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Ground Current Explained

Wye System - Linear
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In the grounded wye
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/ distribution syster, the
20 . unbalanced current

20 should return to the
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substation via the metallic

c
~
i —— p neutral conductor.
" provided the neutral is of
sufficient size and
designed to handle the
types of current loads 1t
will be required 1o carry
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Ground
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A Sewage Analogy
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Wye System - Non-Linear
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/ s With non-linear
gg / w ~x loads. the neutral
20 | current can be
42’/u 22350 of the
highest phase

conduclor.



Wye System - Non-Linear

Majority
current flows

uncontrolled

over the ecarth.

RF Radiates from Wires

Where Ground Current Flows
... along the ground . . .

¥

The abave waveform was collocted
between two remote ground rds toss
than 20 fvet apart on the Kerstendale
farm vear Port Perry Out. The power
10 {he farm was OFF at the time.
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Where Ground Current Flows

e Current will travel along the path of least resistance
(Ohm’s Lawy

e Current will take any and all paths
(Kirchott™s Lawy

Where Ground Current Flows

. ..instreams.
tDill Creek Project)
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Where Ground Current Flows Where Ground Current Flows
.. . water pipe in homes . .. ... through human body . . .

: + The waveform
, shown at left was

collected from the ) _
water pipes of a 80 micro Amps

Madison home

+ 80 uA canses heart
arrhythmia (Reilly
1998) L A 5 - 3
o - The smallest current having an observable effect (heart rhythm

e s wavelarn wan TLIOCTHd Er a4 WALAF (L[ Ak Uhe home o 9 ) T T C(Reillv 1998
s oy lpntbu A e e disturbances) occurs at 80 uA in humans (Reilly 1995).

23,500 times higher

Minnesota Study

Final Report of the Science Advisors
o the Minnesota Public Utilities

dati ding Claims of

\ Foings i Ground Current and Power
o fmﬁzfammmmmmm Dairy Cow Health and Qu allty

R tbuomocota Public Uslihier Commmission The Rules

171 T Place Exi, Euire 130
Paul, Mionesols $5101-2147

70% of phase current returns via the earth

Wiley Encyclopedia National Electrical Safety Code (1997)

National L Rule 92D: Current in Grounding

Electrical Conductor
Safety

It is an unsafe practice to allow Code

Electrical an current to flow over the earth

Electronics continuously. uncontrolled.

Engi neering All continuously flowing
current must be contained
within insulated electrical 1o objectionable flow of current

conductors.” over the grounding conductor.”

“Ground connection points shall be
so arranged that under normal
circumstances there will be
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National Electrical Safety Code National Electrical Safety Code
Handbook Handbook

From Rule 215B: “Objections to use of the earth
as part of a supply circuit are made from both
« “Rule 92D refers to actions required in the case of salety and service standpoints.™
ﬁESC‘ *objectionable” flows of current over the grounding ﬁESC' Ve ATt Starasrs fre e 5 e hurat
’ﬂn‘c,tb‘ogk ic:r‘lll_;lucl'ur 11\5]\;(13:‘-3 tgﬁ{z“;ﬁ:ﬁgﬂ;;z‘::ﬁiﬁ? - : andbook areas prior to the 1960s, they became notorious
A - re. AL e 3 oftenders in dairy areas because circulating
A Drtcungion of re T Zl.T,g :goo‘d_de51.gln T;ld OPL"?M,mg y.smmue. L 1 currents often caused both step and touch
:;:gﬁmww id gty umr el e KTw i 3 at potentials. In some cases, these have adversely
affected milking operations by shocking the
cattle when they were connected to the milking
machines, and have affected feeding. The
grounding methods required by the NESC,
including the use of a metallic neutral
throughout cach span of a multi-grounded wye
system, reduce the epportunity lor such
0CCUrTences,

WOBUEIL L, 18

*,..areas that arc often known to present specific
problems (such as milking barns without adequate
voltape gradient control, pipelines, electric
railways, conduits, etc.) may need special attention
t damage to equipment or uncomfurtable
conditions for persennel or animals,”

Ground Current IEEE 519-1992

Institute of Electrical and Electronics Engineers

IEEE Recommended Practices and

== "1\
Fe=—a==——————=u Kince most electronic equipment is tocatad at a fow
voltage level of i1s associated power distribution
systenn. it s frequently exposed to the effects of
voltage notehi re notches fraquently
* 1000 amps current IEEE Power Engineering Socicty  [EERS N both harmonie and

and k : much higher than normally

1960s: Lincar Loads 19u0s: Non-Lincar Loads

*® 100 amps current on

phase conductors on phase conductors Static Power Converter Comsmittee of the
TEEE Indusiry Applications Society Jage distribution

. 02 o od vi L4 % retumed via eround 1 hese frequencies ean e in the radio
100% returned via ground 70% g e 18,1992

. b .
# 100 amps via ground # 700 amps via ground e Sl ot

frequency (17 range, and. as sueh. can
intraduce harmful effects associated with

Approved January 4, 1993 spurious BT (page 39),
i et Szusdarts (ot

IEEE 519-2014

Institute of Electrical and Electronics Engineers

DS ATSOCIATIO!

Tabie 1—Voltage distortion limits

Indtridwal Total barmeuic
Bus tutinge F'ay PCC haremonk (%5} | distortica THD (%)
[£3%254 56 { a0
1RV FE@BkY 30 50

PRV L FSI61KV 1.5 25
wIRV<Y 10 [ Ground Current and Power Quality Problems

YT i e A SIGNIFICANT OFFENDER

comnecied.
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Solar Panels How Solar Works (Utility-scale)

, . S Harmonics and Noise in PV Inverters
How Solar Works (Residential Grid-tied) Solectria Renewables White Paper

“SOLECTRIA
 RENEWASBLES

PV ormy - 2 stinga of
TAIo 1S ok by seien

AR s BT

gy

Diagram 1 Theea-lina wirlng diagram fora

Figuce 2. PVIB2KW inverter Filtering Confrguration and /! Waveforms

truge saken from: fobn Derdner brum Kk (0 AW Systems Dievign
Bltpeclarprefosional comarticlos Sosgi mualiation o bu 1o

Solar Panels On Solar Panels Off

Graham-Stetzer Meter Reading 1999+ Graham-Stetzer Meter Reading of 44
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El Centro, California House with Solar
Dr. Samuel Mitham MD, MPH

e -
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El Centro, California House with Solar
Dr. Samuel Milham MD, MPH
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Pipers Creek, Australia
The Neighboring Home Has Solar

: waveform was co.lected at the home of Helen Nurphy rear Pipars Creek
sustralia. Channel A was connected to the 240 volt pewer plug at the
itchen counter. Channel B was cornected at the same potential, except
t:xu_qk the Graham Ubicquitous :uu: {zemoves the 50 Hertz) The area
c of 20 kilo Hertz. The
nd.w or the Microsurge meter uas 540 GS urits. Note: The neighbor
Ay solar enesgy.
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El Centro, California House with Solar
Dr. Samuel Mitham MD, MPH
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El Centro, California House with Solar
Dr. Samue! Milham MD, MPH

Pipers Creek, Australia
After 1 Stetzerizer Filter Installed in Client's Home

o waveform was collected at the hc:!le of Halan Murphy rear Pipars Creek
nstrana Charnel A was conrected to the 240 vclt power plug At the
. Ch nru‘  wem cornected at the same potential, except
thirough the i fiiter (remsves the 50 Hertz) The
ui:‘g on the !'.::us\.xqe met a 540 GS units without filtezs. The
uroer want o 50 GS upits wit: 1 filtar pluggen in. The waveforms wera
ollected wich the 1 filter plugged in. Note: The neighbor has selar




What Do Harmonics & High
Frequency Transient Events Do?

Cause electric meters to read inaccurately
Cause motors and transformers to burn out
Cause neutral wires in a sysiem (o overheat
Cause electronic equipment to fail

Cause problems with Human and Animal Health

Milk Production cont’d

ABSTRACT

as low a l"m\
eeted milk production.™

“the actionable level [of uncontrolled voltage} should be
reduced to 10 m\' p-p (peak-peak). which is 140 times
less than the current standard.”

oidal 8.1 £0 146 MV p

© 2017 Elsevicy BV. Al righes pesenved.

Milk Production: Other Studies

Effect of 10 kV, 30 microT, 60 Hz electric and magnetic fields on milk production
and feed intake in nonpregnant dalry cattle.

Burchard JF, Monardes H, Nguyen DH.
“Depantmert of Anfmal Science, MoGill University, Sainte Anne de Bellevue, Quebec, Canada,
i il

L|d‘| T(E&MF) were
il I| ¢ second

xpasure to E&
16.39% in milk yiel
and an increase of 4.
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Hillman, Stetzer & Graham,
“Milk Production™

Science of The Total Environment

7,1 March 2013, Pages 503-814

il

Relationship of electric power quality to milk production of dairy
herds — Fleld study with literature review *
bll s Stetzer, Wadtin Geaham?. Cna

g £ar: Lansing I 48624, Lintg States
2 Sermzer Bucric. he. Bk WiS4ST6, Unted Stites

o o niverst of Raktamia. Berheley. CA B47201770. Unked Sates
" Goske Ecturprices, Nason, U1 4354, Unied Sistat
" €% Rackwel Autmetion, 1ques, WL Untes Ststen
Dmmnmm Sclenc, Unk ervey of Pty Ganesyik. FL. Lintsd Stites
ance. Guarhcet v . Goncavite FL Unked Sirias

Milk Production cont'd

Takio 1 Daka Source: Rarm Racords., Fukee
vont

Monitoring and Remediation of On-farm

and Off-farm Ground Current
Stetzer, Havas (2015)

Monltoring and remediation of or-farm and off-farm ground current measured

as step potentlal on 3 Wisconsin dalry famm: 3 case study

Dirve Sietzer’, Adam M. Loy, Grasies L Gocke®, and Magds Havest

irten B Wot Woadery. i, T4, USA: otk Erteetcs. Mrad, 86 U, ard. Eopvcarmevsd & Besvercy S, Fret
Pzt Ortmc, Caad

s s g o T e o iy s
e e T et v ey ey e

Both 60 Hz and higher frequencies are important and
voltage potentials as low as 10 mV peak—peak at high
frequencies can adversely affect animal health and
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Milk Production: A Western Wisconsin Farm Milk Production: A Western Wisconsin Farm

With 60 m\_on the bam
flovr, we see no more
. roduning” days!

308 om
02y Wean Vpmags Measing. pach te ik

u rae s o B

Milk Production: A Southern Minnesota Farm I\/linnesota StUdy

Milk per Gow per Day and Maximum Voltege, pesh i pest, by Date
(For duys with MPC and Vp Readiigs|
— IFinal Report of the Science Advisors
0 the Minnesota Public Utilities

‘ommission:

lesearch Findings and Recommendations Ragarding

Pounds of Milk par Cow

B i Coansiiniod have estimated that voltages as low as
£ 7th Place East, Suito 350 0.002 volts could conce
002 - : | e internal electric fields in th
high enough 1o produce a physiological
response”

P L L Y
Date

* e i - WP

Tingle Voltage
F o R ce Gude,

rEraquency Radiation

1 it

nconsistencies in
farm animals, lowered milk
production, unusual reactions animals, since many of’
of farm animals cows, them can feel voltages as
uneven or negligible milking, low as 0.2\
nenvousness, tail swishing, hundredih of what the
refusal of food or water average persun can detect
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Symptoms of Radio Wave Sickness

g nausea, difficulty concentrating, memory loss,
irritability, ion, anxiety, i ia, fatigue, weak tremors, muscle spasms,
numbness, tingling, altered reflexes, muscle and joint pain, leg/foot pain, ‘Flu-like’
symptoms, fever. More severe reactions can inchide seizures, paralysis, psychosis, and
stroke.

Cardiac: palpitations, arrhythmias, pain or pressure in the chest, low or high blood
pressure, slow or fast heart rate, shortness of breath.

Resplratory: sinusitis, bronchitis, pneumonia, asthma.

Dermatological: skin rash, itching, burning, facial flushing.

Ophthalmologic: pain or burning in the eyes, pressure in/behind the eyes, deteriorating
vision, floaters, cataracts,

Others: digestive problems; abdominal pain; enlarged thyroid; testicular/ovarian pain;
dryness of lips, tongue, mouth, eyes; great thirst; dekydrati bleeds; internal bleedi
altered sugar bolism; i € at lities; redistribution of metals within the body;

immun
‘hair loss; pain in the teeth; deteriorating fillings; impaired sense of smell; ringing in the
ears.” (Firstenberg, 7)

Contact Current & Cancer

The Possible Role of Contact Current in Cancer Risk Associated
With Residential Magnetic Fields

R.Kave!,1* L. E. Zaffanell,2 J. P. Daigle2 and K. L. Ebls
AEPRL, PaioAlto, California

. the absolute {as well as modest) level of contact current
modeled (18 uA} produces averape electric fields in tissue along
s path that exceed 1 mV/m. At and above this level. the NIEHS

ts that hiolog cfleets relevant to

Hygienic, Clinical, and Epidemialogical Analysis
of Disturbances Induced by Radio Frequency
EMF Exposure in Human Body (2000)

CNS and cardiovascular system pathology level is
significantly higher in regulators and in persons previousty
exposed ta EMF than that in the control group.

A &
Irietdrmmstitiiter = |

The smallest current
having an observable
effect (heart rhythm
disturbances) occurs
at 80 uA in humans
(Reilly 1998).

EPRI Handbook (1995)

9/29/2024

® In the “Huandbook for the ssment and
Management of etic Fields Caused
by Distribution Lines™ EFPRI (Electrical

Power Research Institute) states.
“Furthermore. proximity to
distribution lines has been asso
with (he risk of childhood ¢

three epideminlogical stmdics.

Copies of the paper bound book can be

purchased from EPRI for $25,000.00
each for non-members.

Medical Hypotheses (2001)
S. Milham, E. M. Ossiander

lorical evidence that resident
fectrification caused the emergence
of the childhood leukemia peak

The authors conclude the childhood leukemia peak of
common acute lymphoblastic leukemia (cALL) is
attributahle 1o residential electrification. 73% of
childhood acute lymphoblastic leukemia and ¢0% of
alt childhood leukemia may be preventable.
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California Health Department

Human cancer
cells grow at a rate
“EMES can cause seme i of 1600% and
dearee ol inereased risk I | becone nore

of childhtv-ul feukemia. malignant.

adult brain caneer.

Lau Gehrig's Discase.

and miscarriage.”

Radiation Protection Dosimetry (200 |[EEE-SA Press Release

LOW-FREQUENCY TRANSIENT ELECTRIC AND
MAGNETIC FIELDS COUPLING TO CHILD BODY TEEE TO DEVELOP STANDARDS LIMTTING INSERTION OF
ILARMONICS INFO POWER GRID

Ogen. 5 2007 LOW-FREQUENCY TRANSIENT FLECTRIC AND MACNETIC FIELDS
<0 WE TI CHILD BOUY Badation Frotersss Sesmesry (J007) g L4

£.0zm" . 3
“Harmonic pollution is a

growing problem caused
by the widespread use of
The results of this study show that the transient electric s 4 power supplies and other
[ and magnetic fields would induce higher current density in i e o non-linear loads.
the child body than power frequency fields with similar field =

Elestrical and
Uniwersity, 07058 Autalya, Turkey

1t can resuft in power
vestgetind b hn residawifal ; - loss and kqul_pm\'nl
Pregsency band Jai the damape and it may alse
rsasdal body mad = be related to

Wit (1 =Y an wwiernad eleoic feda (1 = <5 i
rwvsits o then iy abow that (he IrRRLN e SlpOe g environmenta) safety
ol s wyulel i haghet surruint da ity i e il bady thun peseni issues.”
Baids woith wimillar Mo rength sy

“Electronic Smog: The Curse of the Mobile
Phone Age”

Thos Cor el thee Wt At Ther Jush

Solutions

10
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Thicker neutral wire
“Oversized Neutral”

Charles DeNardo, Chief Electrical
Engineer for We Energies

testified in the 1995 PSC Docket 05-E1-108 ;\"“‘I‘f,,/]rv
“Fortunately, there are proven and relatively ~

. . o . [ ] ®
inexpensive techniques for addressing any

type of ground current transients, including
those that are intermittent.”

Two neutral wires Five-Wire Solution

“5-wire distribution system” Ay e O e—
" Five-Wire Distribution System

Demonstration Project
om A. Stod, Serfor Miraber, IESE, Jemes R, Stesneg, Rellow, JBEE, David R, Smith, Rellow,

- Spot m earsnints sl variua Socetinns ware dons for magratic
s doringfocr.wie st five-wine cpacation Duricg
-1 ichddwee

EPRI (1995) P

Q TechWatch —

o

EPRI (2016)

e Procuers

6.5 Five-Wire Primary Lines

“A method that practically
eliminates ground currents
‘associated with primary
distribution lines and still
maintains the advantages of a
four-wire multi-grounded
system, is the five-wire system”

ymw2ondoen

“Harmonic standards must be reevaluated to maintain and
promote future system compatibility in the integrated grid."

11



IEEE 519-1992

Institute of Electrical and Electronics Engineers

IEEE Recommended Practices and
Requirements for Harmonic Control in
Electrical Power Systems

Spuiisors

12. Recommended Practices for Utilities (pace A2

1 Perform harmenic measurements at selected points within the wility cireuit,
meluding the PCC and look for eomsumers witl: conveniers operating with curren
distortion beyond the lmits. IF idemified, such consumers should be ashad o heep the
hammonic distrtion within the recommiended Himits by installing filters, by reducing
harmonic generation, or through other means.

23 Install filters 1o contral the harmonies,

3. Install @ mew feeder. This iy effective i stilferuny: the source and isolating e
hannonic prablems. However, it is nol always econemically feasible.

Conclusions

Questions

227

Cooperative Effort

The solution to this problem requires a cooperative effc

Utilities need to update their outdated distributio
to meet today’s technological loads.

Consumers (including Wind/Solar generation operators)
need to reduce the amount of high frequencies they are
putting on electrical wires.

Existing standards and rules need to be enforced!

Position on Renewable Energy

I am not anti-solar or anti-wind

However, as currently designed and
implemented, these systems cannot comply
with applicable Standards, and are unsafe
for human and animal heaith

Issues of high frequency transients and
harmonics introduced into the electric grid
and the ground must be properly addressed
Existing standards must be enforced

9/29/2024
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