Request: Low Income Program

Please provide a citation to any documents indicating that the current monthly bill credit for
electric-heating HEAP recipients is $10, as the CIP asserts on page 13.

Response:

See the Stipulation and Agreement Regarding Low Income and Economic Development (Case
10-E-0050-Exhibit 391), which was adopted by the Commission on January 24, 2011, in Case
10-E-0050.

Name of Respendent: Date of Response:
Leonard Silverstein September 12, 2012




Date of Request: June 13,2012 Request No. UIU-10E (SR-10E)
Due Date: June 25,2012 NMPC Req. No. NM-237

NIAGARA MOHAWK POWER CORPORATION
Case No. 12-E-0201 and 12-G-0202 - Niagara Mohawk Power Corporation d/b/a
National Grid - Electric and Gas Rates

Request for Information

FROM: Saul Rigberg
TO: Rate Design - Electric

SUBJECT:  Rate Design - Electric

Request:

10.  Please provide the current monthly customer charge for all residential Service
Classifications for both electric and gas.

Response:

10.  The current monthly customer charges for the residential electric service
classifications are:

Service Classification No. 1 $16.21
Service Classification No. 1-C $30.00
(Optional Large Time of Use Rate)

Income Eligible Basic Service Credit $5.00
Income Eligible Basic Service Credit(Electric Heat Customers) $15.00

The current monthly gas customer charges will be provided by the Gas Rate Design Panel
in response to UIU-10G (SR-10G)

Name of Respondent: Date of Reply:
Pamela B. Dise June 18, 2012
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Date of Request: September 12, 2012 Multiple Intervenors Request No. 9
Due Date: September 22, 2012 NMPC Req. No.

NIAGARA MOHAWK POWER CORPORATION d/b/a National Grid

Case 12-E-0201 and 12-G-0202 — Niagara Mohawk Power Corporation d/b/a National Grid

Reguest For Information

FROM: Multiple Intervenors
TO: Department of Public Service Staff Site Investigation and Remediation Panel
Request: On page 17 of its testimony, the Panel states that: “Staff’s oversight and

~ monitoring of the Company’s SIR activities should further incent the Company to be vigilant in
its duties and continue its efforts to minimize SIR costs.” Identify all instances that Panel
members are aware in which Staff advocated that utility SIR costs be disallowed as imprudent.

Response:

The SIR Panel is not aware of any instance in which Staff advocated that SIR costs should be
disallowed as imprudent.

Name of Respondent: Date of Reply:
SIR Panel - September 19, 2012




Date of Request: September 12, 2012 Mulitiple Intervenors Request No. 7
Due Date: September 22, 2012 NMPC Req. No.

NIAGARA MOHAWK POWER CORPORATION d/b/a National Grid

Case 12-E-0201 and 12-G-0202 — Niagara Mohawk Power Corporation d/b/a National Grid

Request For Information

FROM: Multiple Intervenors
TO: Department of Public Service Staff Site Investigation and Remediation Panel
Request: Has your review of Niagara Mohawk’s proposed site investigation and

remediation (“SIR™) expense differed from that employed by Department of Public Service Staff
in recent utility rate proceedings? If so, identify and explain all such differences.

Response:

The members of the Panel are familiar with Staff’s review of SIR expense in the following recent
rate proceedings: Cases 06-G-1185, 06-G-1186, 10-E-0362,and 11-E-0408. Our review of site
investigation and remediation expenses in Niagara Mohawk’s current utility proceeding did not
differ from that employed in those listed proceedings.

Name of Respondent: Date of Reply:
SIR Panel September 19, 2012




Date of Request: June 5, 2012 Request No. UIU-1 (SR-1}
Due Date: June 15, 2012 NMPC Req. No. 180

NIAGARA MOHAWK POWER CORPORATION
Casc No. 12-E-0201 and 12-G-0202 - Niagara Mohawk Power Corporation d/b/a National Grid -
Electric and Gas Rates

Request for Information

FROM: Saul Rigberg
TO: Electric Infrastructure and Operations Panel

SUBJECT: Regarding Testimony pages 31-32 & 66-68 of 116

Request:

1. Panel testimony, Exhibit (EIOP-10), pages 43-44 of 154, and Exhibit _ (EIOP-
19), pages 101 and 298 of 684, present the Buffalo Street Light Replacement program, noting
that the “program would address repetitive incidents of elevated voltage.” The Panel further
states:

Elevated voltage testing on the underground street light cable system located in

the Buffalo metropolitan area has identified stray voltage incident rates from 2 to

20 times the rates measured in other areas in the Company’s service territory.

Based on the success of a recent cable replacement program, a 10-year program to
replace street light cable circuits in Buffalo is proposed ($2.5M each year for 10

years).

a. Please explain what is meant by the phrase “repetitive incidents of elevated voltage.”

For example:

i.  Is the Panel referring to instances where the same object became charged
more than once even though the Company took measures to resolve the
elevated voltage situation shortly after it had been identified?

il.  Does “repetitive” mean at least twice or more than twice?

b. Please confirm that “elevated voltage™ in this context refers to the same condition as
“stray voltage”? If not, explain what is meant by “elevated voltage” and how it
differs from “stray voltage.”

c. Please explain the differences, if any, between “stray voltage” and “contact voltage.”
Which term is more accurate to use in the context of the Company’s Buffalo
infrastructure?

Form 103



d. The Pancl acknowledges that testing results indicate that the Buffalo stray/contact
voltage incident rates are higher than the rates measured elsewhere in the Company’s
service territory.

€.

Form 103

i.

il.

iii.

iv.

Please explain what type of testing, mobile scanning or manual, the Panel is
referring to in making its comparisons.

Please provide the number of charged objects found in each of the mobile
scans, categorized by voltage levels and identified by the dates the scans took
place, that have been completed in Buffalo on behalf of the Company.

Please provide the number of mobile scans conducted annually and the cost
per scan.

Is the Panel aware that Buffalo’s stray/contact voltage incident rate per street
miles is several times greater than New York City’s stray/contact voltage
incident rate per street mile? If yes, is the Panel able to explain why the
incident rates are so different?

Panel testimony, in addition to the exhibits referred to earlier, indicates that the
underground street lighting cables are more than 50 years old and that the Company
proposes to replace about 14% of the cables over a 10-year period at a cost of $2.5
million each year.

i

ii.

iii.

iv.

Please confirm that at the proposed replacement rate it would take more than
60 years to replace all of the (already more than 50 year old) “deteriorated
street light cable in the Buffalo area.”

[s the Panel aware of any studies or analyses showing the impact on safety and
reliability, as well as on the frequency of failures or elevated voltages, of
replacing deteriorated cable at the rate of 1.4 % per year versus any other
rates? If so, please provide the studies or analyses.

Is the Panel aware of any studies or analyses showing the impact of replacing
deteriorated cable at the rate of 1.4 % per year on the Company’s levels of
safety and reliability, as well as on the frequency of failures or elevated
voltages, compared to other New York utilities? If so, please provide the
studies or analyses.

How will the Company determine which cables to replace each year? That is,
will the selection be targeted based on the results of mobile scans (or another
method of discovery of elevated voltages), or will all cables in a particular

-area be replaced whether or not an individual cable is likely to cause a

problem in the short-term or in the mid-term?



Response:

i. The use of the term “repetitive” in this context refers to street light circuit
cables that are deteriorated such that repairs to mitigate elevated or stray
voltage from occurring at a location do not necessarily provide long term
correction due to the existing circuit and cable condition.

ii. A street light circuit could be impacted twice or more due to deteriorated
condition of the cables on circuits where repetitive incidents have
occurred.

b. The use of the terms “elevated voltage” and “stray voltage” are considered
equivalent in regard to the context of the question and definition provided in the
NYPSC’s December 10, 2008, Order Adopting Changes to Electric Safety
Standards in Case 04-M-0159 (the “Order”).

c. The existing definition from the Order (Appendix A, Section 1(c)) utilizes the
term “stray voltage” defined as voltage conditions on electric facilities that should
not ordinarily exist. The Order does not define “contact voltage.”

d.
i. The Buffalo testing is completed twice per year utilizing a mobile scan.
ii. The results of the Buffalo mobile scans are provided below.
Event/Hits
Buffaio 2009 2010 2010 Scan 2011 Scan- 2011 Scan- 2012 Scan
Scan-1 -2 1 2 -1
Dates - 10/02/2009  06/07/2010  08/30/2010  06/06/2011  08/17/2011  05/07/2012
Inspected 10/30/2009  08/12/2010  10/28/2010  07/15/2011  10/20/2011  05/30/2012
Total Events 2,677 931 837 714 566 316
Events 4.5V 861 275 212 141 91 86
and above ,
Events 4.4V 1,816 656 625 573 475 230
and below

iii. The mobile scans for Buffalo occur twice per year at a current cost of
$940,500 per scan.

iv. The panel has not studied the New York City incident rate per street mile
scenario in the question.

Form 103



ii.

i,

iv.

Name of Respondent:

Allen Chieco

Form 103

The Company did not propose to replace all street light cable in Buffalo,
but rather zones where high incident rates of stray voltage have been
experienced due to cable deterioration and configuration. The current plan
to do this work is estimated at 10 years. The Company is not proposing a
60 year replacement program.
The Panel is not aware of any studies showing the impact on safety or
reliability, as well as on the frequency of failures or elevated voltages, by
replacing deteriorated cable at the rate of 1.4% per year versus other rates.
The Company is aware that the work planned over a 10 year period is
projected to reduce the elevated voltage incident/mile ratio from 0.67 to
0.21. A study by the State University of New York at Buffalo (“UB”)
resulted. in four recommendations:
1. Continued mobile scanning to help identify issues within the street
light circuit.
2. Replacement of the old 3-wire system with the 4-wire system as
discussed in the paper.
3. Improved record keeping to assist in future trouble shooting.
4. Increasing the current 1V limit to a more appropriate yet safe level
of 8V.
The UB study is provided as Attachment | to UIU-I(SR-1).
The Panel is not aware of any studies or analyses showing the impact of
replacing deteriorated cable at the rate of 1.4% per year on the Company’s
levels of safety or reliability, as well as on the frequency of failures or
elevated voltages, compared to other New York utilities. Please see the
response to question l.e.ii, above.
The data from the mobile surveys can be utilized to determine areas for
cable replacement. Zones for replacement will be prioritized based on the
greatest impact where replacement will reduce the number of incidents. In
the zones chosen for replacement, all cable will be replaced.

Date of Reply:
June 14, 2012
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ABSTRACT

The University at Buffalo’s Energy Systems Institute haé investigated the occurrence of
stray voltage in the City of Buffalo. The street light circuits have been the cause of many
neutral-earth elevated voltages to develop on street light standards. In 2009 testing revealed
2556 occurrences, or light standards with voltages greater than 1V. In 2010, the same scanning
area produced 931 occurrences. The causes of stray voltage were studied and analyzed using
computer circuit modeling programs. The results of the computer simulations indicate that
imbalances caused by corroded cabling, phase faults, and load mismatches result in neutral-earth
elevated voltages on bonded light standards. The 4-wire system has been recommended as it
solves many, but not all, stray voltage situations. A discussion on electrical safety is provided
that aims to derive appropriate stray voltage limits. It was found that the variability in contact
resistance (hand-light standard, foot-ground) plays a large role making it difﬁcﬁlt to establish an
explicit number. However, it was determined that current stray voltage limits have several safety
factors built in, to the point that they may be excessively high. Other recommendations to the
utilities include advanced record keeping to aid with future diagnostics and troubleshooting to

reduce both down time and cost.
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I. INTRODUCTION

The growth of the electrical utility distribution system over the years has not been
without its complications. One issue that has gained some traction in recent years is neutral-
elevated -Voltages (NEV), which is known more colloquially as stray voltage. The history of
stray voltage extends back many years with the earliest complaints generated out of the mid-west
farming industry. In response to farmers complaints of decreased milk production and the
negative behavioral responses of cows in milking parlors, scientists conducted a study to
investigate the effect that electrical current had on the cows [1]. The results corroborated the
general mentality amongst the dairy farmers that the stray voltage was having an impact on the
behavior of the cows. Armed with the results of the study, the dairy farmers lobbied the
Wisconsin legislation which ultimately ruled in their favor by mandating that the utilities limit
stray voltage to less than 0.5V on dairy farms [2]. Other states would soon enough sanction
limits following similar law suits. Up to this point, the concern over stray voltage was seemingly
isolated to dairy farmers; it was not until early in the 21* century that stray voltage discussion
began in the context of metropolitan areas. The legislation of stray voltage on dairy farms was
seemingly used as a precedent in much of the regulation the utilities face today regarding stray

voltage in many of America’s cities.

Stray voltage has been used as a general blanket term by the public, legislators, and even
the utilities themselves to describe undesired voltages on objects that should not be energized. It
is very impértant, however, to identify the appropriate nomenclature to avoid confusion. The
Institute of Electrical and Electronics Engineers (IEEE) has established a working group to

define stray voltage.

CUniversity:
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This group defines stray voltage as:

Stray Voltage: A voltage resulting from the normal delivery and/or use of
electricity (usually smaller than 10 volts) that may be present between two
conductive surfaces that can be simultaneously contacted by members of the
general public and/or their animals. Stray voltage is caused by primary and/or
secondary return current, and power system induced currents, as these currents
flow through the impedance of the intended return pathway, its parallel
conductive pathways, and conductive loops in close proximity to the power
system. Stray voltage is not related to power system faults, and is generally not
considered hazardous. [3]

Contact voltage is another type of elevated voltage that can occur on a metal object that is often
confused with stray voltage. The IEEE working group on stray voltage defines contact voltages

as the following:

Contact Voltage: A voltage resulting from abnormal power system conditions that
may be present between two conductive surfaces that can be simultaneously
“contacted by members of the general public and/or their animals. Contact voltage
is caused by power system fault current as it flows through the impedance of
available fault current pathways. Contact voltage is not related to normal system
operation and can exist at levels that may be hazardous.[3)

Stray voltage can develop on any metallic object such as guard rails, street signs, man-hole
covers, and street light standards. In the Buffalo metropolitan area, street light circuits have been
the main cause of stray voltage occurrence. The dnalysis and discussion of this document will

therefore be limited to street light related stray voltage.

The following section will discuss some of the main causes of stray voltage and several
simulation cases are presented. An overview of government regulation of stray voltage is
presented in section IIT which illustrates the history of legislation in many states. Much of the

current legislation is based on a defined safety threshold. These safety thresholds are discussed

ity at Bufl
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in detail in section IV to shed light on what an appropriate safety limit should be from a
regulation standpoint. Lastly, this work is summarized in V which provides some general

recommendations based on the conclusion of this work.
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II. STRAY VOLTAGE ANALYSIS

The root cause of many stray voltage issues are the result of an imbalance in the neutral
return path of the light circuit. However, there could be several reasons why a circuit becomes
imbalanced which makes diagnosing stray voltage problems particularly difficult. The
imbalances can occur if the underground cabling becomes corhpromised in any way.
Underground cabling is prone to the long term effects of multifactor stress aging which results in
insulation breakdown and eventually failure. Corrosion also usually occurs at connection points
within the light standard itself. The corrosion can raise the overall impedance of the connection
which will change the characteristics of the overall circuit. Human factors also play a role in
contributing to circuit imbalances, including construction or road crews that recklessly drive
posts or signs into the ground causing faults or otherwise damage the cabling. Additionally,
construction projects such as the addition or modification of roadways or walking paths
sometimes require light standards to be relocated to other circuits. These modified circuits no
longer match their original design and therefore could suffer from irﬁbalances. Another, albeit
continuously variable, contributor is environmental conditions. The moisture content,
temperature, and composition of the soil will determine how conductive it is. A poorly insulated
cable in cool and dry soil conditions will behave differently than if it were buried in an area that

was warm and moist.
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A, Simulations

In order to analyze how various imbalances produce stray voltage, various simulations
were carried out. The circuit simulation and analysis package that was used was Orcad

PSPICE® 9.2 Lite Edition. The physical layout of the circuit is shown in Figure 1 which shows

a transformer feeding 8 street lights.

Figure 1: Physical layout representation of street light circuit.

The number of street lights was limited to 8 for all the simulations performed due to the

constraints of the program. This layout is represented schematically in Figure 2.
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Figure 2: Schematic representation of a balanced street light circuit with 8 lamps
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The center tap transformer feed provides two phases or “hot legs” which arel 180° out of phase,
and a grounded neutral. In an ideal case, every other street light would be powered of the same
phase (ie lights 1,3,5,7 are on phase | and lights 2,4,6,8 are on phase 2). In this configuration the
light circuit will be as balanced as possible. The simulation factors in the various cabling
resistances which are shown in Figure 2. The cable resistances are based on the assumption that
the length of cable between light standards is 50ft. The two phase cables are assumed to be
4AWG insulated copper with a dc impedance of 0.012Q for the 50ft. length. The neutral cables
are assumed to be 8AWG insulated coﬁper with a de impedance of 0.031Q for the 50ft. length.
The ground rod resistance was assumed to be 3£ [4] which includes the ground rod/earth
interface resistance. The voltage sources were set to 120V ac with a frequency of 60Hz and the

lamps are assumed to be 100W units (144£2 impedance).

1. Sim case I - Balanced configuration
The balanced configuration was considered a baseline simulation case. The configuration
was shown in Figure 1 and is considered the ideal case. The results of the simulation are shown

in Figure 3 through Figure 6.

Figure 3: Sim case 1 (Balanced configuration) - phase 1 currents
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Figure 3 and 4 show the phase 1 and phase 2 currents of the baseline simulation. The currents

are nearly identical in magnitude and the light standards closest to the transformer have larger

currents.

ds s 1 Ams 15ms 28ns 2ns ddrs 35ms LiBos 45ms Céns
a [(RP21} < E{RP22) ¢ T(RP23) a I(RP24) ¢ I(RF25) + I(RP28) = I(RP27) . 1{RP2B)

Time

Figure 4 Sim case | {Balanced configuration) - phase 2 currents

5 S5 18as 15Rs 20ns 26ms 30ms asns Lons 45ns SUns
o I{RM1) ¢ I{RH2) v I{RN3) a T(RM&) o I(RH%) + I{RN&) x I{RH7} ~ I{RH8)
Time

Figure 5 Sim case 1 (Balanced configuration) - neutral currents
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Figure 5 and 6 show the neutral currents and the stray voltage on the light standard respectively.
The neutral cufrents for the baseline configuration are approximately 0.75A for lights 2, 4, 6, and
8, and approximately 0.1A for lights 1, 3, 5, and 7. The light standards positioned closer to the
transformer (ie lights 1, 2, 3) have lower stray voltages compared to the light standards furthest

away (ie lights 6, 7, 8). All light standards however, are less than 90mV.

H

au

~5hal

-100mU

15Rps

8z SRs 10Rs 2ans 25R5 30R5 35ms Lbns 45R5 50ns
o W(BASE_1) o W(CASE_2) v UCLASE_8) A U{GASE_4} o U{CASE_5) + U(CASE_B) x U{CASE_7) A U{CASE_B)
Tire

Figure 6 Sim case 1 {Balanced configuration) - voltage on light standard (stray voltage)

2. Simcase 2 - Unbalanced configuration

The unbalanced configuration is similar to that shown in Figure 1 except that lights 1-7
are powered off of phase 1 and lamp 8 is powered off of phase 2. This situation creates a
“design imbalance™ since the circuit has been hard wired in this configuration. These results are

shown in Figure 7 through Figure 10.
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ds NS 18

5 15ng 20ns 25ns JUns 35S ugns usms 5ns
o I(RF11} o [(RP12) v I(RP13) a L{RP14) o L(RP1S) + 1{RP16) x 1(RP17)

Time
Figure 7 Sim case 2 (unbalanced configuration) - phase 1 currents

—B.5A

=-1.04

05 10ms RS Ins 25R5 30ms 35ns Lans 45mz Sins
O I(RP21) o I(RP22) v I(RP23) o I(RPZG4} o I{RPZ5} + [{RP26} x 1{RP27} » 1(RP2B)
Tire

Figure 8 Sim case 2 (unbalanced configuration) - phase 2 cutrents

The phase 1 currents for the unbalanced configuration roughly doubled from the baseline
case since it is powering almost all of the lights. Conversely, the phase 2 current was reduced

since it was only powering one lamp.
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L3 Sms 10ns 17RS ). 25mz 3brs as5ms L1 yEns Sons
o I{RN1) o I{BHZ) » [{AN2) & I{RM4) o I{RH5) + L[{RM6) = L[(RH7) ~ I{AKB)
Time

Figure 9 Sim case 2 (unbalanced configuration) - neutral currents

-

as &ns 1 Bs 15RS 28ns 2ens 3BRs asns yems: #5ns Fons
0 U(CASE_1) o U(CASE_2) v U(CASE_3) & U(CASE_4)} o U{CASE 5) + U(CRASE_G6) x W(CASE_7)} A W(UASE_B)
Time

Figure 10 Sim case 2 (unbalanced configuration) - voltage on light standard (stray voltage)

The distribution of the neutral currents has changed significantly as well; the overall magnitudes
have increased as well. The increase in the neutral currents has resulted in a voltage developing
at the light standard. With the exception of the light standard closest to the transformer, the

value of the stray voltages range from 1.5 - 2V on all other light standards.
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3. Sim case 3 - Corroded neutral (i}

This simulation case represents situations where a section of neutral cable has corroded
causing increased impedance for that particular length of cable. The corroded neutral impedance
was assumed to be 100Q2 and was positioned between light stahdards I and 2 as shown in Figure
11. The circuit is otherwise balanced; lights 1, 3, 5, and 7 are powered from phase 1 and the rest

are on phase 2. The results of this simulation case are shown in Figure 12 through Figure 15.

<0 08 0

Figure 11 Representation of circuit layout showing the position of the corroded neutral.

Transformer

a5 5ms 10ns 15ms 20ns 25ms 3das asms hons 45ms Shas
o F{RP11} o I(RP12Z} v I[RP13} & T(RP14) o I(BP15) + I{RP16) = I(RPI7}
Time

Figure 12 Sim case 3 {corroded neutral -i) - phase 1 currents
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N
N

5

(3 Sns 1Bns 1S5RS 20ms 25ms
o [(RPZ1) < [{RP2Z) v I{RP23} a I{RPZH) o I(RPZ5) + L{RP2S) x I{RP27) . 1{RP28B}
H

ime

Juns ISMs Loms 45ms Sons

Figure 13 Sim case 3 (corroded neutral -i) - phase 2 currents

N

:"__\\\.

3

~B.50

gs Ens Tons 15R5 20ms 25ms 30ns 35ms udns 45ns sens
o I{RN1) ¢ I(RH2} ¥ I{RN2) & I{RM&) o I{AH5) + I{ANB) = I(RN7) ~ I{RHB)
Time

Figure 14 Sim case 3 (corroded neutral -i) - neutral currents

The phase 1 and phase 2 currents for this simulation case are nearly identical to the
baseline case. However, since the corroded neutral was placed nearest the transformer, this has
created a higher impedance path for the return currents. This resulted in the neuiral current

distribution to be more like sim case 2 rather than the baseline case, although the magnitudes are

closer to the baseline case.
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4adnl

AI

s RS 10as 15ms 2qms 2%ms A0ms 3585 Lidnes A5ms 50ns
o WCASE_1) < U{CASE_2) v Y{CASE_%) o U{CASE_&) o U{CASE_5) -+ U(CASE_B) » U{CASE_T) » U(CASE_B}
Tire

Figure 15 Sim case 3 (corroded neutral -i) - voltage on light standard (stray voltage)

The similar neutral current magnitudes resulted in the highest stray voltage value to rise from
approximately 75mV in the baseline case to 350mV. The baseline stray voltage values, while
lower, also decreased in magnitude with decreasing distance from the transformer. In this
simulation case, the stray voltage present on all of tﬁe light standards located after the corroded

neutral are of the same magnitude.
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4. Sim case 4 - Corroded neutral (ii)
This simulation case is the same as simulation case 3 except the placement of the

corroded neutral is placed between light standards 7 and 8 as shown in Figure 16.

Transformer

Figure 16 Representation of circuit layout showing the position of the corroded neutral.

ds sns 160s 15ms 20ns 25ns 30ms 35ms 40ms 45ms S e
o I(RP11) o I(RF12) v I{RP13) & I(RP14} o I1(RP15) + 1[RP1&8} x I1(RP17}
Time

Figure 17 8im case 4 (corroded neutral -ii) - phase 1 currents
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4-6a H R
2.8 !
Hors N
YRS
i /O
\\ w7/ M
-2.88 i
: \ T
-y
—4.BA i i
ts SRS s 15ms ns 2Ens agas a5ns Libors 4Sng Slns
o I{RPZ1) o I{RFZ2) v I(RPZZ) & I{RPZ4) o I{RP25} + I(RP26} x I(AP27} . L(RF28)
Time

Figure 18 Sim case 4 (corroded neutral -ii) - phase 2 currents

BaBnA

LBbnA

[ ms 106ms 12ns 20ns 25Rs 36Rs J7As 4FRS Féns
o E{RH1) o L[(RNZ) v 1(RH3) & 1(AN4) o [(RM5) + I{RH&) = [{RN7) . I{RNB}
Time

Figure 19 Sim case 4 (corroded neutral -ii) - neutral currents
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3Ems uoas H5ms Sams

as Sms 18ns 155 30ms
o U{CASE_1) o WCASE 2} v U(CASE_3} & W(CASE_4) o W{LASE 5) + U(UHSE76). x WEASE_7) A WLASE %)
ime

Figure 20 Sim case 4 (corroded neutral -it) - voltage on light standard (stray voltage)

The phase currents again are the same as the baseline case and the distriEution of neutral
currents are closer to the baseline case rather than sim case 3. Since the location of the corroded
neutral was far from the transformer the other neutral currents were not as affected compared to
the previous simulation case. This translates into only a single elevated stray voltage on light
standard 8 while the rest of the light standard voltages remain at low levels comparable to the

baseline values.

5. Sim case 5 - Pha;s'e to ground fault (i)

This simulation considers the situation when one of the phases is faulted to ground due to
some sort of insulation failure. The impedance of the fault is assumed to be 10€Q2. The phases
are balanced similar to simulation case 1 with the fault on phase 2 as shown in Figure 21. The

results of this simulation are shown in Figure 22 through Figure 25.
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Transformer

es - 15Rs 26ms Jbms acns 4 Bns: usns 5ams
o [(RP11) < I[RP12) ¥ I{RP13] & I{RP14} o I(BRP1%) + I(RP16) x I{RP17¥)

Tire
Figure 22 Sim case 5 (faulted phase -i) - phase 1 currents

bs 5ms 10ns RS L3 ddrs acms 4Bas 45Rs Sdns
o I{RPZ1) & T(RP22) v I(AP23) A I(RP24) & I{AP25) + I(AP24) x I{RP27) x I{RP28)
Time




Niagara Mohawk Power Corporation
dfb/a/ National Grid

Case 12-E-0201 and Case 12-6-0202
Attachment 1 to SR-1

Street Light Stray Voltage Investigation Page 220139

Figure 23 Sim case 5 (faulted phase -i) - phase 2 currents

as 5me 10ns 15ms 2Bms 25ns a0as 35ms Hbns L1 ] Sins
0 I{RH1} o [{RMN2) v I(RKA)} 4 F({RHA) & I{RNS) + I(RN&)} x I(RNT) « I(RNB)
Time

Figure 24 Sim case 5 (faulted phase -i) - neutral currents

2.8

s Sas 18ms 15ms ns 25ns doms 85ms 4ors 45Rs Sns
G U(CASE_1) < U{CRSE_2) v U{DASE_3) a Y(EASE_4) o U(CASE_5) + UV{CASE_G) x U(CASE_Y) A U(CASE_B)
Time

Figure 25 Sim case 5 (faulted phase - i) - voltage on light standard (stray voltage)

The phase 1 currents are unchanged from the baseline case as expected. The phase 2
currents are clearly higher due to the low impedance fault on phase 2. The neutral currents are

therefore also considerably higher in magnitude as well with the average peak amplitude just
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under 10A. The amplitude of the stray voltage on the light standards is highest near the location
of the fault with a peak value of about 2.5V, while the peak amplitude nearest the transformer is

only about 250mV.

6. Sim case 6 - Phase to ground fault (ii)

This simulation case is the same as simulation case 5 except the fault impedance has been

reduced to a value of 1Q. The results are shown in

25ns 38ms a5ms L 45ns Soms

as 5rs 10ms 15As Z8ns
o {(RPI1} o [(RM2) v I{RP13) A I(RP1%) & I{RP15) + I{RP18) x 1{RP17]

Time
Figure 26 Sim case 6 (faulted phase - ii) - phase 1 currents
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as Sms 1BRs 15Rs s 25ms.
o I{RPZ1} o I(RP22) v I(RP23) & I{RP2L) o I(RP2Z5} + I(RP2&) x I(RPZ7) r I{RP2B)
Time

Figure 27 Sim case 6 (faulted phase - ii) - phase 2 currents

ds Sns 1 B RS 25ns ELL N 35ms 4 Bns 4sns Sens
o I{RM1) <o I(RH2} v [{RN3) a I{RN4) o I{AHS) + I{RN8) x L{RNV} . I(RHB}
Time

Figure 28 Sim case 6 (faulted phase - ii) - neutral currents
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N
-]

T

[ 5ms s ns RS 3bms B5Rs 400s Asns SQns
O W{CASE_1) o W(CASE_2) v U{CASE_2) a U{CASE_4) o U{CASE_5) + Y{CASE_6) x V{CASE_7) « U{GASE_8)
Time

Figure 29 Sim case 6 (faulted phase - ii) - voltage on light standard (stray voltage)

The results of this simulation case follow the same trends and stray voltage distribution as
sim case 5 only the magnitudes are higher. The phase 2 currents reported in the simulation are
more than likely much higher than what would be allowed with the inline protection fuses. The

simulation was done to show the effect of increased neutral currents on stray voltage.

The simulation cases presented in this section validate that various circuit imbalances can
cause stray voltage. The circuit impedance values and other assumptions used in the simulations
may not directly relate to what is seen in the field due to the variability of systems and of the
surrounding environment. Therefore, the stray voltage values are shown only to demonstrate
trends rather than absolute values under the simulation conditions detailed under each simulation

case.
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B. Stray voltage Mitigation methods

There are both short and long tefm corrective actions that can be taken to mitigate stray
voltage. The short term fix is to remove the neutral-mechanical ground bond inside the light
standard. This effectively isolates the light standard from the circuit. However, problems may
still arise since the light standard is no longer grounded and may present a safety issue in the

event of a line fo standard fault.

A more appropriate long term solution is to use a 4-wire system (Figure 30). The fourth
wire of this system is a mechanical ground that connects all of the local earth grounds at each
light standard to the earth ground at the transformer. The advantage of this system is that the
neutral no longer is bonded to the mechanical ground and therefore the light standard is not a
part of the lighting circuit. However, safety is still maintained since the light standard still has a
local ground rod attachment as well as a connection to earth at the transformer. The 4-wire
system was not simulated because since there is no neutral-ground connection at each light
standard, no stray voltage will develop under unbalanced conditions. This system essentially
solvés all stray voltage issues related to underground corrosion and insulation failure of neutrals
and other imbalances in the circuit. Although, a line to light standard fault will still produce a
voltage potential since a large current would be flowing along the mechanical ground wire.
Inline fuses on the phase conductors should blow during excessive fault currents which would
likely eliminate stray voltage occurrence during this type of fault condition. Additionally,
circulating ground currents from other nearby sources could conduct to the ground rods

connected to the light standard and produce a voltage.

rgy Systems Tnstitute

S University at'Buffalo - En
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Figure 30: Cut-away view of 4 wire system in a light standard.

III. STRAY VOLTAGE REGULATION [5]

1

The regulation of stray voltage started with legislation related to the dairy farming
industry in Wisconsin. In 1987 Wisconsin state legislators passed Wisconsin Act 399 granting
the Wiscoﬁsin Public Service Commission (PSC) authority to create stray voltage rules. Funding
was provided to sponsor utility research to investigate the stray voltage issues on the local dairy
farms. The scientific report concluded stray voltage was present and deemed counterproductive
to dairy farm operations. Based on the recommendations qf the report, the Wisconsin PSC
mandated that mitigative action must be taken when voltage levels of 0.5V (ImA through 500Q
test resistor) or greater are detected. This decision was overturned in 1996 when another
scientific study indicated that the 0.5V limit was too conservative because the 50082 test resistor
already includes a factor of safety. Concerns among dairy farmers in Vermont also resulted in
legislative action in 1994. In response to the legislation, the Department of Agriculture, Food
and Markets, the Department of Public Service, and the electric utilities worked together to

investigate stray voltage and corrective actions. The group determined that should stray voltage
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levels over 0.5V be detected, neutral isolators be installed at the utilities expense. Similarly,
Connecticut’s Department of Public Utility Control (DPUC) found that stray voltage can cause
physiological and behavioral changes in livestock, production losses, and financial loss and
psychological stress for the farmer. The DPUC mandated that corrective action must be taken
when stray voltage levels exceed 0.5V (ImA) in livestock contact areas and 1V between primary
earth and neutral conductors. Minnesota’s Public Utilities Commission (PUC) launched a
scientific study which released a report in 1998 stating that they could find no credible scientific
evidence that stray voltages cause poor health or milk production among dairy cows. As a result

of the findings, the Minnesota PUC did not enact any stray voltage regulation.

Utility regulation in metropolitan areas is more recent. 15 years after the Wisconsin PSC
established stray voltage regulations, the New Jersey Board of Public Utilities (BPU)
investigated claims of nuisance shocking in pools and hot tubs. The NJBPU required the Jersey
Central Power and Light to increase the size of the primary neutral conductors and to balance the
loads of circuits to within 10% average and within 15% peak demands. They also were required
to expand the ground arca of substations. In 2004 the Massachusetts Department of
Telecommunications and Energy (DTE) investigated reports of dog injuries and fatalities due to
electrocution from man-hole covers. The DTE imposed stray voltage regulation that limited
voltages between 8§-20V. Ultilities are required to immediately disconnect circuits that produce
stray voltages greater than 20V, while voltages between 8-20V must be remediated within 24
hours. Stray voltage less than 8V is up to the discretion of the utility whether or not they address
the issue. Lastly, in 2005 the New York Public Safety Commission (PSC) orders Consolidated
Edison to test man-hole covers, street lights, service boxes, and vaults and report its findings.

The effort was in response to the death of Jodie Lane in 2004; a New York City woman who fell

Un[foS |tv'1tB uffalo En _é lg\vatemS l nbtitut e
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on a live man-hole cover. After review of the utility report, the PSC specified 8-600V detection
devices and adopted the National Electric Safety Code. Additionally, .rate based fines were
issued if utilities failed to implement the requirements. The current stray voltage limits imposed
by the New York State PSC require voltages over 1V to be remediated. A timeline of these

legislative and regulatory actions is illustrated in Figure 31.

New Jersey BPU
balances loads:
1094 avg, 13%
peak. Expands

Vermont substation
New York PSC
DP3 0.5Von grounds adopts NESC
Wisconsin dairy farms : : regulations after
PSC 0.5V on Wisconsin Jodie Lane
dairy farms PEC overturned death. 1V limit
0.5V lirnit.
New limit 1V
1987 1994 . 1998 2062 2005
1995 1998 2004
Minnesota study Mass DTE man-
determines no dates §V lirmit
Connecticut | | credible evi- after several
DPUC 05V !| dence for stray deaths/injuries of
on dairy voltage claims dogs
farms

Figure 31: State regulation and utility response timeline for stray voltage,

versity at Buffalo.

S Energy Systems Institute | Pagess
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IV. ELECTRICAL SAFETY

Electrical safety is a topic that is both studied and regulated by many organizations. The

regulations may be specific to a certain occupation or they may be general regulations that are

adopted nationally, Therefore, the safety limits do not always coincide because of this

variability. Interestingly enough, the safety thresholds (Table 1) of various national and

international regulatory bodies are considerably higher than the stray voltage limits set by several

states. These thresholds represent the maximum voltage that is still considered safe, or in other

words, the maximum voltage that will not result in bodily harm. These thresholds are concerned

with human safety rather than human comfort.

Table 1: Other national and international electrical safety regulations [6, 7]

Regulating Body

Thresholds

NA—

25Vac clearly safe (1kQ)

30VRMS (500Q) (shock hazard)

f‘i:Eng1neers

USDA United States Department of Agnculture (Stray
Voltage)

: (Stray Voltagc)

 University atBuffalo - Enerey Systems Institure | Page2o
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The discrepancy in safety thresholds between many reputable safety organizations and
the stray voltage limits set by state legislators only leads to an interesting conundrum: what is a
safe stray voltage limit? In order to investigate this it is important to break down the probiem
into three parts: an acceptable current level, human body resistance, and the voltage potential
across the body. Once the first two parts are known, finding the voltage potential is a matter of

simple algebra.

It is universally accepted that electrical current and not voltage is what is harmful to the
human body. Therefore, it is crucial that an appropriate current level be established. The body’s
reaction to an electrical current can be characterized as perception, startle, and fibrillation [7].
Some literature suggests that human perception to electrical current can occur at values as low as
0.ImA [8]. Underwriter Laboratories (UL) research concludes that 99% of the population will
not have a startle reaction to currents less than 0.5mA [7]. This value has an inherent safety
factor built in and the author suggests that this corresponds to a conservative voltage level of
15V [7]. That same study concluded that 2.2mA was borderline hazardous [7]. Fibrillation is
the most concerning human reaction to excessive electrical currents. Fibrillation can occur with
approximately 67mA for adults and 30mA for children. It is important to note that no

documented deaths caused from electrical fibrillation have occurred with voltages less than 50V

[7].

The electrical impedance of the human body is very difficult to quantify due to many
variables. The contact mode is important to consider: hand to hand, hand to foot, foot to foot,
etc. The wetness or dryness of the contact surfaces also comes into consideration. Commonly

accepted impedance values range from a conservative 300 ohm value to 2000 ohms.
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Figure 32: Impedance contact values for a human-street light interaction scenario.

Consider the diagram in Figure 32 which shows the contact resistances of each
component along the path of conduction. The contact resistance of the light standard itself could
range from ohms to mega-ohms. The standard could have a layer of paint, corrosion, or other
foreign material buiidup that acts to impede the flow of electricity. Conversely, the standard
could have areas where the paint or other coating has been scratched or chipped off which would
result in a very low contact impedance. The hand brings into play another set of variables. What

are the conditions of the skin: hard, dry and callused, or soft and moist? In the situation shown
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in Figure 32 we are concerned with a hand to foot contact path. The body impedance, as
previously mentioned, can assumed to be anywhere between 300 and 2000 ohms. The electricity
must then find a path to ground through the foot. The foot to ground interface also has a range of
values which can span from hundreds of ohms to mega-ohms. The lowest impedance most likely
would be achieved with an individual standing barefoot on a metal object such as a drain grate or
manhole cover which is submerged in water. Higher impedances values would occur with a dry
rubber soled shoe standing on asphalt or concrete. These equivalent impedances are shown in

circuit form in Figure 33.

Q -MQ 300 - 2kQ Q -MQ
Pole/Hand Contact Body Foot/Ground Contact
M MWy - MA—

Stray Voitage

Ground

Q

Figure 33: Circuit diagram illustrating different components and ranges of contact impedances for the individual
touching a light standard in Figure 32.

With the circuit diagram in Figure 33, it is now possible to calculate the acceptable stray voltage

value if the three impedance values are known. If low conservative values are assumed for the
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pole/hand contact impedance and the foot/ground contact impedance then the bbdy impedance
value will dominate. This would result in a stray voltage range of 0.6 - 4.4V for the 2.2mA
reaction hazard threshold stated earlier. It is important to note that the 2.2mA was considered
borderline hazardous because the reaction from that current could cause someone to injury
themselves through other means (falling off a ladder, etc.) rather than the current itself being
hazardous. For situﬁtions related to touching a street Iight,‘ higher contact impedances are a
- likely scenario. While it is feasible that hand-light standard impedances can be low, it is likely
that the foot-ground interface will be substantially higher. This could put the overall effective
impedance at a value of a few thousand ohms or more. For a valﬁe of 4000 ohms, the stray

voltage limit would be 8.8V.

Clearly, defining a stray voltage limit is a difficult task because one must assume an
eqﬁivalent human body impedance for a vast array of situations. Perhaps what could be more
appropriate would be to define a lower limit for higher risk areas such as pools and hot tubs. An
individual submerged in water reaching out to grab a metal ladder or pole would likely result in
what is termed a “nuisance shock™ with stray voltage values as little as a few volts. However, an
individual touching a street lamp is not completely submerged in water like in the case of the
swimmer, and is most likely fully clothed. It would therefore be appropriate to have more

relaxed stray voltage limits in these type of settings.

It is interesting to see the large discrepancies in electrical safety thresholds defined in
Table 1 compared to the limits established by state legislators in section III, while the safety
values derived in this section fall somewhere between. One possible explanation for the
discrepancy between the stray voltage limits and the electrical safety thresholds is that much of

the of the stray voltage research was concerned with how electrical currents affected the

. University at Buffalo - Energy Systems Institute




Niagara Mohawk Power Corporation
d/b/al National Grid

Case 12-E£-0201 and Case 12-6-0202
Attachment 1 to SR-1

Street Light Stray Voltage Investigation Page 35 of 30

behavior, health and milk production of cattle. It is quite evident that the threshold to disrupt the
normal behavior of the cows is much different from the threshold that will cause injury to the
cow. The claims from dairy farmers was never based on the notion that cows were being
injured, but rather that the cows were behaving erratically in milking parlors and that overall
milk production had decreased. When talking about stray voltage in metropolitan areas and
specifically with street lights and other metal structures, it is important to focus on the safety of
the public rather than their comfort. It is evident that many of the regulatory bodies were
concerned with safety rather than comfort which is why their electrical safety thresholds are

considerable higher.

V. RECOMMENDATIONS

Based on the review of the stray voltage phenomenon and its history, we have the

following recommendations.

Scanning - The remote scanning should continue to help “sniff” out issues within the street light
circuit. In 2009, the Buffalo metropolitan area overseen by National Grid had 861 hits that were
over 4.5V [9]. Some of these hits could be dangerous and lethal contact voltage and must be
discovered and corrected. The scanning provides a quick way to detéct these dangerous voltages

as well as elevated stray voltage.

Upgrade Investment - Generally speaking, the electrical utility network is very old. The street
light circuits in older neighborhoods are several decades old and the buried underground cable is
approaching end of life. It would be beneficial to replace the old 3-wire system with the 4-wire

system discussed previously during upgrades. The insulated wire that is currently being used in

SN st ‘T ut e
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new installs is far superior to the older coaxial sfyle with lead neutral and should continue to be
used. Care should be taken when installing new cabling such that it is isolated from the earth as
much as possible when buried and should not be routed in areas that are high risk for being
damaged from construction or other means. When laying out new or upgrading existing lighting
networks, the circuits should be balanced (ie number of lights on each phase are as close as

possible).

Record Keeping - Superior record keeping will help aid with future troubleshooting and will save
money in the long run. Documentation should include not only the magnitude of the stray
voltage but the position of the light standard within the circuit. The corrective solution should
also be noted as well. For example, simulation case 3 and 4 in section II illustrates the
importance of noting the position where the stray voltage occurred. In simulation 3 a corroded
neutral was pléced at the beginning of the light circuit (nearest the transformer) which produced
an elevated stray voltage on all seven light standards located after the corroded cable.
Conversely, in simulation case 4 the corroded neutral was placed between light standards 7 and 8
which resulted in a neutral to earth elevated voltage only on light standard 8 while the rest of the
. light standard voltages remained similar to the baseline case. Statistics and analysis similar to
this can be a very powerful cost saving tool. . When crew members identify these types of
relationships they can very quickly identify, locate, and correct stray voltage issues which will

result in smaller work crews, less overtime, and an overall cost reduction.

Stray Voltage Thresholds Re-defined - There seems to be a conflict of numbers between many
electrical safety authorities and many state legislators. Much of this is due to several safety
factors implemented in the stray voltage limits as well as these limits being translated from

studies done on dairy farms. The focus of the thresholds should relate to human safety rather

T University at Buffalo - Enersy Systems Inscitute | Pagei2 |
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than comfort. Massachusetts DTE stray voltage limits seem very appropriate. Any stray voltage
limit detected that is under 8V is up to the discretion of the utility to correct. While it would
behoove the utility to be prudent and correct whatever is causing the stray voltage before it gets
| to a possibly dangerous level, this voltage level is harmless as corroborated by the standards
- shown in Table 1. The Massachusetts DTE requires voltages between 8 and 20V to be corrected
within 24 hours and anything over 20V must be disconnected immediately. The 8V threshold
fits more appropriately with much of the current research that defines stray voltage as “...usually

less than 10V” and “...considered harmless™ [3]. The utilities should push to have the current

1V limit raised to a more realistic and appropriate, and yet safe, level of 8V.
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VI. SUMMARY

The Energy Systems Institute at the University at Buffalo has investigated the stray
voltage issues occurring in many of the street light circuits in the Buffalo metropolitan area. The
history of stray voltage occurrences stemming from the dairy industry has been reviewed as well
as the legislative history. Many northeast states in the US have adopted stray voltage limits
which were reviewed and presented in this work. A full analysis of what factors cause stray
voltage was carried out and it was determined that various forms of imbalances are the dominant
factor. A discussion on electrical safety provided insight into the difficulty of establishing stray
voltage limits. It was determined that many factors of safety are built into many of the stray
voltage limits, including New York State, and the limits may be grossly conservative. Several
recommendations have been suggested to the utility that can help them detect, correct, and

mitigate stray voltage now and in the future.
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