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I. STATEMENT
1. Docket No. 09F-505E concerns the complaint by Tom and Hanna Altman (Altmans or Complainants) against Public Service Company of Colorado (Public Service, Respondent, or Company) filed on or about July 8, 2009.  On August 6, 2009, Public Service filed its Answer.

2. During the Commission’s weekly meeting held July 15, 2009, the Commission referred this matter to an administrative law judge (ALJ) for disposition.

3. On July 17, 2009, the Commission issued its Order to Satisfy or Answer, addressed to Respondent.  On that same day, the Commission set the hearing in this docket for September 3, 2009.  See Order Setting Hearing and Notice of Hearing.  

4. After a prehearing conference, the hearing was rescheduled and procedures were established.  Decision No. R09-0936-I.

5. At the scheduled time and place, the matter was called for hearing.  During the course of the hearing, testimony was received from Hanna Altman, Tom Altman, Jozef Descour, Earnest M. Duckworth, Jr., and Stephen Cliff Brown on behalf of Complainants; and Tina Brusca, Gregory Louis Stark, and David Dean Brent on behalf of Public Service.  Hearing Exhibits 1 through 25 and 27 through 52 were identified, offered, and admitted into evidence.  
6. In accordance with § 40-6-109, C.R.S., the undersigned ALJ now transmits to the Commission the record and exhibits in this proceeding along with a written recommended decision.

7. The Commission has constitutional and statutory authority to regulate electrical distribution in Colorado. "Whenever the commission, after a hearing upon its own motion or upon complaint, finds that ... equipment, facilities, or service of any public utility or the methods of . . . distribution, transmission ... or supply employed by it are . . . unsafe, improper, inadequate, . . . the commission shall determine the . . . reasonable, safe, proper, adequate, or sufficient rules, regulations, practices, equipment, facilities, service, or methods to be observed, furnished, constructed, enforced, or employed and shall fix the same by its order, rule, or regulation."  § 40-4-101(1), C.R.S.  Similarly, the Commission shall have power after hearing on its motion or upon complaint, to make general or special orders, rules, or regulations or otherwise to require each public utility to maintain and operate its lines, plant, system, equipment, electrical wires, apparatus, tracks, and premises in such manner as to promote and safeguard the health and safety of its employees, passengers, customers, subscribers, and the public and to require the performance of any other act which the health or safety of its employees, passengers, customers, subscribers, and the public may demand. § 40-4-106(1), C.R.S. (emphasis added).

8. Rule 3200, 4 Code of Colorado Regulations (CCR) 723-3(a) requires: “The plant, equipment, and facilities of a utility shall be constructed, installed, inspected, maintained, and operated in accordance with accepted engineering practice in the electric industry to assure continuity of service, uniformity in the quality of service, and the safety of persons and property.”

9. The Supreme Court has adjudicated claims of property owners adjacent to an electric transmission line approved by the Commission in Public Service Company of Colorado v. Van Wyk, 27 P.3d 377 (Colo. 2001).  Therein, the Court recognized that the Commission’s “authority over public utilities stems from its constitutional and statutory police power, and that exercise of that police power is independent of any adjudication of property rights.” Public Service Company of Colorado v. Van Wyk, 27 P.3d 377, 385 (Colo. 2001) citing Mountain View, 686 P.2d at 1341.  

10. Public Service is a Colorado public utility, as defined in § 40-1-103(l)(a), C.R.S.  Public Service provides electric service to the Altmans’ residence.

11. Mr. and Ms. Altman reside at 6402 South Robb Court, Littleton, Colorado, 80127.   The Altmans purchased their home in 1995.

12. In early 2009, the Altmans hired Mr. Duckworth, President of LPGI & Affiliates, to review data collected, conduct his own investigation, and take measurements at their property.  Mr. Duckworth has expertise in electric distribution and causation of current identification.

13. Mr. Jozef Descour is a geophysicist specializing in seismic methods and equipment.  Since 2005, he has owned and operated C-Thru Ground, Incorporated.  See Exhibit 44.  

14. Stephen Cliff Brown is an engineer working on the Staff of the Public Utilities Commission.  He is an expert regarding electrical distribution design, construction, transmission issues, and the issues raised in this case.

15. Mr. David Dean Brent is a Registered Professional Electrical Engineer employed by Public Service Energy as a principal specialty engineer.

16. Ms. Tina Brusca is a Customer Advocate Analyst for Public Service.  

17. Mr. Gregory Louis Stark is an agricultural engineer.  He is a consultant and lecturer at Texas A&M University.  As a consultant and expert witness, Mr. Stark provides technical training and course evaluations in electrical matters including energy management, power quality, stray voltage, and protection of electrical equipment.  Mr. Stark teaches a course in energy management and a course in electronic controls and programmable logic controllers. See Exhibit 40.

18. Ms. Altman earned a master's degree in food science engineering as well as a master's degree in biology.  She also performed additional postgraduate studies in environmental sciences, including analysis of energy consumption.  Through her studies she has gained experience using laboratory equipment and measuring devices.

19. Mr. Altman earned a Bachelor of Science degree in applied mathematics, a bachelor's degree in computer science, a master's degree in computer science, and a Ph.D. in computer science.  He has been a professor and his research is concentrated on simulation and modeling of systems. Subjects addressed in his dissertation include design, analysis, and evaluation of gradient-based distribution systems.  Hearing Exhibit 51 is a subset of his publications and a description of his work history.

20. Applying his background with modeling, analyzing, and studying distribution systems to the electrical distribution system issues in this case, Mr. Altman explained power distribution systems are merely a subset of systems he might analyze.  Some of his work as been applied by utility companies across the United States.  However, he has not designed electric distribution systems in association with any employment. Nor has he had any formal training or courses on stray voltage or stray current.

21. The Altmans first became concerned regarding electrical service to their home in 2002.  They felt “something was wrong” because light bulbs exploded, appliances failed earlier than anticipated (stove (Exhibit 22 at 2), dishwasher, dryer, and a television), and they felt electrical shocks.  Initially, Mr. Altman did not feel the same things his wife described as feeling.  But by 2007, he described feeling tension and a prickly feeling all over his body.  Since 2007, he describes the situation as unbearable.  

22. The Altmans first contacted Public Service with concerns in 2002.  In response, Public Service’s construction department checked the Company’s facilities serving the Altman home.  Public Service ultimately determined the concerns resulted from electro-magnetic fields (EMFs).  The Company offered rental of a Gauss meter to measure EMF levels.  After discovering abnormally high readings in the home, Public Service stated that it “was not their issue.”

23. As a result of the discovery, the Altmans hired EMF consultants and undertook measures to reduce EMF exposure in their home, including removing dimmer switches and rewiring switches. Power lines were rerouted in their kitchen to go around the floor, rather than through, to reduce EMF exposure. Mr. Altman testified that this work resulted in some circuits no longer being used in their main power panel. The Altmans found that the problems experienced were not resolved so they continued their investigation.  

24. Mr. Altman finished his basement. In connection therewith, a permit was obtained from the Jefferson County Building Department (County).  His work was inspected by the County and was found to meet applicable requirements. Exhibit 29.  A subpanel was also installed in the basement several years ago, subject to a different permit and corresponding inspection.  

25. The Altmans’ home has passed inspections at the time of construction as well as following subsequent improvements.  

26. Exhibit 43 includes several pictures.  Pages 58 to 60, of 65, shows abandoned circuits in the Altmans’ breaker box (the best example is the white wire nut appearing on page 60). Ms. Altman initially stated that she believes the electrician who installed a subpanel in their basement around 2001 or 2002 marked the circuits.  However, on cross examination, it became clear that was an assumption.

27. Public Service was again contacted in 2007.  Shocks intensified and Ms. Altman was convinced something was wrong.  Mr. David Brent, an Engineer for Public Service, brought an investigating team to the Altmans’ home.  Ms. Altman believes an EMF investigation was conducted because  efforts focused upon a Gauss meter.  See also Exhibit 37.

28. Ms. Altman testified that upon her arrival, Mr. Brent had reconfigured the distribution system in a way not normally used to serve the property. Technicians arrived to take measurements under modified conditions.  Despite having measured 10 to 15mG in the past, she was surprised to see readings of 0mG.  She believes this testing eliminated EMF as the cause of her continuing problems, leaving only the distribution system as the source. 

29. Public Service switched the distribution system to move the normal open points in the two loops adjacent to the Altman property.  Gauss readings were taken before and after modifications.  Hearing Exhibit 3 is the report the Altmans received of Mr. Brent's investigation.  Hearing Exhibit 37 reflects Public Service records of the investigation.  The Altmans followed up with a letter to Public Service. See Exhibit 5.  Mr. Brent responded by letter, Hearing Exhibit 6, wherein three concerns were identified.  Despite identification in Exhibit 6, the Altmans were not provided any information indicating that the Company had done any testing of ground currents or currents passing through their property.  Based upon the investigation, Mr. Brent found no abnormality.

30. The Altmans again contacted the Commission because ground currents remained.  Hearing Exhibit 8.  The Altmans contend such currents did not come from their house because there was current on the water pipes when power to the property was turned off.

31. In May 2008, Public Service then installed a voltmeter at the property.  Ms. Altman also obtained a Dranetz Platform 4300 to perform her own measurements.  Ms. Altman was trained on the programming and installation of the machine and reviewed accompanying manuals.  The Dranetz Platform 4300 was installed and collected data overlapping Public Service’s recordings for at least 13 hours and continuing until May 20, 2008. Public Service uninstalled their meter on May 16, 2008.  The Altmans continued monitoring until May 20, 2008.  Measurements by Public Service were admitted as Hearing Exhibit 9.  Exhibit 17 includes the results of the Altmans’ monitoring.

32. Exhibit 19 identifies an event recorded on May 16, 2008 between 4 and 5 p.m.  Exhibit 17, page 2 indicates that on May 16, 2008 in the afternoon (the same day that Public Service removed their meter), the voltage reading on one of their phases dropped well below 100 volts for a number of days until the meter was removed. On the page numbered 14, regular voltage was recorded on the Phase B. On the page numbered 15, harmonics are indicated.  Harmonics average about 12 percent for more than three days when the low voltages of below 100 volts were recorded and fluctuated from 92 and 100 volts.  When the voltage dropped, the harmonics on the line increased significantly.  Ms. Altman contends this information supports claims about very poor power quality and high pitched noise coming from their house.

33. On cross-examination, Ms. Altman cited no problems with electric appliances or lighting as a result of the persistently lower voltage levels recorded.  Reviewing Exhibit 37, Mr. Brent explains that a voltage drop measured by the Altmans indicates the inaccuracy of the readings.  If voltages actually dropped below 100 volts for an extended period of time then, the lower voltage would not be self healing.  Further, motors within their appliances would not start or would burn out.  Also lights would have dimmed.  On cross-examination, it was acknowledged that amperage checks reflect estimates rather than measured values.  When asked how they were estimated, Mr. Brent could only state that it was based upon a number of factors.

34. No clear and complete explanation demonstrates why extended measurements indicating lower voltages were recorded.  The recorded condition was not repeated in any other measurement presented in the case.  Observations during the time of recorded lower voltages do not meet with Mr. Brent’s reasonable expectations.  However, because the installed volt meter measured the voltage between the power supply to the Altman home and a ground, the resulting measurement reflects the difference in potential between these two points.  While the measurement indicates less than 100 volts, it could equally result from an elevation of voltage on the ground used for the measurement.  However, elevated voltages measured on the ground do not entirely explain the recorded drop in voltage by degree or duration.  Public Service offers no explanation for the recorded measurements other than to speculate that there was operator error (while it was operating unmanned) or intermittent equipment error.  It is notable that Public Service did not demonstrate any corresponding problems or discrepancies between the measurements taken by their own equipment with those taken by the Altmans. 


35. Testing was again conducted during August and September of 2008 with the Dranetz Platform 4300.  Exhibit 18.  The third page shows continuous current measured on the grounding wire at the home at times higher than .4 amps (page numbered 42).  Current was also measured on the neutral wire (page numbered 43).  Voltage transients on the Altmans’ wiring were measured (page numbered 44) as well as on Public Service’s system (page numbered 45).

36. The Dranetz Platform 4300 can also act as a voltmeter to measure voltages as the difference of potentials on property in different places.  Ms. Altman effectively repeated Mr. Descour’s analysis by connecting metals spikes inserted in the ground, in similar places.  Exhibit 21 includes the data recorded.  She measured stray voltages up to 5 volts (pages numbered 289-291).  Channel D, measured with accuracy from half a volt to 30 volts, recorded almost 3 ½ volts in their front yard.  Peak voltages of approximately 10 ½ volts were recorded.

37. Mr. Altman participated in measuring current on a water pipe, and neutral.  Even with the main power turned off a significant flow of current on a water pipe and on the ground was measured.  Mr. Duckworth’s analysis corroborated these measurements. See Exhibit 24.  Mr. Altmans’ uncontroverted testimony is that Mr. Brent was requested to disconnect the neutral at the home for testing; however, the request was refused. 

38. Based upon the measured observations, Mr. Altman contends the quality of power provided to them is substandard.  He contends the deviation of voltage on their power lines shown by their records (Exhibit 17) demonstrates a violation of Commission rules or Company tariffs because the power is not within 5 percent of 120 volts for a period of approximately three days.

39. Mr. Altman further contends Public Service has violated the National Electric Safety Code (NESC) in four instances:  Exhibit 16, page 19, Rule No. 92(d) (The Altmans find objectionable ground currents trespassing through their property); Exhibit 16 Rule No. 215-B, on page 65 (Use of the earth as part of the circuit: Supply circuits shall not be designed to use the earth normally as the sole conductor for any part of the circuit.; Rule 354-D, Nos. 2(b) and (c), page 193 (bare conductors or conductor in contact with the earth shall be of a suitable corrosion resistant material; the conductor covered by a semiconducting jacket shall be compatible with the jacketing compound.  

Hearing Exhibit 27 is a report of soil analysis conducted by GTG-Fox Geotechnical Services, Ltd. in 1994.  The report identifies that expansive soils are present in the area of the Altmans’ home.  The County made substantial road repairs in the area of the Altmans’ home as a result of damage from expansive soils.  The Altmans had two fans installed under the 

40. basement floors to ventilate moist conditions in the basement.  Mr. Duckworth explained that tested soils were very corrosive in addition to being expansive.  Expansive soils can affect connectivity of grounding wires, conductors, and rods.

41. It is uncontroverted that Public Service does not take soil conditions into account in their design of residential neighborhood distribution systems.  Without regard to soil conditions, the expected lifetime of bare neutrals would be approximately 30 years.  Public Service acknowledged the expected life might be shorter in corrosive soils.  The lines supplying power to the Altmans’ neighborhood have been installed for more than 15 years.

42. Mr. Altman admitted that they never claimed that the original design of the distribution system serving their home was not in accordance with the NESC.  Their claim is based upon the assumption that corrosion has occurred to the point that Public Service’s system is no longer able to carry current. Based thereupon, he contends that the NESC has been violated in its current operation.

43. Mr. Stephen Brown of the Commission’s Staff contacted the Altmans regarding Exhibit 8.  He responded with Exhibit 14.

44. In early 2009, the Altmans hired Mr. Duckworth.  The vast majority of Mr. Duckworth’s career has focused upon the influence of electrical systems upon telephone lines.  He has 25 years of experience as an electrical protection engineer with the Bell System.  In that capacity, he worked with power companies on coordination, noise mitigation, power influence, problems, etc.  A primary responsibility was to address grounding issues.  Currently, he acts as a consulting engineer for grounding and electrical protection.  LPGI & Affiliates has expertise in Lightening Protection Consulting and Grounding Design. He acknowledged that he had never taken any measurements of touch potential or stray currents before beginning work for the Altmans.

45. Mr. Duckworth examined the flow of current on pipes in the Altmans’ home, on their neutral at the power panel, and on the grounding rod at the home with the power on and off.  He also reviewed data gathered by the Altmans.

46. In February 2008, Mr. Descour conducted an analysis at the Altmans’ home.  Mr. Descour uses seismic reflected waves to image the ground.  In the course thereof, he measures disturbances -- mainly to eliminate the effect of AC or radio-wave related disturbances upon his record.  Using a portable oscilloscope having a 1 mega ohm input impedance, he assessed the level of potential and its nature in the ground.  He used a portable Techtronic scope to monitor the signal, put it on hold, and assess levels and content in terms of frequency. 

47. Without knowing the exact resistivity of the earth, and knowing only that the wet bentonite soil had relatively high conductivity or lower resistivity to ground, he measured voltage.  After initial results, he then used a seismograph to take measurements in the same manner at three locations (basement,
 the location of the power line identified by the Altmans, and 30 feet west of that point) to measure long-term behavior.  Exhibit No. 20 included the data of his analysis.  Automatically-recorded measurements were presented in form of an average.  Because the instrument has a limit for linear representation, the measurements at 3.85 volts most likely overloaded the instrument.  

Comparison of the readings at different locations indicates the source of a field.  The highest levels recorded were in the Altmans’ basement (approximately 3.85 volts), at the 

48. power line (approximately .8 volts) was in the middle and 30 feet west was lowest (approximately .25 volts).  It is noteworthy that the measured resistivity in the Altmans’ yard is extremely low.  Atypically elevated voltage on the ground with the unusually low soil resistivity infers that ground currents are present.

49. Neither of Mr. Descour’s testing instruments included a shunt resistor.

50. Mr. Duckworth first explains that stray voltage is not officially defined in IEEE.  He defines stray voltage as a measured voltage at particular points (i.e., whether animals at their property have problems from the voltages between their feet).  However, he goes on to distinguish the Altmans’ claim.  

51. As an electrical engineer, Mr. Duckworth defines stray current as currents that do not flow on the power lines back to the power company.  Rather, they flow through the earth to get back to the substation.  In this case, he contends that stray currents are going into the Altmans’ home causing damage or possible electric shock through all of the water pipes that are in their house.

52. Public Service also observes that there is no maximum defined standard above which ground currents are prohibited. Tr. 2, p.8, II. 20-24.  

53. Phases B and C lead to the Altmans’ property and then split with one each phase going along two different sides of the Altmans’ property.  Exhibit 2.  The Altmans are served by the Phase C line.

54. Mr. Duckworth opines that a significant amount of stray current flows through their home related to their unique proximity to the power distribution providing electricity to their home.  He contends that because the neutrals of the power lines are under designed, they will not take all of the current back to the substation.  Secondly, particularly because of the proximity of the two phases and their divergence near the Altmans’ property, load imbalances between the two phases result in more return current flowing through their home.  He opines that the system design reflects poor engineering, particularly because of the natural balancing effect between the two phases.  There is no way to know whether any additional return current resulting from an imbalance of power between the phased is the current measured by the Altmans.

55. On the other hand, explaining his opinion that neutrals are undersized, he states that the practice is allowed that with multi-grounded neutral distribution (MGN) systems because the neutral does not have to carry back all of the current used on the three phases.
  Some current normally flows in the earth back to the generating location.  Although consistent with basically accepted utility practice in the utility industry in the United States, he opines that the neutral, by design, will not have the same current-carrying capability as the energized conductor. Thus, he acknowledges that stray currents are a natural part of the original system design.  Further, on cross-examination, he acknowledged that it is impossible to eliminate stray voltage in a multi-grounded neutral distribution system.  Although Mr. Brown does not agree that neutrals are undersized, he joins in the opinion that a single-phased neutral copper wire never carries back all of the return current.  By design, some return current travels through the earth.


56. Mr. Duckworth contends that he does not challenge accepted industry design.  He argues that some current will return to the substation through the earth in a multi-grounded network.  However, his opinion is that the phenomenon is not what is occurring at the Altmans’ home.  As to the lesser concern, he believes that bare concentric neutrals
 are corroding in the area.  Mr. Duckworth is not aware of the design specifications or manufacturer of the specific wire installed in the Altmans’ neighborhood and is not aware of any treatment to the wire.  

57. Mr. Duckworth’s greater concern is the flow of current between the two phases adjacent to the Altmans’ property as the ground current of the two phases naturally tends to cancel with load.  Because the two phases are grouped very close together, the Altmans are uniquely affected.  He contends that an engineer needs to use good engineering practices there to determine the proximity two phases, considering nearby structures, to avoid unnecessary use of the earth as transmitting return currents.

58. When the two phases adjacent to the Altmans’ home are not in balance, a certain amount of return current flows back through the earth.  Public Service has no test to differentiate current returning through the earth as opposed to current returning to the transformer solely on the copper wire.  Thus, the amperage measured at Public Service’s transformer does not indicate whether current returned solely via the copper wire.

59. When the distribution system was installed in approximately 1992, the use of unjacketed neutral and buried cable was accepted engineering practice in the electric utility industry.  Use was not shown to be prohibited by any authority.  Since that time, use of unjacketed cable stopped because experiences dictated the cable would corrode to a point where it would not be able to be maintained.  Where soils are either alkaline or acidic, any kind of conductor in the earth corrodes, losing carrying capacity over time.  As a consequence, stray currents in the earth increase.

60. Mr. Brown has a Bachelor of Science in Electrical Engineering from the University of Colorado.  From 1971 until 2003, he served as an engineer in a variety of roles for Public Service and its parent companies.  From 2003 to 2005, he worked as a consulting engineer.  Since 2005, he has worked on the Staff of the Public Utilities Commission.  He deals with electric distribution, primarily the safety, security, and power quality aspects of electric power.  Mr. Brown was recognized as an expert without objection regarding electrical distribution design, construction, transmission issues, and the issues raised in this case.

61. This represents the only stray current complaint Mr. Brown has dealt with since he began working for the Commission.  As to both EMF and ground currents, they are difficult to identify and to track down their cause.  It is very difficult to distinguish the actual cause from something exacerbating a condition.

62. As an engineer reviewing the Altmans’ informal complaint, he became aware that Mr. and Ms. Altman were both technical professionals, with fairly extensive scientific backgrounds.  As to the particular facts and circumstances of this case, he believed their backgrounds supported the credibility of their observations.  He reviewed Exhibits 8 and 27.

63. Mr. Brown explained that a design engineer would try to avoid running two phases together.  If it is done, the engineer should know that there will be a potential problem where the two phases fork.  Ideally, three phases running together exactly balance.  There is minimal neutral current, ground current, or EMF.  The issue of return current arises with less than three phases.  Mr. Brown describes two phases as the worst possible scenario because the two phases tend to affect one another, especially where they split.  One must be aware of potential current issues because the two neutrals are not connected together and each of the cables has a concentric neutral. The only place the neutrals are grounded to equipment is at the transformer pad. Since the transformers are all single-phased, there is no connection between the two neutrals. Therefore, the current has to pass through the ground to get from one neutral system to the other neutral system, creating a potential problem.  He added that the installed design is not prohibited, but one normally tries to avoid it.

64. After examining the facts and circumstances of this particular case, it is Mr. Brown’s opinion that the grounding between the transformers on the two phases should be reinforced with a separate ground conductor.  While the original installation may have met the NESC in every way at the time of installation, that code is not a design document.  The primary function of the NESC is to keep cables from overheating and creating hazardous fire situations.  Concerns to protect homeowners against such things as electric shock are a secondary concern.

65. While the NESC may satisfy requirements the vast majority of the time, a utility must always watch for peculiar situations and address exceptions as they arise.  Mr. Brown believes the circumstances present at the Altmans’ home represent one of those peculiar situations.  It is found more ore likely than not a ground current circulation problem exists between the two phases adjacent to the Altmans’ property.  Mr. Brown’s review supports this conclusion.

66. From an engineering perspective, all cables will fail.  The only question is when the end of their finite life will occur.   Mr. Brown explained that the most common catastrophic failure of bare concentric neutrals occurs when neutral corrosion erodes the line enough such that it creates a hot spot.  If the cable heats excessively in that particular area, it will eventually cause cable failure.   Additionally, neutral corrosion increases ground current and causes other problems.

67. Addressing Mr. Brown, Mr. Brent stated "Neutral corrosion has been found to affect some non-jacketed cables in the southwest metro operating area. When identified, these cables are repaired or replaced."  Mr. Brown is familiar with issues over several decades in the southwest quadrant with corrosion.  In that area, cable failure rates were approximately three times the national average.
 Soils tending to have fairly high resistivity may be compounding circumstances observed at the Altmans’ property because of the particularly low resistivity of their soil.

68. Public Service criticizes that the Altmans failed to take any measurements to determine whether assumed corrosion has occurred to affect the distribution system’s current carrying ability.  In response, the Altmans contend it would be impossible to do so because Public Service’s system is buried and not accessible.   After it was discovered that corrosion could be a factor in causing the perceived problems, Mr. Altman contends that Public Service was requested to measure this during Mr. Brent's visit. 

69. Exhibits 10 and 11 are copies of correspondence between Mr. Brown and Mr. Brent.  Mr. Brown sought information to determine whether there was an objectionable ground current flow. 


70. Public Service acknowledges that corrosion has occurred in its system on unjacketed neutrals in the Company's system in southwest Denver.  However, Mr. Brent first opined that corrosion has not occurred in the Altmans’ neighborhood.  On cross examination, Mr. Brent admitted that he did not know the condition of the copper wire surrounding the Altmans’ property because he did not dig it up to inspect it.  Later, he admitted that he did not know how much corrosion is on the neutrals adjacent to the Altmans’ property.

71. When corrosion occurs on a copper wire, resistivity increases.  As this occurs, more current may flow through alternative paths.

72. Upon reviewing Exhibit 2, Mr. Brown described how the unusual circumstances can be potentially problematic.  Under the unique and specific circumstances present, the fork of two phases at the Altman property can become an issue.  Particularly the low resistivity of soil and tendency to collect water would lead one to look at the Altmans’ property for a problem with ground currents flowing.

73. Only Mr. Duckworth analyzed the conductivity of the soil at the Altmans’ home.  During the time frame that Public Service was taking measurements, the resistivity of soil was measured at seven ohmmeters.  He explained this as a factor of 20 to 25 times less than the average soil resistivity in Colorado.

74.  He explained that such levels indicate fantastic conductivity.  On average, soil resistivity in Colorado ranges between 100 and 150 ohmmeters.  Because of this fantastic conductivity, higher currents will flow in that area. However, he acknowledged that installing a bare copper concentric would introduce something of lower resistivity than soil.

75. The use of single-phase circuits to serve residential neighborhoods is ubiquitous.

76. Currents can be more excessive because the primary may also be grounded to the secondary.  Thus, primary currents, in addition to secondaries, will be returning through the earth.

77. The transformer servicing the Altmans’ home is adjacent to their property.  Transformers are now the neutral of the primaries that tie to the secondaries. Neutral currents are flowing through their property, from one side to the other, and also back to the substation.

78. Testing the ground installed at the Altmans’ home, Mr. Duckworth characterized the .18 ohms measurement as exceptionally good.

79. Mr. Duckworth measured stray current on the Altmans’ pipes in the house, on the neutral coming into the home, and on the ground.  He did not measure voltages.

80. Mr. Duckworth addressed harmonics.  He acknowledged that one of the major sources of harmonics on the utility distribution system is the use of nonlinear electronic loads.  He also acknowledged that transients (i.e., voltage spikes and current spikes) normally occur on any distribution system for varying lengths of time.

81. Mr. Duckworth conducted his testing using a “DET10C” or “Megger.”  It measures current and grounds.  It did not have a shunt resistor, but he contends one is not required.

82. Mr. Brown joins Mr. Duckworth in his opinion that use of a shunt resistor is irrelevant in measuring earth resistivity. A shunt resistor is a device used in a measurement. It provides an alternate path for current to flow and to establish a voltage between two points.  The use of a shunt resistor in tests is only relevant in certain applications. When measuring resistivity, one typically uses a Wheat Stone Bridge type arrangement to measure the resistivity.  Earth resistivity is resistance per volume.

83. Mr. Duckworth reviewed the DC current data provided by the Altmans.  He is familiar with rectified DC currents from currents flowing in the earth being rectified by objects in the earth.  However, he cannot account for the magnitude of the measurements taken.   But for the stray current, he sees no way that level of rectified DC currents would be present.  Re-bar in concrete contributes to rectification and the Altmans have extended caissons for the foundation of their home in excess of 20 feet deep due to soil conditions.

84. In any event, he eliminates the sole source being within the home (i.e., wiring and electrical system).  It is found more likely than not that the current measurements taken while their power panel turned off rules out sources within the home.  Next, he considers stray currents attempting to either flow between Phase B and Phase C and/or currents flowing through their home getting back to the substation.  Particularly with copper wiring and water pipes, observed soil conditions, and extended foundations, the home is a very good conductor of currents seeking a path back to the substation.  Mr. Duckworth makes several recommendations to alleviate the conditions he observed.  Exhibit 23

85. Mr. Duckworth also contends that the problems experienced by the Altmans are unique because of their proximity and he does not see where there would be a problem anywhere else in the neighborhood because the lines at issue encircle the cul-de-sac.

86. Mr. Brown reviewed data provided regarding DC currents.  He explained that DC currents are rather ubiquitous in Colorado and they are commonly caused by mineral interactions and ground potentials.   While they can get to be quite substantial, he opines that the level indicated by the complaint is likely not a substantial portion of the problems observed or cause for concern.

87. Contrary to Mr. Duckworth, Mr. Brown does not believe that there is currently any connection between the reported appliance failures and ground currents present today.  He speculated as to possible other causes.  As to harmonics as a possible cause,  Mr. Brown states that condition would be unrelated to ground currents crossing between the two phases adjacent to the Altmans’ home.

88. Mr. Brown describes ground current traveling through the ground as more likely a nuisance than a problem in and of itself.  It is found more likely than not that it does not affect the efficiency of the system.  Normally, one would see very little effect from AC ground currents and corrosion complained of is associated with DC, not AC currents.

89. Ten milliamperes of current traveling through a person will kill them.  Measurements of 700 milliamps of ground current would cause concern for Mr. Brown; however, he distinguishes ground current versus current passing through someone’s body.  Mr. Brown concludes that there is no specific level at which ground currents become a hazard. Rather, it is a matter of circumstance and exposure to individuals, animals, and communication lines.  It is found more likely than not, the demonstrated voltage on ground rods and water pipes, with the very low resistivity of soil indicates ground currents exceed concerning levels.

90. Mr. Brent is aware of Mr. Brown’s possible solution and acknowledges the possibility of a ground flow current between the B and C phases that surround the Altman property.  However, he contends that most return current is flowing on the neutral conductors of Public Service’s system.  The system is functioning correctly, so he opines that additional facilities would be redundant and needless expenditure of funds.

91. In this instance, Mr. Brown suggested a means to Mr. Brent that might alleviate the problem conditions observed at the Altmans’ home.  However, he is not certain whether it would decrease the ground current sufficiently to mitigate the effect of the ground currents on the Altmans and their home.

92. Mr. Brown’s concerns as to the Altmans’ property arise from the manner in which Phase C and Phase B separate into two different trenches.  Mr. Brown acknowledges that wiring problems, including violations of the National Electrical Code (NEC) can cause voltage problems and problems with the functioning of electronic appliances.

93. Ms. Tina Brusca was assigned the Altmans’ complaint, Exhibit 4.  She reports that the initial complaint made to the Company in December 2007 regarded EMFs.  Subsequently, an addendum was received in April 2008 to address stray voltage or stray currents.  See Exhibit 32. On cross-examination, she acknowledged that the complaint addressed EMF, ground current, and high-pitched noises. Exhibit 4.  Ms. Brusca was not familiar with any activity regarding the Altmans prior to her involvement in December 2007. Actions taken before the complaint was submitted to Ms. Brusca’s department are not reflected in the complaint tracking upon which Exhibit 32 is based.

94. Mr. Brent’s duties include reliability and power quality analysis for the Company’s southwest Denver metro operating area.  He also provides technical support and standards guidance to the design and construction departments, analyzes distribution system capacity deficiencies, and recommends any mitigation. See Exhibit 33.

95. Regarding reliability and power quality, he analyzes outage data to determine areas of focus for improvement and assists in other matters at the request of the service investigation group.  He also provides technical support for design and construction.

96. Mr. Brent describes how the Company supplies power to the Altman home.  Power travels from the Company’s substation at Kipling and Coal Mine through the three-phase feeder cables to the switch cabinet located on West Coal Mine Road, just northwest of South Quail Street.  The neutral is not insulated, but there is a tin coating on the bare copper concentric neutral.  See Exhibit 34.  The capacitor bank in the substation serving the Altman neighborhood is not grounded.  Two single-phase lines leave the switch cabinet and run in the direction of the Altman property to transformers.  Transformers step the voltage down from 7,620 volts nominally. The voltage wires then connect to a pedestal, at 11426 West Coal Mine Drive. From that pedestal, the service line goes to the meter location at the Altman home. The Altmans are served from the C phase.  There is a normal open in this loop at the transformer at 6597 South Robb Way. 

97. The distribution system in the Altmans’ neighborhood is typical and similar to those installed and other similar residential neighborhoods.

98. At the time that the distribution system depicted in Exhibit 34 was installed, its design and construction complied with the provisions of the NESC in effect at the time.  Mr. Brent was not aware of any manufacturer recommendations against the use of the cable in the type of soils that are in existence at the Altman property.

99. Public Service acknowledges that the initial complaint was received on December 27, 2007.  It was forwarded to Mr. Brent.  In response to the Altmans’ complaint filed in December 2007, Public Service checked amperage readings within the switch cabinet, transformer, and pedestal serving the Altmans’ home as well as the amperage readings on the grounding conductors within those facilities in order to determine whether any current was going into the ground from Public Service facilities.  See Exhibit 38.

100. Public Service found the readings to be relatively balanced between the phases and that the current in the earth was 0 to .5 amps.  Further, measurements of the current going into the transformer, exiting, and continuing on the single-phased line as well as current readings on the concentric neutrals within the transformer and on the ground rod driven within the transformer were found to be relatively low.  Measured current on the ground rods were .1 to .5 amps.  Measured current on the ground rod in the pedestal was zero amps.

101. Based upon consideration of all measurements taken, Mr. Brent concluded that the neutral conductor serving the Altmans’ home was functioning as intended.  There was very little current going through the grounding conductor.  He opines that if current were escaping from the neutral, then ground rod currents would have been higher.

102. After receiving additional complaints, Mr. Brent requested a comprehensive service investigation in May 2008, including installation of a recording meter to record voltage, amperage, power-quality information (including harmonics), and power consumption (including real, reactive power and power factor).  Public Service did not measure stray voltage.  A power factor gives an indication of the type of load (e.g., amount of inductive load) being used by the customer.  Mr. Brent concluded that Public Service’s system was performing very well.

103. Distortion, or harmonics, is a change of the waveforms caused by a nonlinear load (e.g., conversion of a  AC source to a DC source through rectification).  At very high levels, distortion can affect motors, causing overheating, and electronic equipment.

104. Public Service’s investigation looked at current distortion and current distortion caused by customers. Based upon relatively low load, Mr. Brent concluded there were relatively high levels of current distortion at the Altmans’ property, indicating some electronics were in use at the time of testing.  Voltage distortion average approximately 6 percent THD, with different harmonic content.  Voltage distortion at very high levels can affect other customers on the system.  Public Service acknowledges that distortion on the utility system is increasingly becoming a problem. When distortion or voltage distortion is found, Public Service can ask customers to filter their loads (i.e., filters on their nonlinear type of loads).  Distortion cannot cause stray voltage or stray current.

105. Based upon his investigation, Mr. Brent concluded that Public Service’s system would not have caused damage to the Altmans’ appliances.  He attributes failures to other problems (e.g., loose connections or miswired circuits).

106. Mr. Brent also describes the manner in which the two phases adjacent to the Altman property diverge to be a common practice. Illustratively, he points to other examples on hearing Exhibit 34 including 6676 South Oak Circle, 11092 West Cooper Drive, 11051 West Cooper Drive, 6532 South Pearson Court, 6522 South Pearson Court, 6514 South Pearson Way, 11142 West Cooper Drive, 11212 West Cooper Drive, and 11182 and 11162 West Cooper Drive.

107. There is a transformer adjacent to the Altman property.  On cross-examination, it was acknowledged that both of the loops adjacent to the Altman property are nearer to the beginning of the loops and necessarily would be carrying more current than other examples.  Current decreases as it passes through the transformers throughout the loops.  Corresponding, return currents (and any ground currents) would be all at the highest point at the beginning of the loops before reaching the transformer.

108. Mr. Duckworth contends that no judgment can be made based on proximity to other splits between phases in the neighborhood beyond the initial main transformer.  Additionally, there was no evidence presented as to other conditions affecting currents at the various locations identified by Mr. Brent.

109. Mr. Brent did not conduct any testing with reference to the .4 amps on the neutral conducted found by the Altmans with the power off because such a condition is a normal phenomenon within an electric system that does not give rise to any concern.

110. As to audible noises, Mr. Brent opines that underground facilities do not emit audible noises.   While transformers can “hum” the ones found in the area of the Altmans’ home are relatively quiet.

111. As an agricultural engineer, Mr. Stark applies engineering principals to biologic principals to plants, animals, and humans.  His specialty overlaps power and machinery, with structures and environment.  He has formal training and experience in terms of soil characteristics as applied to distribution systems, grounding characteristics, and structural components affecting the wires as well as electrical engineering, construction management, and agricultural engineering curriculum.  He has prepared papers related to stray voltage, stray current, or power quality, most of which have been in the area of rural and agricultural electrical demands and usage.  He has prepared technical papers related to electricity and electrical systems and presented them at IEEE and the American Society of Agricultural and Biological Engineers (ASABE) meetings.  His papers have been published in IEEE and ASABE peer-reviewed journals.

112. Mr. Stark has studied and taught stray voltage as part of a formal curriculum.  He teaches courses on power quality, how to investigate, diagnose, and mitigate issues related thereto.

113. Mr. Stark was retained to present testimony in this proceeding after performing a stray voltage investigation at the Altman property and evaluating materials provided in terms of code compliance, regulatory compliance, and his professional opinions regarding investigation equipment, investigation techniques, and mitigation techniques.

114. Mr. Stark was recognized as an expert within the scope of ordered pretrial disclosures as to stray voltage, stray current, harmonics, NESC, NEC, and his investigation.

115. Mr. Stark differentiated the terms stray voltage and stray current.  He defines stray voltage across points that humans or animals can simultaneously touch -- a special case of neutral to earth voltage.  In turn, neutral to earth voltage is the voltage between grounded metal objects connected to the neutral system and the earth.  He defines stray current as the current flow produced through a human or animal based on exposure to a voltage potential between two points that can reasonably be expected to touch.  The difference between the two is explained as voltage being the voltage potential between the two points the animal and human can touch simultaneously (the measure in Ohm's law) and stray current being the rate of flow of electrons that will move from human or animal and elicit the biological or physiological response.

116. Mr. Stark contends that the currents Complainant witnesses have attempted to describe would be considered neutral currents or ground currents.  Mr. Stark is not aware of any commission adopting standards not to be exceeded with reference to neutral currents or ground currents.
117. Mr. Stark opines that neutral to earth voltage is not harmful to humans because, by definition, it does not occur across two points humans can generally be expected to touch.  However, stray current can generally be harmful to humans.  Stray voltage and stray current can be harmful to humans at levels where scientific studies cause various different biological and physiological responses in humans or animals.  Some commissions have defined standards regarding stray current to be either 1 milliamp or 2 milliamps across a known given shunt resistor between points that a human and or an animal can simultaneously touch.  As to stray voltage, he states that commissions have determined that it was the current that people responded to from the voltage that they could touch.  Thus, current is the determining factor, while voltage is important in terms of the measurement.

118. Mr. Duckworth counters that the point to point measurements of voltage across possible points in the earth are step and touch potential measurements.  Such measurements do not capture the scope of the Altmans’ complaint.  Measuring voltage between two points, like on a wire, only measures voltage between those two specific points.  This measurement does not capture the varying plains of stray currents traveling through the earth in variation with soil resistivity.  

119. As ground current or earth current flow increases or decreases, the currents flowing back to the neutral system on to ground rods and neutrals in the system can create a respective change in neutral to earth voltage and stray voltage.  Mr. Stark contends that measuring neutral currents tells you nothing about stray voltage because Ohm's law defines that voltage equals amps times ohms.  If only amperage is known, neither voltage nor resistance can be determined.  If resistivity of earth were known,  stray voltage still could not be determined at a point because earth current and resistivity are not in the same units for impedance that are required in Ohm's law. 

120. Mr. Stark criticizes all measurements taken by witnesses testifying in support of Complainants’ case as not being neutral to earth voltage or stray voltage (except to a minor extent of Mr. Descour’s work).  Without specificity, Mr. Stark references requirements of other commissions, explaining:  “the public utilities commissions that have requirements require you to measure with a voltmeter across two points that humans and animals can reasonably be expected to touch; and if it exceeds a certain value of concern, redo that measurement with a shunt resistor.”
  Without having taking measurements using a shunt resistor, he contends that no stray voltage has been shown.

121. Mr. Stark opines that neutral conductors on either side of the Altman property are not undersized.  The neutral conductors are full size conductors, exceeding NESC standards.  Mr. Duckworth concluded that a majority of the return current on Phase B and/or Phase C is flowing back uncontrolled over the earth.   If that were the case, Mr. Stark opines that the current would be measurable at the ground rods on the Public Service system located at the pedestal transformer and switch cabinet serving the Altmans.  Thus, the absence of measurable current at the ground rods on the Public Service system indicates that a large degree of current is not flow back through the earth.

122. As to the Altmans’ property, Mr. Stark, conducted his own analysis. On August 26, 2009, he installed a recording meter and let that recording meter run continually through September 3, 2009.  See Exhibit 42.  He measured four channels, two of which were at Public Service’s transformer, one was on an outdoor faucet on the Altmans’ home, and one was at the Altmans’ swimming pool.  The first three channels were connected to a reference ground that was buried approximately 40 feet away from the closest underground utilities and grounds on the Altman property.  He also conducted a step potential survey on August 26, 2009 by measuring voltage between two rods installed three feet apart at various locations. Based upon his investigation, Mr. Stark concluded there were no stray voltage readings of sufficient magnitude to produce sufficient stray current sufficient to cause a physiological or biological problem.

123. Although Mr. Stark's consideration may show that current is not flowing back to the neutral at the transformer, it does not appear determinative as to the occurrence in the Altmans’ yard and their argument regarding flows between the phases.  As to the flows between phases, Mr. Stark acknowledges that there will be likely some very small amounts of current flowing between the two neutrals adjacent to the Altmans’ property, but that such a flow would be expected with a single-phase system.

124. Addressing soils and the impact on functionality of a neutral, Mr. Stark describes bentonite as a valued material that will minimize the magnitude of earth current flow.

125. During his investigation, Mr. Stark noticed other things at the Altmans’ home.  At the main service panel, he observed multiple code violations that are safety issues and have been identified nationally as common causes of in-facility stray voltage and stray currents.  See Exhibit 42 at 10.  Mr. Stark concluded that such violations are commonly reported by other investigators in the literature for stray voltage.  However, he described no attempt to isolate or identify the effect of those violations upon his investigation.  Also, it was not explained how such findings would impact measurements taken in the yard or while the power was turned off to the house.

126. Abandoned conductors can cause safety concerns because others might attach something to them not understanding that they were abandoned.  More directly related, he also testified that grounding conductors have been attached to the enclosure.  Those grounding lugs require that the paint be scraped before the wires are installed. He concludes there is a “high potential” that wires installed without scraping the paint are not making a good connection.  When those circuits are used, currents may be pushed through the earth to become earth currents.  There was no demonstration as to the existence, manner, and extent that wires were in fact installed without scraping the paint.  A review of the available evidence does not show the same.

127. To a central issue in the case, Mr. Stark explains that stray current can come from sources other than the utility system. He points out that customers’ wiring or a neighbor's wiring system are possible sources. Illustratively, if the neighbor’s wiring system has problems. A short circuit or ground fault can be forced through their grounding system in the earth causing stray voltage in the adjacent property.  However, he described no attempt to identify or isolate the existence of such causes in this matter.

128. Mr. Stark addresses claims regarding objectionable current flow applied in the NESC.  Without provided context or demonstrated applicability, he defined objectionable current based upon another IEEE publication, “IEEE 446.”  Based upon such reference, he contends the current flow and voltage has not been shown to be objectionable.

129. He then described the methodology to identify the source of stray voltage.  In his experience, commissions have delineated procedures, rules, and testing equipment.  When stray voltage is found, testing the system in various configurations narrows the source of the problematic current and voltage.

130. Mr. Stark criticizes data gathered by the Altmans using the Dranetz 4300 because the manufacturer’s specifications do not include acceptable accuracy at the common levels of voltages that are included or typically measured as stray voltage and stray current.  However, he did not explain the basis for his opinion, that the measurements were not consistent with other instruments, or the specifications of other instruments used by Public Service or witnesses presented by the Altmans.  He also opines that they did not use acceptable neutral-to-earth voltage measure points between a reference ground when doing stray voltage measurements simultaneously.

131. To assess stray currents, Mr. Stark measured stray voltage at points that he believed humans and animals could reasonably be expected to contact simultaneously. If measurements exceed problematic levels, then he would take measurements using a shunt resistor so that the current flow through the object could be evaluated based on that voltage level.  On August 26, 2009, Mr. Stark found no voltage touch potential or step potentials at any location rising to a level of problematic concern.

132. He further criticizes Mr. Duckworth as not having made use of current measurements on the neutral and grounded system directly.  Mr. Duckworth did not believe his instrument was a true RMS
 instrument.  Mr. Stark describes a true RMS instrument as one that will accurately characterize electronic analysis with harmonics included in them.

133. Mr. Stark acknowledges that Mr. Descour measured stray voltage at points humans or animals might contact; however, he apparently chose not to use the same distance points for his own measurements.  In any event, peak-to-peak values were reported, rather than true RMS values.  Converting from peak-to-peak to RMS values, Mr. Stark concludes the equivalent of a 1.36 volt measurement for Mr. Descour's maximum peak-to-peak measurement reported 3.85 volts on the water pipe.   However, Mr. Stark failed to address the fact that 3.85 was not a measured value.  Rather, such measurement means only that the actual value was at or above 3.85 volts.

134. Mr. Stark addressed claims regarding corroded neutrals.  If significant corrosion of the primary neutral had occurred to the extent argued, he would have expected to have measured much higher neutral to earth and stray voltage values in his investigation. 

135. Addressing the Altmans’ claims regarding direct current, he measured very low values of DC voltage and current during his investigation.
He attributes sources of problematic DC current, in terms of stray voltage and stray current, to include signals from other utilities, such as the phone company, the cable company, cathartic protection that failed, the metal pipeline system, the water system, the gas system, and equipment malfunctioning in a customer's home.

136. Addressing Mr. Duckworth’s measurement of 1340 milliamperes on the neutral conductor in the Altmans' power panel with the power off, he describes such measurement as typical.  He states that 300 milliamps to well over 1800 milliamps is a typical range of values. 

137. The Altmans’ measured current on the neutral to their home at well over 10,000 milliamps with the Dranetz 4300. 

138. Although Mr. Duckworth contends there should be a reading of 0.0 amperes power with the power turned off, Mr. Stark opines that such a reading would reflect a violation of either the NESC or the NEC, unless that customer had specifically been isolated from the multi-grounded neutral system.

139. Because the main breaker in the power panel only stops the hot conductors from energizing.  It does not interrupt the neutral system from the Public Service neutral.  Thus, one would expect current to flow on the multi-grounded neutral.  Grounded neutrals are not bonded.  Thus, any fault that happens has a lower likelihood of shutting the system down safely.

140. Harmonics are electrical signals, multiples of the fundamental 60-cycle frequency in an AC system that are superimposed on the sinusoidal waveform. High harmonics are those signals that exceed various standards that become problematic for equipment operation.

141. Mr. Stark found no transient spikes in the Altmans’ data, as described in IEEE 1159, over 180 percent of the nominal voltage.  He interprets what the Altmans call "transient spikes" to more correctly be called "swells."  Further, he describes swells are normal occurrences.

142. Addressing appliances, Mr. Stark points out that there are several potential causes for failure including improper wiring, bad connections, transient spikes, and high harmonic levels. 

143. Finally, Mr. Stark addresses proposed system modifications advocated by Complainants.

144. Except as otherwise provided by statute, the Administrative Procedure Act imposes the burden of proof in administrative adjudicatory proceedings upon "the proponent of an order."  § 24-4-205(7), C.R.S.  As to claims in the Complaint, Complainants are the proponent of the order because they commenced the proceeding and are the proponent of the order as to the Complaint.  Rule 1500 of the Rules of Practice and Procedure, 4 CCR 723-1.  Complainants bear the burden of proof by a preponderance of the evidence as to claims stated in the Complaint.  Section 13-25-127(1), C.R.S.; Rule 1500 of the Rules of Practice and Procedure, 4 CCR 723-1.  Public Service answered the Complaint and requested no further relief beyond dismissal.  The preponderance standard requires the finder of fact to determine whether the existence of a contested fact is more probable than its non-existence.  Swain v. Colorado Department of Revenue, 717 P.2d 507 (Colo. App. 1985).  A party has met this burden of proof when the evidence, on the whole, slightly tips in favor of that party. 

145. The Altmans request that Public Service be ordered to implement the recommendations of Mr. Brown and Mr. Duckworth and for recovery of expenses for their investigation and representation.

146. This is a matter of first impression at this Commission regarding ground current, stray current, or stray voltage.  This leads to confusion as battling experts present conflicting interpretation of differing measurements.  The views of the experts sponsored by each side conflict sharply with the other.  It is troubling in some aspects that experts seem to test and address different issues.  Finally, as to meeting burdens of proof, instances remain where no basis or support for conclusions advocated are available in the record.  The purpose of expert testimony is to assist the trier of fact to understand the evidence or determine fact in issue, rather than to tell the trier of fact the decision to be made.    Rule 702, C.R.E.  
147. Public Service’s distribution system in the Altmans’ neighborhood provides single phase power to homes.  Public Service owns the underground electrical distribution system used to supply electric service.  As is true for all of the homes in the Altman neighborhood, Public Service owns the service meter as well as the lines serving the homes.  Public Service has responsibility for its multi-grounded distribution system.  

148. Mr. Altman admits that they do not claim the original design of the distribution system serving their home was not in accordance with the NESC.  Public Service has shown that the system met the requirements of the NESC at the time it was installed.  In accordance with Rule 3200(c), compliance at installation of utility plant that was constructed or installed, and that is maintained and operated, in accordance with the NESC in effect at the time of its construction or installation shall be presumed to be in compliance with accepted engineering practice in the electric industry and Commission rules.  Notably, this does not negate Public Service’s responsibility for its operation and maintenance today.  
149. The Altmans have complained that Public Service violated provisions of the NESC in three particulars: 1) it violated Rule 92(D)(Grounding Methods for Electric Supply and Communications Facilities) set forth at Exhibit 16, p. 19, because it has allowed objectionable flow of current over the grounding conductors; 2) it violated Rule 215(B)(Grounding of Circuits, Supporting Structures, and Equipment) set forth at Exhibit 16, p. 65, because it has allowed the use of the earth normally as the sole conductor for a part of the circuit; and 3) it violated Rule 354(D)(2)(b)(Random Separation-Additional Requirements) set forth at Exhibit 16, p. 194, because the bare copper neutral conductor in contact with the earth is not of suitable corrosion-resistant material. T. Altman, Tr. 2, p. 41, I. 1 - p. 51, I. 20. The Altmans have failed to overcome the presumption that Public Service’s system complies with accepted engineering practice and Commission rules as to these alleged violations.

150. The Altmans contend the ground currents flow is objectionable because it is a “nuisance and significantly contribute[s] to the loss of use and enjoyment of their house.”

151. The NESC does not define the term objectionable.  Rule 92(D) is part of Section 9 of the NESC.  Consistent with the safety purpose of the NESC, the purpose of Section 9 addresses safeguards for employees and the public from injury caused by electric potential.  In context, the solutions to current flows specified for consideration in the rules are indicative of the condition intended to be addressed.  The solutions lead one to conclude that the problem addressed is multiple grounds at a customer premise, rather than the MGN.  Further, the rule at issue addresses objectionable flow on the grounding conductor caused by the use of multiple grounds.  Illustratively, it would not be a reasonable consideration to abandon or interrupt continuity for the only ground at the Altmans’ home.  The Altmans failed to show applicability to the circumstances at bar or a violation of Rule 92(D).

152. The Altmans admitted that they do not claim the original design of the distribution system was not in accordance with the NESC, failed to show that the design of Public Service’s system uses the earth normally as the sole conductor, or that the material installed violated the NESC. 

153. While not normally used as the sole conductor, a multi-grounded distribution network uses the earth as a parallel path for current returning to the transformer through a neutral and a ground, in addition to the copper cable.  By its very nature, a MGN system allows a certain amount of electricity to return to its origin through the earth after serving loads.  Thus, the presence of some ground current is normal and anticipated.  

154. The NESC reflects minimum standards and is not a design or construction manual.  Thus, engineering of the system installed in the Altmans’ neighborhood requires further consideration.    

155. Complainants attempt to state a claim based upon theories addressed in other states.  However, almost every, if not every, authority cited by Complainants address stray currents or voltage affecting the dairy industry (e.g., level of milk production). Illustratively, Michigan and Wisconsin have investigated concerns regarding acceptable levels of stray voltage based thereupon.  See e.g., 1996 Wisc. PUC LEXIS 32 (Wisc. PUC 1996) and 2003 Mich. PSC LEXIS 321 (Mich. PSC 2003).  

156. Based upon the demonstrated effect upon cattle, standards were adopted. Even the cited law review article proposing a uniform act to address neutral to unearth voltage only establishes uniform standards applicable “to all complaints brought by dairy farmers against power providers concerning the presence of neutral-to-earth voltage”  28 Val. U.L. Rev. 1111, 1154.  The Altmans failed to meet their burden of proof to demonstrate that such argued standards should be applied to their property.  

157. Mr. Brown explained that good engineering practices would include avoidance of running two phases together.  It is a natural occurrence that three phases, once separated, will attempt to balance between them.  If it is done, the engineer should beware of a potential problem where they fork and avoid unnecessary use of the earth as transmitting return currents.
158. As Mr. Brown summarized, ground current is more likely a nuisance than a problem in and of itself.  There is no injury shown affecting public safety from the demonstrated level of ground currents.  

159. Public Service serves in an area with corrosive and expansive soils via an aging unjacketed neutral conductor, the use of which is no longer acceptable practice in corrosive and expansive soil. It is even specifically noted in the NESC that experience has proven this to be problematic in many geographic areas.  

160. It is undisputed that the Altmans have no ability to evaluate the condition of Public Service’s distribution system.  Public Service has no ability to evaluate the condition of its buried distribution system without excavation.    

161. Mr. Brown explained that stray voltage and stray currents are both measurements of the same phenomenon because of their relationship defined by Ohm’s Law.  However, he distinguishes between measuring stray voltage and stray current.  Voltage measurements are taken between two abstract points that may or may not be relevant to the circumstance. If there is current flow through the property, there will be a gradient of voltage across the yard to the other side.  There's not a polarity to it per se.  The polarity is constantly changing.

162. The Altmans have met the burden of proof to show that unusual and atypical ground currents are unnecessarily flowing across the Altman property and through their house returning to Public Service’s system. Public Service failed to take reasonable engineering considerations to avoid such unnecessary ground currents in the design and construction of the distribution system under the circumstances present.  The circumstances affecting the Altmans’ property are unique.  They have shown the perfect storm for ground currents affecting their home.  

163. The Altmans’ home is located nearest the beginning of two phase loops (where current is at its greatest) that approach transformers near their property at 7620 Volts.  The two phases then fork along the back and side of the Altman property to serve other properties.  

164. There is no indication of Public Service efforts to avoid unnecessary ground currents under conditions where it knew or should have known the likelihood that atypical ground currents would occur.  Where one would expect to see no voltage, significant voltages are being measured between copper pipes buried in the Altmans’ yard and on their water pipes, indicating the presence of ground current.  Soil in the Altmans’ yard is corrosive and resistivity is extremely low.  Analysis of soils was conducted in 1994 before the Altmans’ home was constructed.  By constructing its system without consideration of the soil conditions at the property, Public Service must bear the risk of such standardized design.

165. Mr. Brown describes concerns regarding the system design and recognizes the splitting of the two phases at the Altmans’ property to be a potential problem.  Based upon the evidence presented, the Altmans have shown Public Service failed to engineer the distribution system to avoid unnecessary ground currents associated therewith.

166. More likely than not there is substantial corrosion on the unjacketed neutral near the Altman home.  The cable is more than halfway through its estimated useful life without regard to being buried in corrosive soils that shorten the life and lessen carrying capacity over time.  While Public Service contends there is no corrosion, it is clear they cannot know this as they did not dig up the cable to inspect it.

167. Without regard to whether the corresponding ground currents flow as a result of corrosion on the neutral or systematic attempts to balance load among the two phases, the stray voltage measured on the Altmans’ property is significant and is more likely than not emanating from Public Service’s system.

168. Having met the burden of proof, in part, the burden of going forward shifts to the Company to refute this showing. 
169. Public Service’s arguments that the Altmans’ concerns arise from issues on their side of the meter are unconvincing. First, it has not been explained how such matters would have affected currents through various points in their yard. Additionally, the best way to have verified or demonstrated such an argument would have been to disconnect Public Service’s facilities from the Altman home; however, this Public Service refused to do.  Only Public Service can modify or affect its systems for testing purposes.

170. The effect of ground current that Mr. Brown describes as a nuisance differs from issues as to touch potential.  Even as an annoyance, the Altmans are helpless to mitigate the atypical stray currents demonstrated on their property because they do not have the ability or access to affect currents flowing through their home and yard back to Public Service’s transformer without regard to cost.

171. The arguments of Mr. Stark as to the worthlessness of any measurements taken without a shunt resister are specifically rejected.  As analyzed by the Michigan Public Service Commission, a shunt resistor equates to an assumed value for the resistance of the animal (in ohms). 2003 Mich. PSC LEXIS 321 (Mich. PSC 2003).  In other states addressing the issue, there was substantial debate as to the varying resistivity of cattle.  However, there has been no basis to show the equivalent resistance of all human beings.

172. To the extent that relief is granted, Public Service contends it would be inappropriate for the Commission to order any specific mitigation efforts. With this, the undersigned agrees. Public Service has the responsibility to operate and maintain its distribution system.  It is similarly Public Service’s obligation to reasonably engineer its distribution system to mitigate excessive unnecessary ground currents caused such system.

173. Consideration as to any alternative requested relief has been considered and is denied.

174. In accordance with § 40-6-109, C.R.S., it is recommended that the Commission enter the following order.  

II. ORDER  
A. The Commission Orders That:
1. The Complaint filed by Tom Altman and Hanna Altman is granted in part.  

2. Public Service Company of Colorado is ordered to mitigate unnecessary ground currents flowing across and through the Altmans’ property located at 6402 South Robb Court, Littleton, Colorado, 80127  to the extent practicable through the application of good engineering practices based upon the facts and circumstances present at the property, as found above. 

3. Docket No. 09F-505E is closed.

4. This Recommended Decision shall be effective on the day it becomes the Decision of the Commission, if that is the case, and is entered as of the date above.  

5. As provided by § 40-6-106, C.R.S., copies of this Recommended Decision shall be served upon the parties, who may file exceptions to it.  

If no exceptions are filed within 20 days after service or within any extended period of time authorized, or unless the recommended decision is stayed by the Commission upon its own motion, the recommended decision shall become the decision of the Commission and subject to the provisions of § 40-6-114, C.R.S.  

If a party seeks to amend, modify, annul, or reverse a basic finding of fact in its exceptions, that party must request and pay for a transcript to be filed, or the parties may stipulate to portions of the transcript according to the procedure stated in § 40-6-113, C.R.S.  If no transcript or stipulation is filed, the Commission is bound by the facts set out by the administrative law judge; and the parties cannot challenge these facts.  This will limit what the Commission can review if exceptions are filed.  

6. If exceptions to this Recommended Decision are filed, they shall not exceed 30 pages in length, unless the Commission for good cause shown permits this limit to be exceeded.
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Doug Dean, 
Director
	THE PUBLIC UTILITIES COMMISSION
OF THE STATE OF COLORADO


G. HARRIS ADAMS
________________________________

Administrative Law Judge
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� Mr. Altman points to Exhibit 30, Colo PUC No. 7 Electric, Original Sheet R104.


� Basement measurements were between the ground in the basement and water pipe.


� Mr. Stark prepared a very simplistic multi-grounded neutral system.  See Exhibit 41.


� Bare concentric neutrals are non-jacketed copper wires in direct contact with the earth.


� Also, in his experience, Public Service typically runs fewer feeders per transformer (normally four feeders, instead of six to eight like most utilities) resulting in much higher loads.  This is one factor he believes contributed to the higher failure rate.  However, based upon information provided by the Company, loads at issue herein were characterized as fairly low and not near the thermal limits.


� A shunt resistor is an electrical resistor placed parallel with the voltmeter leads.


� RMS is an acronym for “root mean square.”
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