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NOTICE OF FILING OF STAFF’S
REPORT AND RECOMMENDATION

COMES NOW, the Staff of the State Corporation Commission of the State of Kansas
(Staff and Commission, respectively), and hereby files its Report and Recommendation in the
above consolidated complaints regarding the required use of Advanced Metering Infrastructure
(AMI) Digital Electric Meters. Staff conducted additional inquiry regarding claims raised by the
five most recent Complainants (Joining Complainants). This inquiry primarily centered on: (1)
supervised installation of AMI meters, (2) causal links between AMI meters and structural fires,

and (3) cyber-security threats related to remote disconnection of electricity to customers.



Staff’s attached Report and Recommendation supplements and adds to its previous
recommendations. Staff recommends that Westar Energy, Inc. (Westar) and Kansas City Power
& Light Company (KCP&L) provide an annual report to Staff of any structure fires involving
AMI meters. These reports should include a failure analysis regarding fires that are thought to
have been caused by utility equipment. Additionally, Staff recommends that all AMI meters
installed after the date of the Commission’s Order in this docket be equipped with temperature
sensors. Finally, Staff recommends that Westar and KCP&L immediately include the use of a
go/no go tool to test the quality of meter bases during routine meter testing, in the event a
temperature alert is triggered (e.g. temperature exceeds 185°F) and during meter change out
programs.

WHEREFORE, Staff submits its Report and Recommendation for Commission review

and consideration, and for any other relief the Commission deems appropriate.

Respectfully submitted,

[s/ Robert Elliott Vincent

Robert Elliott Vincent, S. Ct. #26028
Litigation Counsel

Kansas Corporation Commission
1500 S.W. Arrowhead Road

Topeka, Kansas 66604

Phone: (785) 271-3273

Fax: (785) 271-3167

E-Mail: r.vincent@kcc.ks.gov

Attorney for Commission Staff
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REPORT AND RECOMMENDATION
UTILITIES DIVISION

TO: Chairman Jay Scott Emler
Commissioner Shari Feist Albrecht
Commissioner Pat Apple

FROM: Casey Gile, Energy Engineer
Leo Haynos, Chief of Utility Operations & Pipeline Safety
Jeff McClanahan, Director of Utilities

DATE: September 15, 2016

SUBJECT:  15-WSEE-211-COM; 15-KCPE-265-COM; 15-KCPE-474-COM; 16-
WSEE-066-COM; 16-WSEE-365-COM; 16-WSEE-392-COM; 16-
WSEE-396-COM; 16-WSEE-397-COM; 16-WSEE-404-COM: In the
Matter of the Consolidated Complaints filed Against Kansas City Power &
Light and Westar Energy Regarding the Required Use of Advanced
Metering Infrastructure Digital Electric Meters

EXECUTIVE SUMMARY:

The Commission has received multiple Formal Complaints from residential customers of
Westar Energy (Westar) and Kansas City Power & Light (KCP&L) (or collectively
referred to as the Utilities) regarding the installation of Automated Infrastructure
Metering devices (“AMI” or “Smart Meters”). Staff filed a Report and Recommendation
(R&R) on January 15, 2016, in this Docket that addressed issues raised by four
Complainants that were consolidated in the Docket at that time. The issues previously
addressed include: radio frequency and electromagnetic fields emitted from the meters
causing health problems; security of Complainants’ Personally Identifiable Information
(P1); and the desire to opt-out of the installation of the AMI meters. After the initial
R&R was issued, additional customer complaints were received by the Commission,
which were consolidated into the previous Docket. The most recent complaints raise the
same issues as those addressed in Staff’s previous R&R and they raise new concerns
related to AMI meters that Staff has not addressed. After reviewing the most recent
complaints, Staff wishes to supplement its R&R to address the following allegations and
concerns raised in the most recent complaints:

e The installation of the AMI meters are not supervised directly by the Utilities and
are not inspected once installed by city code inspectors;
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e AMI meters are the cause of structural fires; and
e The possibility of a cyber-security threat related to remote disconnection of
electricity to customers.

After conducting additional discovery pertaining specifically to these new complaints,
Staff believes there is no state or local regulatory requirement for the inspection of the
AMI installation. AMI meters are installed by the Utilities or their contractors that
historically have exhibited the necessary expertise to perform this function. Staff agrees
with the Complainants that electric meters are one of the many electrical components that
may be involved in house fires. However, Kansas data indicates this tendency applies to
analog meters as much as it applies to the digital AMI meters with radio transmitters.
Because AMI meters are a relatively newer technology, Staff recommends the
Commission request the Utilities to report any fires to Staff where an AMI meter is
considered to be involved in a fire or is considered to be a point of ignition. Ifatrend in
AMI meter related fires develops, Staff will recommend further investigation in to the
matter at that time. Staff’s research indicates a probable cause of fires associated with
electric meters is a loose connection between the meter and the customer’s meter base
plate. Therefore, Staff also recommends the Utilities perform a test of the meter socket
gap whenever a meter is pulled by the Utilities. Regarding the concern posed by
unauthorized access to a customer’s meter, many of the Utilities” AMI meters provide the
option for the Utilities to remotely disconnect a specific customer’s service. With this
ability to single one customer out of many, the possibility of PIl exposure seems inherent.
Staff believes its original recommendation to require the Utilities to modify their tariffs to
include the Utilities’ obligations to protect its customers’ PIl adequately addresses this
issue.

ANALYSIS

Installation and Inspection of Installation of AMI meters: In general, the Utilities are
responsible for installing and operating metering equipment and the adequacy of all
utility operations are subject to review by the Commission.® Historically, the
Commission has not required the Utilities to provide company personnel to directly
observe the actions of their contractors. Staff has no evidence that would suggest the use
of professional contractors to install AMI meters has resulted in unsafe or poor quality
installations. Previous analog meter installations required no such inspections or
oversight. As part of this Docket, Staff has reviewed the Utilities’ training procedures for
AMI meter installations (see Appendix A). Staff believes the summary of the training
procedures in Appendix A demonstrates the Utilities have a solid training program for
their contractors and employees regarding meter installation. We note, however, the
training programs and meter replacement procedures only require a visual inspection of
the meter base plate. While such an inspection will determine any visually detectable
wear or arc burns to the meter socket, it does not test the spring tension of the meter
socket.

! See K.S.A. 66-101h.



AMI Meters Causing Structural Fires: There have been reports posted on the internet of
utilities replacing large quantities of AMI meters due to customer concerns about the
meters’ involvement in structure fires. Landis+Gyr and Sensus” are some of the major
manufacturers of AMI meters that have come under scrutiny for providing metering
equipment that allegedly have been involved in fires.® Both of these companies seem to
have done their due diligence in ensuring a safe product is being supplied. Landis+Gyr
partnered with TESCO, an industry leader in electric meter testing and products, and
performed a series of tests to demonstrate other maintenance issues are often what lead to
fires in meter boxes.* Due to incidents where AMI meters manufactured by Sensus were
reported to have started fires, Saskpower, a public utility in Canada, recalled over
100,000 AMI meters to further investigate the quality of the meters. Further testing
found the meters passed the Underwriters Laboratory (UL) testing standard and the UL
test confirmed that the Sensus meters were not the cause for the fires.> Other electric
utilities have seen both success and failure in the deployment of AMI devices in the
subtext of meter fires. Successes have been attributed to proper training of installers and
performing the necessary maintenance on meter boxes at the time of installation.® Staff
notes all Westar AMI meters are equipped with temperature sensors that provide alarm
capability through the third party contractor then back to the meter data management
system, if the meter’s temperature exceeds a set point of 185 degrees Fahrenheit. After
the alert has been issued to Westar, a brief investigation is conducted on the history of the
particular meter and, if no known issues are seen, a ticket is produced for an inspection of
the meter. To date, none of the Westar AMI meters have indicated an abnormal operating
temperature.” KCP&L has temperature sensors on approximately 15% of the smart
meters that they have installed.®

Occurrence of Electrical Meter Fires in Kansas: A recent report has been published by a
local Kansas City area news channel that smart meters could be the source of fires in the
Kansas City area.? The news report notes that KCPL has had 6 “problems” with smart
meters that have been installed and that the wiring to the meters is often the issue. To
understand the significance of electric meter related fires, Staff reviewed Kansas data
from 2012 to 2016 from the National Fire Incident Reporting Service (NFIRS). NFIRS is
a national database that collects data from individual fire departments as to the cause of
fires. For that time period, NIFRS reports there were 32 incidents in the Utilities’
operating areas where the meter or the meter box was considered to be the cause of
structure fires. Notwithstanding the following discussion, Staff believes it is important to
note there have been very few meter fires (analog or AMI meters) in relation to the

2 https://takebackyourpower.net/smart-meter-fire-risk-liability-is-undeniable-and-unprecedented/

% http://www.chc.ca/news/canada/saskatchewan/saskpower-to-remove-105-000-smart-meters-
following-fires-1.2723046.

* Response to Staff Data Request to Westar No. 15C.

5 http://www.greentechmedia.com/articles/read/sensus-smart-meters-pass-ul-safety-tests-but-fire-
concerns-remain.

® See Staff Report to the Commission re: ComEd Smart Meter Fires, Illinois Corporation Commission,
p. 12 (Aug 28, 2013).

” Response to Staff Data Request to Westar No. 20.

® Response to Staff Data Request to KCPL No. 16.

% http://www.kshb.com/news/local-news/investigations/kcmo-smart-meter-fire-sparks-investigation.
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Comparison of NFIRS Data on Meter Fires to Utility Data (only AMI meters)

NFIRS NFIRS Reported Type of
Date of Cause AMI Westar Reported Cause KCPL Reported
Fire meter Cause
1/31/2015 Meter box wiring Landis+Gy -- Not related to
r meter.*
1/9/2015 Wiring from Meter Landis+Gy -- Not related to
Box to Circuit r meter.*
Breaker
7/22/2014 Wiring from Meter Landis+Gy Meter not energized on date of -
Box to Circuit r fire.
Breaker
11/27/2014 Meter/Meter Box Elster Breaker box caught fire. -
7/27/2015 Meter/Meter Box Elster Not related to meter.* -
3/3/2015 Wiring from Meter Elster Meter removed after fire; no -
Box to Circuit record of cause of fire.
Breaker
8/15/2015 Meter/Meter Box Elster Meter removed after fire; no -
record of cause of fire.

*Meter still in operation after date of fire.

number of customers served by the Utilities. For the 32 addresses in the NFIRS report,
Staff asked the Utilities to review their respective records in order to determine the type
of meter installed at the date of the fire and determine if the Utilities agreed with the fire
departments’ investigative results. For AMI meters, that comparison is as follows:

In addition to the AMI meter reports noted above, Staff also reviewed all NFIRS reports
for electric meter fires. Staff’s analysis of the NFIRS data indicates electric meters
(analog or AMI) or the electric meter bases are at times involved in fires caused by some
type of electrical fault. But, there is no direct correlation to indicate fires associated with
AMI meters are more prevalent than other types of electrical fires. What is noticeable to
Staff in the Utilities’ data is the lack of a failure analysis associated with electrical fires
involving utility equipment. For 2012 to 2016, NFIRS reported 26 Westar meters as
involved in structure fires that were thought to be caused by an electric distribution
system. Westar was notified of and responded to 19 of the NFIRS reported fires. In
some cases, Westar’s notes state that Westar facilities were not involved. In the
remaining cases, there is no indication as to the cause of the fire. There is one case in
which Westar’s notes state, “arcing meter can-house fire cut wire at house” for an address
served with an analog meter, but there is no analysis of the cause of the fire. Westar
confirmed that five of the meters (19% of the total) installed at the date of the NFIRS-
reported fire were AMI meters. Of those five meters, Westar records indicate only two
may have been involved in a fire. Again, for those two meters, the records do not state the
cause of the fire.

For KCP&L, NFIRS reported two fires associated with addresses where an AMI meter
was installed. In both cases, KCP&L records indicate the meter was not involved in a
fire. For all of the NFIRS-reported fires in KCP&L’s operating area, KCP&L has records
of responding to either fire department requests or customer service requests for the six
listed addresses, but there is no analysis in KCP&L records as to the cause of the fire.
Staff notes one KCP&L record states there was a “fire in the meter can” for an electronic




non-AMI meter, but the record does not provide an analysis as to the meter being the
cause of the fire.

Maintenance of Meter Bases: While the AMI meters that are being installed in the
Utilities’ territories are all new, customer-owned meter bases in which the meters are
connected are typically original equipment installed when the house was built. These
meter bases can vary in age and size depending on the vintage of construction. In other
words, a meter and meter base could have been joined for the past thirty to forty years
and now they are being separated with a new meter installed into the old meter base.
Even with the training and installation procedures that are in place, the Utilities are likely
to encounter unforeseen circumstances that may result in slight modifications to their
installation procedures. Maintenance of the meter bases has been found to be a common
problem associated with meter fires. Staff’s research into this matter raises the possibility
that fires associated with electrical meters could be the result of micro-arcing between the
meter stabs and the meter socket of the base plate. A detailed study of this phenomenon
is attached as Appendix B to this R&R. This study is provided by TESCO, an electrical
supply company that specializes in meter testing and products. The study states, “AMI
deployments have made hot sockets a front page issue, as removing a meter from an old
socket and forcing a new one in can actually create a problem. However, the deployments
are also an opportunity to observe and flag sockets that are potentially dangerous.”*°
TESCO has developed a tool to evaluate the condition of the meter socket jaw. Based on
the evidence presented in the TESCO study, Staff believes the use of a go/no-go tool** to
determine if a particular meter socket jaw is compromised would result in a more reliable
examination of a meter base plate than the visual inspection currently performed by the
Utilities. Because the use of this tool is a relatively simple test of the condition of the
customer’s meter base plate, Staff recommends the Commission order the Utilities to
perform this test as part of their routine meter testing or meter change out programs. For
any AMI meters equipped with a temperature sensor, Staff recommends such a test if the
Utilities receive an alarm indicating the meter temperature has exceeded 185°F.
Furthermore, Staff recommends that all future AMI meters be equipped with temperature
sensors to provide a temperature condition report on the meter’s operation.

Security of Complainant’s PII: As noted in Staff’s previous R&R, we believe
cybersecurity is of the utmost concern to the Utilities and they demand similar efforts in
their contracts with their third party providers. We recommended the Utilities institute
formal procedures to test on a regular basis the security of the third party providers to
assure they are meeting their contractual obligations to the Utility, and we recommended
the Utilities modify the general terms and conditions of their respective tariffs to codify
the obligation to protect customers’ PIl. In one of the recent complaints, an additional
concern was raised about the risk of an outside party getting through the Utilities’
security system to cause widespread disconnections of customers’ electric service. As
noted in our previous Report, AMI meters have the capability of remotely disconnecting
customers when necessary. When this situation arises there is one command given from

10 See Appendix B.
Y hitp://www.tesco-advent.com/equipment-300-hot-socket-gap-indicator.html.




the Utility to the third party service provider to disconnect the one specific customer. At
that point, the service provider sends the necessary signal to the meter to disconnect
service. There is no customer Pl sent to the third party service provider to accomplish
the isolated disconnection.

If a cyber hacker was able to send the appropriate code to disconnect a customer, it is
unlikely such an approach could be used to cause a mass denial of electric service
because such an unusual approach would be recognized by the service provider and
verified with the Utility. As noted in our previous R&R, Staff recommends the Utilities
institute formal procedures to test on a regular basis the security of the third party
providers to assure they are meeting their contractual obligations to the Utility to protect
against unauthorized cyber access.

CONCLUSIONS

In conclusion, the Complainants expressed concern with the proper installation of the
AMI meter and inspection of that installation. Staff believes that through the appropriate
training procedure, the Utilities have laid the foundation for competent installers of the
AMI meters. Additional inspection of a meter installation has never been required in the
past and Staff sees no need to change that precedence.

The Complainants also raised a concern regarding AMI meters being the cause of
structure fires. Given the discrepancies between the NFIRS data and the Utilities’
records, and the lack of analysis on the part of the Utilities as to the cause of a fire that
involves utility equipment, Staff believes there is insufficient data from both fire
investigators and the Utilities to determine the definite source of the NFIRS-reported
meter related fires. Owing to the unclear data that is present, Staff recommends that
Utilities perform a root cause analysis on any fire of which they are notified that is
thought to involve Utility facilities. Furthermore, Staff recommends the Utilities file an
annual report with Commission Staff that provides an analysis of fires associated with
electric facilities. Over time, this approach will provide the Commission the information
necessary to evaluate whether there is a risk of fires caused by AMI meter installations in
Kansas. This approach, combined with remote monitoring of the AMI meters’ operating
temperature and the use of a tool to evaluate the meter socket jaws, will develop a
sufficient operating history of this technology and minimize any threats from meter
related fires.

Lastly, the Complainants raised a concern regarding the threat of a cyber hacker causing
widespread electrical outages by remotely disconnecting customers’ electric service.

Staff believes our original recommendation to require the Utilities to institute formal
procedures to test on a regular basis the security of the third party providers to assure they
are meeting their contractual obligations to the Utility regarding cyber security will
adequately address this concern.



RECOMMENDATION:

In Staff’s Report and Recommendation filed on January 15, 2016, in the Consolidated
Docket, Staff listed three recommendations for the Commission’s consideration. At this
time, Staff wishes add the following recommendations:

e Annually, the Utilities should provide a report to Staff of any structure fires
involving AMI meters.

e The report should include a failure analysis from the Utility as to the cause of a
fire that is thought to be caused by the Utilities” equipment.

e All AMI meters installed after the date of the Commission’s Order in this Docket
should be equipped with temperature sensors.

e The Utilities should immediately include the use of a go/no go tool to test the
quality of the meter base during routine meter testing, whenever a temperature
alert is triggered showing the meter to be over 185°F and during meter change out
programs.




A HD SUPPLY METER INSTALLATION PROCESS

VERIFY LOCATION

* Verify the address using the hard copy route sheet

 Match the location with the record on Handheld Data Collector to avoid "swapped" account
billing problems

PREPLANNING AND SPECIAL INSTRUCTIONS

* Check route work orders for any special instructions (aggressive dogs, a possible medical
situation, knock before accessing, etc.)

* Plan a route out on the map

* Load vehicles and complete the daily inventory reconciliation

PPE SAFETY CHECK
» Perform PPE check and verify inventory for all required PPE
* Perform daily vehicle check

AWARENESS OF HAZARDS
» When approaching a residence, for safety, check the house/business and yard for signs of
animals and/or damage to the meter.

NOTIFY THE CUSTOMER

* Perform the customer instruction process

o Knock on the door, wait a minimum of 30 seconds, taking notice of the surrounds. i.e. if
there is a wheel ramp, handicap sign, etc wait a little longer at the door before proceeding.

e Use GPES provided “AMI meter” script.

* Notify the customer that there will be a short interruption of electric service

« Inquire if appliances/electronics are in use and ask the customer to turn them off

« If there is no one home, and there is access to meter, proceed with changing meter out

VERIFY METER TYPE AND ID

* Enter the existing meter serial number in the handheld device

* Verify that the existing meter serial number and form matches the existing meter serial number
and size in the database

* If the existing meter serial number does not match, verify the address

* If serial number still does not match, call the Supervisor for further instruction

« Perform visual inspection

* Prior to project start date HDS and GPES will determine agreed upon parameters in

which HDS is not to perform a meter exchange. (service damage, diversion, etc)

o Note of the existing seal color. If it is a white medical seal don’t exchange the meter
and send to GPES as a skip. GPES to provide the standards document on the seal
colors

» Perform a technical review of the meter, the service, and the meter box before commencing with
the exchange

* Look over the meter and service for signs of arcing

* Record appropriate condition into handheld device

» Contact your Supervisor for support

« If there is evidence of diversion (illegal modification of the meter that allows un-metered
electricity to the facility), call supervisor immediately for guidance



REMOVAL OF THE OLD METER

*Enter the meter read in the handheld

Using handheld, take an image of old meter in service

» Using the proper procedures and PPE equipment, remove the old meter. (one at a time)

INSTALLATION OF THE NEW METER

» Using the proper procedures and PPE equipment, install the new meter. (one at a time)
* Install meter ring and seal, seal the meter with the same color seal that was found

« Using handheld, take an image of the new meter in service

VERIFY THE METER OPERATION
« Verify that the meter powers up, passes self check, and displays correctly

PERFORM DATA COLLECTION

* Record meter installation data including meter and transmitter serial

number, old meter out read, and other data into the handheld Data Collector

« Record locations that have any predefined problems with the proper trouble code
e Record the GPS coordinates

CHECK THE SITE
* Ensure tools and any debris are removed
* Close any doors or gates upon leaving























































































TESCO Hot Socket Gap Research

and the use of this data in the development of tools for the early
detection and handling of dangerous field conditions

Table of Contents

PART 1: Introduction
“There is a growing need for devices that provide early detection of problematic [hot
socket] conditions prior to catastrophic failure.”

PART 2: Observations from the Field
“The damage on the meters produced by controlled arcing was indistinguishable from the

damage on most burnt meters returned from the field.”

PART 3: Conditions for Arcing
“...our minimum vibration threshold capable of producing arcing can be obtained quite
easily and often if meter boxes are placed near highways, near washers or dryers, or

even near a frequently traversed walking area.”

PART 4: Characteristics of Socket Jaws
“...when preheated to 700 degrees Fahrenheit (about 370 Celsius), we repeatedly
observed a rapid decay to zero pounds insertion force, within the first two or three

insertions”

PART 5: Hot Socket Gap Indicator (HSGI)
“Field technicians using the tool reported that egregious faults such as blackened or pried
jaws were easily visually identifiable without the tool; however several visually normal

jaws failed the HSGI test and upon further inspection were deemed unusually weak.”

PART 6: Conclusion
“The tool is in the first line of defense, along with operators who have an understanding of

what to look for to identify hot sockets”

TESCO - The Eastern Specialty Company
925 Canal Street - Bristol, Pennsylvania 19007 - Phone: (215) 785-2338 - Fax: (215) 781-0508
www.tesco-advent.com



PART 1: Introduction

The deployment of new AMI meters has resulted in an increase in the occurrence of fires
reported at the meter box. Initial concerns are whether these fires were caused by meters or
meter sockets or something else. Our laboratory investigation could find no indication of fires
being caused by the meter. Empirical investigation revealed a variety of sources in the meter box
including loose or broken connections, bad or missing insulation or other electrical hazards. The
most common cause and the symptom most commonly supported by the evidence was heat
generated at the meter socket jaw to meter blade interface. The cause of this heat source is a
worn meter socket jaw. A compelling need for early detection devices and inspection processes
to identify dangerous field conditions prior to catastrophic failure was quickly identified.

Of the potential causes for temperature rise, energy dissipated as heat due to contact resistance
seemed likely; however our research showed that the temperature rise generated by contact
resistance is not sufficient to cause the significant meter deformation observed in the field.
Instead, electric arcing across small gaps between meter stabs and compromised socket jaws
was found to be the source of the elevated temperatures and eventual destruction of meters
which failed catastrophically. Compromised jaws were further defined through lab experiments to
be jaws whose required insertion force (of the meter stab) is significantly less than that of a
standard socket jaw. A threshold of 3 to 5 pounds of force per jaw was found to be the threshold
between safe and unsafe conditions.

Conditions required to create these situations are not unusual in typical residential meter
installations once a meter has been inserted into a box that has a compromised socket jaw.
Elevated temperatures can be created under typical, residential power consumption levels. As arc
temperatures can approach 11,000 degrees Fahrenheit (about 6,100 degrees Celsius), they allow
for a relatively fast heat transfer from the arcing location (meter stab) to internal components of
the meter. We were able to repeatedly simulate these conditions and results in our lab, on a
variety of meters. We then observed and tested a variety of socket jaws, and determined that
insertion force is a measurable parameter that differentiates good jaws from jaws that create hot
socket conditions. Some compromised meter socket jaws were readily identified by visual
inspection while others were not. A go/no-go tool was designed based on the lab data to
determine if a particular meter socket jaw was compromised or not.

This paper aims to:

1) Support the theory that most meters damaged by heat were likely exposed to arcing at the
socket jaws.

2) Demonstrate conditions that facilitate arcing in meter sockets

3) Suggest characteristics of socket jaws that can be used as indicators of conditions that
facilitate arcing and the destruction of meters.

4) Explain the tool we developed that indicates a potentially dangerous socket jaw.
5) Discuss what can be done to leave the installation safer than when you found and identified
the dangerous socket jaw.
PART 2: Observations from the Field
Some of our research was funded by large investor-owned utilities and some was funded by

meter manufacturers. This paper is based solely on data from the research performed in
conjunction with the meter manufacturers. No Utility data is used as part of this report.

TESCO - The Eastern Specialty Company
925 Canal Street - Bristol, Pennsylvania 19007 - Phone: (215) 785-2338 - Fax: (215) 781-0508
www.tesco-advent.com






Figure 2. Temperature Rise at Meter Stab with Controlled Arcing
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Anecdotal evidence from the field showed that the same pitting and roughening of the

corresponding meter jaw socket could also be seen. Our study of collected sockets is covered in
Part 4.

PART 3: Conditions for Arcing

Paschen’s Law suggests arcing will occur at certain gap sizes between two plates at different
voltage potentials. Based on research conducted by German physicist Friedrich Paschen, the
breakdown voltage necessary to create an electric arc between two electrodes is a function of air
pressure and gap distance.

Theoretical calculations suggest that if arcing was indeed causing hot sockets, we would expect
about an .015 inch gap present between a compromised socket jaw and meter stab (see
calculations in Appendix 1). This size gap can be present in exceptionally loose jaws, or ones
with obstructing debris. We found that gap size and a potential differential between the electrodes
(meter socket jaw and meter blade) were necessary but not sufficient to induce arcing. Two
additional elements were required; nominal current and a catalyst. The nominal current was
found to be more than 10 mA (the amount of energy required to simply power the meter from the

line side of the service) and 0.25 amps (the lowest current tested other than just the electronics
on the meter).

We were able to demonstrate repeatable arcing and resulting temperature rises when we applied
moderate levels of vibration to a jaw and stab connection with this size gap, under otherwise
normal power conditions. This is when we began to produce damaged meters in our lab that

appeared very much like the meters removed from hot sockets, specifically the appearance of the
pitting on the surface of the stabs.

TESCO - The Eastern Specialty Company

925 Canal Street - Bristol, Pennsylvania 19007 - Phone: (215) 785-2338 - Fax: (215) 781-0508
www.tesco-advent.com



Vibration was used as a catalyst to the arcing and to sustain the arcing. In a steady state
(constant power, no vibration), an arc will quickly deform the plated-copper on both the meter and
stab, creating conductive and non-conducive features. The difference in height between the
peaks and valleys of these features can be in the same size range as the gap that allowed the
arcing, illustrated in Figure 3. These features would either help or hurt sustaining the arc beyond
our control, as they could open or close the gap in a way. WWhen we opened the gap slightly, and
introduced vibration (opening and closing the gap at a fixed frequency), we were able to
consistently sustain the arcing to durations that would cause significant meter damage. This led
us to hypothesize if and how this could occur outside the lab. We quickly found our minimum
vibration threshold capable of producing arcing can be obtained quite easily and often if meters
are installed near highways, near washers or dryers, or even near a frequently traversed walking
area in frame construction homes.

Figure 3. Size of Surface Features from Arcing on a .094 inch (2.39mm) Thick Meter Stab
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PART 4: Characteristics of Socket Jaws

A this point we were satisfied that we had found a way to create and observe a mode of failure
that agreed with field observations, and the hypothesis of others working to understand this
problem. Although we identified other sources of heat and fire in meter enclosures, the vibration
and socket meter jaw gap created incendiary meters that matched the meters found in our meter
shop which has been exposed to high heat. Our research on arcing was handed off to utilities
and meter manufacturers who have the ability to continue the study on a much larger scale, and
come up with alarm protocols for early detection of hot sockets as well as to design meters which
can withstand a hot socket better than earlier generations of AMI meters. Our concern shifted to
finding a way to flag potentially problematic jaws in the field during AMI installations or at any
other time where the utility has an opportunity to inspect the meter enclosure.

We noted that visual observations of the mating surfaces and potential gaps could be subjective.
We focused on finding features which could be measured and then research these features to
see if we could identify a danger threshold that could be inspected for. Our understanding of
mechanical fatigue and creep led to a test where the insertion force into a jaw was measured and
recorded on multiple insertions into the same jaw. This data showed exponential decay of the
insertion force with each meter removal and insertion. Initially high insertion force above 40lbs
quickly dropped and stabilized around 15lbs after the first five to ten insertions. When the jaws
were heated to the maximum allowable temperature (as per ANSI C12.1; C12.10 and C12.7)
under heavy load conditions before the test (400 degrees Fahrenheit, about 200 Celsius), the
decay on average stabilized at 15Ibs in slightly fewer insertions then in cold tests. This was still
nothing indicative of a problem as the conditions were still normal for what the jaws were
designed to withstand. Finally when preheated to 700 degrees Fahrenheit (about 370 Celsius),
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we repeatedly observed a rapid decay to zero pounds insertion force, within the first two or three
insertions. 700 degrees Fahrenheit was quickly reached at the jaw in our arcing tests, and was
the temperature where noticeable damage that deemed a meter a “hot socket” meter occurred
(e.g. plastic melting on the meter around the stab, pitting on the meter blade and the socket
jaws). The difference in holding force between normal and heated jaws is illustrated in Figure 4.
We drew a threshold line under 15lbs at 10lbs, and developed a tool that simulated a stab being
pushed into a socket jaw with 10lbs force. We distributed the tool for testing in the field.

Figure 4. Multiple Insertion Experiment Results
Insertions, Heated Jaws vs Normal, Heated at 700°F for 5 minutes
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A well-defined minimum holding force for meter socket jaws hasn't yet been specified by ANSI or
UL. ANSI C12.7 defines the outer dimensions of the jaw, but doesn’t specify gap size or holding
force. UL 414 focuses on maximum insertion forces to keep the operator safe and prevent
damage to the socket and meter in sections 5 and 19, but also doesn't define a specific minimum
holding force. UL 414 section 14 comes closer to defining a holding force by requiring a meter in
a socket with no supplementary insertion force cannot move over 1/16™ of an inch out of the
socket by its own weight. As modern plastic meters have become much lighter than their
mechanical counterparts, this would mean a very light holding force would be acceptable; what
may be sufficient to hold one meter may fail to hold a heavier meter in the same socket.

As we had been conducting our experiments and tests, we had meanwhile collected a sample of
sockets pulled from homes by local contractors. Of close to 50 sockets (200 plus jaws), we found
two jaws that had evident signs of abnormal temperature elevation; pitting, a gap, and
discoloration. Both jaws had a measured insertion force of zero |bs. The insertion data we
collected from all the collected jaws in shown in Figure 5.
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Figure 5. Insertion Forces from Collected Socket Jaws
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PART 5: Hot Socket Gap Indicator (HSGI)

The hot socket gap indicator (HSGI) was developed to search out meter sockets with holding
forces close to the five pound threshold. The HSGI was also designed to not slip into a meter
socket if the socket had at least a holding force of ten to twelve pounds of force, giving the user a
safety margin of roughly five pounds. Also every insertion of any meter stab into the meter socket
jaw will degrade the meter jaw by some amount. This is also part of the reason for the safety
margin as we know that the next meter insertion will weaken the meter jaw by some unknown
amount, leaving the jaw and the meter closer to the danger zone.

A second tool was also introduced with the same dimensions as the meter stab (0.094 in
nominal) and tin plating to reflect the same plated stab being introduced to the meter socket jaw.
This tool was introduced to handle two situations found during the field testing of the original tool.

The first is the use of meter man’s grease during AMI installations. This grease has been

introduced during some AMI deployments to allow the meter techs a faster and easier meter
insertion. This grease temporarily decreases the holding force of the meter socket jaw to less
than the force measured by the narrower blade on the original tool. The second tool flags
sockets with six to eight pounds of holding force. The second situation found in the field are
sockets that are manufactured with two parallel sides that are not intended to touch, but are
parallel to each other. This design is to allow 100% blade to socket contact when a meter is
inserted in the meter jaw. The narrower blade thickness of the first design failed this meter
socket as a result of this gap, even though the holding force was in excess of the danger zone.
The wider blade thickness eliminated this issue and correctly passed good versions of this meter
socket type and failed fatigued socket jaws.
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The original tool has been the preferred tool for utilities without this style meter socket jaw and
who do not use grease or lubricant on their meter socket jaws. The issue found with the socket

lubricant is that after several years this lubricant dries out and the meter is “cemented” into the
socket jaw. When that meter is removed for testing or replacement the meter jaw will tend to
come with the meter and although the situation for a hot socket did not exist with the “cemented

in” meter, the socket after meter removal is now a “hot socket” with one or more jaws that no

longer have the required minimal holding force. The greater safety margin of the original tool has
also made this one the preferred option of many utilities. Both are valid tools based on the same
design criteria and data, the first provides a larger safety margin and the second handles more
field situations.

The HSGI has been designed to be simple and easy to use. The stab is attached to a red block
that acts against a 10lbsf spring. In the initial state the indicator always shows red, when the stab
is pressed against a good jaw the red is pushed back and hidden with the operator exercising
roughly ten to twelve pounds of force on the tool. When the tool is pressed against a bad jaw the
red stays visible. The spring is rated for over one million compression cycles by the spring
manufacturer. After assembly each HSGI is inspected for spring force within tolerance (plus or
minus one pound) and cosmetic defects. Since a HSGI shouldn’t see one million compressions in
five years and that is the longest a tool should be in the field without inspection, we have a five-
year calibration date on each unit so the unit can be sent back to us and inspected, refurbished,
calibrated or replaced. The design has been drop tested in a range of usable temperatures (32F
to 120F, C), and has been tested for electrical insulation up to 3,000V. The HSGI should still be
used with Personal Protective Equipment (PPE). The tool is useful for testing jaws where grease
buildup hides a gap or signs of elevated temperature, the lubrication effect of the grease has not
been found to throw off the tool. The beveled edges on the thicker standard model allow the tool
to work consistently on the full range of jaw designs we’ve acquired, eliminating misreading due
to angle of insertion or removal (for tools designed to measure the insertion force by being
inserted into the meter socket).

PART 6: Conclusion

TESCO'’s Hot Socket Gap Indicator is a simple and reliable diagnostic assistant for flagging
potential hot sockets. The jaws that it indicates as bad should be further observed for signs of
unusually weak holding force, discoloration, debris, and pitting from arcing. If these signs are
present, the jaw or socket should be replaced to prevent overheating of the meter and the
possibility of fire. AMI deployments have made hot sockets a front page issue, as removing a
meter from an old socket and forcing a new one in can actually create a problem. However, the
deployments are also an opportunity to observe and flag sockets that are potentially dangerous.

We at TESCO designed the tool after a successful effort to replicate a common mode of failure
observed in the field; overheating due to arcing. Our goal was to develop a tool that can help
reduce the number of meter fires. The HSGI is in the first line of defense, along with operators
who have an understanding of what to look for to identify hot sockets. We feel obligated to share
what we learn, and help the industry develop knowledge and diagnostic methods to prevent
catastrophic situations.
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Appendix 1. Theoretical Calculations

Based on research conducted by German physicist Friedrich Paschen, the breakdown voltage
necessary to create an electric arc between two electrodes is the following function of air
pressure and gap distance between two electrodes:

M apd
¢ " In(pd) + b

In the equation, p is the air pressure between the electrodes, d is the distance between the
electrodes, and a are b are constants with the values 43.6 V/(Pa(m)) and 12.8 respectively. For
our purposes, the two electrodes creating the arc were a meter stab and socket jaw. With a 240
Volt potential difference across the electrodes, representing the standard maximum voltage
provided to residential power customers, and standard air pressure (101325 Pa), d is found to be
approximately 0.015 inches.

It is also of note that by finding the resistance of the air between the electrodes — R,;, = "7‘1 where
p is air resistivity, A is the cross-sectional area being examined and d is the distance being
considered — and substituting that into Ohm’s law — I,.. = % — one can subsequently determine

the current produced in an arc. At 20 degrees C, air resistivity ranges between 1.3 x 10"16 to 3.3
x 10716 ohm(m). Arc temperature has a direct relationship with arc current, as current increases,
temperature increases. The arc temperatures typically seen in the conditions present in power

meters are about 11,000 degrees Fahrenheit.
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