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Topics

1 Goals of this Session
1 Brief Review of Terminology

1 Brief Review of Stray & Contact Voltage
Sources

1 Anatomy of a Case Study.

1 Cases:
— Outdoor Faucet  (Bad Neutral)
— Basement Shower (Ground Fault)
— Backyard Pool (Excess Ground Return Current)
— Municipal Pool (Bad Neutral)




Goals of this Session

1 Contribute to discussion on the Typical Sources
of Stray & Contact Voltage

I Propose a Straw Man for discussion on format
for the Case Studies parnt of Working Group’s
product document

1 Present selected Case Studies for Discussion
and Comment




Terminology

1 “Stray Voltage” will refer to voltages that occur
as a result of the NORMAL operation of the

electric system.
I NORMAL may not be optimal




Terminology

1 “Stray Voltage” will refer to voltages that occur
as a result of the NORMAL operation of the

electric system.
I NORMAL may not be optimal

1 “Contact Voltage™ will refer to voltages that resuit
from ABNORMAL system conditions

| Open conductors, phase or neutral
I Shorted or Faulted conductors

1 Wiring errors

I Insulation failures




Brief Review of
Stray & Contact Voltage Sources

I Focus on High Neutral-to-Earth Voltage




Brief Review of
Stray & Contact Voltage Sources

I Focus on High Neutral-te-Earth Voltage

1 Focus on Ground (Earth) Return Current

1 NOT looking at Induced Voltages (in this discussion)




Brief Review of
Stray & Contact Voltage Sources

I Focus on High Neutral-te-Earth Voltage

1 Focus on Ground Return Current
I NOT looking at Inducedi Voltages

1 Focus on a Really Simplistic Electric Model

1 NOT showing all of the Transformers, Inductances, and
Capacitances

1 NOT showing all of the repeated parallel paths




Brief Review of
Stray & Contact Voltage Sources

1 Focus on High Neutral-te-Earth Voltage

1 Focus on Ground Return Current
I NOT looking at Induced Voltages

1 Focus on a Really: Simplistic Electric Model

I NOT showing all of the Transfermers, Inductances, and
Capacitances

I NOT shoewing all of the repeated parallel patis

1 Mention one possible source of Contact \Voltage




Basic ElectriciVIeEeE)

-We must think of EE-201 “Fundamentals™

-Remember Kirchhoff's Law about the behavior of Currents:
All of the Line Current must return to the source (substation transformer),
to complete the ‘circuit’. And
Currents will flow in ALL possible paths, inversely proportional to Impedances.

-Remember Ohm'’s Law :
Currents flowing through Impedances ALWAYS create Voltage Drops
(Potential Differences)




Basic ElectriciVIeEeE)

-Load Impedance is typically much higher than the Line + Neutral Impedances.




Basic ElectrincVier e

The model must also include the “Multiple Grounded Neutral”.




Basic ElectrincVier e

Grounding Electrodes (Ground Rods) may have impedan ces
to “Remote Earth” in the range of 10-50 ohms
and can be much higher in dry solil, sand, or rock.




Basic ElectrincVier e

Simpler to think of all of the impedance being att  he
ground rod interfaces to earth, with impedance of
earth itself as near zero.




Electic, Viede)
Return Current. “Divider”




Electic, Viede)
Return Current. “Divider”

earth impedance




Electic, Viede)
Return Current. “Divider”

_ it

Earth or Ground Return Current




Basic ElecirnclViere)




Basic Electric Model
ViestEikely - HUimapEiolchNzoieniel

Outdoor Water Faucets,
Basement Shower Faucets,
Pool Ladders and Handrails

Bare wet feet




Basic Electric Viode!
“Stray” Voltage Seurcer="A

Results in higher than normal grounding electrode ¢ urrents and voltage drops.




Basic Electric Viode!
“Stray” Voltage Source-B

High Load Currents means that the Load Impedance is getting smaller,
relative to conductor impedances.

Thus, there is relatively more Voltage Drop elsewhe re in the circuit,
such as across the Neutral and across the Ground Ro ds.




Basic Electric Vieeel
A Contact” Voliage Seulice

This ground Current ‘returns to the neutral’ through the grounding electrodes,
resulting in higher than normal electrode Voltage d rops.




Anatomy of a Case Study
(A Straw Man)

I Detalls of Custemer Complaint
I Previous Actions & Findings by Service

Technician
1 Engineering Diagnestic Actions & Eindings
Problem Cause (Classification)
Remedial Actions Taken
Results
I Ay Next Steps




We will Discuss 4 Case Studies:

—Qutdoor Faucet
—Basement Shower

—Backyard Pool
—Municipal Pool




Cases:
—#1 Outdoor Faucet

— #2 Basement Shower
— #3 Backyard Pool
— #4 Municipal Pool




Case #1 - Outdoor Faucet

— Kids geting - inglear
whilesillinewater e

palloons areuieen);
faucet

— CuUSstomermeasuned
Vol i2ges astiigres
10/ \VAC




Case #1 - Outdoor Faucet

— Conlimmed SV AC measuemeniatialCe:

| WeatherwasrconliepsoraliNEeadsWere geIne e e
| Not unusualifier thesewelidgENMEaSHTEMENSHON ARGV EIRIITE

— Checked all greunesianeNeResE— O

— Called Engineenne




Case #1 - Outdoor Faucet

— Coniimmed = Stiray: Veliage measuiemeniss

— \/oltage measteuiseyerali mes; 2eSEENONIEN 026
dependent (Increased duineNIENSEZAeRhE EZ))

— @ opildpee) sl Erotipels el Baopels o ge “0)




Case #1 - Outdoor fFaucet

— [Location |s near end off L=phriap; 4 - milEsHenrSulesiaiien:

TALILLINDISYCILCOYSTRY3129601520.5TR - [Window 1]




Case #1 - Outdoor fFaucet

— lLecation Is near end ofi 1-plhliap, distantiremiSuiasieiien:

— Significant 1-ph leads; dewWhstreamiei IS CUSICMER




Case #1 - Outdoor Faucet

— Location isinear end eifd-phiiap; dist2pisiemSulesicuoIaF

— Signiiicant 4-phricads dewnRstiean e thisS CUSIOMENR

— Stray Voellaoenmeasiiialol EraineIvinys;
BUL e COMPIAMISHIGRINIIERNIE

— PrevioUsepoisiiom ConstilichioNe);
URIDI cablEnEUE CooSIORNNMINISIAIESD

— ImpracticalitoreplaceralifoitigiSNUIRIDNCEIIIES
215l relligle) et (Wedo ot raglics dus o petiral corrasios)




Case #1 - Outdoor Faucet

Focationiis near end of 1-pn flap, distant from: Substation.
Significant 1-phioads, downstream of this customer.

Sifay Voliage measuranle at neighbors,
pUtNe complaints from them.

U

.

s from Construction of
itr

fal corrosion In this area.

Impracticali to replace all or this URD Cable,
as not falling yet. (We do not rapJaJe due to neutral corrosion)

Verifleelirieit [iftre) irle Servica Natirzl fiecd tne groglers)




Case #1 - Outdoor fFaucet




Case #1 - Outdoor Faucet

— |nstalled! 27° ground rod neatCusiomerVIEIEs

(ImpEdaRCENVERGRWRINCUIERVERNI)
NG Voeli2geNehzZneE)

— |nstalledr22% g rouncNodraiPauSINERSIOHNEN

(INersIgnRIiicanaiiech)




Case #1 - Outdoor Faucet

— |Installedl 2"° ground rod neaECusiomerRVIEIES

(Impedance Wwendewn CuEneRisuie;
NeVeliaeerChanage)

— |nstalledl 2% ground Vo EreiNZEERINERSIOHNEN

(Nle sife)pliflesinft cifiset)




Case #1 - Outdoor fFaucet

| InstallecdtNetial
Iselatier in Pad
ranSIormer;




Case #1 - Outdoor fFaucet

" nstallea Neutral Iselator

J
R Pad lfransiermer

| Cannot just leave
REUal @REN; eSt ik
iesulisHirerSaiey,
gleiZzlfcel ziple) N =EC
CoedeVielaen




Case #1 - Outdoor fFaucet

Neutraltlselaiercan PE:

- Spark GaprAmestey;

- VIO Arrester

- Sattiiated Core ReEaCIorN
(Ronk Blocker)

MUust-CoRduchany,
Ground-EaultCUEntsS




Case #1 - Outdoor-aucet

— |nstalledtNeutral
|selatorinrPad
ranstormer

— ALZ20)[2450) Vo)
VI@N S ATESTIEN




Case #1 - Outdoor Faucet

—\VoliadeemeducediioNess iianrsOnAE:

— Decianer stcecessaneF VI RFAWEN S




Case #1 - Outdoor Faucet

—AdVise: cluStemeriercalF2GeNIiNGliZeE
[e-appPEaiSHEX SUinmMERaSH eSS

PaCKk U;

(Werdid tishnrtesEalinen N e Eie SRV ETEN A LYV
ifelpp) Fereld)




Ccases:

— #1 Outdoor Faucet

—#2 Basement Shower

— #3 Backyard Pool
— #4 Municipal Pool




Case #2 - Basement Shower

1 Customer Complaint:

IRural home. Getting shocked in basement
shower, when touch water valves.
Started 2-3 weeks before investigation.




Previous
Tecnnic

-

/)

Case #2 - Basement Snower

Actions & Findings ny Servic
Elg

— Meas! lre ol 6.4 —7.0 VAC In snower, oetweer
WeLler Neir dJeS ancl metal drain cap in floor.

— Disconnect not leads at ine meter (MNo Affeci) \

1 : : : re \.
— Disconnect service rieuiral at meter (No Affect)
— 50, call Engineering for assisizgce

A
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Case #2 - Baserment Snower

E Engineering Diagnostic Actions & Findings
— Verify measurernent of 3.5 volis i snower
— Measured ground irnpedance of 18 onms znd
grouncd rod current of 0.194 arnps (cales to 3.492 volis)
— Verifled no affect frorn not leg and neuiral disconnecions
— Added water gipes to ground pond (No Affect) \
— Verified integrity of neutral connections (All OF)

— Discussed situzition witn custorner. Verified inat groolerr
started apout same tme 25 nelgnpor's electric org_qL%m—.
/7

A
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Case 7 - Dasermnent snower

Englneering Diagnosiic Actlons & J—erlmﬁ

— Pulled cut-out for tne cornplaint location, witn no affec
— Pulled cut-out for nelgnoor across sireet, siray voliage

\‘



Case #2 - Baserment sSnower
Engineering D]agnost] Actlons & Findings

— Inspecied neignpor’'s farrn operaiion, no farm nouse
— Farmer snowed-up and offered to nelp

\‘
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Isement Snower

Q)
(N
(D
Q)

By 1 r)
C w7 - B

Engineering Diagnosiic Actlons & Findings ‘
— Z pranchn circuits frorm rmeter pole
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7 - Basernent Snower
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Engineering Diagnosiic Actlons & Findings

— Custorner suggesied overnead circult, wnicn nad beer torrn
dowr 0y a cormpine, and reatiacned oy ine farmer.

(
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ISermnent snower  {

0 )
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0 )

Py 7 »)
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E Engineering Diagnosilc Actlons & Findings
— Witn ald of Trouolernan, disconnected grancn circuits one
at 2 tirne and rnacde rmeasurernearnt

U1

:_
B
Q
<
(D
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— Confirrned that aicl clrcult was the sourc

oroplerr). \

— Checred wiring in tneat oullding, founcd everyirning O
Y Y, yuing —
— Opening tne orearers In that ouilding, no affec

/7
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Snower

Case &7 - Basamean

E Engineering Diagnosiic Actlons & Findings
— Lignts and garage door opener worked OF

necred ¢ Jrolmrl rocl for good boncding

ould not get an impedarnce measurement (rmeier error)

— 3-4 arnps In ground rod, even witn preaker oper

— Did NOT feel any voliage on the ground rod

\
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2 orarnch clreult conductors
bee' HEVERSED wrnen reconrnected

rtrne accldent witn the cormnolne,
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Case #7 - pasernent snower

E Proplem Cause (Classification) ‘

Grouncd Fault

R SGAR T
i
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Problem Cause (Classification)

Ground Fault

Initizdly Invesilgzaied a

cl

2

“Siray Voliage” type cormplaint
Due to uncerlying cause, tnis would

8 H7 - Basament snower

r (g
clS

ﬂ‘

ne \

classified as a “Contact Voltage” issue,
The riswiring consiliuies an ABNORMAL
sysiern conditior),

R

S

/7
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Case 7 - Dasement snower

B Pemedlal Actions Taken
— Tne overnesad service wires to t "'J@ Oarrn were

rred to inelr correct connecions oy ine
Trouolernar),

@
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Isement Snower

> . = 1 r )
C/ 1S TI’:Z. = D

(‘\ Y
(D
(‘\ Y

Results

|

®

— Measured voltage In the snower was reduc
0 0.500 V AC,




Case &7 - Basamean

(—1-

) s rr T r T "l r ~ | r r
— Measured voltage In ine snower was recuced
t0 0.500 V AC
B \Witnin expecied voltage range for e custorner on a long rural iag \

B Our *well-away” level is 1.0 volis AC, so Case Closed

B,

Snower
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Case #7 - pasernent snower

\‘

N

— No follow-up aciions were recuired
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el

— | left out one Important oit of Inforrneiion

— What is rnissing frorm the story? \
\
I—————
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Municipal Pool




Case #3 — Back Yard Pool

E Cusiormer Complaint:

— Newly installed in-grouncd
000l

— Imrmecdiaiely felt ‘iingling’
wrier using metal nand
rail to exit ine pool

— Measured 1.5 - 2.5 VAC
petweearn nand 'rlJI rlmrl —
pool water m—

A



Case #3 — Back Yard Pool

E Previous Actions & Findings oy Servic
Tecnniclarn:

— No field investigation was performecd py Operations

— Engineering was called Irnrnediaiely

ﬁ\
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) ) ~ ;I \/ ~
3 — Back Yard Pool {
endineering Diagnosiic Actions & Findings:

— Met custorner eleciriclan at tne siie

QLJJCAJy cdetermined tnat he was not “Licens

W
P
0o

— Started to investigate muliiple complaints: Q
B GF| Breayer on pool purmp would not stay closed

E TV in nouse was recently damaged during a lightning Jrorrr\
E Tingling on pool nand rail

- -

S

/7
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Case #3 — Back Yard Pool

Engineering Diagnosiic Actions & Findings

—

—

nspec ted wiring at main enirance pane!l and
- parel at ine pool.

Lﬂ
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H3 — Back Yar
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Engineering Diagnostic Actions & Findings

U)

— lnsrt
i

pected wiring at rneain entrarnc
)

e panel and sup-panel at
0ool.

ﬂ)

o
fl"
:
o

.’

d boncled the neutral 1o the case ground at

rU a ground-loop. Lifting that illegal jurnper
onlern

L
) 4

—

(D
C=
Q@
=

<

(D

—

ru ponds between the CATV service and the Electric
e CATV was not grounded at all. Advised ci

Jsu@r o
omorm/ to get thelr service properly grounded, t
nining pronlems

-
Q Q(D

- QY
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. 4
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A
1>

—i
SIS
(/- (—
-
Y
9D

LD
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— Inspecied ine

grounding and oonding around tn

osilc Actlons & Findings:

Case #3 — Back Yard Pool
gno

E =ndineering Diac

e poo|




Case #3 — Back Yarc

| PoOl (

Engineering Diagnosiic Actions & Findings:

Insoected the grouncding ancd oonding arournid the oool
] ]

B Opserved ground rods at the meter, at the purnp sup-panel, and at the far
end of the pool.

B Opserved multiple grounding conductors attached to ground-rods arouncd

electrician” that the purnp, pool lights, powered pool cover,
ancd all rnetal fittings and fixiures were bonded o this ground gricl

\

A



Case #3 — Back Yard Pool

E Engineering Diagnosiic Actlons & Findings: ‘

— Inspected utllity service to tne residence




Iclence

B Disconnecting not-leads nad no affect on Stray Voltage

—-

B Disconnecting neutrzal aif meter lowered Stray Voltage,
out not by enougn to call it fixed.

E All not, neutral, and ground connections were restored and verified .
tignt

(No affect) —
E Two additional ground-rods were driven at transforrmer (No affect)
[

S

/7
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Case #3 — Back Yard Pool

ngineering Diagnostic Actions & Findings:

Q
@

Inspected utility service to the resider

E  Disconnecting not-leads had no affect on Stray Voltage

B Disconneciing neutral at meter lowered Stray Voltage, but not by enough to call it fixecd,

E Al nhot, neutral, and ground connections were restorad and verified tight
(No rlrregr)

E  Two additional ground-rods were driven at transformer (No affect)

Tested lines into supdivision (looking for Ground Fau

LIlt:

&~
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ngineering Diagnostic Actions & Findings:

— Inspected utility service to the residernc

E  Disconnecting not-leads had no affect on Stray Voltage
B Disconnecting rieutral at reter lowerad Stray Voltage, but not by enoughn to call it fixed.

E  All hot, neutral, and ground connections were restored and verified tight
(No affect)

E  Two additional ground-rods were driven at transformer (No affect)

— Tested line Into subdivision

B [cdentified 2 cut-outs serving 2 sides of UG loop in subdivision
B Opened cut-outs one at a time (Each time Stray Voltage went down to about half)

B Checred neutral connections on OH line for 1.5 miles back to 3-pn main line
i T

neutral currents on OH line

— 14 amps phase current -
SRR




Case #3 — Back Yard Pool

Engineering Diagnostic Actions & Findings:

- Inspected utility service to the residenc

LL‘

L Disconnecting hot-leads had no affect on Stray Volizage

L Disconnecting neutral at meter lowered Stray Voltage, but not by enough to call it fixed.

L All hot, neutral, and ground cornnections were restorad and verified fight
(Mo affect)

L Two additional ground-rods were drivern at transformer (Mo affect)

- Tested service to neighbors (looking for Ground Faults)

L Identified 2 cut-outs serving 2 sides of UG loop in subdivision

L Opened cut-outs one at a time (Ezch tirme Stray Voltage went down to about half)

L Checlked neutral connections on OH line for 1.5 rniles back to 3-ph main line (All connections good)

L Measured phase and neutral currents on O line
14 arnps ph urrent
- Only 10 arnps neutral return current

1-oh loads cli distance from supstation was resulting in significant
eartn return curren!
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Case #3 — Bacy Yard Pool {
endineering Diagnosiic Actions & Findings:

ternatically re-cnecked our rr
ooservations, ancd wnat we nacd oeen

y (D
Q)
W
-

(/- —
(P
—
-

~ (D
=
(—
W

told py the customer

— Opserved tnat pool water was i’ Qémo[e Eerm potental,
out that ine grouml -rods were not. And, the three grouml
rocls were not ait the sarme potentizls rele ve to rermote \

eartn.
— Discovered inat Stray Voltage went EWVELY wrien we acded a
oomrl peiween tne pool nand rall and the nearest ground
/7

A

ﬂ)




Case #3 — Bacy Yard Pool {

Systermatically re-checked our measurerments, observations, ancd whet we nad been told
t

Observed tr JE_
not. Ancd, the i

‘_| l—|

OJJ] water was at “Rermote Earth” potentiz JLJ[ thel
|

f al, at the ground-rods were
ree ground rods were not at the sarme potentials relati

/e to rernote eartn.,

-
cl

Discovered that Stray Voltage went away whern we added 2 bond between the pool nage
rail eind the nearest ground rod,

The “Arnar
NEC reqL

[
0l I

There was no equipotential grid around inis po
/—

A




— Thnis was not a Utllity problem
— |t represer £el NORMAL eleciric operation

— Nothing for us to fix.
Thl a Custorner Proolerrn.

le

—_

SIS
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Case #3 — Back Yard Pool
Farneacdial Actlons Teayxer
— Nothing for utllity to fix.

B |\eutral Isolation would not fix proolern.

L Nor or, clic e_l to run 3-pn for 1.5 miles to palance
’ £ = . p .'5

— Le'f'ir. oLur "tempore ry’ ponding conc I LICTOr I1)

place, so custorner could verify o fW“”JJ \

\

—Advised custorner tat It was nis

i
responsioility 1o oring Nis POl UQD T @m—

/7

NEC Code Cormnplianc e| _



— Aclvised cus

all rnetal flx

— Advised cusic

oroblern

[

orner to nire electriciain to correctly pond

tures in pool area,

orner to call pack If that did not fix tne




aserrent shower
Saickyerd Pool

4 Municipal Pool
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omplaint:

—*Snocring”

voliages feli in

tne Snack Bar

— Municipal

Pool
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H#4 — Municipal

omer Complaint:
Cr oar yltcnen volunieers are

ocked arouncd tne sink

Pool

ojettir

1Y



Case #4 — Municipal
Previous Actions & Findings by
Service Technicians

3

— Initial rneasurements betweer)
olurnping and metal eleciric
concuits in kitcnien were in tne
o— 10 VAC range.

— Line crews founcd and fixed &
nearpy prirmery neuiral connection,

wrilch recduced rmeasurerments to
2-3 VAC range.

— Tnen called for Engineering
assisiance

Pool



Case #4 — Municipal Pool

® Engineering Diagnostic Actions & Findings:
— Confirmed neuiral to ground voltage in 2-3 VAC range

— Inspecied custorner wiring panels for proper ground-neutral
oonds and proper grounding

— Found a REAL VMIESS,
B Looked like the work of multiple *voluntzers’
B Conductor color-coding was nori-existern
B [ezutrals and safety grounds 2l Eamgled
B Advised custormer to call-in a licensed elecirician and Delng
Lo to Code before sormeone got nurt



Case #4 — Municipal Pool

— . Ty A A e P , R, R

Engineering Diagnosiic Actlons & Findings

— ldentified cornplaint location to ne very riear Suostaiior
witr lots of downsirearn 1-pnase lozds.
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Case #4 — Municipal Poo
Engineering Diagnostic Actions & Findings
— Formed a rlypotnesis:
E Likely more pad neutral connections on circuit
B | iely downsirearrn frormn inis locaiion
Could ne anywriere on a LONG feeder
B Tirne and effort required to find and 1. adl of therm would
oe gronipitive, witn relatively srnall payoack,
B Remalning voliage weas rrea sureule OUL not 2 safety
nezarc and likely not noticeanle In ‘dryer’ locations

et et~

,_‘_



Case #4 — Municipal Pool

Engineering Diagnostic Actions & Findings
— Formed a rlypothesis:
B Likely rnore pad neuiral conneciions or circuit

® Likely downstrearn frorm tnis location
Could pe anywnere on a LONG feeader

B Time and effort required to find and fi,c all of thern would be pronipitive, with

relaiively srall paypack,

B Fermalning voliage was measuraple, out not a safety nazard and likely not

noticeaple in dryer’ locations
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Case #4 — Municipal Pool

Engineering Diagnostic Actions & Findings

— Formed a Flypothesis:
B Likely more bad neutral connections on circuit
B Likely downstrearn frorm this location

'-

B Time and effort required to find and izl of thern would

oe oronipltive, witn relatively srmell payoack,

B Permaining voltage was rmeasuraple, but not o safety nazard and likely not noticezple i dryer’
locations

— Conclusion:
B Good candidate for “Fil.< the Syrnptorrn”
E Recornmended installing a Neuiral Isolator



Case #4 — Municipal Pool
F Problermn Cause (Classification):
%% I

[rents ret |lff]lfJJ to rieutral near suosteator
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Case #4 — Municipal Pool

Remedial Actions Taken
— Craw installad neuytral isolator.

OO



— Our “*Walik-Away” volizc
0 we declared succes

~
2

ge is 1.0 VAC

ancl gult,

V

AC



el Pool
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Recormrmended cusiorner elecirician oring wiring Uup o
Codle,

[olc
Poo

cl cu
| 1

e-C

—

ST

tormer to call pack If proolern returned wrien tne
opered rnex sSpring



In surnrmeary

We Discussecd 4

—pacryard Pool
—Municipal Pool
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Urmrneary

EPresented a Rezally Simplified Electric Mocde] ‘

‘—h.
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