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Task Force 1987 .
21 people
Testimonials
>100 farmers
Run for cover
Must do something
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Nme fAPM study 1988
Selection of farms
Staffing ( S&/@T free)

ized Protocol
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Start PrograJn’% 19897
Vet "
Farmer
2 Electrical .
2 support staff
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Open PSCW Docket 106
Hearings (statewide)
Orders Issued 1990




Order points

Research
State LOC
Set Policy an




PSC Docket 115 definition:

Stray voltage is a special case of voltage in which the neutral
to earth voltage is present across points (generally grounded metal
objects) in which a current flow is produced when an animal comes
Into contact with them. ... These two contact points can include any
two conductive points which the animal may simultaneously contact
to complete a circuit which allows current to flow. Stray voltages are
low-level voltages and should be distinguished from painful shocks

felt by humans.




Stray Voltage (SV)

Special case of Neutral to Earth
Voltage (NEV)

2 points simultaneously contacted
by a cow

Steady-state 60 Hz
Level of concern is 2 mA

CURRENT

= 1 mA or 0.5 volt from utility
Not damage level

SV is not debilitating shock or
electrocution

VOLTAGE




COW CONTACT VOLTAGE MEASUREMENTS:

Secondary Neutral
\/oltage Drop, Vb

@ V cow Contact

VPrimary

Source_ Resistance




From the 1996 PSCW docket 05-EI-115, the “level of
concern” is defined as 2 milliamps, AC, rms (root mean
square), steady-state or 1 volt, AC, rms, steady-state
across a 500-oh|m resistor in the cow contact area.

|
(“steady-state” is defined by the Institute of Electrical
and Electronics Engineers (IEEE) as “the value of a current
or voltage after all transients have decayed to a negligible

value”)




m [ he State of Wisconsin deems that this level
of voltage/current is an amount of electricity
“where some form of mitigative action is taken
on the farmer’s behalf, although only some
small percentage of cows may actually perceive
Its presence. The “level of concern” is not a

damage level. Instead, it is a very
conservative, pre-injury level, below the point
where moderate avoidance behavior is likely to
occur and well below where a cow’s behavior
or milk production would be harmed.

9/26/2007







I
|

N

T e sl SN W 5

r I
L i
A ¥

IR

"--_?]

v

p——
e
<N

L = S, S

T







s Requesting Investigations

Statistics 1988 to 2007:
16% increase in RHA at investigation

Average RHA of farpgg@R07 = 20,293
Ibs./cowlyr. | '

14% decrease of SSE at tl?’% of mveStlgatlon
Average SCC of farms 2006'= 319,000 count
. _84% increase of herfl size belng mvestlgated
| _ Average herd |zp 2007 1@51:@W5—
;_'::62% of ALL far

._,4..__*_., :
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‘Status e

Statisticsi888 to 2007:
= 100%wmore fanms havé

ecrea SNV from 2Q0&s
Se att N on on=farn V¥
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Impact on Primary Neutral Voltage (NEV)
NOTE: A parameter influencing off-farm contribution to SV

1% reduction in NEV from 1988 to 2007
Its at transformer is WI| average

away from load is WI average

of number of farms isolated
d are isolated today

At utility mir

contribution below .5 volt limit at cow contact




N 7% reduction in magnitudf
found at 1st test from 1984

; a:.j‘“
= 93% of investigations
PSC'’s level of conc |

= 1.6% of mvestlgatlo g;
level 3 times the PSC

m 0.3 volts IS the__v%ra .a_,;,-_‘ _




Trend in cow contact voltage

N~

Trend in cow contact current
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Trend in calc. Vne from primary profiles
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Trend in Vpnref
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Avg. Icc vs. Vp Correl Coeff. = 0.429

4

0.01-.5 0.51-1.0 1.01-2.0 2.01-3.0 3.01-40 4.01&up

Voltage range



Pearrentin rannae

—
o

(S n ]

[

Distribution neutral characteristics
SV database: 1988-2006

Distribution of ground rod current

N = 14886

Distribution of ground rod resistance N = 14686

Average =
30mA

410

Average =

60 Ohms

”h

13-28  29-60
Milliamp range

l

01-124  125&up

24.6
I 8.6
I 3I7
LV
| | 1

0-12  13-3p  37-94  95-190 191-382 383 &up

Ohm range
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} - REPS Staff

-

g ourses with UW
al0-Advance Courses
gl se with WI
Technical Rmsiem (WTCS)
= Vanqus v_\_(orks\Ph/()p \ eminars, gu_est
speaker and c assrgpm presentations.
= 618 today







| 1 s State-wide uniform farm I‘QNVIFIHQ program eIements
= developed |

@ Loans
Grants

| Predupgrade plan/hl
-y f’hal wiring state fits > 'f__: |
' Electrlc:lans domgg"wo"k'expected to have taken
WTCS Farm Re -wiring €ourse

| Clearly defined speuﬂc%év&&mge of unlform ;

- ~element$ coveredy proegrams

=
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Utilit Far -~i

= $9.,800,000. OO as of now

= Utilities with pragrams: -
Alliant‘Energy, Public Service Corp

Ruasal.Electric Cooperatlves We
Energies, Xcel Energy " o




RESEARCH &
= Investor Owned Utiliti

contributed $1,500,08

= UW has conductg@iefons ;_arch trials looking at
specific SV questions with guid@nce from REPS

® Various formal and irﬂ%‘rmﬂgl/ﬁe d studies of specific
meters or equipment hag"e\lpeen conducted over the
years. —

= Newly published research reports ‘and news stories
are constantly being reviewed.
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2% electricians I3 o
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Y m ‘Supporting inspection oj/farm

: e ‘; ~Control code review
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DStic sSUpPRC
ance ISSue

ass@elated with conce
m SV Liais®dn and Mediation

= A resburce person to help W
troubleshoot exchange of i 1 between

farmer, utility, PSC and other involved parties.




its per yea 2\

~ calmAGNONIE S are retur
‘m I\_Io b cosifi@ farmer for-diggiiOSIEISting ©f
~ fecfifforaga®plood and oth act "'

-_4-.-..--..

a Eff@ It to invol Ve all.-service o fess IsJeo-
__answer opera lon and herd questro S.

= Most frequent concems are Increased SCC
low milk production and cow losses.







A Veterinarian’s Perspective

eThere Is not a single animal
health, production, or behavioral
ISsue or veterinary test that can be
used to indicate the presence of
stray voltage on a farm.

eStray voltage Is an electrical iIssue
and can only be identified through
standardized electrical testlng
protocols.

38 9/26/2007




Sgrvice professionals
¥antinue maintaining aMm
vice provided by the ttilitg A
a ongoing maintenance re 'r\e‘l?hent,
a one-time effort by ALL invalved.

[




PROGRAM ACTIVITIES

notices, energy il _y |
rehiewAble anergy ef . WeattTed

assistance, ané @ﬁﬁmcﬂlca 2

equipment performance.




Program

Strengths??

Authority, Authority, Authority

* Ability to work with the b
and the worst

* No fear of litigation

* 20 years of experience!
This is very difficult to learn




Program Weaknesses?"

. Catchall for the
junk scientists,
and
carpetbaggers.




COW CONTACT VOLTAGE




All currents return to their source.

All paths have resistance.
Therefore, some primary and secondary Neutral-

to-Earth, as well as cow-contact voltage, will

ex|st.

These voltages can be reduced, but...

By how much?
Cost vs. Benefit?




C.C.V. MEASUREMENTS

Measurement Set Up
A) Cow Contact Points

B) Good Measurements
C) Primary & Secondary Points and
Reference Rod Locations




DIGITAL MULTIMETER

30.76mvac

N
OFF Y[ H
z




Selecting the site

Empty Stanchion
(Centered)

mn g AT onerete
Floor




Criteria for Selection

Highest possible cow
contact voltages

Non-interference by animals
Animal contact location

9/26/2007










COW CONTACT VOLTAGE MEASUREMENTS:

Secondary Neutral
\/oltage Drop, Vb

@ V cow Contact

VPrimary

Source_ Resistance




The Cow Contact Circuit

Rw

Reow = 50002

RFLOOR

NN\ —

Rsource = Rw + ReLoor

9/26/2007




How Do | Measure (Rgoyrce)?
SVAV A

RSOURCE

() $es

Vwio sHUNT = Vs

In an open circuit situation, there is no current flowing
In the circuit. Without current, there is no voltage
drop In the Rsource. Vwio shunt has to be equal to Vs

9/26/2007




How Do | Measure (Rgoyrce)?

9/26/2007




Source Resistance Measurement:

Vs = Vce-wio
Switch open,

no shunt load
resistor

Vcc-w/r

Switch closed,
shunt load
resistor




Sample _Data Table;:

M = Measured Demand M
E = Estimated Demand E a.m.
KW : p.m.
Location of Readings in Building of Concern: Vo Vish mA
" Waterline to Rear Hoof Area
C_EG g Pipeline to Rear Hoof Area
< 8 Stanchion to Rear Hoof Area
% Service Entrance Ground to Waterline *kk*k
ﬁ Service Entrance Ground to Pipeline *kkk
._g Service Entrance Ground to Stanchion *kk*k
é Service Entrance Ground to Rear Hoof Area Sk kK
Service Entrance Ground to Remote Ground Rod Kk KKk
Transformer Ground to Remote Ground Rod Kk Kk

Transformer Ground to Service Entrance Ground

*kk*k




COW CONTACT VOLTAGE MEASUREMENTS:

Secondary Neutral
\/oltage Drop, Vb

@ V cow Contact

VPrimary

Source_ Resistance




VA

Primary Phase Wire

@ Substation

Primary Neutral Wire

o Ground
Rods —

Entrance Sub
Panel Panel

Xfrmr g \(\J \(\J Motor
20 NEO
N f 1\

N =

W Water
g ___ Ground
Earth Reference

Utility & Farm Circuit



— M
X
E = Estimated Demand E a.m.
KW : 12 5:45 p.m.
Location of Readings in Building of Concern: Mvo Vesh mA
o Waterline to Rear Hoof Area 0.75 0.53
TEG E Pipeline to Rear Hoof Area 0.63 0.21
= C
£ 8 | Stanchion to Rear Hoof Area 0.66 0.39
1%, Service Entrance Ground to Waterline 0.08 0.08 Kekkk
[%2]
2 Service Entrance Ground to Pipeline 0.42 0.06 Kkkk
(o)
2 . ;
5 Service Entrance Ground to Stanchion 0.10 0.08 JokKkk
2 Service Entrance Ground to Rear Hoof Area 0.74 0.52 Kekkk
Service Entrance Ground to Remote Ground Rod 1.62 1.38 ok kk
Transformer Ground to Remote Ground Rod 1.40 1.21 Kekkk
Transformer Ground to Service Entrance Ground 0.22 0.22 *kkk




_Measured Demand X
E = Estimated Demand E X a.m.
kw: 12 10.45  p-m.
Location of Readings in Building of Concern: Vo Vs mA
P Waterline to Rear Hoof Area 076 1051 0.001
C_EG § Pipeline to Rear Hoof Area 0.76 0.39
= C
£ 8 | Stanchion to Rear Hoof Area 0.76 0.44
1%, Service Entrance Ground to Waterline 0.01 0.01 Kekkk
[%2]
2 Service Entrance Ground to Pipeline 0.03 0.03 Kkkk
(o)
2 : :
5 Service Entrance Ground to Stanchion 0.09 0.09 JokKkk
2 Service Entrance Ground to Rear Hoof Area 0.76 0.47 Kekkk
Service Entrance Ground to Remote Ground Rod 0.72 0.50 ok kk
Transformer Ground to Remote Ground Rod 1.54 1.30 Kekkk
Transformer Ground to Service Entrance Ground 0.82 0.82 *kkk




M = Measured Demand X
E = Estimated Demand E a.m.
KW : 16 5.55 p.m.
Location of Readings in Building of Concern: Mvo Vesh mA
, | Waterline to Rear Hoof Area 1.08 .26
C_EG E Pipeline to Rear Hoof Area 0.88 0.09
= C
£ 8 | Stanchion to Rear Hoof Area 0.92 0.21
1%, Service Entrance Ground to Waterline 0.02 0.02 Kekkk
[%2]
2 Service Entrance Ground to Pipeline 0.09 (0.08 Kkkk
(o)
2 . ;
5 Service Entrance Ground to Stanchion 0.10 0.06 JokKkk
2 Service Entrance Ground to Rear Hoof Area 1.09 0.29 ok kk
Service Entrance Ground to Remote Ground Rod 2.06 1.77 ok kk
Transformer Ground to Remote Ground Rod 2.11 1.79 Kekkk
Transformer Ground to Service Entrance Ground 0.05 [0.05 Kekkk




Examgle Case #4:

M
M = Measured Demand X
E = Estimated Demand E a.m.
kW : 12 6:15 p.m.
Location of Readings in Building of Concern: \vo VRsh mA
9 Waterline to Rear Hoof Area 053 1053
— o - -
-g g Pipeline to Rear Hoof Area 0.09 D.003
g 8 Stanchion to Rear Hoof Area 0.38 0.36
1%, Service Entrance Ground to Waterline 0.02 0.02 *dk Kk
(2]
l:_; Service Entrance Ground to Pipeline 0.00 0.00 *kkk
[ 1 i
'Té Service Entrance Ground to Stanchion 0.02 0.02 B
2 Service Entrance Ground to Rear Hoof Area 0.53 0.52 Kk kk
Service Entrance Ground to Remote Ground Rod 1.22 0.97 *kkk
Transformer Ground to Remote Ground Rod 1.25 0.99 sk kk
Transformer Ground to Service Entrance Ground 0.09 D.09 Kk kk




In Wisconsin, a phase two test includes a test of simply the
primary system. This test is accomplished with the use of a
240 volt load box. This 240 volt load is applied at the
transformer serving the farm. The farm is completely de-
energized. Consequently, any cow contact voltage that is
measured in this condition is due to off-farm sources.
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This diagram depicts the current flows that are —
measured in the load box test. Ipn, Isn, and Ilbox
are measured by the lineman.
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1 ¢ Load Box Test - Phase Il

Customer. [farmner | Date:|  1/1/1999 | Rep: (A0 Rep
Comrments:
Time Off [ 1015 AM | Time Or | 10:22 AM |
Al off Lo [oad High load High+Farm Box off
Load Box KW
(72 (=144 1 Lhox I Lhox I Lbox |z famm1| 1 famm?2 |z farm1| ¢ fam?2
[ SEc na
I priphase na
I [ri neut 0.083 Add
[ SEC neut 0.102 Farmn
I 5nnet fa na na Load
Vopn-refl 0,052 ====5
Wosh-ref| 0.052 %_
o [ri-5ec 0.004
W Cow cort. 0.009

Rt=[ o Rpn =| [s! CR =
S I K= %
(If k= 80% do VR test)
VR TEST
vpnRef =[] IPGmeas = M, RPGmeas = |
YWoncalc= (IPGmeas * RPGmeas )y 1000 0 1ik% (et pncalc )

Comrments; (If%R =80% mowe ref. gm.)




: 1¢ Load Box Test - Phase Il

Customer [farmer | Date:|  1/1/1993 | Rep |Ag Rep
Comrments:
Time Off Time O | 10:22 AM |
All off Lo D& High load High+Farm Box off
Load Box Ky 17
(72 (o144 I Lhox I Lbhox I Lhow (1 faml| 1 farmZ2 |1 farm1] 1 famn?2
[ SEC na 67.20
I priphase na 1.12
[ prineut| 0.033 0.87 Aol
[ SEec newt 0102 012 Farm
I 5hnet ha na na Load
Vopn-ref| 0052 0172 ==2=
Vosn-ref| 0.052 0.168
W [ari-5ec 0.004 0.005
W Cow cort. 0.009 0.0z24
Ri=[0.15% o Rpn = | 2 CR =
R=[____n k=] %
(If k= 50% do VR test)
VR TEST
vprRef =[] IPGmeas = M, RPGmeas = |
Ypncalc= (IPGmeas * RPGmeas)y 1000 0 1ik% *prref pncalc )

Caormrments: (IfvR <80% rnowve ref. gm. )




1 & Load Box Test - Phase I

Customer. [farmer | Date:| 1/1/1999 | Rep: [Ag Rep

Comments:

%

Time Off:[ 1015 AM | Time O | 10:22 AM |
Al off Lowy [oad High load High+Farmn Box of
Load Box KWW 17 3
A I CHEY T Lhox 1 Lbox I Lo [z fam1| ¢ fam2 |1 famm1]| 1 fam2
[ SEC ria B7.20 132.90
I pr phase na 1.12 2215
[ prineut| 0.033 0.57 1.78 Add
[ SEC nEut 0.102 0.12 0.233 Farmn
I sn et na na hna Load
Wopn-ref| 0052 0172 0.269 ====%
Wosn-ref| 0.052 0.168 0 266
Wil pr-sec 0.004 0.008 0.008
Wooow cont. 0.009 0.024 0.04
Rt=| 00886 |0 Rpn=[ 0106868 |0 CR =| 8311
Ri=| 08522 |0 K=| 15.04 %
(If K » 80% do R test)
VR TEST
vpnRef =[] IPGmeas = A RPGmeas = |
YWoncalc= (IPGmeas * RRGmeas)y 1000 0 ik (" prreft' pncalc )

Comments: (IfvR <80% move ref. gm.)



14 Load Box Test - Phase Il

Customer. [fammer |
Zormrments:

Date:| 1/1/1999 | Rep: [Ag Rep

ly

Time Off:[ 10:15 AM | Time O | 10:22 AM |
All off Lo [oad High load High+Fammn Box off
Load Box KW 17 i i KA
(72 (=144 I Lhox I Lbox I Lhox (1 fammnt| 1 famZ2 |1 famm 1] 1 famn?2
[ SEc ra G720 132.80 12990 | 83.00 93.20 7870 8820  |A
I pr phase ra 1.12 2215 3633333333 1.390833333  |Amps
[ prineut| 0.083 0.87 178 Al 25 1.15 A,
[ SEC neut 0.102 0.12 0.233 Farmmn 147 11.9 A
I 5nnet fa na na Load 0.7 0.54 A
Wopn-ref| 00582 0172 0.269 ====: 03591 0212 Yolts
Wosh-ref|  0.0582 0.168 0266 0.299 0.108 Y
Wil par-sec 0.004 0.005 0.008 0142 0125 Y
Wooow caont. 0.009 0024 0.04 0072 0.01 Y
Rt=| 00886 |0 Rpn=[ 01066 |0 CR = 8311 |2
Ri=| 08522 |0 K=| 15.04 |2
(If K = 80% do VR test)
VR TEST
vipnRef =[] IPGmeas = M, RPGmeas = |
YWoncalc= (IPGmeas * RPGmeas)y 1000 0 1ik% (et pncalc )

Comrments:

(IF%RE <90% mowve ref. gm.)

|%




[ SR¥4.EXE - FRDZEN

Arlington Test Data

i

j:\:faJi
T e S

FrHi—-H HREHS —w-—-ee--. SczG—-H RHS —_—— CouwCnt RHMS

a._17u a._23u a_ais5u
—— - MIM= 8. 86 ¢ S5°.26/°8949 11:21:-32 1> MAX= B8.58 ¢ 572684 11:16:- 882

Fz2 ZO00OM IHN F3 TEXT F4 PRINT FS5 PLOT F& HNEXT MIMAMAX Fia EXIT
Home Z00M OUT + S5CAM LT Ctrls+ LT FAST -+ S5CAM RT Ctrls=+ RT FAST




[ SRY4.EXE - FROZEN

Arlington Test Data

FrH-HF RHMS5 ——-oe--- SciZ-R RHMS —_—— CouwCnt RHMS

a._1au a_22u a._8ai1-7u
— - MIM= 8. 89 ¢« 572604 18:89:85 1 MAX= a.28 ¢« 572684 18:18: 2972

F2 Z00H IH F3 TEXT F4 PRINT F5 PLOT FE MEXT MIHNAHMAX Fia EXIT
Home =Z00HM OUT + SCAHM LT Ctrls+ LT FRAST -+ SCAM RT Ctvr1s—+ RT FRAST




Secondary Neutral Voltage Drop Test

m Turn off all services to all buildings

m Then one at a time turn on the service and run a
10 amp load only on each service individually.

m Measure the voltage of the primary to remote,
secondary neutral of the panel tested to remote,
primary to secondary, cow contact voltage, and
the current coming back on

9/26/2007




Secondary Neutral Voltage Drop Test Form

Site Location

Site Location Code
Sec. Wire Size

Sec. Length

Res./100'

Total Res.

Neut. Current

Calc. Voltage Drop
Vpnref Load OFF
Vpnref Load ON
Vsnref Load OFF
Vsnref Load ON
Vpn-Vsn Load OFF
Vpn-Vsn Load ON

Stray Voltage Investigation - Phase Il
Secondary Neutral Voltage Drop Test

1 2 3 4

0.05319 0.09114 0.05724 0.0924 0.04644

Note that the
voltage drop
should be

Actual Meas Vpn-Vsn ON .Osomething

Cow Contact OFF
Cow Contact ON

V Drop Variance

Actual Serv. Resistance

9/26/2007




Primary Profile

m In this test we are looking to see the condition of
the utility grounding system. We use the AEMC
meter, which can measure the resistance of a
single ground rod. We measure the resistance
of the ground rods and the current through said
ground rod. By knowing the resistance of the
ground rod and the current through the ground,
we can calculate the voltage on the primary
neutral, V=I*R

9/26/2007




Primary Profile Notes

USE HIGH VOLTAGE GLOVES when working on a pole
with a transformer, capacitor setting, recloser or
arresters. Again if that connection to ground is loosened
up it may be the last good connection and if loosened
can potentially energize that ground to line voltage.

REMEMBER to turn on the load box before you leave for
the test. We want that on so that we have a good sized
load on the neutral to measure neutral voltage.

Beacons and flashers on the truck should be turned on
and an orange vest can be worn because we are
working on the road.

9/26/2007



Bad Primary Neutral Connection

Current flow on primary
neutral with bad wire or
connection

&K._/’

Current through this bad section

will generate a "large” voltage drop.

Consequently the primary neutral

voltage will be higher to the right —

side of this problem

To Substation
other grounds

9/26/2007




Motor Start Test

We have the start each of his large motors one at a
time, noting the time of the start and end times of running.
This way we can isolate the one motor that may be having a
hard time starting. You will look for large voltage drops
when starting or large elevations of the secondary neutral

voltages. And as always watch for the cow contact
voltages.

9/26/2007




[ SRY4.EXE - FROZEN

Arlington Test Data

PrH-HR HHMS —-—-—--- Sciz—-R RHMS ——— CowCnt RHMS

8 ._asgu a._35u 8 ._8az23uv
- —e - MIN= 8.85 « 5267804 11:-48: 4397 MAX = B.15 « 5726784 11: 37233 >

Fz2 Z00M IH F3 TEXT F4 PRINT F5 PLOT F&E HEXT MINASHMAX Fia EXIT




[ SRY4.EXE - FROZEN

Arlington Test Data

FPrH—H Hax —--—-—--- SciG—-R HMHax —_——— CoumCnt Hax

a._.11v a._36U a._a3auv
- MHIN= 8.85 ¢ 55267949 11:-48:58 72 MAX= 8.39 « 5267844 11:37:33 7>

Fz2 ZOOM IH F3 TEXT F4 PRINT F5 PLOT F6 HEXT MIMNA/MAX Fiad EXIT
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Grantsj }




All new wiring must be
Inspected.

e

tate | Id by
$1000 up front grant. No

cost to the farmariofm—







mitigation

9/26/2007




|solation

Your first admission
of quilt




Isolation

1. Findings above the LOC
1. Five days, or isolate
2. No more than 90 days
. Must reduce to <LOC
4. "NeJpermanent isolation

5.  Electromnis n‘l__\L%

. /

oD
Inspection
Application
Hold harmless
Cost causer, cost payer
Monthly fee of $35




Isolation

~Meovesand covers on farm sources
You own them forever

All litigation involves isolation

97D, Spark gap, unsafe for farms
*Fails open
*Reacts slow
*Requires high voltage unsafe
for other systems (300-3000v)
*Not intended use




eThree wire

Optional
Main Service

_._f::

m

i
Bundmg |

Jumpers

Building
Service
Entrance

— Grounding
= Electrode
Conductors




Optional
Main Service

—-—<
4 s

m

Bundmg |

Jumpers

Building
Service
Entrance

— Grounding
= Electrode
Conductors




4 WIRE FEED TO
OUTBUILDING

MATIN
SERVICE

. ) (A

Neutral -

| ol

TaL

™. BONDING
JUMPER

OUTBUILDING
SERVICE
ENTRANCE

L
BDND]ZNC;/
JUMPER




Positives

m Reduces on farm source voltages at cow
contact

m Eliminates cyclical 120 volt load problems

(no load balance required).

m Reduces amount of secondary neutral
current returning through the earth.

9/26/2007




Equipotential Plane

1. Improves personnel/animal safety

2. Relatively inexpensive in new Iinstallations
3

4,

. Retrofit possible

Provides grounding to lower NEV, cow
contacts, and transients

5. Reduces motor start effects
6. Include feed bunks and waterers
547-9. Bonding and Equipotential Plane
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Load balancing

m Balance 120 volt circuits on farm

m Replace 120 volt loads with 240
volt

m Cyclical nature of loads can be a
problem (see four-wire system)
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EGS (?)

1. Repair service

2. Work well on farms
3. Needs good wiring
4. Agrivolt
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Ungrounded Transformer

1. Expensive (some, very)
2. Code violations and safety concerns
common
3. Increases electrical consumption
(CEWD,
4. Raises primary NEV
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No Bond
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What Do We Mean By......?

Remote Reference Rod
Neutral-to-Earth Resistance
Neutral-to-Earth Voltage
Ground Current

Earth Current
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REMOTE REFERENCE ROD

m A reference electrode driven at a
location sufficiently distant from
existing electrodes so that it is not

significantly within the influence of
them.
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NEUTRAL-TO-EARTH
RESISTANCE

m The electrical resistance of all
iInterconnected conductive parallel
paths between the neutral conductor

at the location being measured and a
properly established remote
reference.
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GROUNDING ROD RESISTANCE
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CURRENT

CURRENT

1Resistance of the electrode itself and connections to it.

2Contact resistance between the electrode and the soil adjacent to it.

3. Resistance of the surrounding earth.



NEUTRAL-TO-EARTH VOLTAGE (NEV)

= Voltage measured between the
neutral conductor and a remote
reference rod.

The voltage drop across the neutral-to-earth
resistance.
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GROUND CURRENT

m System return current, either normal
or abnormal, that flows on the
conductive pathways between the

neutral conductor and earth.
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EARTH CURRENT

m System return current, either
normal or abnormal, that flows In

the earth from or to existing
electrodes.
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