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I. BACKGROUND
LEGISLATIVE REFERENCE

On April 16, 1992, Mr. Lonnie Nel@~nIflOAPMlL Dar~el Franze filed a formal
complaint against Lake Region CoopelSUiWSJeIM2ttritiiU~ssociation (Lake Region). The
complaint expressed dissatisfaction with Lake Region's response to customer
complaints of stray voltage. The complaint requested that Lake Region investigate the
farm electrical environment more thoroughly, install isolating devices at the Company's
expense, and eliminate primary neutral grounding in the farm yard.

On November 17, 1992, the Commission ordered a comprehensive examination
of the electrical environment of the farms of Mr. Nelson and Mr. Franze. The
Commission ordered the investigation because it found that it needed further
information to proceed and because previous investigations on the farm did not
adequately test all potential electrical problems. The Commission issued the results of
the investigation on January 8, 1993 and allowed 20 days for parties to comment on the
investigation.

The Department hired a consultant, Mr. Gerald R. Bodman, P.E., to comment on
the results of the investigation. Mr. Bodman is an Associate Professor and Extension
Agricultural Engineer in Livestock Systems at the University of Nebraska, Lincoln. Mr.
Bodman is a nationally recognized expert on stray voltage, and his work formed the
basis for the Department's comments in the Commission's stray voltage rulemaking
proceeding (Docket No. E999/R-92-245). His recommendations for stray voltage
testing protocol were used extensively in the instant investigation as a test for the
protocol under consideration in the rulemaking.

The Department divided its comments into two sections. The first section:

• summarizes Mr. Bodman's observations, conclusions, and remedies based on
his conclusions;

• provides comments on the test protocol; and

• recommends actions for the Commission to consider.

The second section contains Mr. Bodman's complete report on the investigation.

II. SUMMARY COMMENTS AND RECOMMENDATIONS

A. Overview of Mr. Bodman's Investigation

To assist the Commission in its review, the Department provides this summary of
Mr. Bodman's investigation.

1. Important Data Observations

Mr. Bodman's report includes five general observations about the data contained
in the investigation report. These observations are:



1. Both farms have very high voltages between the water-line and reference
grounds, as shown in the chart below.

Water-Line to Reference Ground Measurements

Nelson farm
Franze farm

Peak Voltage
4.81 Vac1

2.31 Vac

Average Voltage
> 3 Vac
> 1 Vac

In contrast, the University of Minnesota publication entitled IlStray Voltage
Problems with Dairy Cows" (North Central Regional Extension Publication
No. 25) states, Ila reasonable and attainable goal on farms needing
correction would be to maintain neutral voltages on the farm grounding
system below 0.35 volt. 1l The peak voltage measurements on Mr. Nelson's
farm exceed this recommended standard by at least a factor of 13 and the
peak voltage measurements on Mr. Franze's farm exceed this standard by
at least a factor of six.

2. Both farms have very high voltages between the primary neutral and the
reference ground, as illustrated below.

Primary Neutral to Reference Ground Measurements

Nelson farm
Franze farm

Peak Voltage
17.5 Vac
12.5 Vac

Frequent Voltage2

6-12 Vac
> 5 Vac

In contrast, Mr. Bodman explains that voltages of 0 - 3 Vac are reasonably
common and are considered normal; voltages of 3 - 5 Vac are strongly
indicative of a problem; and that voltages in excess of 5 Vac are
unwarranted, indicate a definite problem with the primary neutral system,
and need corrective action.

3. Both farms had high levels of current flow through the water line. Mr.
Nelson's farm had current levels of up to 150 mA3 in the water line. The
water line's level of current on Mr. Franze's farm reached or exceeded 500
rnA and regularly varied between 100 mA and 200 rnA. In contrast, Mr.
Bodman's experience indicates that water line currents of 50 rnA and less

1 Vac indicates a measure of volts in ac current. This is a measurement of electric potential.
2 This term does not imply that these voltages were averages, only that they occurred frequently during
the test.
3 mA denotes a "milli-amp" or 1/1000 of an amp, which is a measurement of electric current.
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are common. When they surpass 50 mA, he begins to look for a problem
causing the high current.

In addition, the calculated cow contact current during Test No. 85 on Mr.
Nelson's farm is 1.30 mAo In contrast, the Wisconsin Public Service
Commission has found that current measurements greater than 1 mA need
corrective or mitigative action if production and behavioral problems exist.

4. The feeders servicing both farms show a significant level of load imbalance,
as illustrated below.

Levels of Load Imbalance

Nelson farm
Franze farm

Peak load-imbalance

28 amps
15 amps

Frequent load-imbalance

> 20 amps
9-12amps

5. The resistance for several of the grounds on Mr. Franze's farm is high, as
shown below.

Resistance of Grounds

Pole 1
Pole 2

Guy anchor

163 ohms
93 ohms

Secondary ground

44 ohms

Primary ground

41 ohms'
34 ohms

In contrast, Mr. Bodman recommends that ground rods within one mile of a
farm that is experiencing high primary neutral voltages should have a
maximum resistance of 25 ohms and preferably 10 ohms or less. (See
page 23 of Department's comments on stray voltage rulemaking for more
information.) Similar high resistances on Mr. Nelson's farm may exist.
However, the resistance for the grounds on the poles leading to Mr.
Nelson's farm was not reported.

2. Conclusions

Given these observations, Mr. Bodman drew four conclusions:

1. None of the tests confirm any problems with any of the on-farm equipment
of either farm.
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2. The high voltages between the primary neutral and reference ground and
the high voltages between the water line and reference ground are most
likely the result of the significant level of phase conductor load imbalance on
Lake Region's distribution system.

3. There is a high probability that under some conditions the high level of
current on the water line could follow other paths and become problematic
for the animals. The data strongly suggest that the current is the result of
the primary neutral using the on-farm grounding as a major portion of the
grounding capability of the system.

4. The high voltages on the primary neutral are accessing the animal
environment.

3. Recommended Remedies

Mr. Bodman suggests the following remedies based on his data interpretation
and conclusions.

1. Lake Region needs to improve the primary distribution system servicing
both farms. To accomplish this, Lake Region must examine the load
balance on different segments of their lines. When analyzing the loads
connected to the A, Band C phases, Lake Region should look for bad
connections and undersized conductors. Improvements made as a result of
the voltage profile examination should result in a better balanced load and
lower voltages between the primary neutral and the reference ground.

2. Lake Region must improve its grounding for both of the farms, and the
primary distribution systems servicing each of the two farms needs to be
improved so that each ground has a maximum resistance of 25 ohms. If
high voltages (greater than three volts) between the primary neutral and the
reference ground continue, grounding should be improved so that each
ground has a maximum of 10 ohms.

Lake Region can improve the grounding by ensuring that ground rods are
separated by a distance of at least the sum of the two ground rods. For
example, two ten-foot ground rods must be at least 20 feet apart. Lake
Region can also use alternative grounding techniques such as deep
grounding, multiple grounds, or burying several feet of coiled copper wire.

3. Lake Region must install an isolator on each farm. However, the isolators
presently used by Lake Region are inadequate due to the high voltages
measured on the primary neutral. Therefore, Lake Region must install an
isolator that blocks higher voltages. In addition, all guy wires on the
transformer pole should be insulated at least eight feet above ground.

The Department recommends that the Commission require Lake Region to
implement these changes within 15 days of the Commission's Order.
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B. Comments on Test Protocol

The Department recommended that the Commission conduct an investigation of
the complainants' farms for two reasons. First, the investigation was necessary to
develop the facts of the case so that the Commission could make an informed decision.
The facts of the case and our recommendations for corrective action are discussed
above.

Second, we believed that this investigation could test the protocol, appeal
process, and mitigation procedures recommended by the Department in our comments
on stray voltage rulemaking. Given the controversy surrounding the issue of stray
voltage and the disagreements about how to define, test and mitigate it, we believe the
stray voltage investigations on both farms were successful. We were able to establish
the facts concerning the electrical environment on the two farms and the experience
taught us how to improve the protocol.

1. Test and Reporting Protocol

As a result of the initial investigation, Mr. Bodman has recommended several
refinements to the testing and reporting procedures used by the Commission's
investigation team. The Department recommends that these changes be incorporated
into future investigations and offer them as additions to our original comments on stray
voltage rulemaking. Some of the improvements include:

1. When determining the points at which cow contact voltages and currents will
be monitored, the investigator must, at a minimum, survey several different
locations while there is an electric load equal to or exceeding the normal
load on the farm during milking. The investigator should use the location
which has the highest voltages to monitor cow contact voltages and
currents.

In the instant investigation, the investigators asked the complainants where
the problems with the cows seemed to be the worst and set up cow contact
voltage and current monitoring there. Mr. Bodman's experience indicates
this is not always a valid approach because wide variations in voltages have
been found to exist in most barns and the complainants' perception often
does not correlate well with areas of elevated voltages and currents.

2. Investigators need to use known loads under different test conditions so that
different tests can be compared more easily and appropriately. These
known loads can be provided by the investigator or simply be loads already
identified on the farm. Without this condition, the different test results
cannot be compared because the variables affecting the measurements are
different in each test.

3. Data should be collected and reported in a more usable, less compressed
form. For example, one of the investigators reported 12 hours worth of data
in only one-inch of graph space. In contrast, Mr. Bodman uses a strip chart
which results in approximately one minute's worth of data in two centimeters
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(approximately one inch). The scale used in the Commission investigators'
graphing made it impossible to determine how different activities recorded in
the event log correlated to the measurement being depicted in the graphs.

4. Investigators should include an interpretation of the data and
recommendations for corrective and mitigative actions in their report(s).
Although the investigators provided some interpretation of test data, it was
incomplete and no recommendations for corrective action were included.

These four points are also discussed in Mr. Bodman's report. The Department
believes that, in particular, this last recommendation is very important. We believe the
process would work better if the investigators reported their recommendations and how
they arrived at their recommendations, as we suggested in our comments of August 17,
1992 on the instant complaint. This recommendation is particularly important to parties
such as the Department because our consultant was not present at the investigation,
and was only able to base his findings on the reports of the investigators and substation
data supplied by Lake Region.

2. Procedural Issues

Based on our experience with this initial investigation, the Department believes
that follow-up testing should be added to the process. Follow-up testing would verify
that any changes made to the farm environment have corrected the problems indicated
by the investigation. This procedure, initiated at the request of the complainant, would
test whether the changes made to the farm environment have corrected the problems
indicated by the investigation. The Department believes the testing can be conducted
by the utility to avoid the expense and time associated with independent testing; the
testing should, however, follow the protocol used in the initial test for the farm.

We believe the complainant should wait a reasonable period of time after
remedies are completed before requesting follow-up tests to see if the corrective and
mitigative actions improve or rectify the farm problem. We believe a 3D-day waiting
period is reasonable. However, we also believe that the follow-up tests should be a
matter of right for the farmer. Therefore, we believe the utility must initiate re-testing
within 20 days of the farmer's request.

c. SUMMARY OF RECOMMENDA TIONS

Although our consultant also has recommended that further testing be conducted
on the two farms, we believe sufficient facts have been established to allow the
Commission to order immediate remedies. The Department recommends the following
action plan for the Commission:

1. The Comm ission should order Lake Region to implement the three
remedies recommended by our consultant within 15 days of the order.

2. If 30 days after the remedies are completed, the complainants still believe
their cows are suffering from stray voltage, the complainants should file with
the Commission and Lake Region a request for re-testing. Lake Region
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should conduct stray voltage testing using the protocol used in the original
test, with changes suggested by Mr. Bodman in these comments. Lake
Region should file the results of this testing with the Commission and the
parties within 20 days of the complainants' request.

3. In the future, the Commission should direct the investigators to draw more
explicit conclusions from the data and to make recommendations for
remedies in this instant filing.

The Department is hopeful that the remedies will correct the problems identified
on the Nelson and Franze farms, and that the procedural recommendations will improve
the process for future proceedings.
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The purpose of this report is to set forth the results of findings
based on the review of data and pertinent documents relative to the
farms of Lonnie Nelson and Darrell Franze. The test data were compiled
by two external and independent contractors. Information regarding
voltages within the barn was collected and reported by Riley C.
Hendrickson in a report dated December 30, 1992. Data regarding the
primary and secondary electrical systems were collected and reported by
Gagnon Contracting and presented in a report dated December 29, 1992.
In addition to the two reports, several other items were reviewed and
will be considered in the preparation of this report. They include:

1. Agreement for Interim Service Adjustments--proposed agreement
between Lonnie Nelson and Lake Region Coop Electrical
Association.

2. Agreement for Interim Service Adjustments--proposed agreement
between Darrell Franze and Lake Region Coop Electrical
Association.

3. Substation performance data for the Stalker Lake and Battle
Lake substations. These are the two substations servicing the
Nelson and Franze farm, respectively.

The evaluation of the data and the preparation of this report were
prepared under contract with the Minnesota Department of Public Service.
The stated purpose of the contract was to review and evaluate electrical
test procedures or protocols, data collected during on-farm testing, the
investigators' interpretations of the data, and the contractors'
recommendations for mitigative and corrective actions. The objective is
to help ascertain and identify possible sources of extraneous voltages
in the animal environment on the two subject farms. The procedures
employed were to review the listed documents and summarize pertinent
test data for comparison and evaluation. The summary sheets are
included as an appendix to this report.

Comments and recommendations presented herein are not intended to be
an evaluation of any person involved in setting up or conducting these
tests. Likewise, there ;s no intent to evaluate their professionalism
or technical competency. All comments are directed at the procedures
and methods used as reported and as received by this evaluator.

BASIC TEST PROCEDURES

The reports, along with other information received, suggest that as
many as four to six people might have been simultaneously involved in
operating equipment, collecting data or making changes on the system.
This is in addition to linemen who were on-site to assist in separating
primary and secondary neutrals, removing primary down-grounds from
service, etc. The reports clearly indicate that an exhaustive amount of
data was collected. However, equipment malfunctions or other reasons
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(some of which are unknown to this evaluator) contributed to a lack of
some critical data. Primary observations and findings pertinent to both
farms and to the general procedures include:

1. The log of tests performed and activities taking place are
often inconsistent with some of the data. This suggests that
individuals were involved in making or breaking connections-
for example, jumpering of primary and secondary neutrals-
without fully communicating the activities to other parties
involved in the testing. This appears to be a real-world
example of the old adage that "too many cooks spoil the broth."

For example, there are several intervals on the voltage graphs
prepared by Mr. Gagnon which clearly indicate separation of
neutrals but no indication of that event having taken place is
noted in the events log. Similarly, there are instances where
increasing on-farm loads, per the events log, do not show a
corresponding increase in farm energy use, voltages, current
levels, etc.

2. Procedures used in determining the cow contact points to be
monitored appear to be inadequate. In conversation with the
individuals involved in making the decision, this contractor
was advised that the procedure was to simply ask the individual
producer in what part of the barn problems with cows seemed to
be the worst. Experience shows this is not always a valid
approach, as wide variations in voltages have been found to
exist in nearly every barn in which an investigation has been
conducted. Also, a producer's perception often does not
correlate well with areas of elevated voltages and currents.

3. The decision to use a 10-ohm resistor in series with the higher
resistance (100- or 300-ohms) used to represent the resistance
of a cow effectively shunted the voltmeter and resulted in the
voltmeter functioning as a low impedance meter throughout the
testing. Thus, open circuit voltages as commonly used for
diagnostic purposes are for the most part non-existent.

4. The absence of a full data set yielded significant difficulty
in making all appropriate comparisons which are felt to be
important in a complete analysis. Some of the missing data
fields are evident in the test summary data sheets which are
part of this report.

5. The scale(s) used in graphing and presenting much of the data
made for very difficult interpretation as it was virtually
impossible to distinguish between the various activities
recorded in the event log. This compression of data (12 hrs.
of data in a 1 - 1 1/4 inch space on the graph) significantly
and adversely reduces the ability to fully evaluate the events
and establish correlations.
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6. The absence of continual strip chart recorders and the
presentation of cow contact data as one-minute averages makes
it impossible to evaluate peak voltages which might have been
encountered or spikes which may have occurred as a result of
the operation of different pieces of equiPment.

7. The use of multiple reference ground rods makes direct
comparison of the data more difficult. Despite the use of a
recording channel to monitor differences in voltages between
the two reference points (approximately zero in all instances),
there are situations where the voltages between the two
reference rods were not zero. Consequently, without the
ability to precisely correlate times on the graphs with the
event log, complete interpretation of the data is impossible.

8. The test data presented by the utility are noted as having been
."recorded at the substation voltage regulator test terminals
and represents the regulated outgoing voltage level." As such,
the data presented are the best and most positive data for the
feeders. The voltage variations at the individual farms would
have been greater than values presented by the utility company.
A better method to look at voltage variations would have been
to monitor the voltages at the individual farm during the
actual testing. This would have given direct insight into what
was happening at the farm. Consequently, the data presented
are of limited value in assessing what actually took place at
the farm location. (The data do indicate the voltage
regulators are working!) The extent to which low voltage
adversely affected or might have contributed to failure of on
farm equipment, e.g., motor burnout, could not be determined.

9. Failure to monitor and record current in the secondary neutral
makes calculation of the voltage drop along the neutral
impossible. That is, there is no way to compare the measured
voltage drop with what should have been there given the loads.
The absence of this vital piece of data also reduces the
opportunity to evaluate the on-farm wiring system with respect
to the balancing of 115-Vac loads. Theoretically, having
monitored the voltage at the meter end of the secondary neutral
and at the barn service entrance end of this conductor would
allow calculation of voltage drop based on subtraction of these
two values. However, the method of presentation of these data
makes precise determination of the voltages at either station
impossible, thereby negating the opportunity to fully evaluate
the condition and sizing of the secondary neutral.

10. No information was given regarding loads on the utility system
at the time of testing vs. normal loads. To what extent system
load varies during the year is not known but could
significantly affect voltages on the distribution system
neutral and, hence, voltages which might be affected in the
animal environment.
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11. Methods used to evaluate the overall impedance or resistance of
the primary and neutral systems are technically accurate but
are considered inappropriate. Specifically, the ability to
identify specific voltages with specific loads is not possible
given the information as presented in the reports. A better
method would have been to take direct readings of the two
system resistances using appropriate ground resistance testing
equipment. This is a particular concern on the Nelson farm
calculations (which are incomplete) where the combined
resistance of 3.53 ohms is very low compared to the measured
resistances listed on Page 88 of the Gagnon contracting report.
These calculations and the numbers reported suggest that as a
very minimum the grounding characteristics of the soils along
the primary neutral must be significantly better than those
reported as being present on the farm. (Resistance at barn is
an exception.) Other data, e.g., primary neutral to reference
ground voltages, do not support the idea of a significant
difference in soil conductivity.

12. Failure to use known 115-Vac and 230-Vac loads for the various
test conditions and wiring configurations results in less
precision in comparing data. Monitoring of phase conductor
current at the barn would have allowed better interpretation of
the data since the possibility of varying or different loads
under different test conditions could have been identified and
evaluated.

13. The generally accepted practice in reporting extraneous voltage
data is to use meters which record "averaging RMS" data. In
conversation with Mr. Hendrickson it was learned that despite
his labeling of his data as "true RMS" readings, they are, in
fact, average RMS values as used in the normal nomenclature.
Mr. Gagnon also noted that the "X1.414" label on his graphs is
an idiosyncrasy of the Wave Rider system and has no relevance
to interpretation of the data. The data are directly readable
as average RMS.

14. The extremely low voltage and current measurements reported
throughout testing on both farms seem inconsistent with
voltages that apparently were measured at earlier times and led
to the decision to install a four-wire system or Ronk Blockers.
The data presented would suggest separation of the neutrals was
totally inappropriate and a four-wire system was unnecessary on
these two farms.

15. The decision to monitor total farm load rather than load at the
dairy barn makes correlation between changes in voltages at the
various locations and the operation of various loads very
difficult since there are loads on the farm which are beyond
the control of the investigators.
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LONNIE NELSON FARM

Information in the events log suggests this farm is still wired per
"standard procedures," i.e., a three-wire service with the neutrals
bonded at the transformer. No other information about the basic on-farm
electrical system was found in the documents reviewed.

1. None of the tests showed any voltage in the direct cow contact area
(rear hoof to water line) which even approached the generally
accepted threshold of concern (0.5 Vac or 500 mVac). The highest
voltage recorded was 230 mVac (Test No. 12). The small variations
in voltage are inconsistent with field experience--in the vast
majority of installations--except where an attempt has been made to
develop an equipotential plane in the animal area. (Information
received and reviewed does not suggest the presence of an
equipotential plane in this barn.)

2. Despite the lack of voltages of a problematic magnitude in the
immediate or direct cow contact area, the voltages measured between
the water line and a reference ground (Hendrickson Report,
ChannelS) give reason for very serious concern about the conditions
which exist in this barn and on this farm when the neutrals are
bonded. The highest voltage recorded was 4.81 Vac (Test No. 24).
The water line to reference ground voltage was over 3 Vac the vast
majority of time when the neutrals were bonded and utility power was
being used to operate the on-farm equipment. The differences in
voltage between the water line and the reference ground and the
water line and the rear hoof area suggest a deficiency in the
testing method, the location selected for monitoring, test lead
continuity, test lead attachment method or the equipment used to
record the voltages. The University of Minnesota publication
entitled "Stray Voltage Problems with Dairy Cows" (North Central
Regional Extension Publication No. 25) as reviewed in 1992 and as
set forth in previous editions as well states "A reasonable and
attainable goal on farms needing correction would be to maintain
neutral voltages on the farm grounding system below 0.35 volt."
Obviously, voltages in excess of three volts are more than 10 times
as high as the value recommended by the authors of the cited
publication. If in fact these voltages represent a real-life
situation, there is a high probability that under the right set of
conditions, even humans could receive serious shocks if contact with
the water line is made at the proper time and between the proper
contact points.

3. Testing did not show any significant improvement in converting from
a three- to a four-wire system. Procedures employed to convert from
a three-wire to a four-wire system were not described. Unless
complete freedom from neutral-ground interconnections beyond the
main service panel was verified, the validity of this test is
questionable. Given the additional inherent safety hazards
associated with a four-wire system, retaining a three-wire system on
this farm is recommended.
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4. Despite the reported 80 mA leakage from the hot water heater (This
evaluator was subsequently advised the leakage current was only
40 mA.), there is no documented change in voltage or current levels
anywhere in the system attributable to the operation of the water
heater.

5. None of the tests confirm any problems with any of the on-farm
equiPment. In most instances the changes in voltage are so small as
to raise question about the validity of the voltage measurements.

6. Repeated instances of voltages between the primary neutral and the
reference ground in excess of five volts indicates very major and
significant problems with the primary distribution system. Voltages
of 0 - 3 Vac between the primary neutral and a reference ground with
the neutrals at the farm separated are reasonably common and are
considered normal. Voltages of 3 - 5 Vac are strongly indicative of
a problem. Voltages in excess of 5 Vac are unwarranted and indicate
significant problems. In many instances the voltages on the primary
were in the range of 6 - 12 volts and repeatedly spikes of 17.5 Vac
were recorded.

7. Despite the lack of significant cow contact voltage, currents of up
to 0.95+ mA were recorded on several occasions (Tests 11, 12, 17).
The calculated cow contact current during Test No. 85 would be
1.30 mAo This compares with a maximum recorded current of 0.08 mAo
No currents even approaching problematic level of 1 mA were found
any time the neutrals were separated or while operating farm loads
with a stand-by generator. This is indicative of a current being
imposed on the dairy barn by the primary neutral system. The data
strongly suggest the current is the result of the primary neutral
using the on-farm grounding as a major portion of the grounding
capability of the system. (This supports the previously stated
concerns about system grounding resistance measurements.) A
correlation between this current and changing on-farm loads appears
to exist but is not firm, based on the data presented.

8. Removal of the transformer pole and primary down-grounds on
additional utility poles had little or no influence on the in-barn
voltages. This is consistent with the typical situation.

9. Current levels of up to 150 rnA in the water line are reason for
concern. At these levels there is high probability that under some
conditions this current could bleed off along other parallel paths,
possibly becoming problematic for the animals.

10. The primary neutral system shows a significant level of phase
conductor load imbalance. On numerous occasions the imbalance
exceeds 20 amps. The highest value recorded was 28 amps. This
imbalance is likely responsible for the high primary neutral-to
reference ground voltages recorded and discussed previously.
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11. Voltages at the secondary neutral in the barn service panel exceeded
the 0.35 Vac recommended by the University of Minnesota publication
except when the neutrals were separated. Interconnection of the
neutrals raises voltages on the secondary system to levels equalling
the primary neutra1--frequently in excess of five volts and
occasional 17.5-volt spikes. These high voltages were not reflected
in the cow contact environment, once again raising questions as to
the validity of the testing procedures and equiPment which were
employed in this instance. Alternatively, the data suggest a
complete absence of any interconnection between the water line and
electrical system. This is a highly unlikely situation given the
electric water heater and rise in voltage between the water line and
reference ground when the neutrals are interconnected.

12. Comparison of Test No. 31 with Test No. 63 shows that the voltages
in the cow contact area dropped by approximately 2/3 when switching
from utility power to generator power. Separating the neutrals with
utility power resulted in a drop from 112 to 2.5 mVac. The voltage
with the neutrals separated is 2.2% of the voltage with the neutrals
jumpered or bonded. The voltage between the water line and the
reference ground dropped from 4.65 Vac to 80 mVac (1.7% of bonded
condition voltage) with separation of the neutrals. When using
generator power with the neutrals separated, the maximum cow contact
voltage was 7.4 mVac. This represents a voltage that is 6.6% of the
voltage with utility power and the neutrals jumpered. Similarly,
the water line to reference ground voltage with generator power and
the neutrals separated was just 5.6% of the voltage with utility
power and the neutrals jumpered. Separating the neutrals with
generator power caused the water line to reference ground voltage to
drop to a value that was just 17.0% of the voltage with generator
power and the neutrals bonded. These data all indicate an off-farm
voltage source.

13. Data from the power company show minimum voltages at the Battle Lake
substation of approximately 122 Vac. No information was presented
to indicate what the voltage was at the Nelson farm. Voltage drop
would have caused a lower voltage at the farm.

14. In the Agreement for Interim Service Adjustments there was a
proposal to relocate the transformer to pole No. 1 as shown on
Exhibit 1. This results in a secondary neutral length from the
transformer to the meter pole of approximately 590 ft. The distance
from the meter pole to the barn represents an additional 82 or
92 ft. (The figure on the diagram is not clear.) Good practice
would dictate that for a service drop of 600 ft. and a 200-amp
service (service size assumed) the conductor should be at least 600
MCM copper or 900 MCM aluminum. This is based on a 2% voltage drop
and is the procedure recommended by agricultural engineers for
service to all livestock facilities. If we go to the outer extreme
and allow a 4% voltage drop for a 200-amp service and 600-ft.
service conductor length, the service conductor should be at least a
300 MCM copper or a 500 MCM aluminum. With copper, the proposed 4/0
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conductor is at least two wire sizes too small. For an aluminum
conductor the proposed 4/0 conductor is at least six wire sizes too
small. Consequently, relocating the transformer without appropriate
sizing of the service drop conductors is contrary to good practice
and is not recommended. Installation of a four-wire service in an
attempt to alleviate this deficiency in design is poor practice and
also is not recommended. Under no circumstances should a down-sized
neutral, i.e., smaller than the phase conductors, be allowed.

15. On Page 3 of the Proposed Interim Agreement, a warning is
regarding low voltage if a farm load is in excess of 14.1
farm load documented by Gagnon was approximately 18 kVa.
proposal is inadequate to meet the existing farm load and
allow for future growth or expansion.

included
kVa. The
Thus, the
does not

16. Change No. 3 is to separate the primary and secondary ground rods by
a distance of 20 ft. or more. Good practice dictates that ground
rods always be separated by at least twice the length of the ground
rods. Hence, 20 ft. separation would be the minimum recommended in
any instance for two 10-ft. ground rods.

DARRELL FRANZE FARM

Information received indicates this farm is serviced by a three-wire
service. A Ronk Blocker is in place yielding separation of primary and
secondary neutrals.

1. Voltages in the direct cow contact area (rear hoof to water line)
were for the most part insignificant. The highest voltage reported
was 30.0 mVac (Test No. 66). These levels are significantly lower
than the generally accepted threshold of 0.5 Vac or 500 mVac.

2. Current levels in the cow contact area failed to reach a problematic
magnitude throughout the testing. The highest current level
recorded was 40 rnA (Test No. 60). These levels are substantially
lower than the generally accepted'threshold of 1 mA ;n the cow
contact area.

3. Voltages reported between the water line and a reference ground were
high enough to warrant concern despite the absence of any documented
voltages of a significant magnitude within the direct cow contact
area. The highest voltage recorded was 2.312 Vac (2312 mVac).
Voltages between the water line and the reference ground exceeded
1 Vac at all times when utility power was being used and the
neutrals were bonded (Tests 8 thru 15). The short time period
(approximately one-half hour) during which the system was operated
with utility power and the neutrals bonded results in an inability
to evaluate this parameter at times when the normal system load
would be high, i.e., later in the morning and in mid-afternoon. No
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indication was given as to why the investigators chose not to
document or verify conditions during the utility power-neutrals
bonded operational configuration.

4. Current flow through the water line is high enough to be of concern.
Overnight from December 9 - 10 the current reached or exceeded
500 rnA (Test No.5). A spike of 320 mA was recorded on Test No. 62.
During other tests the current was less than 200 rnA but did vary
between 100 and 200 mA during the time the neutrals were bonded and
utility power was being used.

5. Concern was previously expressed about the magnitude of the cow
contact voltages recorded. Additional concern was found in
analyzing the data from this farm in that negative values were
reported on Channel 2 on repeated instances. Negative numbers would
suggest that the numbers were actually direct current (dc) rather
than alternating current (ac). Negative numbers have no meaning
when reading alternating current voltage levels.

6. None of the tests confirmed any problems with on-farm equipment. In
fact, operation of on-farm equipment often resulted in lower
voltages than when the equipment was off. For example, operation of
the barn cleaner (Test No. 27) caused voltages of 0.1 - 0.2 mVac.
When the barn cleaner was turned off (Test No. 31), the voltage was
1.1 - 2.1 mVac (Test 32).

7. As is true in most instances, cutting of the grounding conductors on
the primary system yielded no discernible or positive benefit with
respect to in-barn voltages.

8. Operation of the vacuum pump resulted in lower levels of voltage in
the animal environment than when the vacuum pump was not operating
(Tests 56 and 57).

9. The loads on the system or the farm at the time the various resistor
tests were made are different for each wiring configuration.
Consequently, the ability to compare the test results is limited and
realistically speaking might be impossible.

10. No significant change occurred in voltage levels within the animal
environment when feeding system motors and silo loads were operated
with neutrals bonded or separated. Although the data do show a
numeric difference, the numbers are so small as to be insignificant.
This once again raises questions as to the validity of the
datalogging methodology or equipment.

11. Concern was expressed over operation of the 115-Vac tractor heater.
A special note was made of this performance on the colored strip
chart (Hendrickson report). The frequency of thermostat cycling is
inconsistent with the experience of this evaluator. Additionally,
if in fact the data are correct as represented with respect to the
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variations with the heater operation, the values recorded of
approximately 35 mVac are relatively insignificant compared to the
repeated spikes in excess of 100 mVac shown on the graphs.

12. The conclusion that the lowest cow contact voltages and current
occurred with utility power and neutrals isolated could not be
confirmed by this evaluator. While 0.0 mVac is admittedly lower
than 0.4 mVac, the difference is hardly worthy of note.

13. The general observations made by Mr. Hendrickson on Page 76 of his
report were generally confirmed by this evaluator. Comment No. 11
(Page 76) reinforces this evaluator's evaluation of the
inconsistency of loads during various testing activities and, hence,
the difficulty in making direct comparisons.

14. Primary neutral to reference ground voltages were substantially
better on this farm than on the Nelson farm. However, voltages up
to 12.5 Vac were still reported with voltages in excess 5 Vac being
very common throughout the testing period. Voltages of 0 - 3 Vac
between the primary neutral and the reference ground with neutrals
separated at the farm are considered normal and common. Voltages of
3 - 5 Vac between the primary neutral and reference ground are
suggestive of problems. Voltages in excess of 5 Vac indicate
definite problems. Voltages in excess of 10 Vac will cause
saturation of most Ronk Blockers tested to-date. Thus, the elevated
voltages on the primary neutral would potentially be reflected in
the animal environment.

15. In general, the feeder servicing the Franze farm shows better load
balance than the feeder to the Nelson farm. However, imbalances of
up to 15 amps were still documented (Test No.4). Imbalances in the
9 - 12 amp range were common.

16. Output voltage at the substation appears to be reasonably stable and
within accepted norms. However, no data were presented to show what
voltage was actually supplied to the Franze farm.

17. The measurement of ground resistance on both the farm and the
primary neutral (Page 47, Gagnon report) shows resistances that are,
with one exception, above the recommended maximum of 25 ohms.

18. No information was given regarding the conductor sizes of the
distribution system.

19. In the Agreement for Interim Service Adjustments between Darrell
Franze and Lake Region Coop Electrical Association, change No. 1
involves relocation of the transformer to pole No.1. The location
of pole No. 1 is not clear on the diagram received by this
evaluator. However, experience suggests that 4/0 aluminum conductor
is probably inadequate in size for this farm, assuming a 200-amp
service. Secondary service drops should be sized to limit voltage
drop from the transformer to the meter to 2%. Under no

11



circumstances should conductors be installed which result in more
than a 4% voltage drop. The report continues and issues a warning
about loads exceeding 25 kVa. This is contrasted to the documented
37 or 37.5 kW load in the Gagnon Contractor report. Consequently,
the proposal is inadequate and should not be installed as proposed.

20. Installation of a four-wire system as a means of counteracting or
compensating for inadequate conductor sizing is not recommended.
Inherent safety problems with a four-conductor service make it a
less-than-optimal alternative to proper design and installation
initially. Installation of a four-wire system to compensate for the
inadequacies for the proposed design and installation is not
recommended.

21. In making the proposed wiring changes to the Franze farm, every
effort should be made to minimize adverse effects and interference
with farming operations. This evaluator is not aware of all factors
which entered into some of the decisions reflected on Exhibit 1.
However, locating a new pole with multiple guys in a cornfield is
not considered as being appropriate under most circumstances. If
conditions warrant or preclude any alternative, this may be the best
way. Investigation of other alternatives appears justified.

22. Change No. 2 in the agreement was to install a Dairyland isolating
device at the transformer pole. This appears to be warranted given
the voltages recorded between the water line and the reference
ground.

23. Change No. 3 was the proposal to separate the primary and
secondary ground rods a distance of 20 ft. or more. This is
appropriate inasmuch as ground rods should always be separated
by a distance at least equal to their combined length. For
example, two 10-ft. rods should always be separated at least
20 ft. If deeper grounding is required, greater separation
distances would normally be required. In all instances the
ground rods should be checked to verify a resistance to ground
not exceeding 25 ohms.

CONCLUSIONS AND RECOMMENDATIONS

This evaluator was unable to fully comply with the terms of the
contract inasmuch as the investigators who conducted the on-site testing
did not provide full documentation. Specifically, neither of the
investigators presented much in the way of interpretation of test data
results or recommendations for corrective and mitigative actions. The
comments and recommendations are based solely upon the information
received either in written form or in conversation with the two
investigators.
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1. A massive amount of data was collected by the two investigators
on the two subject farms. However, as pointed out in the
discussion of the various farms, there is reason to question the
validity of some of the methods and the equipment used to gather
data.

2. Additional testing appears warranted to verify the conditions which
exist on these two farms and to verify the appropriateness of the
suggested test protocols.

3. Data should be collected and reported in a more usable form. The
extreme data compression in these reports is inappropriate. For
example, this evaluator, when conducting critical tests uses a strip
chart which results in approximately one minute's worth of data in
two centimeters (approximately one inch). This is contrasted to 1 
12 hours' worth of data in approximately the same distance as
presented by these investigators. Additionally, the use of one
minute averages is considered less appropriate than shorter time
period intervals during critical tests. Strip chart recorders also
are beneficial in helping to document events between the sampling
type meter monitoring.

4. For easier and more appropriate test comparisons, monitoring of the
farm load and particularly the barn load is required. The absence
of any current data for the secondary neutral makes comparison of
some of the tests difficult. Additionally, it precludes the
evaluation of existing wiring installations.

5. To allow comparison of various tests, known or at least the same
loads should be operated during each of the principal and primary
tests. Whether these are known loads provided by the investigator
or simply identified loads on the farm which are run repeatedly
under each of the test scenarios is unimportant.

6. A more appropriate procedure to determine the points at which
voltages and currents will be monitored is required. As a minimum,
this requires a survey of the animal environment with utility power,
neutrals bonded, and a load equal or exceeding the normal "during
milking" load on the farm. The location at which the highest
voltages are recorded should then be used for monitoring. If during
the survey, voltages in excess of 500 mVac are recorded, the source
impedance or the current-producing capacity of this source should be
verified by loading the meter with a 100 - 300 ohm resistor.

7. Resistors should be eliminated from the recording instruments inputs
except for specific tests.

8. If multiple persons are involved in conducting tests and gathering
data, there is a demonstrated need for improved coordination between
the individual parties.
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9. Unless it can be verified that the loads were similar under the
various test conditions, ground resistance testing should be made
with an instrument rather than calculations. An AEMC, Biddle or
Vibroground earth resistance tester is preferred over the
calculation m~thod. However, the two methods could be used for
comparison and verification.

10. There is a documented need for improved grounding on both of the
subject farms as well as on the primary distribution system
servicing each of the two farms involved in this study.

11. The data are strongly indicative of a need for improvements on the
primary distribution system servicing both farms. Whether this can
be achieved by simply eliminating poor or low-quality connections or
whether it requires re-conductoring of the line or balancing of the
load between the phases cannot be determined from the presently
available data.

12. Because of the possibility of current through the guy wires and
anchors circumventing the intended purpose of a neutral isolator,
all guys should be insulated at least 8 ft. above ground. Below the
insulator the guy wire will be grounded by virtue of being connected
to the anchor. Above the insulator the guy wire will be grounded by
attachment to the neutral.

13. The purpose in using multiple reference ground rods was not clear.
Unless there is a documented purpose for multiple reference ground
rods, e.g., two separate test setups, a single reference point
should be used to facilitate comparison of data.
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A~RICULTURAL SYSTEMS ENGINEERING
EV TEST SUMMARY RECAP

Project No. 7 D;;L·' q;;z.l,V Name: b- Dn~ J Ne..1 Ion
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(RH-~L) 'WL- (,R...
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Cow Trainers
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Other:

Resistors:

ASE 0192
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AGRICULTURAL SYSTEMS ENGINEERING
EV TEST SUMMARY RECAP

Project No. '7 O;;L: 9'ii2; (". r Name: _04 rve;.,11 Fe",,,, eSc
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Crowd Gate

Other:

Resistors:

ASE 0192
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