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Proceedings

On August 18, 1987, the Commission commenced this proceeding
to gather information about stray voltage by issuing a Notice ofr
Investigation and Technical Conference. A technical conference
was held on August 31, 1987, to define the issues and to help
establish a hearing schedule. Subsequently, the Commission issued
a Notice of Public Hearings on September 29, 1987, announcing
public hearings to be held around the state in cooperation with
the Department of Agriculture, Trade and Consumer Protection.
Public testimony from farmers, electricians, utilities and others
was received at these hearings conducted by Commissioner George R.
Edgar and held at 1:30 p.m. and 7:30 p.m. at the following towns
and dates: Portage on October 13, 1987; Darlington on October 15,
1987; Rice Lake on October 20, 1987; Whitehall on October 21,
1987; Richland Centér on October 22, 1987; Kewaunee on October 26,
1987; Ripon on October 27, 1987; Jefferson on October 28, 1987;

Belgium on October 29, 1987; Merrill on November 2, 1987;
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Marshfield on November 3, 1987; Burlington on November 9, 1987;
Waupaca on November 10, 1987 and Oconto on November 11, 1987. a
questionnaire from the Commission to the major investor-owned
utilities, the Wisconsin Electric Cooperative Association and the
Municipal Electric Utilities of Wisconsin, was sen£ on

November 18, 1987, to request information on stray voltage
practices and policies.

On February 26, 1988, a Notice of Prehearing Conference was
issued. a prehearing conference was held on March 7, 1988, in
Madison to discuss the format for upcoming technical hearings
concerning stray voltage. A Notice of Further Hearing was mailed
on March 22, 1983, Hearings were held from April 12-15, 1988,
befo;e Commissicner George R. Edgar. Expert testimony was
presented by the utilities, é series of witnesses on behalf of
the Stray Voltage Task Force and thé Stray Voltage Assessment
Team.

The Commission il eially diséussed this docket at its open
meeting of August 9, 1988. Subsequently, a Notice to Solicit
Additional Comments on neutral isolaﬁor policy was iséued on
August 19, 1988. The Commission reviewed and discussed these
additional comments at its open meeting of October 18, 1988.

A notice of appeal'rights appears in the attached Appendix A.
The parties, for pPurposes of.review under sec. 227.53, Stats., are
listed in Appendix B. Other persons who appeared are listed in

the Commission files.
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Findings of Fact

THE COMMISSION FINDS:

The public and technical testimony in this proceeding has
provided a great deal of information concerning stray voltage.

The Commission acknowledges the serious impacts that stray voltage
problems have had and can have on farmers. While various opinions
have been given about the extent to which stray voltage is a
problem in Wisconsin, there is little dispute about the
consequences-to a farmer who does have stray voltage. We will
continue to seek informaticn on the extent of the problem, but
like other parties we do not need a precise answer to know that we
should be involved in solving a problem which does affect
Wisconsin livestockloperators.

There i; a history to stray voltage in Wisconsin which the
parties in this proceeding have put aside to focus on what should
be done now and in the future to deal with the problem. It is in
that vein of cooperation that the Commission discussed its general
policies in this order. We do not mean by listing requirements of
what should be done to suggest that some of them are not being
done. Rather, our decision attempts to set forth procedures,
guidelines and actions which constitute an effective framework for
preventing and resolving stray voltage problems. While we will
meet our regulatory responsibilities, our decision is written from
the perspective of the cow which is more concerned aﬁout not
having a precblem than arguing about who is responsible for it. We

believe that where responsibility is clear that appropriate
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action should be taken to recognize the losses caused in a timely
manneﬁ.

"Stray voltage" can cause serious financial and psychological
stress for a farmer and his or her family, as well as behavioral
stress for livestock in confined facilities, Fortunately, stray
voltage is a solvable problem in the vast majority of cases. But,
all the parties involved, farmers, utilities, electricians, farm
equipment producers and installers, government agencies,
veterinarians and the financial coﬁmunity, must undefstand the
pProblem and cooperate to resolve it. To date, some farmers,
electricians and the utilities have attempted to respond to stray
voltage concerns. The Commission in this decision sets forth its
pPolicies and responses to this problem.

There are several basic pPrinciples upon which this Commission
decision is premised. First, it is better to prevent a problem
than to solve it after it has happened. Good fundamental
Planning, operation and maintenance on both sides of the meter:
i.e., on the utility's and the farmer's electric systems, are
necessary to minimize stray voltage problems. Second, it is
better to remove the source of the problem than to only mitigate
it. While mitigation may be necessary for some period of timé to
allow the problem source to be rembvéd, the goal should be to find
and correct causes. Third, each Situation must be approached and
analyzed based on its specific facts While stray voltage
Problems can be caused by both on and off-farm sources, only a

spec1f1c analysis for each farm will indicate whether there is a
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problem and what its source is. Fourth, livestock are adversely
affected by many causes which manifest similar symptoms to those
caused by stray voltage. While a farmer should certainly check
for stray voltage, he or she needs to consider all causes,
including electrical and nonelectrical ones, when his or her
livestock experience production or behavioral problems.

"Stray" voltage is a term that has often been used to
describe different situations. It is impoftant to have a common
understanding when terms are used to distinguish between "stray"
voltage and neutral to earth voltage. Neutral to earth voltage is
voltage measured from the electrical system neutral and/or any
structure bonded to this neutral to earth (e.g., to a driven
reference groundi. Neutral to earth voltage is always present at
some level on a multiple-grounded neutral primary electrical
distribution system, and on a farm electrical system, as the
result of the electrical current flow in a multiple-grounded
electrical system. "Stray" voltage is a special case of voltage
in which the neutral tc 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. As will
subsequently be discussed, these 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.
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Based on available research, there is insufficient evidence
to conclude that stray voltage causes a direct physiological
impact on animais. However, there is evidence that stray voltage
can cause stress and behavioral impacts through stress on animals
to the point where the animal is reluctant to eat and drink;
thereby causing milk production to decrease as well as creating
the circumstances for additional physical and manageability
Problems. These problemg can cauée serious economic hardship to a
farmer or can indirectly result in an animal's death, and provide
the reasons that corrective action should be taken if unacéeptable
levels of Stray voltage exist. Because of evidence from farmers
of the possible physiological and reproduction problems caused by
stray voltage, the research as to how and what electrical factors
affect livestock should be continued ang Commission policy will be

modified as appropriate based on this new research.

1. Level of Concern

Exigting reésearch has led many of the Wisconsin utilities to
use .5 volts as the level of concern (i.e. the point at whlch the
average cow's behavior may be adversely affected) in their stray
voltage investigations. As Previously noted, “stray".voltage is
the voltage difference between points. However, it is actually
the current flowing through the animal that affects it and,
therefore, the Commission flnds that the level of concern should
be stated in milliamperes: the measurement unit of current flow,

The Commission finds that the existing research which underlies

-G -
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the .5 V standard supports a 1 milliampere steady state standard
which will be used by the Commission as the level of concern.
However, the Commission will stay apprised of the on-going

research and will raise or lower this standard as appropriate.

g Desirabilitx of Standardized Screening and Diagnostic
Measurements and Equipment

There are several reasons to use standardized measurements,

both to screen for the presence of stray voltage and to diagnose
the source. First, they will provide a consistent systematic
analysis which can readily be documented and duplicated. Second,
they can avoid needless controversy over whether an adequate
analysis was performed or whether the nature of the tests were
valid. Third, they can recognize the various interests of parties
working on a stray voltage analysis. For example, standard tests
to determine whether a problem has an on- or off-farm source can
be used to reduce the time an electrician must spend on a farm and
bill a farmer.

There are many valid tests which produce useful information
in a stray voltage inquiry. The standard measurement tests which
this decision will establish are designed to recognize those tests
which the experts have indicated are the most useful in resolving .
most stray voltage problems. The testimony and exhibits of
Gustafson et al., Surbrook and Bodman all present well-tested and
usable test formats “rom which the Commission has borrowed. These
standard measurements, plus the requirement that adegquate
documentation be maintained by the utilities to fully analyze the

-7-
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result of each test, should provide confidence that if stray
voltage was present, it would be detected and its source

ascertained.

3. Standardized Screening Tests

a. Use of "Cow Contact" Areas

The.most important measurement areas are "cow contact"
areas where the animal can simultaneously access two points
of different voltage of sufficient magnitude to cause an
objectionable current to flow through the animal. These "cow
contact" points or areas primarily include the milking, feed
and watering areas. While measurements from the primary or
secondary neutral to a reference ground can be valuable to
take, the.measurements of main interest should be in those
areas where the cow can close a circuit to allow current to
flow. Care should be taken not to take measurements where
the points to be measured are bonded together by some means
(e.g. water line to pipeline). 1In adaition, measurements
should be taken at various times of the day but particularly
during times of high electric load (i.e., milking times) and
in different locations;

The measurements taken in the cow contact areas seek to
determine the strength of the current aécessing the cow.

This is dependent on the voltage and resistance and can be
calculated by the use of Ohms Law: current equals voltage

divided by resistance. For example, .001 amperes (1

-
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milliampere) is produced by a voltage of .5 volts divided by
a total resistance of 500 ohms. Since, voltage can be
measured, it becomes necessary to determine the total
resistance in any cow contact circuit to calculate the
strength of the current. But, total resistance is in fact a
composite of several distinct resistances: that of the path
through the cow, that between the cow's hooves and the floor
and that of the concrete floor itself. Thus, in making cow
contact measurements it is necessary to use a resistance that
reasonably épproximates the effective resistance of the cow
in the circuit.

b. Use of Resistors

Existing research indicates that a reasonable range for
the resistance cof the mouth to rear hooves path in a cow is
from 350 to 560 ohms. Therefore, when taking cow contact
measurements, resistors in the 350 to 560 ohm range should be
used to simulate the resistance of the path through the cow.
While higher voltage and current readings will result where
a resistor is not used, the goal is to determine the
sustained level of the current actually impacting the cow.

While the use of appropriate sized resistors simulates
one part of the total resistance, there are other resistances
which must also be addressed. Research has indicated, in
order to simulate the contact resistance between the cow's
hooves and the floor, that a 4-inch copper plate or some

similar object under pressure be used. Simply, touching the

-0
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probes of a voltmeter to the concrete floor will only by
happenstance provide a usefol reading.

The resistance of the concrete floor will also vary due
to factors such as the age, thickness or moisture content of
the concrete. Research has indicated that this contact_
resistance can be neutralized by the application of salt
water to the 4-inch copper plate when measurements are taken.

c. Tools to Measure

Many stray voltage problems can be detected by a simple
voltmeter which can distinguish between ac and dc voltages
and which is either digital or has a high impedance.

However, because some Stray voltage problems may only be
evident at certain times of the day or wﬁen certain equipment
is turned on (i.e., transient voltage), the use of a
recording voltmeter may be necessary. The recording
voltmeter can chart voltage'levels over time (preferably at
least over a 24-hour period) without interrupting the dairy
operator's schedule. This meter is a valuable tool to screen
for stray voltage problems when they are not immediately
detected by the use of instantaneous voltage readings.

By describing these basic screening measurement tests,
the Commission 1s not saying that further 1nvest1gatlon is
not warranted if the basic tests do not indicate a problem.
There is no substitute for good judgment based upon an
observation of the actual behavior of the anlmals and the

consideration of other variables, including nonelectrical
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factors. The Commission expects that additional efforts
beyond the basic screening tests will be pursued when those
observations justify such further action. We also recognize
that the screening procedures used by the utilities now take
a wide range of measurements in numerous locations and find

these procedures to be appropriate and useful.

Standard Diagnostic Measurement Tests

Based on the measurement techniques recommended by the

experts in this case, the Commission finds that the following five

tests should be basic to any stray voltage investigation seeking

to find the source of a stray voltage problem. Because stray

voltage is affected by daily seasonal and geologic conditions,

these tests may need to be repeated at various times.

a. Primary/Off-farm

There are two tests which may indicate whether a stray
volitage problem comes from the primary distribution system or
from an off-farm source transmitted over the primary system.
The first test requires the power to the entire farm to be
disconnected by opening the main disconnect (e.g., pole top
switch). Adding only 240 volt farm loads to the transformer
will introduce a current flow on the primary system. This
can be done with a load box or on-farm 240 V load. Both
neutral to earth and cow contact voltage readings should be
monitored. Readings should be taken at various times of the

day as loads on the primary system change. If the 240 V
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loads produce increased neutral and cow contact levels, there
may well be an off-farm problem.

The second test, which should be used when all the other
tests discussed in this section do not indicate the source of
a stray voltage problem, is to open the connection between
the primary and secondary neutrals and any other possible
bonds such as the telephone or cable television connections.
Both neﬁtral to earth and cow contact voltage readings should
be monitored. This tesf could reveal a ground fault or other
problems off the farm. Utilities should cooperate with
electricians who wish to conduct this test if all other tests
have not revealed the source of a stray voltage problem and
there are no safety concerns involved due to the secondary
wiring and grounding systems, particularly the absence of
grounding on the farm.

b. On-farm Tests

These three tests should be conducted after the first
off-farm test using only 240 V loads. The first on-farm test
is to measure from the barn panel neutral to a reference
ground which is away from any other grounds or metal in
direct contact with the-earth. Measuring from equipment in
the barn to either the secondary neutral bus or a reference
rod will indicate_whether the equipment is either not bonded
Oor is inadequately grounded.

The second on-farm test is intended to find excessive

neutral voltage drop on the neutral conductor to buildings on

=12~
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the property. A known load such as a portable 120 V hair
dryer should be used, while measurements are taken between
the barn, service panel and the secondary neutral of the
transformer (pole ground). The simple formula of voltage
drop = current x length x resistance of the conductor per 100
feet divided by 100 should be used to indicate abnormal
voltage levels on the farm neutral. This test is best taken
with all other loads off.

The third on-farm test checks for ground faults on the
farm. Testing should be done by turning on all equipment,

- one piece at a time, that contacts the earth. A high reading
produced on the meter connected between the barn panel and
the reference ground will indicate that a ground fault may be
a problem.

These five tests should identify the source of most
stray voltage problems. Obviously, if they do not, other
means such as recording meters to check for voltages,
stand-by generation tests or the use of oscilloscopes to
check for high frequency problems which might be caused by
electric fencers should be performed when appropriate. Any
tests performed should be documented as to what was done and
the results attained.

The information gained from stray voltage investigations
including the frequency of occurrences, the levels which
caused the problem and the sources of the problem should be

built into a data base at the Commission. Therefore, the

-13=-



Docket 05-EI-106

Commission will direct the utilities to supply such
information as it deems appropriate and will seek to
encourage electricians involved in stray voltage

investigations to cooperate in this effort,

5% Prevention

Consistent with the general principle that it is better to
try to avoid problems, the Commission will eﬁsure through its
regulatory oversight that the utilities plan, build, operate and
maintain their facilities with an aim to minimize the potential
for stray voltage problems. In order to échieve this end, the
Commission will_require the utilities under its jurisdiction to
conform to the following guidelines unless they can demonstrate to
the Commission that said guidelines should not be applied to them.

While the Commission will not establish a m#ximum level for
primary neutral to earth voltage on a distribution line, it does
note that several utilities, such as Northern States Power and
Wisconsin Public Service Corporation, have internal guidelines for
such levels which are useful, not only for stray voltage purposes,
but also for general planning and operational management. The
ranges established are from 2.5 to 5 volts on the primary neutral
system, depending on the Primary phase to phase vﬁltage levels.
Other utilities should submit similar guidelines or show why such
guidelines are not appropriate for them. A comprehensive review
process to ensure adequate planning and operation of rural
distribution systems with a view to minimization of stray voltage
concerns will be implemented.

-14-
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The most common rural distribution systems include three-
phase four-wire, two-phase three-wire and one-phase two-wire.
Much attention has been focused on three-phase secondary service
derived by an cpen delta transformation from a two-phase three-
wire primary system. The open delta transformation has the same
imbalance problems that occur on a single-phase system. Several
of the experts in this proceeding have recommended, that, when
cost-effective, three-phase four-wire systems replace two-phase
three-wire systems. This was particularly recommended as
three-phase loads increase on a line which serves facilities in
which livestock is .confined and where no long-term mitigation
techniques are in place. The Commission agrees that two-phase
three-wire systems should be phased out according to a balance of
factors such as service problems, timing of rebuilds, cost and
load growth. Particular attention should be given to rural lines
where multiple isolations due to stray voltage problems have been
necessary or where rebuilds or upgrades are planned or needed. It
is also appropriate to recognize that there are soﬁe existing two-
Phase three-wire primary lines which are not a problem and where it
could be prohibitively expensive to both the utility and to
farmers to change over to a four-wire system. Therefore, the
Commission will have its Engineering and Energy Planning and
Programs staif review utilities' submitted policies for the
replacement of two-phase three-wire lines by rebuilding or adding

the fourth wire. The staff should recommend an appropriate course

-15-
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of action to the Commission if these policies are not adequate.
Utilities' policies on this issue should be submitted within 90
days after the issuance of this order.

The Commission is also concerned about whether end-of-the-
line customers are more susceptible to stray voltage problems.
Testimony in this docket indicates some technical concerns such as
the level of primary neutral to earth voltage under certain
circumstances. Also, a number of farmers who had problems
indicated that they were on the end of the line. However, the
Commission believes more information is necessary and will
expeditiously attempt to gather information on end of-the line
customers to determine if there are common factor; which will
allow a more complete evaluation of this question. A
qQuestionnaire seeking information on this topic will be sent to
both the utilities and farmers before March 1, 1989.

The Commission on the basis of the information in this docket
finds as a general policy that the utilities should adopt the
following techniques to prevent or minimize the possibility of
stray voltage problems unless they can demonstrate to the
Commission that such actions are not appropriate on their systems.

1s The utilities should utilize guidelines for load
balanciﬁg to reduce primary neutral current.

2 While nine ground rods per mile are required by
code, the use of increased or spécial grounding such as

counterpoise should be done when appropriate. However, it is
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recognized that additional grounding on a distribution line
may have little impact on the level of neutral voltage.
Grounds should exceed code requirements and be separated,
when possible, by 1-1/2 to 2 times their length.

By The placement of the customer's central yard pole
should be such as to minimize the secondary neutral voltage
drop related to the service entrance. This placement should
be ocutside of animal confinement areas. The customer's
preference must also be considered in placement.

4. The use of steel conductor on primary distribution
lines should be phased out. The utilities should submit
reports to the Commission on the amount of steel conductor it
has in service and provide a schedule for its replacement.
This requirement extends to distribution static wires.

5. Line reconductorings or voltage upgrades may be
necessary to prevent or to aid in the correction of a stray
voltage problem. Whether this level of modification is
warrantec should be done on a case-by-case analysis of
specific lines.

6. The removal of split-bolt connectors can aid in the
mitigation as well as the prevention of a stray voltage
problem. Split.bolt connectors are susceptible to corrosion
and other problems if not properly installed and
maintained. Therefore, unless a utility provides adequate

proof to the Commission that a quality control program is in

-17-



Docket 05-EI-106

- place, split-bolts should be phased out by replacing them at
the time of investigation or maintenance.
7. Further review is necessary to determine if the new

National Electric Code rule modification concerning the

common bonding of multiple services to a farmstead will

adequately address any potential problems. The utilities
with multiple services should provide the Commission with
relevant information as it is devéloped.

The Commission is strongly committed to ensuring that
adequate practices and policies are in Place to ensure that
utility rural distribution facilities are not the source of stray
voltage problems. The Commission will review tﬁe practices and
policies of the utilities periodically to determine if adequate
efforts are being made. To ensure that the Commission is fully
informed of the practices of the utilities in this area, each
utility will be required to submit the following: (1) its policy
for future increase of primary voltage levels through upgrades or
rebuilds, if any; (2) its rural line tree trimming policies: (3)
its policy as it pertains to primary underground systems including
the grounding procedures for thése systems; (4) its policy on
visual and/or more extensive inspections of rural distribution
systems; (5) its policy on testing neutral isolators to ensure
that they are operating effectively; and 6) its policy for
periodically checking phase load balance and criteria for

rebalancing loads on three-phase lines.
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While the Commission's jurisdiction only extends to the
utility side, there are also viable and effective means to prevent
or mitigate stray voltage problems on the secondary or farmer's
side. For example, the following practices by a farmer would go a
long way to ensure that stray voltage does not become a problem
for him or her:

1. Four-wire systems are an excellent means to avoid
secondary neutral drop problems.

2 Grounds at the transformer pole and at all service
entrances should be of a good Quality and as close to 25 ohms
or less as possible. Grounds on the secondary side should be
separated by 1-1/2 to 2 times their length. Equipment must
be adequately grounded.

3. Wherever possible, 240 volt motors should be used
and when possible and economical, soft-start motors should be
used to minimize transient spikes when motors are turned on.

4. Conductors should be adequately sized for the
expected load.

5. Connections on the neutral system should be checked
on an annual basis or as needed and split bolts replaced.

6. Equipment should be installed in accordance with
local and state electrical codes.

Information as well as financial assistance programs to encourage
farmers to adopt these practices should be provided by utilities.
Good wiring and equipment practices on the secondary side are

important and necessary steps to prevent stray voltage problems.
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6. Isolation

Neutral isolation separates the primary and secondary
neutrals in order to prevent off-farm sources of stray voltage
either originating on the utility line or on a neighboring farm
from accessing "cow contact" areas. It should also be recognized
that neutral isolation reconfigures the circuit and as a result
can "solve" (i.e., mask) on-farm problems in some situations. The
Commission accepts that the multiple grounded system in which
pPrimary and secondary neutrals are solidly bonded is the preferred
means by which to minimize Primary neutral to earth voltages on
rural distribution lines for both operational and safety reasons.
However, neutral isolation can have a mitigative effect on stray
voltage problems. Thus, while the Commission realizes that
neutral isolation does not enhance the quality of the electrical
system, it also realizes that the neutral isolator can be a
valuable tool to combat off-farm sources of stray voltage.

The multiple groundea wye system is a commonly used -
distribution system which seeks to ensure safety against technical
failures and lightning by ﬁhe bonding of utility and customer
grounds. It is not the intentign of the Commission to encourage
the use of neutral isolation eéxcept as necessary or where a safer
solution is not available. Neutral isolatipn may be utilized as a
stray voltage solution to gain‘timg to correct the source of a
stray voltage problem or as a longer term solution when the source

cannot be found or easily corrected. When the source of the
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problem is corrected, it is preferable that the isolator be
removed.

For purposes of safety and proper operation, it is common
practice (and sometimes required by the electrical code) for
~communications companies (telephone, cable television, etc.) to
interconnect or bond the grounded elements of their facilities to
specified power system grounds of the electric utility and
service entrance grounds of customers. In these situations, a
parallel path(s) between the electric utility's primary and
secondary systems is provided that can defeat the isolation
intended when the primary and secondary electric neutrals are
separated for purposes of testing or limiting off-farm sources.
It is important,.therefore, that such parallel neutral/ground
paths be investigated during stray voltage investigations.

Where it is necessary to also disconnect or interrupt this
path for purposes of testing and/or installing or removing
isolation, the communications company should be contacted to do
any necessary work involving its facilities. Those electric and
telephone uﬁilities which have not already done so should develop
and implement appropriate agreements, procedures and working
arrangements between each other in their respective common service
areas to provide necessary advance notice, coordination, and
scheduling when mutual involvement and assistance is needed.
Customers, electricians and other nonutility parties should also

be advised that they should not disconnect, rearrange, work‘on. or
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tamper with anyrutility (electric, telephone, gas, etc.)
facilities without pProper advance notice, assistance, or consent
of the owning company. This instruction is necessary and w111 be
made a part of the order herein so that the serving utilities can
ensure that their facilities are not damaged by persons untralned
in, and unfamiliar with, the 1nstallatlon and maintenance of
utility facilities; that utility service to the farm being tested,.
as well as to other Customers, is not unnecessarily disrupted; and
that, after such testing or isolation, the serving utilities!
facilities are restored in accordance with the technical and
safety requirements of the serving utilities and the Wisconsin
State Electrical Code.

The ev1dence in this docket indicates that isolation may
raise the levels of primary neutral voltage on neighboring farms.
However, thls evidence also Suggests that on a single isolation
this effect is localized and can be neutralized by actions such as
additional grounding. Therefore, the Commission should reguire
that where a utility does not do so already, adequate measures be
taken to ensure that isolation does not adversely affect
neighboring farms, ThlS would mean informing those farms when
isolation has in fact resulted in increased primary neutral levels
which cannot be reduced by available means. There is a concern
that widespread use of isolation on the same line can create
problems to a greater degree than a single isolation. Indeed
multiple isclations on the same line may be a good indicator of

the need to upgrade or rebuild an existing distribution line. The
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Commission will seek further information on the effect of multiple
isolations on the same line and take further action as
appropriate.

Finally, the Commission is also aware that the its
determination that it is desirable to use isolation only when
necessary, and as a temporary means to allow the source of the
problem to be corrected, may conflict with some farmers' belief
that isolators should be a permanent form of insurance. However,
the more the use of neutral isclation increaées the more likely
that the integrity, adequacy, safety and reliability of the
distribution system will be compromised. The Commission at this
time believes that the solution to this problem is education and
financial incentives which favor correction over mitigation,
including isolation. This effort to use incentives to motivate
behavior is preferable to the development of an absolute policy
which denies a customer the ability to seek isolation when he or
she deems it appropriate. We agree with those utilities which
note that if farmers want to be isolated that there is the
possibility that they may take far more dangerous actions on their
own to become isolated if an isolator is not an option. However,
should the incidence of isolation where there is not an underlying
justification for such action increase to a level of concern, the
Commission will be prepared to take actions which ensure the
integrity of the existing system. The goal will be to limit the

widespread or indiscriminate use of isoclation.

Based on the foregoing reasons, the Commission will require
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that all utilities file neutral isolation policies for Commission
approval within 90 days which conform to the following guidelines,
if those on file are not appropriate, or show cause why such
guidelines should not be applied to them. The guidelines which
follow are based on the formats used by Northern States Power
Company and Wisconsin Public Service Corporation.

1. Isolators should be installed at no charge to the
customer when the appropriate threshold levels are exceeded
and the source is the primary neutral or an off-farm problem
transported over the'primary system.

2. The customer who réceives the isolator at no charge
should be informed that the isolators aré temporary until the
off-farm problem is corrected or until the farmer corrects
the on-farm problem or installs an on-farm mitigation device.

3. Aftgr the off-farm problem is corrected, or where
there are no off-farm problems to begin with, or where the
threshold levels are not exceedéd, the farme.r should bear

~either an initial charge or a charge should be applied after
some reasonable period of time is allowed to take corrective
or mitigative action. A trial period at some initial
nonrefundable amount, with an additional sum due after some
period of time, would be reasonable.

4. Neutral isolation could be prohibited in the

following circumstances:
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(a) The removal of the farm grounds cause the
primary neutral voltage to increase to unacceptable
levels.

(b) The installation of the isolator causes the
farm electrical system to be unsafe including because of
lack of farm grounding.

S Neutral isclation could be used only as a
short-term, temporary measure in the following circumstances:

(a) An alternative mitigation device such as an
equipotential plan is a more economical, safe and
effective long-term solution.

(b) The cocff-farm problem is corrected.

We believe these isclation guidelines along with the
provision of adequate information and financial assistance con
available options will allow farmers to make informed choices and
will provide a least cost solution to utilities. We expect these
guidelines, as NSP notes, to encourage customers to compare the
costs of the isolators with the costs and benefits of other
corrective or mitigative action. Again, the Commission reiterates
its intent to implement a policy which over time will encourage
the correction of problems as the first course of action. This
should lead to the ultimate removal of isolators when they are no
longer needed.

The Commission in this investigation also was presented with
evidence that there are operatiocnal differences between types of

neutral isolators now in use. In a response to the Commission
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questionnaire, Wisconsin Electric Power Company noted that
satﬁrable core isolators may not operate effectively in certain
circumstances such as where there is inadequate grounding on a
farm. Solid state switches do not have these problems. The
Commission recognizes that the utilities are now only buying solid
state switches. The Commission will require the utilities
continuing to use saturable core isolators to ensure that they are
installed in proper conditions and operate appropriately. The
Commission will seek further information on the relative merits of
saturable core versus solid state isolators and take whatever

action may be appropriate as a result of that informatien.

v Other Mitigation Techniques

The same principle that causes of stray voltage should be
corrected rather than simply mitigated also applies to mitigation
technlques other than isolation. Several types of mitigation
technlques already avalldble to customers and utilities can
provide relief to stray voltage problems. Electronic Grounding
Systems are expensive but, if competently installed, can suppress
the amount of current accessing Animals in the "cow contact"”
areas.

The most used mitigative technique is the equipotential plane
which is requlred by DILHR Volume 2, State Electrical Code, to be
installed in all new livestock facilities in Wisconsin.

Equipotential planes are simply a grid of conductors buried in a

concrete floor and bonded to the neutral of the electrical system.
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The goal is to ensure that all of the metal which an animal may
come into contact with are at the same voltage potential. While
an equipotential plane can be an effective means to mitigate a
stray voltage problem, the experts have noted three concerns.
First, the areas which are planed must include waterers and
feeders as well as the milking parlor floor. Second, a transition
plane for animals to get on and off the plane may be necessary if
the potential between the plane and the surrounding ground is
great enough. Third, the effectiveness of equipotential planes
may be affected by the electrical properties of the concrete
floor.

As noted previously, the resistance of the floor is affected
by the age and moisture content of the concrete, the thickness of
the concrete and the type and moisture level of the soil in
contact with the concrete. While pla