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ARTICLE 20:10

PUBLIC UTILITIES COMMISSION

Chapter

20:10:01 General rules of practice.

20:10:02 General motor carrier rules, Repealed.

20:10:03 Regulated motor carriers, Repealed.

20:10:04 Exempt motor carriers, Repealed.
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20:10:39:31. Metal plate requirements.
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0:10:39:3, Conducting the load box test.
20:10:39:51. Calculating the K factor for the load box test.
20:10:39:52, Recording the load hox test data.
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20:10:39:55. Recording th.e signature test data.

20:10:39:56. Analysis of the data collected during the tests.

20:10:39:57. Determination of any contributions to stray current or voltage for single phase dairies.
20:10:39:58. Determination of any contributions to stray current or voltage for three-phase dairies.
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20:10:39:60. Remediation.

20:10:39:01. Definitions. prerds-end

(1) “Ampere,” a unit of measure of electrical current;

(2} “Cow contact current” or “lce,” the alternating current, 60 Hertz, root mean square, steady-state
current measured through the shunt resistor;

{3} “Cow coniact voltage” or “Vec,” the alternating current, 60 Hertz, root mean Square, steady-state
voltage measured across the shunt resistor;

(4} “Current,” ' i the flow or amount of electricity past any single point in a
glep

conductor or conductive element per unit of time;

(5) “Ground,” }=tenmmts #d the point of lowest potential for an electrical

system;

{6) "ishunt,” the measurement of current across the shunt resistor;

{7) “Milliampere” or “mA,” one one-thousandth of an ampere;

{8) “Ohm,” the standard unit of electrical resistance;

(9) “Open circuit voltage” or “Voc,” the difference of electrical potential between two terminals when
disconnected from any circuit;

{10) “Primary neutral to reference voltage” or “Vp,” the volitage that exists between the primary

grounding conductor point of an electrical system’s utility transformer and a remote reference

electrode;
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a4.the high voltage utility electrical system, including the

(11) “Primary system,” #_seaaanbh
The A2t

generation, transmission, and distribution systems. ¢ also refers to the high voltage side of a

distribution transformer;
_ covvect
(12) “Remote reference electrode,” a temporary point of measurement established by cerractly

nation of

a ground rod;
uak Ave O\bnlﬂy o’r a pm&ca\ moterial

{13) “Resistance,” an electrical geaabiy that quantifies hph weterzioatitg]to conduct or not

conduct electricity;

(14) “Root mean square,” a mathematical conversion used to equate alternating and direct currents
and voltages on similar terms;

{15) “Secondary neutral to reference voltage” or “Vs,” the voltage that exists between the secondary

oy
grounding electrodefgrounding conductor point of an electrical system’s service entrance panel

and a remote reference electrode;

(16) “Secondary system,” the part of the electrical system on the customer’s side of both the meter
and transformer;

(17) “Service provider,” any person, company, or other legal entity providing stray current or
voltage testing, consulting, measurements, analysis services, construction, or hardware;

{18) “Shunt resistor” or “Rshunt,” a physical resistor or combination of resistors used to simulate a

ased coriock

dairy cow during the measurement of cow contact voltage or ‘urrent. A shunt resistor must

be 500 Ohms, plus or minus two percent;

(19} “Source resistance” or “Rsource,” the portion of resistance in the circuit, other than the
resistance of the shunt resistor;

{20) “Transient deviation,” a non-steady-state increase or spike in voltage or current. For the purpose
of identifying and reporting transient deviations in cow contactvoltage or cow contact current, a
transient deviation occurs when the recorded maximum Vec or lecin a recording interval exceeds

200 percent of the steady-state Vcc or lcc recorded during the same recordinginterval;
6



{21) “Voltage,” ‘fheelee&riee%t—i{-ﬁ-ha-t-d-eseﬁbeﬁthe push or potential that electrical energy needs

to flow in a circuit;

(22) “Voltage drop,” the difference in voltages when a current passes through a resistance or
impedance in a closed loop circuit and a voltage drop is produced across that resistance or
impedance; and

(23) “Vshunt,” the measurement of voltage across the shunt resistor.

Source:
General Authority: SDCL 49-47-2,
Law Implemented: SDCL 49-47-2, 49-47-3.
20:10:39:02. Purpose of rules — Conformance to electrical codes. This chapter standardizes the
measurement and testing procedures used to measure stray current or voltage in dairies. This chapter

does not replace existing safety standards embodied in electrical codes. Under this chapter, testing is

‘intended to determine:
: <V
(1) The presence and amount of any stray current or'Voltage within the dairy;
(2) The sources of any stray current or voltage detected; and

of

{3) The percent*tontribution from the utility side and the dairy side of the dairy service entrance

guiosy

to the total stray voltage or’current measured on the dairy.
Source:
‘General Authority: SDCL 49-47-2.
Law Implemented: SDCL 49-47-2, 49-47-3.
20:10:39:03. Measurement and testing by utility. A utility measuring or testing for stray current or
E . | » N
voltage at the request of a dairy producer, as directed by the commission, or on its own initiative, shalt
conduct the measurements in accordance with this chapter.
Source:

General Authority: SDCL 49-47-2.



Ahe proctucer’s cane ave
by SN0y Rlectvicity,

ho RIeVes
Law Implemented: SDCL 49-47-2, 49-47-3 eing oPReotrd

hail f
20:10:39:04. Notice to utility. A dairy produc%mw provide notice to the utility b&ﬁ&ﬁﬁi—i@-&@%

W!c\\es of

if AR doity Plegucer

orriEshmging,. conducted tests or measurements of strayhvoltage.
cuwent- or S'h’“j

Source:
General Authority: SDCL 49-47-2.
Law Implemented: SDCL 49-47-2, 49-47-3.

20:10:39:05. Cooperation between the dairy and utility. When a written notice is filed with the utility,

(‘?100\“&( \\
|
the dairy %—%&Hﬂ make any contact points, service panels, ground rods, or other electrical
Seyvice Providey

equipment at the dairy available to the wtiby for measuring and testing. The utility shall provide
reasonable notice and cooperate with the dairy producer to establish an appropriate time to conduct the
SR Proney

tests and measurements. The dairy shall cooperate with the Wiy so that all tests and measurements
necessary to identify the existence and magnitude 61‘ stray current or voitage, if any, are completed within
14 business days of the utility’s receipt ofm notice.
Source:
General Authority: SDCL 49-47-2.
Law Implemented: SDCL 49-47-2, 49-47-3,
20:10:39:06. Service provit:ier. A service provider‘e—rs;g‘;&édﬁfollow the rules in this chapter.
Source: |
General Authority: SDCL 49-47-2.
Law Implemented: SDCL 49-47-2, 49-47-3,
20:10:39:07. Qua!ifigd testing professional. Measuring and testing for stray'{foltage mest he performed
by a qualified testing professional. The following persons are presumed to be qualified testing
professionals:
(1) A professional engineer, licensed in any state, who has completed no fewer than 48

hours of commission-approved stray voltage training and who has been involved in no

8



A ourient-or Stroy
fewer than ¥} prior investigations involving the measurement or testing of stray"voltage;
(2) An electrician holding an electrical contractor’s license, master electrician’s license, or
equivalent, in any stat@who has completed no fewer than 48 hours of commission-
auient-or Stvewy five

approved stray%oltage training and who has been involved in no fewer than ¥ prior

investigations involving the measurement or testing of stray,\ voltage; ape-coy

Cuvieniaoy shaj
{3) A technician who, under the supervision of a person presumed qualified under subdivision
Wro eioht

20:10:39:07 (1) or (2),%has completed no fewer than % hours of commission-approved stray cwvvent ar
Ve
am\\)voltage training and has been involved in no fewer thal;% prior investigations involving the

measurement or testing of stra\é\voltage.

Cuvrent or Sveny
The commission shall establish,a list of commission-approved strayﬁvo!tage training programs W
and updoke Cunrenand) Sy
-bdfseb,eet.m.pemmc_updam\
Source:

General Authority: SDCL 49-47-2.

Law implemented: SDCL 49-47-2, 49-47-3. o

Sl
20:10:39:08. Qualified testing analyst. Analysis of data under this chapter#rust be performed by a
Aeauotfied Refing analyet-is

qualifiedhanalyst."p( professional engineer, licensed in any state, who has completed no fewer than 48

kg _ fAve
hours of stray,voltage trainin@nd who has been involved in no fewer than IS prior investigations involving

cwnendT oy Shrowy

measurement or testing of strayﬂvoltage ]rmmwed-ﬁa—be—a—m&ﬁﬁd-&mweﬁ
Cuiievs oYs*\thj ‘

Source:
General Authority: SDCL 49-47-2.
Law Implemented: SDCL 49-47-2, 49-47-3.

20:10:39:09. Additional qualified testing professional or analyst. A person who does not satisfy the

qualifications in § 20:10:39:07 or 20:10:35:08 mayiﬁmet#eiesﬁ be determined by the commission to be'

Acsh
a qualified testing professional.or a qualified’aa%yst if, ongmotion of any party, the commission finds

e ol .
+hat person}thaﬂw'rsﬂpossesses the knowledge, skill, experience, training, or education that g}amfejs _

9



that person to offer expert testimony before the commission.
Source: _—
General Authority: SDCL 49-47-2.
Law implemented: SDCL 49-47-2, 48-47-3.
20:10:39:10. General requirements for stray voltage measuring and recording. Equipment used for —

Sy

the measurement or testing of stray voltage ¥cufrent, and resistance shall meet the following criteria:

Vee

(1) The accuracy and resolution of any instrument used to measure or record cevcentaetveltage or

<
strerert shall limit the error to five percent or less at one volt or two milliampere;

{2) Instruments used to measureee%egggawa%e must be capable of separating and

muS"r‘
independently measuring alternating current and direct current voltages. These instruments shall
have a minimum internal impedance of 10,000 ohms and must be capable of measuring the true-

root mean square voltage;

(3} A clamp-on ammeter, a digital multi-meter with clamp-on device, or an in-line 'ammeterle-

€ 'm.—Fhe-mete&s,must be capable of separating and

independently measuring alternating current and direct current and capable of measuring the true- )
wech 0 .

fﬂ"l"‘ TTL-A L AN a
root mean square current. A clamp-on ammeter must have the “equ-‘weel resolution and accuracy’ sV t?) '

(4} Resistance is measured using either a volt ohmmeter or a digital multi-meter. Resolution must
he to the level of one ohm or less when measuring a resistance of less than 1,000 ohms. Accuracy

fwe :
must be within plus or minus g ohms for a 500 ohm resistance; and

(5} Grounding electrode resistance-to-earth measurements are made with a three-point fall-of-
potential instrument or a clamp-on resistance-to-ea rth tester.
Source:

General Authority: SDCL 49-47-2.

Law Implemented: SDCL 49-47-2, 49-47-3.
_ _ oty -
20:10:39:11. Calibration of measuring equipment. All measuring equipment raust be calibrated :
10



according to the manufacturer’'s recommended calibration schedule, but no less than annuallyi-*mee(»

Tt et s Tratinms eacesEasy-ahd-resolutic quipment. Measuring
equipment may not be used after its next”Calibration dué’(datevtsmmmﬂtrmmm
fory Callbratlonv-i\g-ge%rmed by é&he'l

(1) The manufacturer of the equipment, wha shall certify that the equipment meets the

manufacturer’s specifications for accuracy and resolution; or
m\\bmhm AL
{2) A laboratory currently certlfled as meeting eM-appheable standards of the Institute of Electrical

and Electronic Engineers and the International Organization for Standards.

Source:
General Authority: SDCL 49-47-2.
Law Implemented: SDCL 49-47-2, 49-47-3,
20:10:39:12. Calibration certificates. The service provider performing the tests and measurements

Ao dennonghone

shall maintain certificates from the manufacturer or the calibration laboratory dermenstrating compliance

with'calibration requirements.
Source:
General Authority: SDCL 45-47-2.
Law Implemented: SDCL 49-47-2, 49-47-3.

20:10:39:13. Field check of measuring equipment. Before voitage or current measurement or testing is

yoi e P Berd-cnedk is dint by 4p ARG Werguverents
performed, the instrument #s- field- checked.by comparing measurements,; of ether mstrumentxor
A s;w\cﬁ »a 0““ anviney
against a known source. Mol oy gty

Source:
General Authority: SDCL 49-47-2,

Law lmplemented SDCL 49-47-2, 49-47-3.
SyslemsS 4 is
20:10:39:14. Requirements for monitoring¥and recording devices¥pigital recording dewceﬁ-&m used
Hai Ko
-fo'r“the-purpu-se-ef recordiifl current and voltage for extended penods »'Fhe-:gcordmg devuceﬂshmv‘g
e
11



| a5 specified in 38011024430
have the same level of resolution and accuracy as-the-meters-bei -+ |

Henihoving 5957
ﬂMonitoring systems]wﬁhuiek\ combine measuring and recording functions in a single instrumeng,vshali have

the same level of resolution and accuracy as specified in § 20:10:39:10. Recording devices and

. qu
monitoring systems must be capable of recording transient deviations of one-tenth“second or less in

duration from the steadgtate.|Digital recording devices}-wh?gmw deviation settings,&hamlélfermit the
m

eviation setting to be set low enough to meet the resolution and accuracy requirements in subdivision

20:10:39:10(1). : racording devicefmust be able to log the time and date of all data recorded and have
bpi)ﬁ internal clocks synchronized.

Source:

General Authority: SDCL 49-47-2.

Law Implemented: SDCL 49—47—2, 49-47-3.

20:10:39:15. Requirements for load boxes. A load box is a primarily non-inductive nominal 240 volt,

resistance heating type load with a fninimum nominal full load of 18 kilowatts. A load box must be
capable of operating at two or more load settings, including approximatély 50 percent and 100 percent
of the load box's rated total load.
Source:

General Authority: SDCL 49-47-2.

Law implemented: SDCL 49-47-2, 49-47-3.

oave
20:10:39:16. Stray current or voltage test. fuijeettor-sz q 5iX tests used to detect and
> oy ) O T
_.— measure stray current or voltage: cow contact test; 48 hour test; primary profile test; secondary neutral
X)) ¥ N A A A
Y (%) G R <ol A PR TR SeMctu"?fw der
(3) — voltage drop test; ,and box test; and“5|gnature test. Effortsm&sle-be made¥to perform the tests under
("{) — Do, LTy CM’VV’QM
5\ — conditions substantially similar to these conditions existing at the times the dairy producer believes stray co@veats
(U) — offected e aifve |
voltage to-ha-a-problem.
gAY
Source!

General Authority: SDCL 49-47-2.

12



Law Implemented: SDCL 49-47-2, 49-47-3.

.
20:10:39:17. Testing sequence. The cow contact test and 48 hour test are-used-to-determine-the —

S oe

p performed in all lnvestlgatlons S LE Ao s o

Shait be , _ _ ‘lé“-
20:10:39:21. The cow contact test+sperformed first. The primary profile test,'secondary neutral voltage

o o

drop testload box test, and Signature test may be performed in any order and may be performed without

) Ok e , ) . A

first determining thet-thase tests are required under § 20:10:39:19. The primary profile test, secondary
A St \orfoy

neutral voltage drop test, load box test, and signature test may be performed pfiorterstasting the

<kewd 6F recording for the 48 hour test or while the 48 hour test is in progress. The 48 hour test may be

Ay J
interrupted %&necessa.n&to conduct the secondary neutral voltage drop test, load box test, and signature

Ao anaty2e .
test, or fe® review and aredysised the data recorded WWH“

Source:
General Authority: SDCL 49-47-2.
Law Implemented: SDCL 49-47-2, 49-47-3.
20:10:39:18. Preventive action level not exceeded. If the results frem the cow contact test and 48 hour

cuﬂﬁ“’f ¥ Sy ‘ -

test indicate that stray*voltage does not exceed the preventive action level je-sefhredam=-SBiin

the utility has no further {sstingeerrermedie
Source:
General Authority: SDCL 49-47-2.

Law Implemented: SDCL 49-47-2, 49-47-3.

20:10:39:19. Preventive action level exceeded. If the !reventwe action Ieve
riess M*ns s suspencied or b4 PWSan- 10
eepi-asaprouidad-r § 20:10:39:21. Thedtilityshall also perform
semce Qm\no\ei

i
analysis to determine whe%henhthe-portlon of the stray current or, voltag attributable to an off-farm
ﬂ'mj

—B’U\’ vgmmm ne ¢
perform the renrsirhogfews tests,

source exceeds 50 percent of the preventive action level.
If the preventive action level is exceeded and the portion of the stray current orhvoltage attributable to
ghved) -
an off-farm source does not exceed 50 percent of the preventive action level, the utility has no further -

13
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If the preventive action level is exceeded, and the portion of the stray current or voltage attributable

stiowy

to an off-farm source exceeds 50 percent of the preventive action level, the utility shall conduct

ond
remediation pursuant to SDCL 49-47-3I—lsl‘nﬁerﬂﬁrccmd%iﬁﬁt the 48 hour recording,of the 48 hour test may

But ?ﬂi"c‘
be reduced'to no fewer than 24 hours.
Source:
General Authority: SDCL 49-47-2.
Law Implemented: SDCL 49-47-2, 49-47-3.
20:10:39:20. Report prepared by qualified analyst.Ef:r all testing conducted under this chaptﬁ:c_he
KD i
utility shaif have a qualified analyst prepare a repor&?ursuant to § 20:10:39:5&
Source:

General Authority: SDCL 49-47-2.

Law Implemented: SDCL 49-47-2, 49-47-3.

peiween
20:10:39:21. Suspended or limited testing. With I.Ee written agreement efbeth the utility and the dairy
AR LN
producer, a stray*voltage investigation may be suspended at any point in the investigation. With t-%
Servite ’Q(OV{C\'EV" :

written agreement ef=beth the utility and the dairy producer, the s may employ a limited set of tests
or measureménts on a dairy as part of an intentionally limited evaluation. If the utility proposes to
i) TS0y . A .

suspend a stray'voltage investigation or to conduct a limited evaluation,+ss-reasons for doing so must be
set forth in the written agreement between the utility and the dairy producer.

Source:

General Authority: SDCL 49-47-2.

Law Implemented: SDCL 49-47-2, 49-47-3.

20:10:39:22. Use of remote reference grounding electrodes. te-reference-electrodes are

Zhow van
dst In preparation fortesting,ground rod must be installed and

AN
penetrate"soil to a depth of approximately 30 inches. When practicable,emote reference electrode

14
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i

~is-installed at least 25 feet away from the nearest underground conductive electrical equipmer@of any
typ&or at a distance equal to three to four times the buried depth of any metallic structure connected to
the service entrance neutral. When practicable, each remote reference electrode must be located no
closer than 25 feet from the centerline of a primary electrical conductor right-of-way and no closer than
100 feet from the edge of a transmission line right-of-way. ,ogi“@
_ ¥ LASec)
shall foye.

Each remote reference electrode must be checked for remoteness promte-its-use for tests or

measurements, and, if found to be insufficiently remote, a new location for thet remote reference
Soat

electrode mst be found and retested for remoteness. Remoteness of the remote reference electrode is
determined by measuring the voltage from the transformer grounding electrode to the remote reference
electrode. The ground electrode resistance and current at the transformer are also measured.
Remoteness is%ens‘rdwe' adequate if the measured voltage between the transformer grounding
electrode and the remote reference electrode is within 20 percent of the voltage calculated by
multiplying the transformer grounding electrode current by the transformer grounding electrode resistance.

If the transformer grounding electrode is within 25 feet of other primary or secondary grounding

grolt 0%,

electrodes, this remoteness test4s-conducted at the first primary system grounding electrode upstream

of the transformer that is greater than 25 feet from other primary or secondary system grounding

electrodes.
Source:
General Authority: SDCL 49-47-2. X
e providershall
Refore b AR A

20:10:39:23. Inspection, repair, and measurement requirements. Prierte testing, the (Utility
MAKR Ond Rea?Or—0F

- - v
transformer-l&-inspeeteé,‘érounding electrode resistance q:aaeaauﬁe@, and any repairs necessary for safetyw#ﬁe-

d. inthe case of a customer-owned transformer, qualified personnel shall inspect the

Law Implemented: SDCL 48-47-2, 49-47-3,

installation, measure grounding electrode resistance, and make and record any repairs necessary for
safety. Measurements that require contact with utility or customer-owned primary wires or equipment

15



<ol o Qeiviee pravidey

se~made by th@or other qualified personnel.
Source!
General Authority: SDCL 49-47-2,
Law Implemented: SDCL 49-47-2, 49-47-3.

!

20:10:39:24. Use of ammeters.)(’ln—line or series ammeters re=usadpthe m'us’C'Ebe installed under safe

conditions in accordance with the National Electrical Safety Code and the National Electrical Code with
the entire dairy system or the specific circuit to be tested de-energized.
Source:
General Authority: SDCL 48-47-2.
Law Implemented: SDCL 49-47-2, 49-47-3.
20:10:39:25, Pre-test documentation. All pre-test calibration requirements required by §8§ 20:10:39:11,
\ shallpe
20:10:39:12, and 20:10:39:13 uskbe completed and documented. A drawing of the dairy & prepared by
the qualified testing professional indicating:
\ {1) The location of the buildings;
(2) Secondary electrical service panels and secondary feeder systems serving cow contact

areas;

(3) Transformers and central distribution point;
{4) Existing grounding electrodes, if known;

(5) The location of all cow contact points to be tested;
(6) All remote reference electrodes; and

(7} All primary and secondary neutral test points used in conjunction with the remaote

reference electx\s\ ve \7-[ e uavied '\E&hhﬂ mt}%&&)m\

A list of planned test pointsd+s prepared’using the applicable form W beginning each test. Each test Pm\f\‘\"
palt v

=iz listed separately and specn‘m reference number}a-ne given to each planned test point.
(9
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Source:
General Authority: SDCL 49-47-2,
Law Iimplemented: SDCL 49-47-2, 49-47-3.
20:10:39:26. Suspension of testing due to presence of a safety hazard. If the service provider reasonably
concludes that a dairy’s noncompliance with the National Electrical Code or the National Electrical Safety

Code poses a significant and immediate safety hazard that prevents completion of any test or

uhlity's

measurement required by this chapter, the serviceproverer’s-obligation to proceed under this chapter is

suspended until the hazard is eliminated.

N
At the discretion of the service provider conducting the test, livestock must be removed from any

area where electrical equipment or wiring is examined or electrical measurements are taken. Testing

He quoihibied
may be suspended if the presence of cows or other animals creates a potential hazard to %es&m%m O"

deshn fpwfessiona\ Shall
red. The locations of electric fences a_nd other electrified cow control devices wwast he ’t-c%and

here® i T
de-energized)where practical. w ? N4 WPW}- .

Source:
General Authority: SDCL 49-47-2,
Law Implemented: SDCL 49-47-2, 45-47-3.

S
20:10:39:27. %eu:pasﬁw%j;he cow contact test. The Mcow contact test Qe-ﬁi determing” the

_ 10y "
locations, if any, where stray current or¥/oltage exceeds the preventive action level and Hidentiﬁﬁhe

Vee
tocations %mm%the e@wsantaet-vel%age will be recorded in the 48 hour test,

Source:
General Authority: SDCL 49-47-2.
Law Implemented: SDCL 49-47-2, 49-47-3.
20:10:39:28. Conducting the cow contact test. The selection of cow contact points to be tested shall

cuner

include a iciend number of locations reasonably likely to demonstrate the presence of stray vedage or
\rage
S’““j %, if any. The voltage across the shunt resistor or current through the shunt resistor is measured

17



AT [
between cow contact points. The seuree-resistaree is calculated during analysis for all cow contact points.

Source:
General Authority: SDCL 49-47-2,
Law Implemented: SDCL 49-47-2, 49-47-3.
20:10:39:29. Use of a voltmeter to conduct the cow contact test. When using a voltmeter to
measure voltage between contact points where one of those points is the floor surface or earth,the-

metal plate must make a high-quality conductive contact with the floor surface or earth, using the

procedures described in § 20:10:39:31.
Source:
General Authority: SDCL 49-47-2.

Law Implemented: SDCL 49-47-2, 49-47-3.
20:10:39:30. Use of a milliammeter to conduct the cow contact test. When using an in-line
milliammeter or a élamp-around milliammeter to measure current between contact points and one of
those points is the floor surface or earth, -ée metal plate must make a high-quality conductive contact
with the floor surface or earth, using the procedures described in § 20:10:39:31.

Source:
General Authority: SDCL 49-47-2.
Law Implemented: SDCL 49-47-2, 49-47-3.
20:10:39:31. Metal plate requirements. A metal plate used to make an electrical contact with the

floor surface or earth must be square, rectangular, or round, and have a surface area equal to or

shat! or

greater than 16 square inches. A weight of not less than 20 pounds-s-placed on the metal plate}-ims-

weight—i-%applied evenly across the metal plate and not to the adjacent floor surface or earth. The metal

Snall ot
piate 48 placed a rhnmmuni distance H-lz inches from any metal equipment making contact with the fioor

OF Por1ess Hron

surface or earth. The surface of the metal plate $ha

must be clean and free of corrosion before use. .

18



shall b

When the metal plate is placed on a floor surface, the surface must be flat. The fioor surface-is-

cleaned with a wire brush to remove débris Bh&t—m&y—a@ld_e-xeess-fe&ist—aneel and then cleaned with water.
A paper tow@r similar materia@soaked in saltwater-is placed between the metal plate and the floor surface.

Sl
When. the metal plate is placed on the earth, the surface must be flat. Any debris st be removed and
water added to the area, if necessary, to dampen the soil.

Source:

General Authority: SDCL 49-47-2.

Law Implemented: SDCL 49-47-2, 49-47-3. e . ;
qualiiedt testing professiorail

20:10:39:32. Recording the cow contact test data. The perses-conducting the cow contact test shall

pooin Hest pent

record the location ofY and measued values at, each test point. At each cow contact location, ane=epesr-
Voe X7 Pra\otves wo\s«%o\ \

cireuitvoltage reading and a voltage reading with the shunt resistor placed across the input to the meter
F wseAhan

e '
are taken. Fhese readings are taken with%ten seconds éﬂw between each reading. F-temaﬂwbﬁ

current measurement may be taken in place of the voltage measurement. Data for these test points are

Pk

recorded on the cow contact test form on file with the commission.
Source:
General Authority: SDCL 49-47-2,

Law Implemented: SDCL 49-47-2, 49-47-3,

Qsowr e

20:10:39:33. Source resistance calculation. The setree-resistanee is calculated for each cow contact
location measured and the value recorded on the cow contact test form on file with the commission. The

. Rsowee,
following formulas are used to calculate sourca-resistafee:

(1} Rsource = Rshunt x {{(Voc — Vshunt} / Vshunt; and)

{2) Rsource =Voc/Ishunt —Rshunt.
Source:
General Authority: SDCL 49-47-2.

Law Implemented: SDCL 45-47-2, 45-47-3.
19



s |.I:
20:10:39W;_be 48 hour test. j{ﬁ?‘p‘urpow—eﬂihe 48 hour test }ﬁ%determiné) witether stray

9
current or'voltage exceeds the preventive action level at selected locations over a 48 hour period, -

HANoar

o

sides of the system have a specific impact on the recorded current or voltage at“specific timef of day.
c,wven-l—or shc:j

The results of the 48 hour test may be highly indicative of the presence of stray voltage

Source:
General Authority: SDCL 49-47-2.
Law implemented: SDCL. 49-47-2, 49-47-3.
20:10:39:35. Data collection for the 48 hour test. A digitizing data record@vith averaging capability

and capable of detecting and recording transient deviations of one-tenth of a second or less in duratio@s

used to record the following:

Vp e
(1) Velkagefrom-primaancnautrabat the transformer to femote reference electrode;
W
Vs _ _ . T
(2) Vottage-from-secondary-rentrad in the service panel serving the area of the cow contact'to?
remote reference electrode;
Vp Vs . . -
(3) Veliagefrom-prirnary-newtrat at the transformer to secofdary-neutral at the service panel serving
the area of cow contact; and
ec ot . . .
(AJMt through or &a‘g& across a shunt resistor at each high voltage point
found in the cow contact test,
oF vt YYOR_ ey : £ e
A recording intewathen seconds may be used p@ad@dﬁhat transient deviations of voltage or
' o ondt -
current ot one-tenth*second or less in duration Pf—vm‘tage—e#ea are recorded to the maximum ability

of the instrument.
Source:
General Authority: SDCL 49-47-2.
Law Implemented: SDCL 49-47-2, 49-47-3.

20:10:39:36. Measurement requirements for the 48 hour test. When conducting the 48 hour test, -

20



measurements to the earth or concrete surface must be to a metal plate, @s described in § 20:10:32:31.

When making measurements to metal objects, corrosionisremoved to obtain a low resistance connection.

Seurce:
General Authority: SDCL 49-47-2.
Law Implemented: SDCL 49-47-2, 45-47-3.

20:10:39:37. Recording the 48 hour test data. All of the data gathered by the recording equipment

S\ Vo
during the 48 hour test, including transient deviations,-s downloaded and retained with the records

fhait bl
of the investigation. The steady -state data+e summarized in the inves; E\atton report. The recorded data

£inal\ VR qua\l ng pidfessional
-f¢ made available to the dairy producer or utility upon request. The—peﬁsen—conductmgethrs-test recordx
eoch-k.&\-?ﬂ“'“" e

the location of,‘ and mea&wed.ua.haes-aaeach test point. The identification of the cow contact point and
A values weeoguwe

transient deviations axe recorded on the 48 hour test forms on file with the commission. A plot of the
St ot

voltage versus time may be substituted for the recording of measured values.

Source:
General Authority: SDCL 49-47-2,
Law Implemented: SDCL 49-47-2, 49-47-3.
20:10:39:38. Reduced recording period for the 48 hour test. If a qualified analyst concludes that

S remediation by the utility is required because the preventive action level is exceeded and the portion of
SQ;V‘%
the stray current orVoltage attributable to an off-farm source exceeds 50 percent of the preventive action

ou'”
level, the recording period may be reduced to no fewer than 24 hours.

Source:
General Authority: SDCL 49-47-2,

Law Implemented: SDCL 49-47-2, 49-47-3.

3
20:10:39:39. k-uﬁpesene\%_ghe primary profile test. The kmmese-e%hq primary profile test ls-éi measure” or
. 3

calculate” neutral-to-earth voltage for a multi-grounded distribution system.

21



Source:
General Authority: SDCL 49-47-2.
Law Implemented: SDCL 49-47-2, 49-47-3.
20:10:39:40. Data collection for the primary profile test. The primary profile test requires concurrent
measurement of the ground electrode resistance and current at all primary system ground points within
three quarters of a mile on either side of all primary service points serving the dairy, or to the end of the
line if less than three quarters of a mile. Alternatively, the voltage between a remote reference electrode

and the primary ground point being tested may be measured.

The primary profile test is conducted starting at one end of the distribution system and working
toward the other along the main primary distribution system.
if the dairy is served by a dedicated tap of less than one-half mile in length from a distribution
line, the neutral-to-earth voltage is measured at each primary ground élong the tap and along the
distribution line to a distance of three quarters of a mile in each direction from the point of the tap. If
the dairy is served by a dedicated tap that extends more than one-half mile from the distribution
line, the neutral-to-earth voltage is measured at each primary grounding electrode along the tap and

along the distribution line to a distance of one-half mile in each direction from the point of the tap.

Source:
- General Authority: SDCL 49-47-2,
Law Implemented: SDCL 49-47-2, 49-47-3. . . 1ol
Q\M\“f‘w\ 'Rf%‘h_ng ?m&‘SSw
20:10:39:41. Recording the primary profile test data. The persen conducting the primary profile test

shalil record the location of;gand meastrad-vatues at, each test point. Data and calculation results for these
AL volues raetsavec

test poinfﬂ-&a}éc\g&d on the primary profile test form on file with the commission.
Source:
General Authority: SDCL 49-47-2.
Law Implemented: SDCL 49-47-2, 49-47-3,

22



20:10:39:42. ?urpm-e%ghe secondary neutral voltage drop test. The secondary neutral voltage drop

test determine the impact of each secondary service on the neutral-to-earth and-eew-contact
e derming |

v%%%‘gs-on the dairy under controlled conditions.

Source:
General Authority: SDCL 49-47-2.
Law Implemented: SDCL 49-47-2, 49-47-3,

20:10:39:43. Conducting the secondary neutral voltage drop test. The secondary neutral voltage drop

test is performed for all service entrances. A proxy load of known characterlstlcsieaeh-as-a-ﬁey-stive—lead

A Serondony NeviTal VoHTRe chop Jest

voIt, T, is required for thie-test: The proxy load must create a known and

stable current and subsequent voltage drop for each neutral serving a main panel, sub-panel, or end-of-

e Shall bt
service area. .t service entrances \;t-hef—shan—t-he-semeeemm-neﬁ being tested are turned offxa—
Source:
General Authority: SDCL 49-47-2.

Law Implemented: SDCL 49-47-2, 49-47-3,

Shatl b€

20:10:39:44. Data collection for the secondary neutral voltage drop test. The following data-s-collected
for each secondary neutral tested:
(1) Gauge and type of neutral wire;
{2) Length of neutral wire;
(3} Neutral current;

(4) Voltage drop between both ends of the secondary neutral being tested;

Vee Tec
(5) CGew-eeontactveltage or eow-eontact-toTent-at the same points used in the 48

hour test;

aewtsal at the transformer to remote reference electrode; and o

(6}
(7)

al in the service panel serving the area of the cow contact e
23 '




AT W

to remote reference electrode.

Source:
General Authority: SDCL 49-47-2.
Law Implemented: SDCL 49-47-2, 49-47-3.

20:10:39:45, Measurements used for the secondary neutral voltage drop test. For the secondary neutral

voltage drop test, the three voltages ﬁeew\-!%ﬁ-t-aet-veltaga, B

o \are measured with the proxy load Xoff and Xon?®
n

Calculated expected voltage drops are compared with measured voltage drops. If the measured and

Lonadis sanificanm ? <iail
calculated voltage drops d iffer further investigationmusse be undertaken to determine the
Sl D

source of additional voltage drop within the circuit. Neutrai current-s measured and recorded with the

proxy load™on”%
Source:

General Authority: SDCL 49-47-2.

Law Implemented: SDCL 49-47-2, 48-47-3. . _ . .
(Wq“ﬁcd %&hn‘j ’PiOFCSS}OY\a\ o
20:10:39:46. Recording the secondary neutral voltage drop test data. Any persesr conducting the
eaon Aest point

. v
econdary neutral volt drop test shall record the location of, and measwred valies at, e
3 ry age drop 7 e aetirag S 5,2\ ach test

point. Data and calculation results forfhcé?eqtest pointyé?gcr\'re\g%?élQ onh the secondary neutral voltage
drop test form on file with the commission.

Source$

General Authority: SDCL 49-47-2.

Law Implemented: SDCL 49-47-2, 49-47-3.
5

20:10:39:47. %ﬂ%ﬁb@&“@%{he load box test. The load hox test Qs-usad_m% determind the extent to which —

the primary system contributes to stray current or'voltage at cow contact points.
Source:
General Authority: SDCL 49-47-2. -
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Switein

Law Implemented: SDCL 49-47-2, 49-47-3.

chall br

20:10:39:48. Timing of the load box test. The load box tests performed at the same time of day as the
e ot
tlme{ of highest aet—-ve#ag!g found in the 48 hour test.
Source:
General Authority: SDCL 45-47-2,
Law Implemented: SDCL 49-47-2, 49-47-3.
801039 150
26:10:39:49, Data collection for the load box test. The load box test requires the recording of eight data
points during each of the five test steps. The eight data points that are measured or calculated and
recorded for each step are:

{1) Primary line to neutral voitage;

(2) Load box current;

{3) Voltage at load box connection to secondary system;

Medivision (&) gupdivisien (3)
{4) Transformer current as calculated by multip!yingl}ead-bmrcurren\ byfel-t-ege—aﬂaad—beai« and
 Swadiisiory (V)

dividing by p
(5) Voltage from primary neutral at the transformer to remote reference electrode;
(6} Voltage from secondary neutral in the service panel serving the area of the cow contact
to remote reference electrode;
(7) Voltage from primary neutral at the transformer to secondary neutral at the service panel

serving the area of cow contact; and
(8) Cow contact voltage or cow contact current at the same points used in the 48 hour test. -

Source:
General Authority: SDCL 49-47-2.
Law Implemented: SDCL 49-47-2, 48-47-3,
S010:39:44
26:38:38:50. Conducting the load box test. Except for dairies with three-phase balanced primary setvice,

each of the following five steps for the load box test is conducted for at least two minutes:
25



(1) Ft-ep-ene"ﬂhe ioad box is de-energized, the dairy remains®on¥"and the data is recorded;

{2) %tsp—lweiThe load box is de-energized, the dair:?s"shut""off;’"and the data is fecorded;

{(3) Fep-thneel The load box is set to half load, the dairy\‘fshut""éfﬁ”"and the data is recorded;

(4) Fﬁeﬁm’i‘?ﬁe load box is set to full load, the dair\;’shut%ff;" and the data is recorded;
and

(5) %‘eﬁw&\oe}The load box is set to full load, the dairy is turned*%n;*and the data is

recorded.
f)
. on .
For dairies with three-phase balanced primary service, the service provider¥performs steps one and

two.
Source:
General Authority: SDCL 49-47-2.

Law Implemented: SDCL 49-47-2, 49-47-3,

20:10:39:51. Calculating the K factor for the load box test. The K factor is a calculated ratio ofl;ew-
Vee ys

greater than one{ then there is contribution to cow-eontaet-voltage from%sourcceXOther thanseeendary
s

Source:
General Authority: SDCL 49-47-2,

Law implemented: SDCL 49-47-2, 49-47-3. . . .
oalfiedd yeshing Puotessionar)
20:10:39:52. Recording the load box test data. The pesssa conducting the load box test shall record
eaon Yest AN
the location of: and measured-values atyeach test point. Data and caicuiation results for these Yest point}(
<o\ Voo Pro volmes meagar e o

ararecorded on the load box test form on file with the commission.

Source:

General Authority: SDCL 45-47-2.
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Law Implemented: SDCL 49-47-2, 49-47-3.
$

20:10:39:53. \Bm-pumﬂthe signature test. The signature testis-ueed—!éidetermme the contribution to —
2Ny

stray current or’{zoitage of individual pieces of equipment operating on the dairy. Thes‘@sf?bes-t—

Source:

General Authority: SDCL 49-47-2,
Law Implemented: SDCL 49-47-2, 49-47-3.

20:10:39:54. Data collection for the signature test. During the signature test, individual pieces of major

shalt b

current drawing equipment.are-started and stopped. The effects of starting, operating, and stopping each
net tess 4han

piece of equrpment-a-p% measured and recorded for a period of operation of at-teast 15 seconds. Fhe-

g M\‘G‘QO\ Jesting) professioral
perses conducting the tes;\-réeﬁ%iﬂes and recordxthe equipment being tested and recordfthe specific

shal\ ld?”h%
. Shall Yse
times H the equipment was started and stopped. A digitizing data recorder with averaging capability 5~

oS st bt

YYOERSA
used to measure and record the required etectriest-eata. Thefly measurements are taken at the same

-\54% e
locations at the dairy where*measurements were taken for the %ﬂrpeee-ei-t-h% foad. box test and 48
<l be —

hour test. The following measurements are taken:

\p
} Veltage—from-primary-neutcal at the transformer to remote reference electrode;

sl in the service panel serving the area of the cow contact 'poir\—"-

to remote reference electrode;

VP Vs
(3) Vottagefrom-primary-nettral at the transformer to seeondarpneutsal at the service pane!

serving the area of cow contact; and
3 lee
(4} Gow-eontactvoltage or ecowTONtattetrrentat the preselected point.
Source:

General Authority: SDCL 49-47-2.

Law Implemented: SDCL 49-47-2, 49-47-3.
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20:10:39:55. Recording the signature test data. All of the data gathered by the recording equipment

Joll bR

during the signature test, including transient deviations, are downloaded and retained with the records of

| . shal) be
the investigation. The steady-state data is summarized inthe investigation report. The recorded data-sslf\? \
SO0N Shatl bt

made available to the dairy producer or utilitggpon request. The location of &l test pointgare recorded
on the signature test form on file with the commission. A plot of the voltage versus time may be
substituted for the recording of measured values.

Source:

General Authority: SDCL 48-47-2.

Law Implemented: SDCL 49-47-2, 49-47-3.

20:10:39:56. Analysis of the data collected during the tests. The pess

cﬁbm{examines the data recorded for the 48 hour test andﬁdetermine}‘ the highest steady-state

v \ee, Shall chont _
value of eow-contact-\oliage-or covw-contaet-eurrent. The-person determinef the value Of%ﬂ%&%
quahfiesl iesring
analyet

gé that was present for the highest cow contact value. These values are

¢ le .

identified as eewyée%%aet-W&a-ge or eew—em%iact-cur—rent and pHA
, Neeo Vee

of maximum cew-eentact-vekage-or-eurrent. These values are recorded as Vcc48 hr, 1cc48 hr, or Vp48

hr. The three data sets created from the values are:

c \eo
(1) The primary to reference ground voltage and the eew\hle&%aet—ve-l{-a‘ge or gow~contach

currert-measured during the foad box test with the farm power>offand the load box

o v
o ft%ave recorded as Vp OFF and either Vcc OFF or lcc OFF;

' e, ¢
{2} The primary to reference ground voitage and the cew-eeyéaewuage—orem\}heétﬁaﬁ

sratb2,
etrrent measured with the load box set at one-half load etre recorded as Vp HALFLOAD and

either VccHALF LOAD or lccHALFLOAD; and
Ve fce
(3) The primaty to reference ground voltage and the ceow-eentact-voltage or-surrent
: tnall e ,
with the load box at maximum-ee recorded as Vp FULLLOAD and either Ve FULL
LOAD or lccFULLLOAD.
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Source:
General Authority: SDCL 49-47-2.
Law Implemented: SDCL 49-47-2, 49-47-3.

20:10:39:57. Determination of any contributions to stray current or voltage for single phase dairies.

N . Nee Xec . ) W
The utility contribution to cew-eentact-vekage or cew-cortaet-eurrent is determined the following _
formulas:
o Nee
{1} Utility contribution to eew-Eentasi-vektage = ((Vp48 — Vp Half) / (Vp Full - Vp Half)) x {(Vee Full -

Vec Half) + Vec HALF; or
_ , lee
(2) Utility contribution to cew-centaetedrrent = ({Vp48 —Vp HALF} / (Vp FULL — Vp HALF)) x (lcc FULL
— lcc Half) + lcc HALF.

The values determined are compared to the preventive action level.

Source:
General Authority: SDCL 49-47-2. .

Law Implemented: SDCL 49-47-2, 49-47-3.

20:10:39:58. Determination of any contributions to stray current or voltage for three-phase dairies.

\ ‘et

ce
The utility contribution to coweomtactvoltage-or eew-santact-ecorrent for dairies with three-phase
balanced load service is determined by directly using the results of the load box test results for steps b ore
Ve il gl -
The cow-eontactyeltage measured during step X of the load box smh-t-he—iead-be*}ﬁ%ﬁd-{-he-émw
‘w0

’—.:a‘!‘_ﬂ\\\ \lcc, Veo .
-’iewn—iwﬂ-[ be the total cow-eontactvoltage. The esw-eentact-vottage measured during step X of the load

box test pwith—the o0 Tox O arrthre-ceit 4 is the contribution to ceme%cﬁeﬁel*agefrom the

utili@%e contribution to com\xe%-t-aet#eal‘t-age by the dairy is the difference between-c—éyacé’ T
Ve %\i}g y : :

contactvetiasge and ¢ . The formulais: Vccdairy = Ve - Vecutility.

Source:

and as specified in § 20:10:39:§.

General Authority: SDCL 49-47-2.
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Law Implemented: SDCL 49-47-2, 49-47-3. . "
N \S
N ~JYeasevrab R

20:10:39:59. Written report required - Copy to the dairy producer. Within a feasonable period of time

after completion of any tests required to be perfermed by the utility under this chapter, a qualified -leSﬁY'ﬁ
analyst shall prepare a written report. The report shall include a summary of the tests performed, a
copy of the drawing of the dairy prepa%ursuant to § 20:10:39:25, all of the data or results cbtained _

from the tests, and an analysis of the data or results obtained from the tests. If remediation is required

by SDCL 49-47-3, the report shall specify the actions taken or to be taken. The utility shall provide a

copy of the written report to the dairy producer.
Source:
General Authority: SDCL 49-47-2,
Law Implemented: SDCL 49-47-2, 49-47-3,
whility
20:10:39:60. Remediation. If the utility is required to conduct remediation~#shall commence fvush!r
remediation in accordance with SDCL 49-47-3. Remediation efforts may include addressing other off-
dairy sources. If a utility’s contribution to stray voltage exceeds 50 percent of the preventive action

level and the utility determines that another customer is a significant contributing source of stray voltage,

the utility shall notify both the dairy(\and the other customer in writing.
q{od\umv”
Source:

General Authority: SDCL 49-47-2,

Law Implemented: SDCL 49-47-2, 49-47-3.
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