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1.0 Introduction
The comments below are made with reference to two documents, reference /1/ OEB Staff Discussion Paper and /2/, Kinectrics Report.  Stray Voltage Mitigation, April 9, 2008.  
2.0 The Cost and Effectiveness of Stray Voltage Solutions
To be considered 100% effective, any solution to stray voltage must reduce the ACV to 1V or less under all normal operating conditions.  In reference /1/, Section 7.9, page 53, Table 7.1 indicates that the VTNI and the saturable reactor have an effectiveness of only 80%-100% and 30%-80% respectively.  This data also appears in /2/ Section 4.11, Table 4.6.  In personal communication with Mr. Babak Jamali of Kinectrics, one of the authors of /2/, the effectiveness estimates were questioned.  They were qualified as follows:

Both these solutions are 100% effective if all of the following conditions are met:

1. The utility’s primary distribution system Neutral-to-Earth Voltage (NEV) is 10V or less.
2. The customer’s system has no secondary faults.

3. The customer’s 120V loads must be balanced within 20% of full load rating for the service.

4. The customer’s secondary neutral impedance is low enough to prevent the secondary NEV from exceeding 2V.

Item 1, an NEV ≤ 10V, is the standard in Ontario and the standard in most other provinces in Canada.  It is also a requirement of the Ontario Electrical Safety Code which all electrical distributors must meet over their entire service territory.  Items 2, 3 and 4 are implicit requirements of the Ontario Electrical Safety Code.  Even customer’s that do not have livestock operations should be meeting these requirements.  The conclusion is that these solutions are 100% effective when the requirements of the Ontario Electrical Code are met.  All other solutions are improvements to the utility’s primary distribution system and are not considered 100% effective due to the difficulty of reducing the NEV to a level which will meet the requirements of the livestock operator.  If a level of 1V ACV is required, then an NEV level of approximately 2V must be achieved and maintained.  It is not considered practicable to meet this level of ACV utilizing any one of the other solutions.  Hence they are not considered 100% effective.
For the purpose of discussion, let us assume that a level of 2V NEV could be met using a combination of primary distribution system solutions.  Excluding the 5-wire distribution system, the most promising of combination would appear to be convert all single phase lines to three phase lines, utilize the highest distribution voltage of 16kV phase-to-neutral, use the largest neutral conductor and a ground rod at every pole.  Based on the data in /2/, this would cost a minimum of $30,000 per kM.  According to the data, Hydro One serves 4500 dairy farms.  Hydro One has approximately 60,000 kM of single phase lines.  Farms tend to be concentrated in specific areas so the entire 60,000 kM of lines would not need this upgrade.  Let us assume that one-third would need the upgrade, then 20,000 kM of line would be converted which would translate into a cost of $30,000 per km x 20,000 km or $600M.  It is estimated that 50% of all dairy farms have already implemented a solution that is reducing the ACV to acceptable levels.  Therefore, the cost to mitigate the stray voltage on the remaining farms using the most cost effective on-farm solution would be $2,000 per farm x 2, 250 farms or $4.5M.  The conclusion is that an on-the farm solution will achieve the ACV requirement at less that 1% of the cost of the distribution system solution. 
3.0 Implicit Revision of NEV Standard.
In section 9.1.1 of the /1/, the Board’s staff view is articulated which suggests using a primary NEV of 2.0 volts as the target for NEV to achieve the ultimate requirement of 1V ACV.  This requirement in essence changes the NEV standard from 10V to 2V.  Section 9.1.1 offers no analysis to quantify the costs associated with the change, or rationalization as to why this approach is preferred.  Section 2.0 above provides a brief analysis of the costs which are very substantial.  Although this has not been stated explicitly, it is assumed that these costs would be absorbed by the utility and passed on to all customers through rates.  Using Hydro One as the example, why is it justifiable to spend $600M to meet the special needs of 4500 customers at the expense of the remaining 1,000,000 customers?  What benefit will these 1,000, 000 customers receive from this decision?  If the Board believes that it is the responsibility of the utility to meet the special needs of this small group of customers, why would it not be seeking to do so in the most cost effective manner which is clearly not the route chosen?  

4.0 Stray Voltage Measurement Test Technique

Referring to /1/ Figure 9.1, examines two approaches to determining distributor remediation target.  One is to measure the NEV presumably instantaneously.  It is not clear whether or not a balanced 240V load is applied during this test or it is just normal load.  For the purpose of discussion, we will assume the former.  The second approach is to measure the utility contribution to ACV by applying a fixed balanced load and taking an instantaneous measurement.  In the authors opinion, neither approach is technically sound.  Instantaneous readings are not a suitable indicator of the utility’s contribution.  If the test was performed at a period of light load the utility might pass with flying colors while if it was performed at a period heavy load that would not be the case.  Variations in NEV levels from light load periods to full load periods are commonly 200-300%.  The approach used in the Hydro One test procedure measures the primary neutral impedance which is an indicator of the quality of the distribution system primary neutral.  A multi-channel recorder then measures the primary NEV at the transformer pole and the secondary NEV at the barn service entrance panel.  The ACV is either directly measured or calculated using the ratio of ACV to NEV which is established by test.  Based on these measurements, it can be determined whether or not the utility is meeting its NEV requirements with a reasonable degree of certainty and whether or not the customer has a stray voltage problem. 
5.0 Implementing a Solution Immediately
To achieve a level of 1V ACV, the contribution from the utility neutral must be practically eliminated.  In the early 1980s, Ontario Hydro recommended that all livestock operators install a Hammond Tingle Voltage Filter as an insurance measure for this reason.  During this period, several thousand units were installed.  The Board apparently wants to adopt this US model as suggested in /1/.  The approach used in most US jurisdictions results in very significant testing and analysis to determine the contribution from the utility vs the contribution from the customer.  However, it should be noted that none of the jurisdictions surveyed in /1/ are guaranteeing that if the measurement today indicates that the contribution from the utility is <0.5V that it will not be >0.5V at later date.  That being the case, what protection does the livestock operator have?  Why is it not more appropriate to install a relatively low cost isolating device as an insurance measure immediately rather than risk damages which can run into the hundreds of thousands of dollars?  Given the situation in Ontario where primary distribution system improvements will not achieve the goal at reasonable cost, the most likely scenario is some form of isolation on all farms over time.  Given the considerable experience with these devices, there has been no data put forward from any jurisdiction as to why is this not a good solution provided the utilities make grounding improvements to compensate for grounding loss, and have procedures in place to ensure that isolation is not being used to mask a defective primary distribution system.  
6.0 Comments on Section 9

Refer to the referenced section in /1/.

9.1.  Dividing the issue into on-farm and off-farm sources at first glance seems reasonable.  However, diagnosing the problem requires knowledge and test data about the operation of both the utility and customer systems.  One of the ongoing problems is lack of expertise within the private sector to assist the customer with problems on the customer system.  If the utility has met its obligation by achieving the NEV target, whether or not the target remains at 10V or is reduced to 2V, this will not solve all the problems.  If the utility installs an isolator to eliminate any source from the utility, the device will not function properly if there are on-farm faults or bypasses which would be the responsibility of the customer to resolve.  The Board and the other stakeholders needs to propose solutions that address this need.  In July 2007 a meeting was convened with a number of electrical contractors from Eastern Ontario.  The purpose of the meeting was to introduce the Hydro One documents on stray voltage testing and mitigation.  These documents are now on the Hydro One website.  The contractors expressed concern that the startup cost, which includes the cost of test equipment and training, make this an unviable business.  Most get involved reluctantly to appease their customer but would prefer not to be involved.  Often they are not able to resolve the problem immediately and the customer is dissatisfied.  In that case, they often do not charge the customer or reduce the bill thereby losing money on the call. 
9,1.1  See 3.0 above.  The ACV Threshold of 1V has been in use in Ontario for over two decades.  The only difference in the proposal by the Board is to divide the 1V into contributions from the utility and the customer.  That has disadvantages as indicated above. 
9.1.3.  The Board needs to recognize the complexity from a procedural point of view before dictating how utilities will respond.  To resolve a stray voltage complaint requires sophisticated and expensive test equipment, and trained personnel.  The latest Hydro One procedures utilize a multi-channel recorder which costs over $17K.  This recorder can be used for other tasks by the Hydro One staff.  This improves the economics and it also means that staff is already trained when it comes to setting up the recorder for a test, interpreting the data and writing reports.  Further, this suggests that the department within the utility that has this existing capability is the logical department to assume responsibility for this function.  The test procedures and processes must cover how the call is handled when it first comes in, define which departments will be involved, schedule test equipment and staff to resolve the problem.  It is unlikely the Board could develop a detailed procedure suitable to all utilities given the differences in organizational structure within utilities and the lack of intimate knowledge about the inner workings of these organizations.  Therefore, the Board should define objectives, performance targets etc rather than detailed requirements.  
9.2.2.  In the last paragraph on page 73 the following statement is made:

“As in Ontario, the focus tends to be on the level of primary NEV at the farm not on stray voltage per se.”  

This statement is incorrect.  The Board needs to obtain the latest documents from Hydro One.  The focus is on ACV.  Until the ACV is reduced to less that 1V, the problem is not considered resolved.  The utility is absolved of the financial obligation to resolve the problem when the NEV limit is met.  The current limit is 10V. 
9.2.3. Issue 1.  Distributor action should be driven by the needs of the customer which is to obtain an ACV of 1V or less.  Given that the private sector currently does not have the expertise or desire to assume the responsibility, then the customer must rely on the utility to resolve the problem regardless whether major contribution is from the utility’s primary system or customer’s secondary system.  The issue really is who pays for mitigating devices when the NEV standard is being achieved by the utility?  The NEV at the farm should only be used as the determining factor to answer this question and not be used as a means for the utility to walk away when the target is met.  This could change if the private sector or another government agency is in position to fill the void.  The Board has not suggested in this paper that this is the case.
9.2.3. Issue 2.  NEV is the most repeatable measurement.  ACV will vary based on location within the barn, condition of the floor, dampness of the floor, debris on the floor etc.  An approach that the author prefers is to use a limit of 1V barn ground to remote earth as the target.  Unless there are internal faults on the system, this guarantees that the ACV will be less than 1V in all locations throughout the livestock housing area. 

9.2.3. Issue 3.  Any threshold should be based on science.  There is science to support the threshold for cattle.  Research performed in Canada also provides data for hogs.   The 1V ACV is more than adequate for hogs.  Given that the mitigating devices are capable of reducing the ACV to millivolts, and they can be implemented at a reasonable cost, research to establish levels for other species appears to be difficult to justify. 
9.3.3. Issue 4.  The Board has not suggested that another agency such as ESA or OMAFRA assume responsibility for testing.  That being the case, it is assumed that the responsibility will remain with the utility.  For similar reasons outlined above, the Board should adopt option a) and define the goals and objectives and not dictate detailed procedures.
9.2.3. Issue 5.  The Board has not presented any plan whereby the private sector or another agency will assume responsibility for identifying on-farm sources.  Furthermore, neither the private sector or another agency presently has the capability to assume this responsibility.  The current Hydro One procedures require that the customer have his or her electrical contractor perform the tests on the customer system based on the standard test procedures provided by Hydro One.  The contractor is scheduled to be on site at the same time the Hydro One staff are conducting tests on the primary distribution system.  In reality, most electrical contractor is not fully equipped or trained to perform these tests on their own.  They are being assisted by the Hydro One staff.  However, because they are present while Hydro staff are on site, this means problems can be identified and resolved immediately which provides the customer with an immediate resolution of the problem and avoids costly repeat visits by the utility.  Until expertise becomes available capable of assuming the responsibility for resolving problems on the customer system, this appears to be the best compromise.  
9.4.3. Issue 6.  It is the author’s experience that many of the reported problems on stray voltage are a result of of the involvement of untrained individuals.  This experience has included witnessing incorrectly installed mitigating devices which were not functioning correctly, utility staff misinforming the customer, and contractors and consultants making incorrect diagnosis and followed by incorrect advice to the customer.  In some cases, this has resulted in the customer spending tens of thousands of dollars with no resolution of the problem.  Therefore, it is critical that stray voltage investigators be trained.  The Board needs to address who gets trained and how this will be funded.  Training should be developed and made available in province. 
9.4.3. Issue 7.  The Board should recommend minimum training standards.
9.4.3. Issue 8.  Certification is desirable.  The Board should investigate options for certification.
9.5.3. Issue 9.  The Board should require that distributors have a response procedure but not prescribe the procedure.
9.6.3. Issue 10.  Option a) is preferred. 
9.7.3. Issue 11.  Option a) is preferred.
9.8.3. Issue 12.  Option a) is preferred.  However, the Board needs to make recommendations on dispute resolution for stray voltage.  It has been noted in /1/ that a small number of customers were not satisfied with the response of the utility, in this case Hydro One.  Some of this can be attributed to lack of trained staff and lack of adequate test procedures and processes for resolving stray voltage complaints.  Hydro One has addressed the issues regarding procedures and processes and training was provided to staff.  However, it is apparent some customers do not trust the utility.  In those instances, for both the benefit of the customer and the utility, there needs to be a third party to which either the customer or the utility could call on to help resolve the dispute.  The Board should make recommendations in this regard.  For example a tribunal could be formed with membership from ESA, OMAFRA and the Dairy Farmers of Ontario to adjudicate disputes.
7.0 What is the Problem in 2008?

It is unclear to the author where we are today in Ontario with respect to the stray voltage problem.  Many of the concerns raised since the OEB initiative began have been addressed.  However, it is possible this information has not been relayed to all parties and neither the customer nor the utility representative is up to date on the issues.  There are reports of specific solutions not solving the customer’s problem.  Often individuals go so far as to say that the solution does not work.  In the case of the solutions now being recommended by Hydro One in Ontario, there are literally thousands of installations where these solutions have been applied in Ontario and other jurisdictions with positive results both from an electrical measurement perspective and from a livestock perspective.  Therefore, assertions that the solution does not work are simply incorrect.  All the data indicates the number of new complaints is low, in the range of 15-20 per annum.  The Board needs to examine the status of the progress to date and define any gaps between where the Board believes the utilities should be compared to where they are on all the issues.
At the December conference, we heard from two of farmers who were experiencing poor herd performance, poor herd health, and severe animal behavioral  problems .  In both cases, electrical tests were performed by several people, and a number of solutions tried to no avail.  The author has been personally involved in two other farms with similar situations.  The standard test procedures and processes are not adequate in these situations.  It requires skills in a number of disciplines to address the problem.  A suggested approach for resolving these types of stray voltage problems is enclosed as Appendix 1.
Appendix 1-1
PROPOSAL FOR THE INVESTIGATION OF ONTARIO DAIRY FARMS EXHIBITING PRODUCTION PROBLEMS 
FROM UNKNOWN CAUSES

1.0 BACKGROUND

Stray voltage has been an issue particularly for dairy operators for decades.  The problem rose to prominence in the early 1980s.  Research on the animal side and the electrical side increased the awareness and understanding of all the stakeholders.  Test procedures to locate on-farm and off-farm and sources were developed during that period and have been used successfully for the past two decades.  Several mitigation devices were developed during this period.  In Ontario an estimated 4000-5000 farms have successfully employed mitigation devices, where success is measured by the reduction of the stray voltage and an improvement in milk production, herd health and animal behavior.  Similar results were obtained throughout North America which would increase the numbers by a factor of 50-100.  Therefore, one would conclude that the stray voltage problem is well understood and manageable.   However, there are a very small number of farms in the province where mitigation devices have been installed and proven to be working correctly electrically yet the dairy herd exhibit the same symptoms as herds that are exposed to stray voltage.  In many of these farms, several mitigation devices have been installed with the same result.  Measurements with instantaneous and recording instruments designed to measure 60HZ and frequencies up to 500 HZ do not detect any significant voltage between animal contact points.  In 2006, Hydro one performed measurements on two problem farms with the Candura Power Pro which is capable of recording up to the 2400HZ or the 40th harmonic of 60HZ.  In both cases, stray voltage levels were well below 1 volt.  This proposal is designed to address these abnormal cases, not the normal stray voltage cases.

2.0 Multi Disciplined Team

The investigation team will require expertise in the following areas:

· Stray voltage test and measurement, troubleshooting of both the farm and utility system

· Test and measurement for transients and high frequency electrical signals

· Test and measurement for electric and magnetic fields

· Dairy farm management

· Dairy herd health

· Animal behavior 

· Milking Equipment

3.0 Test Equipment

· Standard stray voltage test equipment as per the Hydro One procedures

· Transient monitor

· Electric and magnetic field monitor

· Video cameras capable of monitoring the complete herd 24x7
4.0 Investigation Process

The investigation will consist of the following phases:

4.1 Phase 1

Phase 1 is designed to eliminate any farms where the poor herd performance or abnormal behavior can be attributed to well understood sources for these problems such as stray voltage, defective milking equipment or poor farm management.  To eliminate normal stray voltage as a source for the problems, the tests included in the Hydro 

Appendix 1-2

One procedures would be performed for both farm and utility systems.  The farm production and herd health records would be examined and the milking equipment thoroughly tested.  Particular members of the team from the appropriate disciplines will visit the farm to observe first hand the operation of the farm during milking.  The team will produce an interim report of their findings.  For a farm where the problems have been identified, the team will make recommendations for improvements and discontinue any further investigation. If the team is unable to define the problem at the farm, then that farm will become eligible for investigation in Phase 2. 

4.2 Phase 2  

In Phase 2, each farm will undergo extensive examination and monitoring.  This will include but not limited to: 

· Video monitoring of the compete herd 24x7

· Transient and stray voltage measurement of the utility neutral, barn neutral, barn ground and several animal contact points within the barn

· Electric and magnetic field monitoring at several points within the barn

· Monitoring of equipment operation for the barn

· Examination of all production records

· Physical examination of all animals within the herd to establish the herd health before, during and after the monitoring period.

4.3 Phase 3

In Phase 3, the team will examine the data from all farms that underwent the investigation in Phase 2 and produce a final report.  Where conclusions can be drawn, recommendations for resolving the problems will be made.  If there are still unknown causes for the problems, then the team will define the research required to address these issues.

5.0 Test Equipment
TBD

6.0 Team Staffing 

TBD

7.0 Schedule

September 2008– December 2009.  Carry out Phase 2 investigations on 5 farms.

8.0 Budget

TBD

9.0 Sources of Funding

OMAFRA, Diary Farmers of Ontario, Hydro One, OEB, CEA 
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