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CALENDAR DETAILS: 
 
Monday, October 8 
12:00 pm  Governmental Affairs Committee Meeting, Room 280 
    AGENDA: Discussion of preliminary 2011 federal legislative agenda; Discussion of 


preliminary 2012 state legislative agenda 
 
3:30 pm  Transportation and Planning Committee Meeting, Room 280 


AGENDA: Area Plan implementation; Bus stop and service planning and 
evaluation; Urban street design guidelines 


   
5:00 pm  Council Business Meeting, Room 267 
   
October and November calendars are attached.  (see left side table of contents) 
 


INFORMATION: 
 


Meter Equipment Audit Report  
Staff Resources: Barry Gullet, Utilities, 704‐391‐5060, bgullett@charlottenc.gov  
 
As follow‐up to the Utilities Customer Service presentation during the October 4 City Council 
Workshop, attached is the final meter equipment audit report. The entire 40‐page document 
will be posted at www.cmutilities.com next week.  (see left side table of contents) 
 
Based on this summer’s independent field review of 9011 water meter accounts (a cross‐
representation of 3.5% of the system), the water meter equipment provided accurate bills in 
more than 99 percent of the locations audited. 58 locations had equipment that led to billing 
error detection. Ten of those 58 accounts received a monetary adjustment.  
 
However, nearly 22 percent of the locations the audit encountered had some form of 
maintenance problem that needed attention. These problems included meter boxes that were 
broken or buried, filled with water or could not be found.  
 
As a result: 
 


• Utilities will begin an ongoing audit and enhanced field maintenance program to 
prevent the likelihood of future billing and service problems caused by moisture, mud, 
covered boxes, damaged wires, etc. 
 


• Most of the 40 other customer service improvements presented at the Workshop 
address changes in the current meter reading, pre‐billing verification and 
communication, billing and post‐billing high bill complaint investigation processes.  
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• Utilities will enhance some field equipment and software to make meter reading and 
billing processes more consistent and streamlined. 


 
Disparity Study Advisory Committee 
Staff Resource: Nancy Rosado, N&BS, 704‐336‐2116, nrosado@charlottenc.gov  
 
During the September 13, 2010 Council Meeting, Council approved the Economic Development 
Committee’s recommendation for the charge and composition of a Disparity Study Advisory 
Committee.  Attached are the names of the members who will serve on the Disparity Study 
Advisory Committee.  This list is consistent with the composition approved by Council.  (see left 
side table of contents) 
 
Keep Charlotte Beautiful/Keep Mecklenburg Beautiful Merger Discussions 
Staff Resource:  Wendy Gigante, N&BS, 704‐336‐4211, wgigante@charlottenc.gov  
 
This item is intended as a follow up to the August 3 CM Memo regarding Keep Charlotte 
Beautiful/Keep Mecklenburg Beautiful merger discussions.  
 
Keep Charlotte Beautiful has appointed Stephanie Stenglein to serve as the Keep Charlotte 
Beautiful liaison with Keep Mecklenburg Beautiful.  Keep Mecklenburg Beautiful has appointed 
alternating liaisons to Keep Charlotte Beautiful:  Lynn Smith and May Kathryn Durr.  These 
appointments are effective October, 2010.  Keep Charlotte Beautiful bylaws have been updated 
and passed by the Committee accordingly. 
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  http://www.smallbiz.charmeck.org  


The SBO Program continues the City’s commitment to creating and implementing economic development 
strategies to support and encourage local business growth. 


  


 


 
Disparity Study Advisory Committee  


 
 
Members:   
 


Name  Company/Organization 
Brandon Lofton 
     Chair of Disparity Study Advisory 
     Committee 


Robinson Bradshaw & Hinson 
 


Sheila Neisler  Catalyst Consulting 
Scott Lilly  Lil Associates 
David Baucom  Metrolina Native American Indian Association 
Walter B. Davis   Carolinas Associated General Contractors 
Camisha Farris  Metrolina Minority Contractors Association 
Luisa Moreno  Hispanic Contractors Association 
Sara Garces  National Association of Women Business 


Owners 
Pauline Chan, CPA  Carolinas Asian Chamber of Commerce 


   
 
Charge:  Review and comment on the data sources to be used by 


the consultant. 


Assist in outreach efforts to solicit participation for 
Disparity Study focus groups, surveys, etc. 
 
Periodically meet with consultant throughout the study to 
provide input as needed by the consultant. 
 
Review and comment on the findings and 
recommendations of the Disparity Study. 
 


  
Staff Support:  Neighborhood & Business Services and City Attorney’s 


Office 
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EXECUTIVE SUMMARY 


For some time, there has been concern about the number of water and sewer bill customer calls 
and inquiries for Charlotte Mecklenburg Utilities Department (CMUD).  In the fall of 2009, 
additional customer concerns surfaced regarding unexplained water billing variances.  The City 
Manager initiated an evaluation of nine interrelated CMUD systems/processes to address these 
concerns under the umbrella known as “Customer Service Evaluation”.  An audit of the 
residential water meter equipment was one of the nine projects involved in this umbrella review.  
Following the City procurement policy, an independent contractor was hired to conduct field 
observations of a sample of the residential water meter equipment.  Due to the desire to deliver 
timely data, the audit was restricted to approximately 9,000 accounts out of the nearly 250,000 
residential accounts.  This number of accounts exceeded the statistically significant threshold and 
will be used as a baseline for future work.  Observations led to the confirmation of an acceptable 
level of performance of the residential water metering equipment.  
  
Equipment issues with the potential to create either a meter reading exception (pre-bill issuance) 
or an erroneous bill accounted for approximately 1.71% of the sample population. Of the account 
where these issues were observed, 0.64% (58 of the 9011) of the sample population was found 
to need a billing adjustment.  The billing process is constructed to “trap” or identify unusual 
readings prior to bill generation, and the audit findings support this process.  The billing process 
includes significant pre-bill and post-bill efforts to produce correct billing.  However, it should 
be noted that additional efforts towards maintenance, an ongoing audit procedure, reorganizing 
existing routes, and improved procedures would help streamline the process while also reducing 
resources consumed.   
 
In early 2010, prior to the beginning of this study, the resources dedicated to the billing process 
were increased.  Comparisons to the time period prior to 2010 were not made as part of this 
study.  Also, it should be noted that some process and procedure modifications were initiated 
prior to this study and some were being tested as the study proceeded.  The audit field 
observations were a sample taken during the summer of 2010 and offers snapshot view of the 
process only. 
 
Data from the field observations was analyzed by a team of engineers and staff (external and 
internal) to determine the findings of this report and to build recommendations for the 
development of a quality assurance program and an ongoing audit process.  The analysis 
included comparisons to other utilities, which indicated that the audit rates observed were not 
significantly unusual for mobile drive-by misreads or post bill investigation and adjustment.  No 
billing system in any other community was identified with a stated 100% accuracy.  The analysis 
does recommend that the quality assurance program and ongoing audit process should begin 
immediately and should emphasize a continuous improvement outlook.  Updates in technology, 
although likely to pose a significant capital cost investment initially, will assist CMUD with 
improvement of the billing process in the long term. 
 
The results of this audit, including historical data review, field observations, and engineering 
analysis, showed that:  
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• 1.71% of meters audited (154 of 9011) had equipment issues which could impact a bill, 
with 0.64% actually resulting in an account impact after the billing review was 
completed.  Accounts were considered to be potentially impacted if the observed 
mechanical and electronic readings disagreed by an amount greater than the billing unit 
of 100 cubic feet (cf).    {Note that a cubic foot of water is approximately 7.5 gallons.  1 
CCF is 100 cubic feet or 748 gallons.}  
 


• By review of the mobile collection historical data (pre-bill data collection) there appears 
to be a seasonal affect, perhaps due to changing water consumption patterns, air 
temperature, humidity, and or other weather related factors that impact the radio signal of 
the ERT (electronic radio transmitter), and this seasonal affect could lead to a variation in 
mobile misses from 1 to 4%.  A mobile miss is defined as any reading that cannot be 
subsequently downloaded into the billing system.  The mobile collector may have been 
unable to pick up the read due to some type of obstruction (such as a car) or may have a 
parameter in the mobile data field that did not download to billing.  Missed reads, and 
other data issues, lead to exceptions in the billing cycle.  From January 2010 to June 
2010, there was an average of 38,525 exceptions per month.  These billing exceptions 
were reviewed in office first, but led to an average of 12,239 additional residential field 
check reads per month. (There were also 1,206 average check reads for commercial 
accounts.) 
 


• Also, historical data from over 5300 High Bill investigations (post bill customer requests) 
from February 2010 to August 2010 show that 5% (approximately 265 during the time 
period) of these investigated bills were impacted by equipment issues.  This includes 
Inaccurate Low, Inaccurate High, Cut/Damaged Wire, Incorrect Register, Meter Covered, 
and other Mismatch.  This percentage has varied from 3 to 6% for any given single 
month.  Taking a very conservative assumption of 250,000 bills issued per month with 
300 to 750 (over double) impacted by equipment issues, yields a potential 0.1 to 0.3% of 
all bills being impacted by equipment issues at any given time.     


 
• It is reasonable to assume that meter reading process improvements are indicated and 


these improvements will further reduce the need for resources to respond to exceptions 
and high bill investigations. 


 
In summary, the billing process is constructed to “trap” or identify unusual readings prior to bill 
generation, and the audit findings support this process.  The audit further concludes that most 
customers who use large amounts of water expect to receive a bill for that amount.  Complaints 
originate in part when customers receive a high bill that they are not expecting.  Utilities is 
exploring opportunities to improve communication with customers about bills that are 
uncharacteristic of their normal usage.  No billing process was identified that has a stated 100% 
accuracy.  This is not to say that this is not the goal; Utilities will need to continue to improve its 
billing process in an effort to achieve greater accuracy.  It must be noted that some additional 
improvement around concerns about Days of Service and Monthly Billing will be realized by 
minor immediate changes in the billing process and will be more fully developed when Billing 
Cycle Alignment is completed.   Development of an ongoing audit process, improvements in the 
maintenance of pit boxes, enhancements to basic procedures, and new technology deployment 
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will help to further reassure customers that they are being billed for the water they are using.  
The audit led to the following recommendations: 
 


Audit Recommendation   Utilities Action Proposed Start Date  


01. Ongoing Audit of Meter 
Equipment and construction of 
predictive data for equipment 
end of life (tracking of 
manufacture, installation, and 
retirement data included).  
 


Concur  10/1/2010 


02. Implementation of 
Maintenance Program 
enhancements to address pit box 
conditions  


Concur  7/1/2011  


 
03. Development of Processes 
and Procedures to address 
Locates, Uncovers, and 
Tampers 
 


Concur  7/1/2011  


04. Additional bill 
modeling/formatting to provide 
clearer information to customers 
  


Concur  Ongoing  


05. Billing Cycle Alignment to 
optimize current operations.  


Concur  11/1/2011  


06. Continued replacement of 
older model ERT with newer 
model ERT upon failure.  


Concur  Ongoing  


07. Review of new technologies 
for possible pilot study of next 
generation of automated meter 
reading system.  


Concur  6/30/2011  
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BACKGROUND 
 
The first water supply company in the Charlotte area was established in 1881.  The City of 
Charlotte purchased the water and wastewater company in 1899.  In 1972, the city and county 
consolidated efforts to provide a single water & wastewater service to the entire county. This 
consolidated effort is formally known as the Charlotte-Mecklenburg Utility Department 
(CMUD), with the department marketing itself as “Utilities” since the late 1990s.  As of 2010, 
Utilities serves more than 776,000 customers in the City of Charlotte and greater Mecklenburg 
County -- including the towns of Matthews, Mint Hill, Pineville, Huntersville, Davidson, and 
Cornelius.  It is the largest public water and wastewater utility in The Carolinas. 
 
Utilities has a FY2010 annual operating budget of $251.4 million and is charged with providing 
both high-quality drinking water and wastewater services that meet the highest EPA guidelines.  
Tax dollars do not fund the system; it is operated as an enterprise fund.  The operating budget is 
funded from water and sewer bill payments, with capital improvements financed mostly through 
the sale of bonds.  This makes the accurate and consistent collection of water and sewer fees 
critical to the maintenance of this community service.  The meter reading process is one of the 
first steps in revenue collection. 
 
In May 2002, a presentation was made to City Council concerning the potential transition of the 
Utilities meter reading process from a manual walking process to an Automated Meter Reading 
(AMR) mobile drive by process.  The manual process, which had not changed in over 50 years, 
required 36 meter readers and trucks to read approximately 200,000 accounts per month.  This 
manual process was costly, labor intensive, and could lead to billing errors as manual 
information was transferred into electronic billing systems.  Frequently, bills had to be estimated 
which led to later adjustments.  There was also a significant need for supervisory and support 
staff since meter reading staff turnover for these manual positions was over 103%.   This manual 
process also represented increased liability exposure for the City as many readers were exposed 
to hazards (animals, slips, trips, and falls, overexertion, etc.).   
 
 
In July 2004, the Customer Service Division was re-formed to enhance service delivery to water 
and sewer customers and consolidate billing processes. The division was created from 
consolidating key customer service delivery and contact units throughout Utilities and the 
Finance Department. The core functions established within the division were New Services, 
Meter Management, Billing Services, Water Services, and Administration. To further enhance 
customer interactions from phone to field, a strong partnership with CharMeck 311 and other 
city/county departments; continual process review and improvement efforts; employee 
accountability for customer service; and, ongoing surveys of customers were put in place and 
have continued to evolve as customer demands and available resources necessitate.  The current 
division structure is: 
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FIGURE 1:  CUSTOMER SERVICE DIVISION 
 
The AMR project was approved for FY2003 (July 2002) and AMR was installed over a 4 year 
time period (most accounts on telemetry between 2002 and 2006).  Mobile meter reading is now 
completed with 2 full time meter readers and 2 mobile collectors.  Total 2010 staffing to support 
all meter reading is 55 positions (33 regular and 22 temporary) with 52 trucks.  Over 250,000 
residential accounts are billed each month with an average of 38,500 accounts identified as 
exceptions for additional review prior to billing.  A large component of the staff is focused on 
work due to these exceptions.  The current billing process as of May 2010 is: 


FIGURE 2:  BILLING CYCLE OVERVIEW 
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One of the major components of the Utilities AMR system is the meter reading equipment found 
at each service point.  This equipment consists of three parts:  the endpoint or ERT (transmitter), 
the register, and the meter. 
 
The complete water meter equipment system includes mechanical and electronic components.  
During this baseline audit of summer 2010, each component of the system was reviewed in order 
to have a full understanding of the capability of the system in the local operating environment.  
The system operating capability is the true operation point that the system operators must try to 
consistently meet or exceed in order to provide needed information upstream for billing.  This 
capability should not be confused with the individual equipment component’s predicted 
accuracy.  Accuracy of individual components does not equal the operating capability of the 
installed, connected equipment.  Individual accuracy of components is usually predicted by 
equipment manufacturers but is impacted by the actual environmental conditions, the installation 
and maintenance quality, and the combination of the components.   
 
For the full water meter equipment system to be of value, the capability must be much more 
precise than the billing unit.  In the case of Utilities, the billing unit is 100 cf (1 CCF) and the 
expectation would be that the operating capability would be much more precise than 100 cf.  The 
summer 2010 audit reviewed field observation and historical data to identify the system 
operating capability. 
 
Again, capability is a function of both mechanical and electrical parts and is greatly impacted by 
maintenance and operation efforts.  Unlike mechanical and electro-mechanical systems, pure 
electronic systems don’t have moving parts. As a result, it is generally accepted that electronic 
systems or components exhibit certain declining rates during the useful operating life. The 
"normal operating period", also referred to as the “useful life period", is the stage at which the 
system is in use in the field while retaining operational tolerance. Beyond this period, the product 
functionality gradually declines.  Product quality starts off exceptional and then gradually 
declines due to a variety of reasons such as normal wear and tear, undetectable lot defects, higher 
random stress than expected, human factors, and natural end of life. Ample burn-in periods for 
components by the manufacturers, proper maintenance, and proactive replacement of system 
parts will often prevent rapid unpredictable decay.  The summer 2010 baseline audit used 
collected objective evidence to begin to identify some measures that will be used as predictors of 
possible end of life as part of the ongoing development of the quality assurance program. 
 
The meter used in the majority of the Utilities residential installations is a Badger 5/8 inch 
positive displacement meter.  The register is also a Badger product.   The register is a Badger® 
Recordall® Transmitter Register (RTR®).   The register transmits data to the ERT and also allows 
manual touch read of the dials in the pit box.  In order to transmit the water usage to the mobile 
drive by collector, the ERT or electronic transmitter is connected by a quick connect point with a 
tamper seal to the register.  The ERT is manufactured by Itron.  Utilities has two types of ERTs 
in service.  One type is known as the 50W-2 (earlier generation) and the other is known as the 
60WP (current generation).   Every residential customer has one of the ERT types installed.  The 
earlier generation is replaced with the newer 60WP upon failure to transmit or when other types 
of failures are detected. 
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EXAMPLE OF A RESIDENTIAL METER PIT BOX
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FIGURE 3A:  METER READING EQUIPMENT 
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1) Blue Low Flow Indicator 
The blue flow indicator rotates as the register detects water flow through the meter. If the blue indicator turns when 
all water is turned off on the property, a leak is likely. 
 


2) Red Sweep Arm 
Each full revolution of the sweep arm indicates that one cubic foot of 
water (7.48 gallons) has passed through the meter. The markings at the 
dial’s outer edge indicate tenths (by number) and hundredths (by 
dashes) of one cubic foot.  Water is billed in one hundred cubic feet 
(CCF) units.  Usage less than 1 CCF does not impact the current bill.  
Billed Usage is based on the difference between current and prior 
reading, with readings normally completed by drive-by mobile 
collector or if reading is questioned by exception, by manual check 
read. 


 


 


 
3) Register 
A water meter register is similar to a mileage odometer on cars. It keeps a running total of all the water that has 
passed through the meter.  


FIGURE 3B:  REGISTER DETAILS 


As of May 2010, the residential meter reading points in Charlotte-Mecklenburg Utilities service 
area were  


• Active= 217,920  
• Inactive =30,917  
• Identified as 50W=118,837 
• Identified as 60W=112,235 
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New services are added each day.  Services are also removed each week.  Generally, Utilities 
states there are 250,000 residential services (and 10,000+ commercial services which were not 
included in this audit).  By review of the history, it was observed that there was substantial 
fluctuation in the implementation of AMR and in the construction of the Customer Service 
Division procedures to support AMR.  It is apparent from the historical record that procedures 
and processes to support the system were not the primary focus; installation of the large scale 
field infrastructure in a compressed time frame was the focus.  With the infrastructure fully in 
place and basic procedures now implemented, Utilities can refocus on an improvement effort and 
the full stabilization of the AMR process.  Once full stabilization is achieved, the true benefits 
and cost savings of AMR should be achieved.    
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AUDIT OBJECTIVES, SCOPE, AND METHODOLOGY  
 
OBJECTIVES 
The baseline audit was conducted to:  


 
1) Determine if the water meter equipment including the Automated Meter Reading 
(AMR) system is negatively impacting customer billing.  
 
2) Develop a baseline of data for a quality assurance program which will include an 
ongoing audit process. 


 
These two objectives drove the scope and the methodology used for obtaining objective evidence 
and analysis of findings. 
 
 
SCOPE 
In April 2010, Charlotte-Mecklenburg Utilities contracted an independent audit of water meter 
registers and ERT modules located in Mecklenburg County North Carolina.   The contractor 
selected through the request for proposal (RFP) process was Vanguard Utility Service from 
Kentucky.  The initial audit involved 9000 accounts with all field observations completed by 
July 9, 2010, ten days earlier than required and within the established project budget.   
Vanguard’s scope of work included field equipment inspection and observation reporting only.  
The contractors did not have responsibility for remediation (repair or replacement) of equipment 
or data analysis.  Weekly reports were submitted to the Utilities Project Manager and field 
observation data was verified by the Vanguard Project Manager as complete upon weekly 
review.  Vanguard staff utilized the onsite software system (End Point Link Pro or EPLP) and 
equipment to allow the data to be directly downloaded into Utilities database.  Two days of 
training involving the specific audit workflow, handheld device, and reporting software was 
provided by Utilities staff and the manufacturer’s representatives.   
During the baseline audit, Vanguard completed the following scope of work: 


• Comparison of register read and electronic read of the ERT (encoder receiver 
transmitter) module; 


• Digital photograph of the meter register (AS FOUND); 
• Key meter module information extracted from the ERT module at the time of the 


audit; 
• Verification of the register’s functionality by running water at the time of the audit or 


by using the handheld device to perform a cut cable test. If water was used, a photo 
(AS FOUND photo) was taken prior to water running and a second photo (AS 
COMPLETED photo) was taken after 2 cubic feet (approximately 15 gallons) of 
water caused the last black digit on the register to advance two digits. If no water was 
available external to the home, the cut cable electronic test was used and the AS 
COMPLETED photo was taken.  A photo showing the register reading was taken at 
all meters found.  


• Weekly reports detailing meters and ERT modules audited were completed by the 
contract team project manager and local supervisor. 
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• During the audit of the baseline 9,000 meters, the contract audit team documented the 
need for remediation (equipment repair or replacement) by CMUD staff. A photo of 
meters or registers or ERTs needing replacement was taken to document the existing 
condition (this is an “as found” photo). A service work order request was created. The 
replacement or repair of equipment was completed by staff based on the service work 
orders generated. 


• Diligent care was taken to safeguard the property owner’s lawn, flowers, and 
shrubbery.  If flower beds or extensive landscaping covered the meter box, no audit 
was performed.  


 


Charlotte-Mecklenburg Utilities provided the following: 


• Facility with adequate parking and work space for contract team supervisor; 
• Customer contact process (door hangers, customer script, procedure) and Charlotte-


Mecklenburg Utilities Contractor identification to be used at all times during 
completion of audit services; 


• Routes so that work could be completed Monday through Saturday between 6:30 am 
to 5:30 pm with a start date of May 19 for field work and a final required completion 
date of July 19 (actual completion was July 9); 


• Handheld electronic units with cameras (FC200 with cell phone cameras connected 
by Bluetooth) for use with provided workflow; 


• Dispatch of orders to handheld devices and cell phone cameras; 
• Arrangements so that training by the handheld manufacturer (Itron) could be provided 


and monitored; 
• Cell phone with push to talk to allow contact between the audit team and the audit 


team supervisor, but not capable of other calls;  
• Phone numbers of Utilities Project Manager or other personnel for immediate contact 


by the audit team supervisor; 
• Training, software use, and support on use of the system; and 
• Assistance with “unsafe” meter installations, customer contact, or other special 


circumstances. 
  
 
METHODOLOGY 
In order to achieve the objectives for this audit, the audit team implemented the following 
methodology:  
 


 Conducted initial review of the process and equipment (AS IS) 
 Reviewed literature for understanding of current standards  
 Reviewed relevant sections of the local ordinances, resolutions, and procedures.  
 Contracted with an independent meter reading staff that had no direct financial 


involvement with Utilities or the equipment manufacturers, along with no projects in the 
county for the preceding three years to ensure field observations would have no bias 


 Conducted training using software and hardware that Utilities normally implores 
 Performed a validity and or verification test of a sample of the equipment field 
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observations to ensure conformance with the audit requirements  
 Performed remediation (repair or replacement) and review of all equipment, whether 


there was a bill impact or not, reported as anything other than full conformance 
 Reviewed findings to determine which equipment could lead to non-conformance (bill 


error)  
 Conducted parallel meter reading tests and analysis of samples of removed equipment 


populations 
 Completed review of customer historical information and billing to identify those with 


billing unit excesses that led to an incorrect bill being issued 
 Contacted customers to make them aware of equipment replacements and possible bill 


corrections  
 
Once the methodology had been defined, the sample population was selected.  Utilities states 
there are approximately 250,000 residential services in Mecklenburg County.  Traditionally in an 
audit, a statistically significant sample size is sufficient for a valid finding.  This “stat sig” 
sample size can be determined in a few generally accepted ways, such as the ANSI Z method 
(derived from ANSI/ASQC Z1.4-1993 sampling standards) or the Sqrt(N) + 1  method.  For 
250,000 in the total population, ANSI (American National Standards Institute) Z would yield a 
sample size of 315 while the Sqrt(N) + 1  method would yield a sample size of 501.  These 
sample sizes would be more beneficial if an ongoing program of sampling was in place as part of 
a quality assurance program, with the operating capability known for error identification.  Since 
this was not the case, a larger sample size was more appropriate yielding a baseline for the 
ongoing program and setting the operating capability of the water meter equipment system.   
 
Since Utilities wanted to collect as much information as possible for later use in development of 
a more extensive quality assurance program, but also wanted to report findings to customers by 
the fall of 2010, a baseline sample size of 9000 water meter equipment systems (3.5% of the 
residential population) was chosen.  This was the largest sample size possible for a summer audit 
and within project budget and time guidelines.   
 
Selection of the accounts for the audit was completed based on the following criteria: 
 


a. Routes were as contiguous as possible to ensure efficient completion  
b. Routes were spread throughout the entire service area, and included each town if 


possible 
c. Routes considered the population of 50W versus 60W (similar percentage to the 


general population prior to the program eliminating exceptions) 
d. Routes were in neighborhoods with a cross section of varying consumption 


patterns 
e. Routes considered bill dates, read to bill window, and next read date in May and 


June 
f. Sample was over selected to allow for attrition and for elimination based on the 


existence of an open work order. 
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g. Services within the routes were eliminated if open work orders existed (those 
devices are already known to have issues and new knowledge would not be 
gained). 


 
Utilizing the selection criteria, the audit service orders were generated from the billing database 
by specific route codes. These routes had service orders created in mass for only water 
residential services where no open service orders existed.  Further, the selection program was 
written to forgo the creation of an audit service order where any meter reading exception already 
existed.  The program was executed on-demand due to the audit orders having to be completed 
between normal bill reading periods and the dependency on daily productivity for scheduling. 
Once the audit orders were created, the audit process mimicked the existing process for 
scheduling and work assignment.  If any finding other than full conformance was determined 
during audit, a work order for service was created. These work orders for service were then 
completed as quickly as resources allowed, and equipment was replaced were needed. 
 
 


Total Residential 
Water Services 


Area 6 Month AVG 
Consumption 


(CCF) 


No. of 
50W 
ERTS 


No. of 
60W 
ERTS 


833 Pineville 28.6 351 482 
1066 Charlotte 23.2 351 715 
514 North Charlotte 33.8 174 340 


1377 Cornelius 49.8 589 788 
263 Charlotte 30.7 179 84 


2798 Charlotte 34.4 1703 1095 
384 Southeast Charlotte 71.1 286 98 
108 Center City 35.7 25 83 
441 West Charlotte 30.6 206 235 
51 Center City 32.1 39 12 
334 Southwest Charlotte 35.7 225 109 
426 Mint Hill 46.3 185 241 
667 Matthews 45.5 442 225 


9262     4755 4507 
 
 
TABLE 1:  SELECTION OF WATER METER EQUIPMENT FOR AUDIT 
 
 
The process and methodology yielded an approximately 9300 sample audit population (including 
over selection for attrition) that was distributed throughout the area.   
 
 
Separating by quadrants with yields a potential distribution: 
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Quadrant 2 
• 28036, 28269, 28262, 28213 
• Field Observations = 4200 


Quadrant 1 
• 28031, 28078, 28214 
• Field Observations= 1500 


 


Quadrant 3 
• 28208, 28202, 28210, 28134, 28277 
• Field Observations = 2075 


Quadrant 4 
• 28204, 28205, 28270, 28105, 28215, 28227 
• Field Observations = 1225 


 
FIGURE 4:  PREDICTED AUDIT SAMPLE POPULATION MAP 


 


 


The final audit sample population included full routes for efficient completion. Some 
concentration of work resulted from the need to be efficient, such as in Quadrant 2, but the 
concentrated areas were generally noted as average in terms of consumption. 
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SUMMARY OF FIELD OBSERVATIONS PERFORMED BY 
VANGUARD 


Vanguard conducted 9148 field observations.  Occasionally, field data was corrupted during the 
field entry or office download sync resulting in not all observation points being completely 
recorded.  Corruption can result from the overheating of the equipment, for example, and 
temperatures during the summer audit frequently exceeded 90 F.  Each field observation was 
thoroughly reviewed and vetted for completeness daily by the Vanguard Project Manager and 
Utilities staff before being accepted into the audit.  The Vanguard Project Manager signed 
weekly reports to validate the field observations.  This daily and weekly review process and 
validation resulted in 137 field observations being disqualified from the audit due to incomplete 
data caused by corruption or human error.  The remaining 9011 were accepted for audit analysis.  
The summary of the accepted field observations is: 
 


ZIP CODES 


EQUIPMENT 
AND BILL 
REVIEW 
REQUIRED 


RETURN FOR 
WORK 


FULL 
CONFORMANCE 


Grand 
Total 


28031 228 110 747 1085 
28036 65 46 482 593 
28078 19 22 50 91 
28105 92 26 471 589 
28134 77 64 515 656 
28202 28 10 55 93 
28204     2 2 
28205 6 4 33 43 
28206 40 36 284 360 
28208 60 70 272 402 
28210 58 18 241 317 
28213 411 193 2623 3227 
28214 1     1 
28215 10 8 178 196 
28216 19 3 174 196 
28227 35 48 322 405 
28262 21 16 153 190 
28269 28 10 246 284 
28270   1   1 
28277 41 22 217 280 
Grand Total 1239 707 7065 9011 


 


TABLE 2:  ALL INDEPENDENT FIELD OBSERVATIONS 


FULL CONFORMANCE 
The majority of findings (78%) were verified in full conformance with the audit requirements 
(VI).  Full conformance means the transmitter and register matched within 2 cf, the pit box was 
in good condition and  was accessible with no obstruction to the transmitter likely, the water 
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meter equipment was found to be in good condition based on visual inspection, and the water 
check demonstrated proper incrementing of the register and transmitter pair.  Full conformance is 
not an intended statement of mere accuracy and should not be reported as such.  Full 
conformance involves multiple factors and simply indicates that no further work was required 
with respect to the audit. 
 
 


 
 
 
FIGURE 5:  VANGUARD FIELD OBSERVATION – COLLECTING DATA 
 
 
RETURNED TO UTILITIES 
Those identified as “return for work” by Utilities (RU) indicates a condition where two visits to 
the location led to the field observation not being completed.  These were most often returned for 
location by Utilities using GIS or other mapping information, or were covered over meter pit 
boxes.  For an RU to occur, usually the equipment was so covered it could not be easily dug out 
or the meter was covered by landscaping or flower beds that should not be disturbed without 
customer contact.  The equipment was visited at least twice before return was allowed, with one 
visit being conducted by the Vanguard Project Manager.  If the field finding was a return, the 
equipment was placed on the list for remediation review by Utilities.   
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FIGURE 6:  VANGUARD ATTEMPTS TO LOCATE METER EQUIPMENT 
 
 
DEFERRED FOR REVIEW 
“Equipment and bill review required” findings were deferred work that was frequently 
accompanied by written comments to illuminate the reason for the initial field finding.  The 
Vanguard Project Manager reviewed these findings weekly to validate them before submitting 
them for the audit.  The Utilities Project Manager reviewed field observation data daily and 
requested more information if any finding was unclear.   
 
Comments from deferred and returned work, made during the field observations, underline the 
reasons for many of the findings (some field observations had more than one comment 
reported): 
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Problem Description Number of Comments Percentage of Total Comments 


Can't Locate Meter 434 19.61% 


 Access Issues (Dog, Fence, 
Landscape, Snake, Poison Ivy) 


333 15.05% 


ERT Issues (Cap Removed, Cut 
Cable, Damaged, Upside Down in 


Meter Box, Factory Settings 
Detected) 


266 12.02% 


Faucet Issues 260 11.75% 


Meter or Meter Box Issues 214 9.67% 


Meter Covered; Can't Access 186 8.40% 


Suspected Tamper 177 8.00% 


Other, Miscellaneous 155 7.00% 


Work Order Needed for Further 
Repairs 


100 4.52% 


Vacant Property 88 3.98% 


Total Comments 2213 


 


TABLE 3:  COMMENTS FROM FIELD OBSERVATIONS 
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REMEDIATION AND ANALYSIS OF FIELD OBSERVATIONS  


Of the 9011 independent field observations by Vanguard, 1239 services were deferred to Utilities 
as needing “equipment and bill review”. These were first reviewed by Utilities staff for 
immediate remediation (replacement of all meter reading equipment) or referral for more 
extensive equipment repair (such as raising the entire water meter service).  These could have 
been equipment issues that would not impact billing currently but may worsen over time and 
lead to eventual issues.  For example, a crack in the cable could eventually lead to water 
intrusion which may cause the register or transmitter to stop.  In all cases of equipment review, 
the meter reading components were replaced if anything other than full conformance was 
reported.   
 
A very tight tolerance of 2 cf was used to determine replacement.  This tight tolerance of 2 cf is 
not a demonstration of lack of functionality for the equipment, given that the operating capability 
was determined to be 10 cf with a billing unit of 100 cf by comparison of the audit to historical 
data, but is instead a precautionary measure taken to further ensure that while the remediation 
work was being undertaken and labor resources being deployed, any and all possible current and 
future equipment issues would be avoided for those included in the audit.   
   


ZIP CODES 


ERT FACTORY 
PROGRAMMED 
- REQUIRES 
WORK 


ERT HIGH BY 2 CF 
OR MORE AS 
COMPARED TO 
REGISTER 


ERT LOW BY 2 
CF OR MORE 


NO 
RESPONSE 


Grand 
Total 


28031 1 124 17 86 228 
28036   37 13 15 65 
28078   11 1 7 19 
28105   37 19 36 92 
28134   29 21 27 77 
28202 3 4 1 20 28 
28205   1 2 3 6 
28206   18 7 15 40 
28208 1 20 12 27 60 
28210   15 9 34 58 
28213 5 104 74 228 411 
28214   1     1 
28215   2   8 10 
28216 2 8 4 5 19 
28227   9 10 16 35 
28262   1 5 15 21 
28269   5 11 12 28 
28277   20 7 14 41 
Grand Total 12 446 213 568 1239 


 


TABLE 4:  DEFERRED FOR EQUIPMENT AND BILL REVIEW 


It must be noted that the billing system uses a billing unit of 100 cf (1 CCF) as the read cutoff.  
Therefore, levels below that are not recorded in the billing system.  The tight 2 cf tolerance 
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application for hand held field observations ensured that all equipment was in top condition and 
brought up date with the most current model equipment being deployed by Utilities. 
 
HIGH AND LOW FIELD OBSERVATIONS 
In reviewing the 446 high versus the 213 low, the data shows that the high is most often less than 
10 cf high (71%  of the 446 were less than +10 cf) while the low is more often more than -10 cf 
(70%  of the 213 were   -10 cf or more negative).  If the transmitter was under reporting by less 
than 100 cf, no action was taken.  This can mean that water use is under reported thereby 
resulting in under billing of the customer.   
 
Review of the findings by Vanguard also revealed that 92 of the low readings were greater than -
100 cf (1 CCF), while 38 of the high readings were +100 cf or more.  Low readings were nearly 
2.5 times more common in the 100 cf range than high readings.  There were also two Factory 
programmed (the ERT was set to factory default mode instead of the correct settings for Utilities 
registers and mobile reading) units with delta’s greater than 100 cf.  Again, the 100 cf difference 
is important because the billing unit is 100 cf.  Unlike the handheld units used during the audit, 
which used 2 cf as the tolerance, the mobile collection device used for routine monthly meter 
reading stores drive by readings which are received by the billing system in 100 cf (1 CCF) units. 
With the 92 low, 38 high, 2 factory mode, 132 of the original 9011 accounts (1.46%) were sent 
for bill review as a result of the initial audit field observations.   
 


ZIP CODES 


Mismatched Units 
Observed > 100 cf due to 


FACTORY PROGRAM 
Settings 


Mismatched 
Units 


Observed > 
100 cf HIGH 


Mismatched 
Units 


Observed > 
100 cf LOW 


Total Mismatched 
units observed 


28031 1 16 8 25 
28036 3 7 10 
28078 1 1 2 
28105 2 4 6 
28134 2 3 5 
28202 1 1 
28205 2 2 
28206 1 3 4 
28208 3 5 8 
28210 1 1 2 
28213 1 7 46 54 
28216 1 1 
28227 2 2 
28262 1 1 
28269 6 6 
28277 3 3 


Total 2 38 92 132 
 


TABLE 5:  100+ CF (1 CCF) FIELD OBSERVATIONS DEFERRED FOR BILL 
REVIEW 
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ERRORS WITH NO BILL IMPACT 
It should be noted that a difference between the transmitter and the register can exist with there 
being no impact to billing at all (for example, if the transmitter is programmed with a 10 cf 
difference from the register at installation, it will always have the 10 cf delta but will not impact 
the bill as long as the bill is consistently determined from the transmitted reading).  Utilities 
conducted testing utilizing a meter pilot test unit to verify that additional drift in readings did not 
occur.  No drift was observed after 10,500 cf were logged on equipment removed from the field 
in low consumption and high consumption testing.  The original delta that was noted remained 
on the device in all but 8 cases of 289 register and transmitter pairs tested.  Thus, the observation 
that there is more concern for a greater delta between the ERT and the register, and review of 
those units must always be undertaken first.   
 


 


FIGURE 7:  UTILITIES PILOT TEST UNIT FOR CONSUMPTION TESTING 
 
 
NO RESPONSE 
Services with No Response were remediated (equipment replaced) and also placed on a watch 
list as part of the development of the quality assurance program.  They will be revisited in the 
next 12 months to observe their state at that time.  The watch list may help determine conditions 
that can lead to no response.  Over 70% of No Responses in this audit were associated with the 
earlier model device.  If a device is reporting no response, it is not sending erroneous data.  It is 
sending no data at all.  Normally, this would result in the creation of an exception during the 
meter data processing (pre-billing) and subsequent work to obtain a correct meter reading prior 
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to the production of a bill for that account, all of which requires additional resources beyond 
those required for a normal, successful mobile read.   
 
For the audit, No Response equipment was immediately replaced without question or additional 
review during remediation and the account will be checked again in 12 months to ensure 
reported consumption history has not varied.   
 
 


ZIP 
CODES 


No. of No 
Response 
Accounts with 
60WP ERT 


No. of No 
Response 
Accounts with 
50W ERT 


Total No 
Response 
ERT’s 


28031 38 48 86 
28036 9 6 15 
28078 1 6 7 
28105 7 29 36 
28134 7 20 27 
28202 1 19 20 
28205 2 1 3 
28206 7 8 15 
28208 3 24 27 
28210 7 27 34 
28213 48 180 228 
28215 2 6 8 
28216 2 3 5 
28227 11 5 16 
28262 7 8 15 
28269 9 3 12 
28277 4 10 14 
Total 165 403 568 


 


TABLE 6:  EQUIPMENT WITH NO RESPONSE 


 


VARIATION GREATER THAN BILLING UNIT OF 1 CCF 
After equipment review, if a variation of more than 100 cf between the ERT and register had 
been determined, the finding was submitted for bill review and the equipment was sent back to 
the manufacturer for engineering analysis.  Along with the 132 initial findings of more than 100 
cf delta between the transmitter and register, an additional 22 were sent for review based on the 
remediation and repair findings. These 22 were found to be in the 100 cf range, where as the 
initial field observation may have been 98 cf for example.  This resulted in 154 accounts sent for 
bill review.   
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Zip 
Code 


General Location (main 
audit area) 


Total # 
Accounts 
Audited 


# with 
Mismatch 


> 1 ccf 


Percentage 
with 
Mismatch 
> 1 ccf 


# Buried 
or with 
 Other 
Issue 
(Returned 
for Work) 


Percentage 
Buried or 
with Other 
Issue 


28031 Cornelius (Peninsula) 1085 28 2.58 110 10.14
28036 Davidson 593 11 1.85 46 7.76
28078 Huntersville 91 2 2.20 22 24.18


28105 
Matthews (Matthews 
Plantation) 589 6 1.02 26 4.41


28134 Pineville (Cone Ave) 656 4 0.61 64 9.76
28202 Charlotte (Center City) 93 1 1.08 10 10.75
28204 Charlotte (Center City) 2 0 0.00 0 0
28205 Charlotte (East, The Plaza) 43 3 6.98 4 9.3
28206 Charlotte (North East) 360 5 1.39 36 10
28208 Charlotte (West) 402 11 2.74 70 17.41
28210 Charlotte (Starbrook) 317 2 0.63 18 5.68
28213 Charlotte (Hidden Valley) 3227 64 1.98 193 5.98
28214 Charlotte (Northwest) 1 0 0.00 0 0
28215 Charlotte (Shannon Park) 196 0 0.00 8 4.08
28216 Charlotte (Northwest) 196 1 0.51 3 1.53
28227 Mint Hill (Farmwood) 405 3 0.74 48 11.85
28262 Charlotte (Mallard Creek) 190 2 1.05 16 8.42
28269 Charlotte (Mallard Creek) 284 7 2.46 10 3.52
28270 Charlotte (South) 1 1 100.00 1 100


28277 
Charlotte (Providence 
Country Club) 280 3 1.07 22 7.86


TOTAL 9011 154
 
TABLE 7:  FIELD OBSERVATIONS WITH BILL IMPACT POTENTIAL 
 
Bill review involved checking 3 years of consumption history, any additional data noted, and the 
current bill.  Some accounts were adjusted so that the consumption difference was corrected 
prior to billing, some accounts showed no usage impact since the delta was from installation, 
some accounts were not being billed based on the mobile data (bills were based on visual 
readings) so past check reads had already led to adjustment, some accounts were vacant 
residences, and some accounts were deemed eligible for refunds.  Refunds were sent if the bill 
had been issued before the consumption could be adjusted.  48 accounts were adjusted for 
consumption and 10 accounts received refunds.  Thus, 58 out of 9011 observations led to 
adjustments to a customer’s bill.  More investigation into all the removed equipment was 
conducted and is included in the analysis section of this report. 
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RESOLUTION OF ACCOUNTS WITH >100cf 
MISMATCH 


No. of 
Accounts 


Consumption adjustment prior to bill production 48 
No adjustment (Delta probably from installation, billed 
from check read not mobile, no activity since maybe 
vacant with minor leak, etc) 96 
Refund Issued 10 
TOTAL COUNT OF ADJUSTED ACCOUNTS 154 


 


TABLE 8:  ACCOUNT MODIFICATIONS CAUSED BY FIELD OBSERVATIONS 


 


VERIFICATION OF FIELD WORK 
Along with contracting with Vanguard for independent field observations during the audit, 
Utilities conducted a sample of the full conformance audit findings for verification of work.  
Verifications were performed by internal staff and involved repeating the full conformance audit, 
usually within one week.  Only full conformances were verified because in all other findings, a 
remediation team was dispatched.   The results of the verifications showed 95% match between 
the contract auditor and the Utilities staff field observations: 
 


Zip Code 


FULL 
CONFORMANCE 
WITH 
ORIGINAL 
FIELD 
OBSERVATION 


VERIFICATION 
OBSERVATION 
HIGHER THAN 
ORIGINAL  


VERIFICATION 
OBSERVATION 
RESULTING IN 
NO RESPONSE Total


28105 71 2 2 75
28208 61   1 62
28210 102   9 111
28213 6   1 7
28227 80   2 82


Total 320 2 15 337
PERCENTAGE 95 1 4   


 


TABLE 9:  VERIFICATION OF FIELD OBSERVATIONS 


 


PHOTO REVIEW OF FIELD WORK 
A review of the AS FOUND photos was also conducted to check the handheld entry versus the 
dial reading for the register.  Photo review was conducted on the field observations that reported 
high variance.  Since the interpretation of a dial that is about to increment forward can result in a 
difference of 1 cf, the match had to be within 1 cf or it was labeled no match.  All readings were 
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expected to be a match, unless a data entry error occurred in the field (or poor picture resolution 
prevented comparison).  For the high exception photo review, the study revealed that the entries 
matched the AS FOUND photo within 1 cf for over 90% of the field observations.  This level of 
correlation was determined to be acceptable for baseline development from audit results given 
the conditions in the field and the potential for variability across all data collectors.  
 


ZIP CODE 


PHOTO 
DOES NOT 
MATCH 
(GREATER 
THAN 1 CF) 


MATCH  
WITHIN 1 CF 
TO AS 
FOUND 
PICTURE Total 


28031 3 20 23 
28036   10 10 
28078   2 2 
28105 1 5 6 
28134   5 5 
28202   2 2 
28205   2 2 
28206   3 3 
28208   8 8 
28210 1 1 2 
28213 2 48 50 
28227   2 2 
28262   1 1 
28269   6 6 
28277   2 2 
Total 7 117 124 
PERCENT 6 94


 


TABLE 10:  PHOTO REVIEW RESULTS 
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ENGINEERING ANALYSIS 
While reading mismatches (variances between the transmitter and register reading) were 
observed during this audit, no single root cause for reading mismatches was identified after 
extensive testing.  Multiple factors can individually or in combination lead to a mismatch (see 
field observation data above for listing of mismatches).  Not all mismatches will lead to a billing 
error; in fact, based on the audit findings and historical data, many small incremental mismatches 
or deltas exist in the system without issue.  It should be remembered that billing data is normally 
taken from the electronic read only and as long as the electronic read information is part of the 
normal mobile collection, the mismatch is not seen.  However, some mismatches can be 
problematic; for example, if a mismatch greater than 100 cf exists and a subsequent manual read 
is utilized for billing purposes, it is up to the billing exception and edit process to trap or isolate 
that difference prior to billing. 
 
Equipment having a mismatch greater than 100 cf based on field observation was further 
analyzed.  Some of the equipment meeting these criteria was sent to either Itron or Badger, or 
both, for extensive engineering analysis.  Some equipment with smaller deltas was also analyzed 
by Utilities, Itron, or Badger.  Analysis and testing was 
  


(1) tested in house by Utilities (see the Additional Testing section), or  
(2) sent to the transmitter manufacturer (Itron), or  
(3) sent to the meter and register manufacturer (Badger).   


 
In the future, additional testing of equipment may be necessary for further learning and 
predictive measure development, but that effort is outside the scope of this audit.  The results of 
the engineering analysis conducted for the 2010 summer audit is summarized here.   
 
Based on detailed engineering analysis by Itron, meter registers, endpoints, cables, and 
installation have all contributed to reading mismatches.  The root causes for the returned 
endpoint-register pairs can be grouped into the following categories:  
 
Root Cause Category    Description  
Endpoint Failures     Circuit board, housing socket, electronic component  
No Mismatch     Readings matched upon receipt at the manufacturer 
Register and Cable Failures    Register cable, endpoint cable, in-line connector 
Programming and Installation   Suspected incorrect initial value set in endpoint 
No Problem Found     No detected failure mode or it cannot be reproduced 
 
The ERT manufacturer was asked to analyze 42 ERT and register pairs.  Ten of these returns 
actually proved to be operating properly (no mismatches) upon receipt; in all ten cases, the 
endpoint and register readings agreed, however in three of ten cases it was easy to deduce that 
the auditor simply misread the register dials. For example, the dial could have had a 25 and the 
field observation recorded a 52.  Other results are best broken into four categories – register and 
cable issues (7), endpoint issues (13), programming issues (7), and no problem found (6).  It 
should be noted that this was a small sample size and that future additional audit data will be 
more helpful with determining predictive elements.  An explanation of the findings is provided 
below. 
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Register and Cable Issues 
Certain failure mechanisms can alter the characteristics of the interface between the ERT and the 
register in a way that presents count transitions to the ERT that are not actually from the register.  
In other words, false signals may advance the electronic reading.   In these cases, the endpoint 
reading will be higher than the reading on the register dials. Six failures were seen in the cable 
system, and in one case, the register, where extra pulses were presented to the endpoint.   
 
Utilities reported an anecdotal observation of some amount of visible cable damage for 
remediated equipment.  It is possible that cable damage can result from several causes including: 
stress during installation or handling, stress from crimping, stress from lid misplacement, stress 
from incorrect mounting, tamper, and or other factors.  Cable stress may not be immediately 
obvious, but may become more apparent after time and weather conditions ensue.  Cable damage 
may occur on either side, i.e., the cable may be damaged on the ERT side of the connection or 
the cable may be damaged on the register side of the connection.  It should be noted, and Utilities 
has also reported, that Itron has demonstrated continuous improvement in the durability of the 
cable connected to the ERT.  Review of the data indicates that older generations were associated 
with cable issues more often than the newer generation ERT.  Photos of cable damage are shown 
below: 


                          


Example 1 – Cable damaged– cable crushed.                        Example 2 – ERT cable damaged at housing.    


 


              


Example 3 – Register cable damaged at housing.                Example 4: Cable damage – twisted during handling. 
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Endpoint Issues 
Printed circuit board failures were responsible for 6 returns, the housing socket (which can be a 
handling issue) was responsible for 3, and the final two returns were component failures on the 
board.  Of these 13 with endpoint issues, 11 were the earlier generation (50W). 
 
Programming Issues 
On the programming front, a total of six units are strongly suspected to have been programmed 
incorrectly. Some are more easily deduced than others. For instance, one endpoint gave a reading 
of 16524 while the register read 14524. It is highly likely that the second-most significant digit 
was incorrectly read and programmed upon installation. (Worth noting, this type of analysis is 
only possible on the 60W as this unit stores the value programmed into the unit forever.) In 
another case, the initial consumption was equal to the difference, of 16383. In this case, it is 
likely that a new register was installed (with zero consumption on the dials) but the endpoint was 
not reprogrammed back to zero. Suspected programming errors include such observations as the 
endpoint being off by a full, round number (1000 in one case), and the possible transposition of 
two numbers at programming.  
 
No Problem Found 
Six pairs have had no additional problem found and no explanation is offered for these pairs. It is 
common that some of the failure behavior from some field returns cannot be duplicated. A 
multitude of tests with a significant amount of time was invested into each of these pairs in an 
attempt to truly identify the failure mode. (It is worth noting that on 50W endpoints; the initial 
consumption value is not saved, making the identification of programming issues essentially 
impossible, unless digital photos are obtained at the time of the install.) A reasonable conclusion 
to these pairs would be to allocate and match the percentages of the other failures and assume 
that two could be attributed to a circuit failure, two to programming error, and two to cable 
issues.  
 
Further, as part of the engineering analysis, some samples of pairs were returned with a 
mismatch that was small, much less than 100 cf.  Considerable analysis on these returns was 
done as well. It is worth noting that the same types of issues have been found; register and cable, 
endpoint, programming and installation, and no problem found.  
 
ERT Engineering Analysis Conclusions 
Conclusions from the engineering analysis may be drawn in general and more specific terms:  
 
In general terms: 
 


• Endpoint (ERT) data and register readings agree in a very high percentage of cases. 
• Endpoint-to-register mismatches that have the potential to cause a customer high bill is 


less than 2%.  After the billing process preventative controls and traps, the error rate in 
bills issued to customers is most likely to be in the range of 0.1% to 0.3% for overall 
billing impact due to equipment. 


• An observed reading mismatch can be the result of several different root cause 
mechanisms, many of which are not related to the endpoint (ERT) itself.  
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In more detailed terms: 
 


• Root cause mechanisms include four categories: 
o Failures of the register and register/endpoint cables 
o Failures of the endpoint itself – printed circuit board and component.  
o Programming, handling, and installation issues. 
o No problem found – a problem exists, but no direct cause of the failure could be 


determined. 
 
The vast majority of reading mismatches examined for the audit are related to the printed circuit 
board and other areas of design on older (50W) style units. The majority of reading mismatches 
on the newer designs (60W) are external to the endpoint itself. The data bears out the success of 
Itron at continuous product improvement – legacy product failure modes are not seen in the latest 
generation of endpoints.  
 
Several ERT/register pairs were also sent to Badger for analysis.  Not all of the analysis was 
completed in time for this report.  However, the analysis that was completed indicated damage to 
the equipment due to varying causes including:  lighting strike, adhesive failure, installation or 
handling, and other conditions.  A sample of those findings is shown here: 
 
Reported Symptom: No output pulses to ERT when spun. Electric current leakage (conductive 
path between red and black wires).  
 
Badger Meter Findings: Water visible in the RTR, confirmed a resistive short between the red 
and black leads {result of the water in the RTR}. The water in the RTR is due to a molded seal 
failure to adhere to the dome.  
 
Reported Symptom: Output FET is either disconnected from cable or is broken. (No indication 
of the diode within the FET)  
 
Badger Meter Findings: No continuity to the RTR FET output. RTR splice potting cavity 
“broken” loose from the RTR can, black lead fractured and corroded. This is the result of either a 
possible loss of adhesion of the potting material or field damage.  
 


 
 
Example 1 - Potting material fractured from the RTR base resulting in a fractured / corroded wire.  
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Reported Symptom: Erratic operation. Sometimes diode pulsing, sometimes to the supply rail. 
Reverse diode is present.  
 
Badger Meter Findings: No output pulse from the RTR FET. This was the result of a tear in the 
piezo film at the fulcrum in the base plate.  
 


 
 
Example 2 - Tear in the piezo film at the fulcrum in the base plate.  
 
Reported Symptom: Pulse interval is way too long and is not limited electronically. One can 
stop the register in the closed position indefinitely. Reverse diode is present.  
 
Badger Meter Findings: The RTR FET output is shorted {20 – 30 ohms}. A burn mark is 
present in the piezo film; this is often the result of electrical transient damage, {i.e. lightning 
strike} which would also damage the FET output.  
 


 
 
Example 3 - Electrical transient burn mark in the piezo film 
 
Reported Symptom: No output pulses to ERT when spun. You can sometimes see register 
switch but it never goes (reaches a )low enough impedance. Reported current leakage sometimes 
(conductive path between red and black wires). Reverse diode present.  
 
Badger Meter Findings: There is a high impedance short on the RTR FET output, which 
intermittently drops lower in impedance. This is most often the result of an electrical transient 
{i.e. lightning strike}.  
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Summary and Disposition of Completed Items: Two (2) RTRs with water inside due to a 
molded seal failure, these are covered under warranty. One (1) RTR failed due to a potting cavity 
failure, this is covered under warranty. One (1) failed RTR was the result of a torn piezo film, 
also covered under warranty. Two (2) RTR FET outputs were shorted due to an electrical 
transient (possible lighting strike); these are NOT covered under warranty.  
 
Utilities witnessed several of the engineering analysis tests and reviewed the quality control 
measures at Itron and Badger.  Testing protocol and control measures were determined to be 
acceptable.   
 


 
 
FIGURE 8:  UTILITIES STAFF WITNESS TESTING AT ITRON   


33 
 







ADDITIONAL TESTING 
 
Meter Shop Testing 
 


 
FIGURE 9:  UTILITIES PILOT TEST UNIT FOR CONSUMPTION TESTING 
 
 
Utilities conducted testing of ERT and register pairs using one of two pilot plant units in the 
meter shop area.  One unit was used to look at low flows (1 cubic foot or 10 cubic feet) at fast or 
slow rates of throughput, and one unit was used to simulate more extended flows (nearly 9000 
cubic feet at intermittent flows).  The low flow testing involved 253 of the equipment pairs 
removed from the field during the audit remediation.  The extended consumption testing 
involved 36 of the equipment pairs.  It must be noted that these are small samples of equipment 
that had already been identified as non-conforming for the purposes of the audit.  Broad 
assumptions cannot be drawn without more extensive testing. 
 
Of the 253 low flow units, all but 6 of the pairs (2.37%) had a matching finding (matched field 
observation) when six different flow tests were completed.  Four stopped responding, although 
they had been responding either high or low in the field.  One had been labeled non responsive in 
the field but was responding high during the testing, and one was slightly higher than previously 
recorded.   
 
Of the 36 extended consumption tests, 12 tests were disqualified because the pilot unit 
overheated.  The extended testing pilot unit was mounted outdoors due to space limitations and 
the ambient temperature exceeded 95 F on some of the test days.  Of the 24 tests that were 
qualified, only 2 were non-conforming (8.33%).   One pair was non-conforming high and one 
pair was non-conforming low. 
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Manufacturing Date Review 
 
Utilities reviewed 335 of the ERTs manufacturing dates to see if any patterns were evident: 
 
 Reviewed 335 metering systems pulled from the field. 
58% (195) systems were Badger registers attached to 50W endpoints 
42% (140) systems were Badger registers attached to 60WP endpoints 
 
Of the 195 systems (50W) –  
26% (64) did not provide adequate details for manufacture date analysis.  The date could not be 
read due to smears, damage, or label removal. 
 
Of the remaining 131 systems (50W) –  
5% were manufactured in 2003 
25% were manufactured in 2004 
10% were manufactured in 2005 
49% were manufactured in 2006 
10% were manufactured in 2007 
 
2006 was the outlier in this small data set. 
 
Of the 140 systems (60WP) –  
23% did not provide adequate details for manufacture date analysis. 
 
Of the remaining 76 systems (60WP) –  
35% were manufactured in 2007 
30% were manufactured in 2008 
31% were manufactured in 2009 
2% were manufactured in 2010 
 
No outlier was seen in this data set. 
 
 
Pit Box Testing 
 
Itron loaned Utilities 3 humidity test units so that pit box conditions could be analyzed for 
temperature, humidity, and dew point.  The graphical presentation of the data obtained is shown 
in the three figures below.  It was determined that the analysis was inconclusive.  Although the 
testers were placed in varying locations, no location demonstrated a marked difference in 
conditions.  This was likely due to the limited time frame of the summer testing.  Future pit box 
testing may be conducted so that the conditions in the Charlotte-Mecklenburg area can be better 
understood and the information used for more predictive maintenance.   
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CONCLUSIONS AND RECOMMENDATIONS 


 
Utilities conducted an exhaustive audit during the summer of 2010 as part of the Customer 
Service Evaluation project.  After much review and intensive application of resources, equipment 
issues with the potential to create either a meter reading exception (pre-bill issuance) or an 
erroneous bill accounted for approximately 1.71% of the sample population. Of the accounts 
where these issues were observed, 0.6% (58 of the 9011) of the sample population was found to 
need a billing adjustment.  The billing process is constructed to “trap” or identify unusual 
readings prior to bill generation, and the audit findings support this process.  The audit further 
concludes that most customers who use large amounts of water expect to receive a bill for that 
amount.  Complaints originate in part when customers receive a high bill that they are not 
expecting.  Utilities is exploring opportunities to improve communication with customers about 
bills that are uncharacteristic of their normal usage.  No billing process was identified that has a 
stated 100% accuracy.  This is not to say that this is not the goal; Utilities will need to continue 
to improve its billing process in an effort to achieve greater accuracy.  It must be noted that some 
additional improvement around concerns about Days of Service and Monthly Billing will be 
realized by minor immediate changes in the billing process and will be more fully developed 
when Billing Cycle Alignment is completed.   Development of an ongoing audit process, 
improvements in the maintenance of pit boxes, enhancements to basic procedures, and new 
technology deployment will help to further reassure customers that they are being billed for the 
water they are using.  
 
This audit led to the following recommendations: 
 


Audit Recommendation   Utilities Action Proposed Start Date  


01. Ongoing Audit of Meter 
Equipment and construction of 
predictive data for equipment 
end of life (tracking of 
manufacture, installation, and 
retirement data included).  
 


Concur  10/1/2010 


02. Implementation of 
Maintenance Program 
enhancements to address pit box 
conditions  


Concur  7/1/2011  


 
03. Development of Processes 
and Procedures to address 
Locates, Uncovers, and 
Tampers 
 


Concur  7/1/2011  


37 
 







04. Additional bill 
modeling/formatting to provide 
clearer information to customers 
  


Concur  Ongoing  


05. Billing Cycle Alignment to 
optimize current operations.  


Concur  11/1/2011  


06. Continued replacement of 
older model ERT with newer 
model ERT upon failure.  


Concur  Ongoing  


07. Review of new technologies 
for possible pilot study of next 
generation of automated meter 
reading system.  


Concur  6/30/2011  
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END OF REPORT 





		 Conducted parallel meter reading tests and analysis of samples of removed equipment populations

		 Completed review of customer historical information and billing to identify those with billing unit excesses that led to an incorrect bill being issued

		 Contacted customers to make them aware of equipment replacements and possible bill corrections 



