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EXECUTIVE SUMMARY 

¢ƘŜ /ƛǘȅ ƻŦ !ǘƭŀƴǘŀΩǎ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ²ŀǘŜǊǎƘŜŘ aŀƴŀƎŜƳŜƴǘ ό5²aύ ǊŜŎŜƛǾŜŘ ŀƴ ǳƴǳǎǳŀƭƭȅ 

high number of complaints concerning billing as a result of what customers perceive as 

unexplained increases in water consumption during August and September 2010.   The City of 

!ǘƭŀƴǘŀ !ǳŘƛǘƻǊΩǎ hŦŦƛŎŜ ŎƻƴŘǳŎǘŜŘ ŀ ǇŜǊŦƻǊƳŀƴŎŜ ŀǳŘƛǘ ƻŦ ǘƘŜ !ǳǘƻƳŀǘŜŘ aŜǘŜǊ wŜŀŘƛƴƎ 

(AMR) Implementation Program in 2007.   The purpose of the audit was to assess the major 

challenges of the AMR implementation Program and how the challenges were being addressed.  

The sample size of this audit was relatively small however; it noted several issues with the 

condition of the meter such as register damage, unlocked meter lids, lids that did not fit the 

meter box properly and meter interface units that were not tied to the meter lids.  The City 

!ǳŘƛǘƻǊΩǎ hŦŦƛŎŜΣ was unable to verify electronic readings for 13% of the sampled meters; 9% of 

those reads could not be verified due to broken or maƭŦǳƴŎǘƛƻƴ ŜǉǳƛǇƳŜƴǘΦ 5²aΩǎ 

administration at that time agreed with all but one of the auditor recommendations; which 

included developing a small meter maintenance plan to identify the issues noted in the 2007 

audit.  DWM completed this plan in 2008.   However, DWM continued to receive a high volume 

of complaints regarding customer water and sewer bills over the past 3 years.  In 2009, the 

Department received 16,693 residential and commercial requests to place their accounts in 

dispute. The number of accounts in dispute decreased slightly in 2010 to 14,293.  Many of the 

disputes are the result of customers receiving consecutively estimated bills.   In July 2010, 5.4% 

of the water meters in the in City were being estimated.   To understand the reasons for the 

perceived spikes in consumption for some customers, DWM chartered the Meter and Billing 

Accuracy Assessment (MBAA) to evaluate the residential water meters and the systems 

associated with the metering and billing processes.  

 

Resources for this assessment included internal staff with system and data analysis support 

provided by the Program Management Team (PMT).  The Project Team used problem-solving 

ƳŜǘƘƻŘǎ ŀƴŘ ǎǘŀǘƛǎǘƛŎŀƭ ŜǾƛŘŜƴŎŜ ǘƻ ŘŜǘŜǊƳƛƴŜ ǘƘŜ ƻǾŜǊŀƭƭ ƘŜŀƭǘƘ ƻŦ ǘƘŜ /ƛǘȅΩǎ ǊŜǎƛŘŜƴǘƛŀƭ and 
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irrigation water meters and the root cause for the perceived unexplained water consumption 

spikes experienced by some of its customers.  

The assessment included 9,193 (7% of the AMR meters in the system) residential and irrigation 

accounts, which were randomly sampled out of 127,0001 residential and irrigation accounts. 

Within its service area, DWM supplies drinking water and wastewater services to five (5) cities, 

and five (5) counties in the Atlanta Metropolitan area to include the City of Sandy Springs, City 

of East Point, and Coweta, Clayton, and Fayette Counties.  Data was collected from in-person 

field observations of meters following the published billing cycle and meter reading schedule in 

November and December 2010.  The data collected from field observations and technology 

reviews was used to determine the overall health of the water meters in the water distribution 

system and the factors that contributed to the increase in meter and billing customer 

complaints.  The Project Team was also able to determine whether recorded usage information 

is accurately communicated through the Automated Meter Reading (AMR) system for use in 

the billing system.  

Meter Interface Units (MIU) in the City of Atlanta are accurately transmitting water usage 

from the meter to the Automated Meter Reader (AMR) Handheld device or Mobile Data 

Collector. 

The assessment of the AMR meters installed, found no evidence of problems with the 

functionality of the meters that were installed properly, and with no external damage to meter 

components.   However, when there is external damage to meter components such as 

damaged register and severed wires, it inhibits the AMR system from performing at the desired 

level. These problems could have a direct or indirect impact on the meter reading and billing 

processes. 

  

                                                           
1
DWM has an estimated 132,000 residential and irrigation meter accounts which are read via AMR or manually.  At 

the time of sampling, 127,000 residential and irrigation meters were AMR. The assessment only includes AMR 
meters.  
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Table 1: Components of the Meter Examined 

Cycle
Sample 

Size

Antenna 

in Lid

Register 

Match

Acct Info        

Correct

 Meter 

Lid Fit

 Lid 

Unbroken

Antenna 

Position 

Handheld 

Reading

Estimated

Reading

Correct 

MIU

Average 

Consumption 

(CCF)

City Wide 9193 74.80% 98.84% 94.76% 93.39% 98.01% 86.74% 96.27% 2.97% 98.85% 8.60

Population Estimate

 

The MIU is accurately translating water usage to the meter reading system and billing 

system. 

The Project Team reviewed the integrity of the technology involved in the meter reading and 

billing processes.  After reviewing the system transfer process and comparing the field sampling 

data with recorded water usage received during the meter reading process, we found that 

water consumption is accurately transferred from the AMR system to the billing system.  The 

Project Team found several explainable inefficiencies as a result of installation issues which 

delayed processing time to manually update information from the field into the billing system. 

At present, there has been no indication of mathematical or computational errors in the billing 

system.  Current information suggests that the billing system accurately calculates customer 

billing statements based on consumption data received from the metering system. 

¢ƘŜ /ƛǘȅΩǎ ŀǾŜǊŀƎŜ ǊŜǎƛŘŜƴǘƛŀƭ ŎƻƴǎǳƳǇǘƛƻƴ ƛs compatible with the national residential 

ŎƻƴǎǳƳǇǘƛƻƴΦ ¢ƘŜ /ƛǘȅΩǎ ƘƛƎƘŜǎǘ ǿŀǘŜǊ ŎƻƴǎǳƳŜǊǎ ŀǊŜ ŎǳǎǘƻƳŜǊǎ ǿƛǘƘ м-inch meters and 

irrigation meters. 

During the assessment period, the Project Team found that the average monthly water 

consumption for a residential account in the City is currently 8.6 CCF.  If irrigation meters are 

removed, the city-wide average water consumption is 7.8 CCF.  The Project Team found that 

ǘƘŜ /ƛǘȅΩǎ ŀǾŜǊŀƎŜ is within the American Water Works Association (AWWA) residential 

consumption average of 6.89 CCF.   

A further review of the data revealed that the billing routes with a high number of 1-inch 

domestic residential ƳŜǘŜǊǎ ŀƴŘ ƛǊǊƛƎŀǘƛƻƴ ƳŜǘŜǊǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ŎƻƴǘǊƛōǳǘŜ ǘƻ ǘƘŜ /ƛǘȅΩǎ ƘƛƎƘŜǊ 

monthly consumption.  The average consumption for irrigation meters of all sizes in the City is 
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25.6 CCFs. The average consumption for a single family residence equipped with a 1-inch 

domestic residential meter is 21.2 CCF.   

Meter-related issues found during the meter reading process are not timely updated in the 

billing system. 

In its assessment, the Project Team found that existing meter repair work orders were a major 

ŦŀŎǘƻǊ ƛƴ ǘƘŜ !aw ǎȅǎǘŜƳΩǎ ƛƴŀōƛƭƛǘȅ ǘƻ ǊŜŎŜƛǾŜ ŀ ǊŜŀŘƛƴƎΦ Lƴ ǎƻƳŜ ŎŀǎŜǎΣ ǘƘŜ ǎŀƳǇƭŜŘ ŀŎŎƻǳƴǘǎ 

had an open work order for a meter-related repair such as a broken register, duplicate MIU 

number or missing critical account information or the inability of the mobile data collector to 

receive a signal from the meter.    

Additional findings are as follows: 

 When correctly maintained all components of the meter work properly and can 
accurately record water usage. 

 98.84% of the AMR meters sampled have the correct register size and meter size. 

 Customer account information matched 94.67% of the meters sampled. 

 Water usage for 2.97% of the accounts in the sample was estimated. 

 96.27% of the AMR meters sampled successfully transmitted reading to data collection 
devices. 

 Antenna Location:  74.8% of the antennas in the system are placed in the meter lid. 

 Antenna Orientation:  86.7% of the antennas are standing upright in the meter box or 
placed in the meter lid. 

OVERALL CONCLUSION 

Based on its analysis of AMR meters in the City, the Project Team found that when an AMR 

water meter is properly installed, water usage is transmitted accurately to the data collector 

device. It also found that recorded water usage information is accurately communicated 

through the AMR system for use in the billing process.  Although AMR meters are accurately 

transmitting water usage information and the AMR system is accurately communicating that 

usage information to the billing system. The Project Team found a percentage of AMR meters 

system is not operating at an optimal level.  There are a number of factors contributing to the 

current performance level of the AMR meters.  Several factors such as poor antenna position, 

missing critical customer account information, and meter/register match issues, incorrect MIU 
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numbers, and estimated readings indirectly and directly impact the billing process.  These are 

all exacerbated by an overall perception of poor customer service and a failure to address 

issues rapidly.   
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RESOLUTION PLAN 

The results and lessons learned from this assessment provided DWM with the information 

needed to create a comprehensive plan of action to resolve the meter and billing issues.  From 

the data collected in the MBAA, several key initiatives are being implemented to fix the meter-

related issues in the field and data-related concerns in the billing system.   

DWM is planning a system-wide audit of the small meters in the utility. The audit will involve 

evaluating and recording information on the estimated 127,000 small residential meters, which 

will allow DWM to identify meters not performing at the desired level. The objectives of the 

audit are to correct data-related issues in the billing system and to identify those issues with 

the meter, a process that can only be determined via on-site meter investigations. The desired 

outcome of the audit is to reduce the number of billing related concerns, such as crossed MIU 

numbers, mismatched registers, and system-generated estimates. The audit will be performed 

by an outside contractor.  

The Contractor will be required to record the following during the audit:   

-̓Inch to 2-Inch Small Meters: 
ω Meter size 
ω Meter type & manufacturer 
ω Meter serial numbers 
ω Account Number 
ω Type of setting resident or commercial 
ω Register size and date 
ω Register condition 
ω Register complete reading 
ω MIU / AMI number 
ω Antenna Position 
ω Water valves on or off 
ω Location of meter 
ω Backflow information  
ω Meter box and lid condition 
ω GPS Coordinates within 3 meters 
ω Remarks concerning the meter setting or any problem 
ω Digital photographs of meter setting 

 



 

City of Atlanta |  9 

 

 

TABLE OF CONTENT 
EXECUTIVE SUMMARY .................................................................................................................................. 3 

OVERALL CONCLUSION ................................................................................................................................. 6 

RESOLUTION PLAN ........................................................................................................................................ 8 

TABLE OF CONTENT ...................................................................................................................................... 9 

GLOSSARY OF TERMS .................................................................................................................................. 11 

OBJECTIVE, SCOPE, AND METHODOLOGY .................................................................................................. 13 

BACKGROUND ............................................................................................................................................. 15 

OBSERVATIONS AND RECOMMENDATIONS ............................................................................................... 18 

1. Water usage varies widely throughout of the City. ........................................................................ 18 

2. ¢ƘŜ /ƛǘȅΩǎ ŀǾŜǊŀƎŜ ǊŜǎƛŘŜƴǘƛŀƭ ŎƻƴǎǳƳǇǘƛƻƴ ƛǎ ǿƛǘƘƛƴ ǘƘŜ !ƳŜǊƛŎŀƴ ²ŀǘŜǊ ²ƻǊƪǎ !ǎǎƻŎƛŀǘƛƻƴ 

average. ................................................................................................................................................... 20 

3. When correctly maintained, all components of the meter work properly and can accurately 

record water usage. ................................................................................................................................ 21 

4. AMR meters in the system are accurately transmitting usage information to the Data Collection 

Device. ..................................................................................................................................................... 23 

5. The AMR system is accurately communicating usage information to the billing system. ............. 24 

6. 98.84% of the AMR meters sampled have the correct register size and meter size. ..................... 26 

7. Customer account information matched 94.67% of the meters sampled. .................................... 28 

8. Water usage for 2.97% of the accounts in the sample is estimated. ............................................. 30 

9. 96.27% of the AMR meters sampled successfully transmitted readings to data collection devices.

 34 

10. Meter related issues found during the meter reading process are not timely updated in the 

billing system. ......................................................................................................................................... 36 

11. Antenna Location: 74.8% of the antennas in the system are placed properly in the meter lid. 37 

12. Antenna Orientation: 86.7 % of the antennas are standing upright in the meter box or placed 

in the meter lid........................................................................................................................................ 38 

SUMMARY OF RECOMMENDATIONS AND OBSERVATIONS ................................................................... 39 

PROJECT TEAM ............................................................................................................................................ 47 

ACKNOWLEDGEMENTS ............................................................................................................................... 47 

APPENDIX .................................................................................................................................................... 48 



 

City of Atlanta | TABLE OF CONTENT 10 

 

EXHIBIT 1: Project Charter ...................................................................................................................... 48 

EXHIBIT 2: Map of Billing Cycles .............................................................................................................. 51 

EXHIBIT 3: Six Sigma DMAIC Process ...................................................................................................... 52 

EXHIBIT 4: Summary of Active Residential and Irrigation AMR Meters Sampled................................... 61 

EXHIBIT 5: Population Estimate .............................................................................................................. 62 

EXHIBIT 6: 95% Confidence Interval Upper Bound ................................................................................. 63 

EXHIBIT 7: Meter and Billing Process Map .............................................................................................. 64 

EXHIBIT 8:  Pareto Chart ς Total # of Failure for Key Input Variables ..................................................... 65 

EXHIBIT 9:  Pareto Chart ς MIU Issues .................................................................................................... 65 

EXHIBIT 10:  Pareto Chart ς Account High Consumption Total by Meter Size ....................................... 66 

EXHIBIT 11: Reason for High Consumption ............................................................................................. 67 

EXHIBIT 12: Pareto Chart - What Caused the Estimate .......................................................................... 67 

EXHIBIT 13:  Control Chart ς City Wide Consumptions ........................................................................... 68 

EXHIBIT 14: Control Chart ς City Consumption without Irrigation ......................................................... 68 

EXHIBIT 15: Control Chart-Irrigation Accounts Consumption ................................................................. 69 

EXHIBIT 16: Consumption One-Inch Consumption ................................................................................. 69 

EXHIBIT 17: City-wide Consumption Comparison ................................................................................... 70 

EXHIBIT 18: MBAA Control Plan .............................................................................................................. 71 

 

 



 

City of Atlanta | GLOSSARY OF TERMS 11 

 

 

GLOSSARY OF TERMS 

Automated Meter Read (AMR) Device: Handheld Unit or Mobile hardware used to capture 

reading from the AMR System 

AMR System: Radio-based meter system that transmits water usage via radio frequency signals, 

allowing readings to be collected remotely 

Antenna:  Component of the AMR system which is attached to the MIU to transmit readings 

from the register to the mobile data collection device 

Billing Cycles:  1. Geographical zones or areas in the City used to read and bill customers 

account.  2. Period of 28-32 days etc. 

Current Read: Water consumption recorded by meter reader which is used to bill current water 

and sewer charges (Current Read less Previous Read equals Current Period Consumption) 

Data Collection Device:  Device that is used to collect usage data from the MIU.  There are two 

data collection devices used by DWM: Handheld and the Mobile Data Collector 

Key Performance Indicator: Measurements used to define the success of the DWM or a critical 

function, project or activity of the Department 

Meter:  Device which measures the volume of water consumed by customer 

Meter Interface Unit (MIU): Device that is attached to the meter which transmits radio signals 

to the handheld unit or mobile data collector using absolute encoder technology 

One Hundred Cubic Feet or Centric Cubic Feet (1 CCF):  Unit used to measure water 

consumption; units of one hundred cubic feet (CCF) or 1 CCF equals 748 gallons of water 

Prior Read: Water consumption recorded by meter reader which is used to bill previous water 

and sewer charges 
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Register: Component of the meter which records the measured volume of water consumed by 

the customer  

Residential or Domestic Meter: Meter less than 2 inches in size used for household usage in 

single family and multi-unit dwellings 

Irrigational Meter: A meter (less than 2 inches in size) that is installed for irrigation usage on 

residential property. 
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OBJECTIVE, SCOPE, AND METHODOLOGY 

In an effort to understand and determine the health of the AMR meters in the system and the 

accuracy of the metering and billing systems, DWM chartered a Meter and Billing Accuracy 

Assessment (MBAA) in September 2010. The objectives of the MBAA are as follows: 

 

Á To determine if the recorded water usage is accurately communicated from the meters 

through the Automatic Meter Reading (AMR) System for use in customer billing  

Á To determine if water usage is accurately measured and recorded by the utilities 

residential meters currently installed within the DWM water distribution system  

Á To identify any potential factors and causes contributing to the observed higher 

incidence of meter and billing customer complaints  

 

The findings from the MBAA should assist greatly in improving customer relations and 

increasing the efficiency and effectiveness of the current system used to measure, record, and 

bill the customer for water usage. The project reviewed the accuracy of AMR residential (small) 

meters and residential irrigation meters used by the utility.  The project scope does not include 

manually read meters (5,500), commercial accounts (13,900) or water meters larger than 1-inch 

(13,800). It did not include resolving any inaccuracies found during testing however the Project 

Team created work orders for all issues discovered. 

The meter reading and billing process is dependent on the proper function of the mechanical 

and technological aspects of the metering system. As a part of the methodology used to 

conduct this assessment, the department conducted field observations of residential and 

irrigation AMR meters and technology reviews of the system used in the meter reading and 

billing process.   From a technology perspective, DWM determined it should to review the 

transfer of data from the billing system into the meter reading system and back into the billing 

system.  From a data perspective, the Project Team identified a need to verify the usage as it is 

transmitted from the handheld device to ensure it corresponded with the information in the 

field by performing on-site visual reads. 
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Meter inspectors performed investigations on 9,193 meters to record the physical condition of 

meter installations and obtain a visual manual read from the meter.  The following key 

components were used to evaluate the performance of the AMR system:  

1. Antenna installed in the meter lid 
2. Register match 
3. Account information correct 
4. Meter lid fits 
5. Meter lid is not broken 
6. Antenna is in correct position 
7. Data Collection Device receives reading 
8. Estimated readings 
9. Correct MIU number ǊŜŎƻǊŘŜŘ ƻƴ ŎǳǎǘƻƳŜǊΩǎ ŀŎŎƻǳƴǘ 
10. Water consumption 

 

These components are necessary to efficiently obtain a reading from the AMR system.  The 

target used to determine the overall health of the system is a 99.00% observation rate.  If the 

observation rate is less than 99.00%, the component is not operating at its optimal level. Meter 

repair work orders were created to repair defects ŦƻǳƴŘ ŘǳǊƛƴƎ ŦƛŜƭŘ ƻōǎŜǊǾŀǘƛƻƴǎΦ 5²aΩǎ Ǝƻŀƭ 

is to have the AMR meters in the utility receive a reading 99.38% of the time. 
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BACKGROUND 

In 2002, the City of Atlanta (City) combined its drinking water, wastewater, and storm water 

operations into one ǳƴƛǘ ŎǊŜŀǘƛƴƎΣ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ²ŀǘŜǊǎƘŜŘ aŀƴŀƎŜƳŜƴǘΦ 5²aΩǎ Ǝƻŀƭ ƛǎ 

to provide the highest quality drinking water and wastewater services to its residential, 

business, and wholesale customers at the lowest possible cost, while protecting urban 

waterways, conserving natural resources, and providing clean, safe water to communities 

downstream.  DWM delivers drinking water and wastewater services to an estimated 1.2 

million people daily.  It serves an average 148,000 drinking water customer accounts and 

120,000 wastewater customers monthly. Within its service area, it supplies drinking water and 

wastewater services to five cities and five counties in the Atlanta Metropolitan area. DWM also 

provides watershed protection and conservation services through its Clean Water Atlanta 

Program and conservation outreach and education and communications program conducted by 

the department. 

 

DWM operates as an enterprise fund under the authority of the Mayor and with legislative 

oversight provided by the Atlanta City Council. To fund its operations and capital improvement 

projects mandated by two Federal Consent Decrees, the Atlanta City Council approved a three-

tiered rate structure with a four year rate package in 2004 and 2008.  In addition to water and 

sewer revenue, DWM receives funding from the 1% Municipal Option Sales Tax (MOST) which 

was approved via a ballot initiative in 2004 and reauthorized in 2008, with rate increases of 

27.5% , 12.5%, 12.5% and 12% in Fiscal Years 2009-2012.  

 

Customer water and wastewater charges are based on the amount of water consumed. The 

rate structure includes a base rate and a three-tier usage structure based on units of 100 cubic 

feet (1 CCF) of water consumed.  Customers pay separate rates for drinking water service and 

wastewater service.  Wastewater charges are higher due mainly to the cost associated with 
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treating wastewater and the demands of the Consent Decrees, which mandate a complete 

ƻǾŜǊƘŀǳƭ ƻŦ ǘƘŜ /ƛǘȅΩǎ ǎŜǿŜǊ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜΦ 

Water meters are necessary in a utility for efficiency and conservation management.  It is a 

requirement in detecting water loss, rate development, and accounting.  Meters are also used 

as a tool to evaluate the effect of any efficiency and conservation measures.  Water meters 

assist with identifying leaks, locating pressure problems and identifying peaks and non-peaks 

water use among residential and commercial users.   For this reason, it is important that water 

meters accurately measure water usage. 

In 2006, the City entered into an agreement with K & V Meter Automation (K&V) to install 

151,000 radio-frequency Automated Meter Reading (AMR) meters.  The conversion to an AMR 

system was initiated to streamline the meter reading process. The contract required K&V to 

install Neptune Technology Group ARB ® Utilƛǘȅ aŀƴŀƎŜƳŜƴǘ {ȅǎǘŜƳ ϰ ¢-млΥ  ҆ ƛƴŎƘΣ ¾ inch 

and 1-inch meters with ARB Absolute Encoder single dial odometer registers.  This technology 

has been used throughout the country for 40 years.  The Absolute Encoder register allows the 

MIU to directly communicate with the odometer of the register to ensure that the reading 

transmitted via radio signal matches the visual reading on the odometer with a 100% accuracy 

rate.  It also provides leak, reverse flow, and tamper detection.   New meters are tested and 

certified by the manufacturer before meters are installed in the utility.   The meter itself is a 

mechanical device which records water usage as it passes through the device.  The residential 

and irrigation ƳŜǘŜǊǎ ƛƴ ǘƘŜ /ƛǘȅΩǎ ǎȅǎǘŜƳ ŀǊŜ ǇƻǎƛǘƛǾŜ ŘƛǎǇƭŀŎŜƳŜƴǘ meters which are 

commonly used for residential homes because of its efficiency for measuring low flow.  Positive 

displacement meters measure water flow against the previously measured volume of water 

held in a separate chamber.  The flow rate is measured against how many times the chamber is 

filled and emptied.  In order to measure the volume of water, pressure drives the nutating disc 

to wobble or rotate.  With each revolution of the nutating disc water usage is recorded.  The 

advantages of displacement meters are that they can measure wide variations of flow rates and 

are capable of registering low flows found in most residential dwellings.  
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There are five major components to a meter: the meter itself, the register, the meter interface 

unit (MIU), the antenna, and the mobile data collector (MDC) or handheld unit.  The meter 

measures water flow frƻƳ ǘƘŜ ŎƛǘȅΩǎ Ƴŀƛƴ ŘƛǎǘǊƛōǳǘƛƻƴ line to a customerΩǎ ƘƻƳŜ.  The register 

records the volume of water consumed by the customer.  The MIU is the device which 

transmits radio signals to the handheld unit or mobile data collector.  The antenna attached to 

the MIU enables the MDC or handheld unit to receive the radio signal for transmission to the 

billing system.  

The reading of the meter and the billing of customers are two separate processes.  It is 

important that the process works seamlessly in order to bill customers each month.2    It is 

important to note that the meters are read and data is recorded based on water usage.  Water 

usage is used to bill customers monthly.  Customers monthly billed dollar amount is calculated 

using the water usage recorded from the meter.   

 

Meter Reading Process and Billing Process 

 

                                                           
2
 ¢Ƙƛǎ ŀǎǎŜǎǎƳŜƴǘ ŘƛŘ ƴƻǘ ǊŜǾƛŜǿ ǘƘŜ ŀŎŎǳǊŀŎȅ ƻŦ ǘƘŜ ŎŀƭŎǳƭŀǘƛƻƴ ǳǎŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ŀ ŎǳǎǘƻƳŜǊΩǎ 

total monthly bill as converted from usage (CCF) to dollars. 

Meter Reading Process 

 (Measuring Consumption) 

Billing Process  

(Calculation Changes) 
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OBSERVATIONS AND 
RECOMMENDATIONS 

1. Water usage varies widely 

throughout of the City.   

A large number of one-inch meters 

and irrigation meters are located in 

the northern part of the service 

area.  The average consumption for 

a 1-inch meter is 21.2 CCF.  The 

average consumption for irrigation 

meters in the City is 25.6 CCFs.  It is 

important to note that residential 

irrigation meters in the system are 

installed in the following sizes:  ¾ 

inch and 1-inch residential meters.  

Based on the data collected, customers in the following billing cycles (areas) consume more 

water on average than any other area of the City: 52-Buckhead (average 23.50), 244- Sandy 

Springs (average 20.70 CCF), 51- Buckhead (average 19.5 CCF), 53-Buckhead (average 17.5 CCF), 

43- Buckhead (16.6 CCFs), 42- Buckhead (average 13.9), 241-Sandy Springs (average 13.7 CCF), 

and 243- Sandy Springs (average 10.4 CCF).  The highest water consuming customer in the 

sample is an irrigation meter (¾inch) with a 30-day usage rate of 527 CCF in bill cycle (area) 241 

ς Sandy Springs (Mt. Paran Road).  The highest non-irrigation consuming customer in the 

sample, with a 30-day usage rate of 379 CCF (1 inch meter), is in bill cycle (area) 52 ς Buckhead 

(Hillside Drive). 

The lowest consumers of water in the service area are: 110 - East Atlanta (average 4.71 CCF), 

152-East Point (Average 4.95 CCF) and 151- East Point (Average 5.06 CCF). Along with one-inch 

meter and irrigation meters, the Project Team also found that several accounts with usage 

above the average usage for its billing cycle are due to a property leak. 

Map above shows location of irrigation (yellow) and one-inch 

(green) residential meters in sample. 

Irrigation and 1-inch Meters 
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Recommendation: 

a. Improve customer outreach component to include educating customers on rate structure 

and water conservation. 
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2. ¢ƘŜ /ƛǘȅΩǎ ŀǾŜǊŀƎŜ ǊŜǎƛŘŜƴǘƛŀƭ ŎƻƴǎǳƳǇǘƛƻƴ ƛǎ ǿƛǘƘƛƴ ǘƘŜ !ƳŜǊƛŎŀƴ ²ŀǘŜǊ ²ƻǊƪǎ 

Association average. 

As expected, there is a direct correlation between increasing water consumption and high 

water bills.  The American Water Works Association (AWWA) conducted a study of 12 sites in 

1999.  The study recorded the average daily per capita water consumption for a family.  It is the 

most current study and a new one is planned for 2014.  There are many other averages posted 

by different agencies, but AWWA includes indoor as well as outdoor usage..  This study states 

that the average daily water use for a family is 171.8 gallons, approximately 5,154 gallons per 

month.  This is converted to a monthly average of 6.89 CCF excluding irrigation usage.   

The Project Team found that the average monthly consumption for a residential account in the 

City is currently 8.6 CCF.  If irrigation meters are removed from the sampled data, the city-wide 

average is 7.8 CCF.   

Recommendation: 

a. Improve customer outreach component to include educating customers on rate 

structure and water conservation. 

 

Irrigation and 1-inch residential meters 
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3. When correctly maintained, all components of the meter work properly and 

can accurately record water usage. 

The assessment of the AMR meters installed, found no evidence of problems with the 

functionality of the meters that were installed properly, and with no external damage to meter 

components.   However, when there is external damage to meter components such as 

damaged register and severed wires, it inhibits the AMR system from performing at the desired 

level. These problems could have a direct or indirect impact on the meter reading and billing 

processes. 

In its review of the data collected from field observations and data collected from the billing 

system, the Project Team found that 483 out of the 9,193 (5.3%) accounts sampled showed a 

difference in the visual read taken by the meter inspector and the Current Read transmitted 

from the AMR System and uploaded into the billing system.  It reviewed sample accounts with a 

difference of 2 CCF or more in the reading from the visual read taken during field observations 

and the AMR reading. 

After reviewing the data collected from the field and the account history in the billing system, 

the Project Team is able to provide the following information: In 100% of the cases, there was 

an explanation for the variance or the visual reads and AMR reads matched; 47% of the 

accounts with variances of 2 CCF or more had system generated estimates during the billing 

process.   In most instances, this is not the 

same as the actual physical visual reading.  

Other findings show that 27% of the 

accounts sampled were read at least one 

day after the meter reader received an 

actual reading on the account (See Exhibit 

18). However, the reading recorded by 

the inspectors was within normal 

consumption. The Project Team is 

confident that the meters with that are 



 

City of Atlanta | OBSERVATIONS AND RECOMMENDATIONS 22 

 

properly installed and with no external damage are accurate capturing data from the meter to 

the billing system. 

Recommendations: 

a. Department- wide implementation of the Mobile Work Order Management System and 

transition of all meter-related work orders to the mobile system. 

b. !ŘŘ ƪŜȅ ǇŜǊŦƻǊƳŀƴŎŜ ƛƴŘƛŎŀǘƻǊǎ ǘƻ ǘƘŜ .ǳǊŜŀǳ ƻŦ hǇŜǊŀǘƛƻƴǎΩ ŀƴd Bureau of 

aŀƴŀƎŜƳŜƴǘΩǎ {ŎƻǊŜŎŀǊŘǎΥ ǊŜŘǳŎŜ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƻǇŜƴ ƳŜǘŜǊ ǊŜǇŀƛǊ ǿƻǊƪ ƻǊŘŜǊǎΦ 

c. Limit manual entry into the billing system. 

d. Revise current meter investigation Standard Operating Procedures to allow meter 

inspectors to repair damaged meters when necessary. 

e. Revise billing Standard Operating Procedures to reduce the time needed for closing field 

work orders. Include cross-training of billing representatives to increase resources 

available to complete work orders, and make system changes to alert billing 

representatives of necessary changes to account information. 

f. Enforce City Code provisions that allow the department to apply fines and citations to 

residents that cover water meters with landscaping, concrete, etc. 

g. Re-evaluate standard calculations used by the billing software for generating estimated 

consumption.  

h. Complete transition of all meter-related information to one work order system. 
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4. AMR meters in the system are accurately transmitting usage information to 

the Data Collection Device. 

Of the meters sampled, the readings transmitted from the MIU matched the visual read viewed 

on the odometer of the register in 100% of the readings received.  Meter Inspectors recorded 

both visual readings and readings from the handheld device during the field observations.  After 

reviewing data, the Project Team did not find any instances where the two readings did not 

correspond to each other.  It did have instances where consumption was incorrectly entered 

manually using the Handheld due to human error. 

 

 

Recommendations:  

a. Department-wide implementation of the Mobile Work Order Management System and 

transition of all meter-related work orders to the mobile system. 

b. Limit manual entry into the billing system. 
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5. The AMR system is accurately communicating usage information to the 

billing system.   

After reviewing the field data on 9,193 meters and validating the transfer of the data, only 154 

(1.7%) of the readings received by the AMR Meter Reader did not match the visual reading as it 

was transferred into the billing system.  However, further investigation into the cause for this 

difference showed the reading did not transfer because of issues with the MIU number. The 

MIU number is necessary to receive a reading from the meter.  The following explanations are 

provided for the 154 meters: 

Á The MIU device was changed after MBAA sample accounts were selected   (70 out of 154, 

45.5%). 

Á The reading was manually entered into the handheld or mobile data collector by the AMR 

meter reader incorrectly due to human error (31 out of 154, 20.1%). 

Á The AMR meter reader did not receive a reading from the meter (17 out of 154, 11.0%). This 

issue leads to a system-generated estimated reading. 

Á The MIU on the account sampled had a duplicate MIU number with another account that is 

in the same reading group (14 out of 154, 9.1%). This issue also produces a no read and a 

system generated estimated reading on both accounts in most instances. 

Recommendations: 

a. Department-wide implementation of the Mobile Work Order Management System and 

transition all meter-related work orders to the mobile system. 

b. Limit manual entry of data into billing systems. 

c. !ŘŘ ƪŜȅ ǇŜǊŦƻǊƳŀƴŎŜ ƛƴŘƛŎŀǘƻǊǎ ǘƻ ǘƘŜ .ǳǊŜŀǳ ƻŦ hǇŜǊŀǘƛƻƴǎΩ ŀƴŘ .ǳǊŜŀǳ ƻŦ aŀƴŀƎŜƳŜƴǘΩǎ 

Scorecards: reduce the number of open meter repair work orders. 

d. Prioritize all meter-related work orders associated with any of the scenarios identified in the 

assessment. 

e. Revise current meter investigation Standard Operating Procedures to allow Meter 

Inspectors to repair damaged meters when necessary. 
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f. Revise Billing Standard Operating Procedures to reduce the time needed for closing field 

work orders. Include cross-training of billing representatives to increase resources available 

to complete work orders and make system changes to alert billing representative of needed 

changes to account information. 

g. Enforce City Code provisions that allow DWM to apply fines and citations to residents who 

cover water meters with landscaping, concrete, etc. 

h. Review estimate generating process to determine if the current estimation methodology is 

accurate. 

i. Complete transition of all meter related information to one work order system.  
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6. 98.84% of the AMR meters sampled 

have the correct register size and meter 

size. 

DWM completed a project in the summer of 2010 

to correct mismatched registers after the AMR 

installation project. However, a number of 

mismatched registers still exist. Register mismatch 

occurs when the meter and the register are 

different sizes. For example, a one-inch register 

installed on a ¾ inch meter (as shown in picture to 

the right) would result in the customer being over-

billed. 

Correct register match is required to ensure that 

water usage is accurately measured and recorded.  If the register and the meter base are not 

properly matched, the revolutions from the register and the meter will not correspond.  This 

will lead to usage being over or under read and the corresponding account being over or under 

billed during the billing process.  While this problem manifests itself as an incorrect bill, it is 

actually a metering issue and is tracked as such within DWM.   

Table 2: Impact of incorrect register and meter size on customer billing 

5/8" 3/4" 1" 1 1/2"

5/8" X 1.8 3.84 8.65

3/4" 1.8 X 2.13 4.81

1" 3.84 2.13 X 2.25

1 1/2" 8.65 4.81 2.25 X

Meter Size

R
eg

is
te

r 
Si

ze

Under Billed

Over Billed

Most Common

Over/Under Billed by a factor of X Times  

 

Example of a Mismatched Register 

Legend 
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To operate properly at its optimal level, all register and meter sizes must be 100% compatible. 

Field observations conducted by the Project Team revealed 98.84% of its AMR meters sampled 

have the correct register match.  Based on the sampled population estimate, 0.17% to 2.1% of 

the AMR meters in the City may have mismatched registers3.  

Recommendations: 

a. Create a system check within the billing system to compare register size to meter size when 

completing meter repair and installation work orders. 

b. Perform a quarterly periodic desktop check of meter inventory data comparing the meter 

size and register size for compatibility. 

c. Complete effort from 2010 to correct register mismatch utilizing internal resources to 

conduct field checks. 

d. Revise the meter investigation procedures to require inspectors to verify register size and 

meter size compatibility on each visit. 

 

                                                           
3
 This is based on the 1% error rate used for statistical sampling. 
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7.  Customer account information matched 94.67% of the meters sampled. 

The Project Team observed that 94.67% of the accounts in its sample had the correct account 

information.  This is captured by recording customer address, meter number, MIU number, 

register size and meter size (during field observations) and comparing it to the information in 

the billing system.  Ensuring the account information is accurate in the billing system is essential 

to receiving a reading from the AMR system.  If the account information in the billing system 

does not ƳŀǘŎƘ ǘƘŜ ŜǉǳƛǇƳŜƴǘ ŀǘ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ǇǊŜƳƛǎŜΣ ǘƘŜ !aw ǎȅǎǘŜƳ Ŏŀƴƴƻǘ ǊŜŎŜƛǾŜ ŀ 

correct reading from the meter.  This leads to an account receiving a system generated 

ŜǎǘƛƳŀǘŜŘ ǊŜŀŘƛƴƎ ƻǊ ŀ ŎǳǎǘƻƳŜǊ Ǉƻǎǎƛōƭȅ ōŜƛƴƎ ōƛƭƭŜŘ ŦƻǊ ŀƴƻǘƘŜǊ ŎǳǎǘƻƳŜǊΩǎ ǿŀǘŜǊ ǳǎŀƎŜ 

(commonly known as a crossed MIU).  Incorrect account information can result from errors in 

documentation at the time of installation or during field repairs, or when data in the billing 

system is not updated in a timely manner.  Based on the data collected, critical account 

information may be incorrect on  4.2%  to 6.2% of the AMR meter accounts in the utility.  

 

 

 

 

Customer Account information collected during field observations 
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Recommendations: 

a. Department-wide implementation of the Mobile Work Order Management System and 

transition of all meter-related work orders to the mobile system. 

b. Revise current meter investigation Standard Operating Procedures to allow meter 

inspectors to repair damaged meters when necessary. 

c. Revise billing Standard Operating Procedures to reduce the time needed for closing field 

work orders. Include cross-training of billing representatives to increase resources available 

to complete work orders and make system changes to alert billing representatives of 

necessary changes to account information. 

d. Create scripts in work orders to allow meter inspectors to provide more information on the 

condition of the meter. 
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8. Water usage for 2.97% of the accounts in the sample is estimated.   

Of the AMR meters sampled, 2.97% of the accounts received an estimated read (97.03% actual 

readings). Based on the population estimate,  3% of the AMR meters are estimated in the City.  

The MIU number is linked to the associated account correctly 98.58% of the time.  This data 

indicates that the MIU number maybe incorrect on approximately 2.14% of the AMR meter 

accounts in the utility.   Estimating water usage is a contributing factor to increased billing and 

complaints and disputes.  Estimated readings can lead to inaccurate billing. 

Further investigation into why 2.97% of the sampled accounts received an estimated read 

showed that 64% of the accounts had damaged registers (see Exhibit 12). The register is the 

component of the meter that records the 

volume of water consumed by the 

customer.  The MIU is connected to the 

register allowing it to transmit radio 

signals from the register to the handheld 

device which then captures the 

consumption data.  If the register is 

damaged or if the connection is severed 

between the register and the MIU, it may 

not transmit a radio signal to the 

handheld device.   

Accounts are estimated for the following reasons:  high consumption readings, negative 

readings, zero readings, or the no reads/trouble codes. 

High Consumption Readings 

Based on the review of the current estimated billing process, a customer will receive an 

estimated read when the recorded billable consumption is outside its normal consumption 

pattern and there has not been an inspection to discover the source of the increase.  High 
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consumption may be due to a leak, mismatched registers, incorrect MIU information, or actual 

increased consumption by the customer.   

Negative Consumption Readings 

Under normal circumstances it is not possible to register less consumption than the prior 

reading. For that reason, the existence of a negative read is cause for further attention.  

Primarily, the account is estimated for mostly the same reasons discussed in the section on high 

reads.  The possible causes for a negative read include over reading the previous read, over-

estimating previous reads, or incorrect meter installation and failure to update new meter 

information into the billing system before the account is billed.  

Zero Consumption Readings 

Zero consumption on an account that has historically had consistent consumption can be an 

indication of a problem with City equipment. The only reason for a true zero consumption 

reading is that the customer did not use any (less than 1 CCF) water during the billing cycle.   If 

the meter is damaged, the account will receive a  system generated estimation. 

No Reads/Trouble Code Readings 

No reads and trouble code reads are indicative of process or equipment problem.  For example, 

should the antenna not be installed properly, be submerged in water, or not be present in the 

meter lid, a no read or an invalid read can result.  From a system standpoint, if the MIU 

information is missing, wrong, or invalid, a no reading will be assigned to the account. 
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There are only three read states: (1) Good, Correct Read; (2) Trouble Code; (3) No Read.\ 

Table 3: Trouble Codes 

Reading Reason 

:::::: The 6 colons transmitted means that there is a broken connection somewhere 
between the R900 and the register. It indicates that the R900 is working but it is 
unable to read the register. 

 

HHHH Register is damaged and needs to be returned for warranty replacement 

243-45 or 245-46 The register has an electrical short located on the 4 odometer wheel. This short can 
be isolated to only one contact or can affect the entire wheel. This type of 
malfunction can be erratic, where it may or may not affect the reading from month 
to month. Thus, as soon as this is detected the register should be immediately 
replaced. 

 

 

Recommendations: 

a. Department-wide implementation of the Mobile Work Order Management System and 

transition of all meter related work orders to the mobile system. 

b. Add Keȅ tŜǊŦƻǊƳŀƴŎŜ LƴŘƛŎŀǘƻǊ ǘƻ ǘƘŜ .ǳǊŜŀǳ ƻŦ hǇŜǊŀǘƛƻƴǎΩ ŀƴŘ .ǳǊŜŀǳ ƻŦ CƛƴŀƴŎŜǎΩ 

Scorecards: reduce the number of open meter repair work orders. 

c. Institute policy to allow one estimated reading per account in a twelve month period. 

d. Prioritize all meter related work orders that are associated with any of the scenarios stated 

in assessment. 

e. Revise current meter investigation Standard Operating Procedures to allow meter 

inspectors to repair damaged meters when necessary. 

f. Revise billing Standard Operating Procedures to reduce the time needed for closing field 

work orders. Include cross training of billing representatives to increase resources available 

to complete work orders, and make system changes to alert billing representative of 

necessary changes to account information. 

g. Enforce City Code provisions that allow the department to apply fines and citations to 

residents that cover water meters with landscaping, concrete, etc.  
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h. Re-evaluate standard calculations used by the billing software for generating estimated 

consumption.  

i. Complete transition of all meter-related information to one work order system. 



 

City of Atlanta | OBSERVATIONS AND RECOMMENDATIONS 34 

 

9. 96.27% of the AMR meters sampled 

successfully transmitted readings to 

data collection devices. 

Based on the data collected, the Project Team 

found 96.27% of the samples received a reading 

from the MIU. Of the meters sampled, 3.73% 

(343) did not transmit readings from the meter 

to the data collection device.  This is not 

necessarily an indicator that the meter itself is 

damaged. It is possible that the component 

which transmits the reading may be inoperable 

or unable to transmit the reading, or the wire 

may be severed, or the antenna may be under 

water or not properly oriented.  If the register is 

damaged, it cannot transmit a reading (see example in picture to the right).  The handheld 

device is not able to pick up the radio signal from the antenna if it is under water, which results 

in an unsuccessful read. Neptune Technology Group states that under proper conditions and 

when installed correctly, the meter has a 99+% first read success rate.  

 

 

 

 

 

 

 

 
 

Meter under water: 
MIU will not transmit reading 

Reading from MIU indicates a 

damaged register on handheld device 
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Analysis of the data indicates 2.7% to 4.7% of MIU devices are not successfully transmitting 

readings to data collections devices. 

Recommendations: 

a. Department -wide implementation of the Mobile Work Order Management System and 

transition all meter related work orders to the mobile system. 

b. Complete AMR installation on non-AMR Meters  

c. Repair damaged AMR meters in the system 

d. Revise existing meter maintenance plan to increase the number of meter health 

assessments  
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10.  Meter related issues found during the meter reading process are not timely 

updated in the billing system. 

The Project Team found that existing outstanding meter repair work orders were a factor in the 

!aw ǎȅǎǘŜƳΩǎ ƛƴŀōƛƭƛǘȅ ǘƻ ǊŜŎŜƛǾŜ ŀ ǊŜŀŘƛƴƎΦ  In some cases, the sampled accounts had an open 

work order for a meter-related repair such as a broken register, duplicate MIU number, the 

inability to locate the meter, or other repairs.  It also found that in some cases, account 

information was not updated in the billing system before the account was billed or the meter 

investigation had not been performed before the next billing cycle.   Issues such as crossed MIU 

numbers, or duplicate/missing MIU numbers, or duplicate/missing numbers at times are 

unresolved for a number of bill cycles.  These issues are not discovered until fieldwork is 

performed or a customer inquires about their consumption.  While the number of affected 

account in each of these categories is relatively small, the issues created by the failure to 

address these factors have a detrimental effect of overall customer service. 

 Recommendations: 

a. Department -wide implementation of the Mobile Work Order Management System and 

transition all meter related work orders to the mobile system. 

b. Add key performance indicator to ǘƘŜ .ǳǊŜŀǳ ƻŦ hǇŜǊŀǘƛƻƴǎ ŀƴŘ .ǳǊŜŀǳ ƻŦ CƛƴŀƴŎŜΩǎ 

Scorecard: reduce the number of open meter repair work orders. 

c. Complete transition of all meter-related information to one work order system. 

d. Create scripts in work order to allow meter inspectors to provide more information on 

the condition of the meter. 

e. Revise current meter investigation Standard Operating Procedures to allow meter 

inspectors to repair damaged meters when necessary. 

f. Revise billing Standard Operating Procedures to reduce the time needed for closing field 

work orders. Include cross training of billing representatives to increase resources 

available to complete work orders, and make system changes to alert billing 

representatives of necessary changes to account information. 
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11.  Antenna Location: 74.8% of the antennas 

in the system are placed properly in the 

meter lid. 

The antenna in the meter lid is not essential to 

receiving a correct reading from the AMR system. 

However, it has a significant impact on the overall efficiency of the meter reading process.  

Placing the antenna correctly in the lid, increases the range of the antenna; allowing it to 

transmit a radio signal for longer distances.  From the observations performed, 74.8% of the 

antennas are placed properly in the meter lids.  For optimal operational efficiency, it is best to 

have the antenna mounted in the meter lid.  

Based on the sampled population estimate of 

74.8%, it can be determined that the antenna is 

missing from the meter lid in +/- 25% of the AMR 

meters in the utility.  

Recommendations: 

a. Complete Meter Lid Replacement Project 

b. Department-wide implementation of the Mobile Work Order Management System, and 

transition all meter related work orders to the mobile system. 

c. Create scripts in work orders to allow meter inspectors to provide more information on the 

condition of the meter 

Antenna correctly positioned in the 

meter lid 

Meter Lid without a mounted antenna 
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12.  Antenna Orientation: 86.7 % of the antennas are standing upright in the 

meter box or placed in the meter lid. 

Correct antenna orientation is essential to transmitting a reading to the mobile data collector or 

handheld device.   The AMR system was designed to allow meter readers to receive radio 

signals on the mobile data collectors or handheld units from as far away as 1-2 miles from the 

location of the meter.  In many instances during the sample, the Project Team found that the 

antennas were placed upside down in the meter box.  This drastically reduces the range of the 

antenna, which in most cases forces a meter reader to attempt to get a reading by standing 

directly over the meter box.   Delays in 

the meter reading process can result.  

Also, as stated in Observation 11, if the 

antenna is damaged or under water it 

will not transmit a reading.  Placing the 

antenna in the box versus in the meter 

lid increases the chance of the antenna 

being damaged or being covered with 

water.  In the sample group, 86.7% of 

the antennas are standing upright 

(either in the meter box or in the lid).  Based on this data, antenna orientation for +/- 13% of 

the  AMR meters are incorrect in the utility.  For optimal operational efficiency, it is best when 

the antenna in the meter lid and properly positioned 100% of the system.  

Recommendations: 

d. Complete Meter Lid Replacement Project 

e. Department-wide implementation of the Mobile Work Order Management System, and 

transition all meter related work orders to the mobile system. 

f. Create scripts in work orders to allow meter inspectors to provide more information on the 

condition of the meter 

Antenna placed upside down in the 

meter box 
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SUMMARY OF RECOMMENDATIONS AND OBSERVATIONS 

Based on the information collected from field observations performed and the technology 

review conducted by the Project Team, it found that water usage is successfully and accurately 

recorded from AMR meters in the system and recorded water usage is accurately transferred 

from the AMR system into the billing system as recorded by the meters.   At present there has 

been no indication of mathematical or computational errors in the billing system.  Current 

information suggests that the billing system accurately calculates customer billing statements 

based on consumption data received from the metering system.  However, there are several 

areas of improvement needed to ensure the metering and billing processes perform optimal 

levels. The Project Team recommends the following actions: 

Summary of Recommendation and Observations 

1. Department-wide implementation of the Mobile Work Order Management System and 

transition all meter-related work orders to the mobile system. 

Proposed Action  The Department is developing an action plan to place 

laptop computers in all field service vehicles so that work 

orders can be dispatched, executed, and closed within a 24 

hour period. 

Time Frame  Completion scheduled for 12/31/2011 

2. Limit manual entry into the billing and meter reading systems 

Proposed Action  The Department is reviewing the meter reading, bill review 

and bill editing processes. 

Time Frame  Commenced 12/1/2010 ς Completion scheduled for 

3/31/2011 
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3. Complete AMR Installation on non-AMR Meters  

Proposed Action  The Department has issued task orders to an outside 

ŎƻƴǘǊŀŎǘƻǊ ǘƻ ǊŜǇƭŀŎŜ ŀƭƭ άƳŀƴǳŀƭέ ǊŜŀŘ ƳŜǘŜǊǎ ƛƴ ǘƘŜ 

system.  This should lead to a significant increase in 

operational efficiencies and system monitoring capabilities 

Time Frame  Scheduled Completion on or before 6/30/2011 

4. Repair damaged AMR meters in the system 

Proposed Action  It is important to address all meter related issues quickly.  

The Department is currently utilizing internal resources to 

repair damaged AMR meter.  

Time Frame  06/30/2011 

5. Revise existing meter maintenance plan to increase the number of meter health assessments  

Proposed Action  Due to the fact that the majority of the small meters 

currently in service are less than five years old, any 

significant assessment projects will probably yield limited 

results.  The Department will test meters using a statistical 

sampling methodology on meters in service for more than 

five years.  

Time Frame  Under Review 

6. Improve customer outreach component to include educating customers on rate structure and 

water conservation.  

Proposed Action  The Department will increase the number and duration of 

programs and campaigns dealing with rate structure, water 

conservation, and the use of water for activities such as 

irrigation. 

Time Frame  Planning Phase 
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7. Create a system check within the billing system to compare register size to meter size when 

completing meter repair and installation work orders. 

Proposed Action  The Department is working with the manufacturers of the 

various system components to create a methodology for 

tracking all system components throughout its service life; 

as well as making system modifications to identify 

mismatched components at the point of installation and 

data entry.  

Time Frame  Scope of work developed ς Implementation by 

09/30/2011 

8.  Perform a quarterly periodic desktop check of meter inventory data comparing the meter size 

and register size for compatibility. 

Proposed Action Proposed system modifications which will flag and prevent 

meter/register mismatches. 

Time Frame Under review 

9. Complete effort begun 2010 to correct register mismatches utilizing internal resources to 

conduct field checks. 

Proposed Action  It is incumbent on the installing contractor to address this 

issue.  Should the contractor(s) fail to address this issue, 

the Department will take all necessary steps to remove 

mismatched meter/register combinations from the system. 

Time Frame  Planning 
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10. Revise the meter investigation procedure to require inspectors to verify register size and 

meter size on each visit. 

Proposed Action  The Department has changed its meter investigation 

procedures to address this issue.  The process of 

meter/register verification is now a core component of 

each field visit. 

Time Frame  Fully Implemented ς 10/01/2010 

11. Utilize existing operational reports to reduce estimated bills. 

Proposed Action  DWM has implemented a process in which daily reports 

outlining the overall health of the system are distributed by 

8:00am.  Operational trends are reviewed and system 

issues are addressed. 

Time Frame  Fully Implemented ς 10/01/2010 

мнΦ !ŘŘ ƪŜȅ ǇŜǊŦƻǊƳŀƴŎŜ ƛƴŘƛŎŀǘƻǊǎ ǘƻ ǘƘŜ .ǳǊŜŀǳ ƻŦ hǇŜǊŀǘƛƻƴǎΩ ŀƴŘ .ǳǊŜŀǳ ƻŦ CƛƴŀƴŎŜΩǎ 

Scorecards: reduce the number of open meter repair work orders 

Proposed Action  The Department fully agrees with this recommendation.  

DWM currently monitors open repair work orders daily. 

Time Frame  To be determined in consultation with the ATLStat Team 

13. Institute policy to allow one estimated reading per account in a twelve month period. 

Proposed Action  While not utilizing estimated consumption is the ideal 

outcome, limiting estimated consumption to once per 12 

month period is reasonable. 

Time Frame  1/1/2012 
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14. Complete AMR replacement project and repair damaged AMR meters in system. 

Proposed Action  The Department is rapidly moving to address these issues.  

The Department has mobilized crews to make technical 

repairs to damaged AMR meters.  The Department is 

scheduled to complete the installation of AMR meter on 

meters that are currently read manually by 6/30/2011 

Time Frame  Ongoing 

15. Prioritize all meter related work order that is associated with any of the scenarios listed 

above.   

Proposed Action  While addressing all work orders is important, the 

department is developing a prioritization methodology for 

dealing with meter related work-orders.  The objective is to 

address any meter related service request within 72 hours.  

There are several critical parts to meeting this objective: 

 Rapid Issuance of Work Orders to Field Crews 

 Insuring that parts and equipment are available in 

the field 

 Insuring that field personnel are equipped with the 

technology to receive, respond, and report on work 

orders 

All of these items are in process. 

Time Frame  Planning 
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16. Revise current meter investigation Standard Operating Procedures to allow Meter Inspectors 

to repair damaged meters where possible and necessary, and to provide more meter-related 

information on the work orders. 

Proposed Action  The Department is rapidly moving toward a one stop repair or 

replacement service model in which each inspector is fully 

equipped to handle most, if not all, meter-related issues.  The 

Department is currently reviewing its policies on in truck 

inventory and the availability of spare parts onboard the 

service vehicles.  

Time Frame  Planning 

17. Revise billing Standard Operating Procedures to reduce data processing time from field to 

billing system. This would involve cross-training billing representatives to complete all work 

orders and system changes to alert billing representatives of necessary changes in the billing 

system.  

Proposed Action Equip all field personnel so that data can be updated real-

time from the field as part of the work-order close out 

process.  The Department is working toward this as 

outlined in recommendation #1. 

Time Frame  Planning 
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18. Enforce City Code provisions that allow DWM to apply fines and citations to residents who 

cover water meters with landscaping, concrete, etc 

Proposed Action  The Department believes that this could be a useful tool 

but it must be used judiciously. 

Time Frame  Under Review 

19. Re-evaluate standard calculations used by the billing software for generating estimated 

consumption. 

Proposed Action  The Department feels that estimated consumption is not 

acceptable.  In those situations where estimated 

consumption must be used, it is important that the 

methodology used to generate estimates be seasonally 

adjusted and includes all other relevant factors and historic 

usage trends. 

Time Frame  In discussions with Vendor 

20. Complete transition of all meter-related information into one work order system 

Proposed Action  The Department is migrating to a single system to 

maintain all meter related assets. 

Time Frame  Full implementation by 12/31/2011 

21. Create scripts in work orders to allow meter inspectors to provide more information on the 

condition of the meter. 

Proposed Action  DWM is working with the Vendor to add more note fields 

in work order system 

Time Frame  Planning Phase 
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22. Create and execute a plan to address critical database issues and maintain the integrity of the 

database. 

Proposed Action DWM understands that addressing the database issues is a 

major component in ensuring that all customers are billed 

correctly.  The Department is formulating a plan to address the 

following critical issues relating to the database: 

 Duplicate/Missing MIU Numbers  

 Duplicate/Missing Meter Numbers  

 Crossed MIU Numbers  

Time Frame Planning Phase 
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PROJECT TEAM 

The Meter and Billing Accuracy Assessment was conducted by a cross-functional team of 19 

DWM employees and two Program Management Team consultants.  

Natalie Knight - Project Manager (DWM)  

Homer Cook - Meter Inspection 

Supervisor/Meter Subject Matter Expert 

(DWM) 

Will Connor ς AMR Meter Subject Matter 

Expert (DWM) 

Phillip Harden ς Billing Process and System 

Subject Matter Expert (DWM) 

Princess Jackson ς Information 

Technology/Reporting Subject Matter 

Expert (DWM)  

Sidney Lewis ς Data/Six Sigma Subject 

Matter Expert (DWM)  

Miltresa McMichael ς Data Support (DWM) 

Michael Hall - AMR Meter Installation 

Technical Support (DWM) 

Kendall Mitzner ς Reporting Billing 

System/Data Support (Program 

Management Team) 

Eric Griffin ς AMR System Subject Matter 

Expert/ Data Support (Program 

Management Team) 

Meter Inspectors:  Cameron Alexander, Charles Brown, Ronald Ingram, Michael Jordan, 

Edrice Kerolle, Theodore Mike, Gary Philpott, Carlo Rosembert, Ralph Wells, Thomas Willis,  

Keeya Womack and Patricia Womack 
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APPENDIX 

EXHIBIT 1: Project Charter 

Project Name Meter & Billing Accuracy Assessment (MBAA) 

Date  September 13, 2010 

    

Purpose The purpose of the MBAA project is to answer the following questions: 

 Is the recorded water usage accurately communicated from the meters through 

the automatic meter reading (AMR) system for use in customer billing? 

 Is water usage accurately measured and recorded by the service (residential and 

irrigation) meters currently installed within the DWM water distribution system? 

 Are there other potential factors and causes contributing to the observed higher 

incidence of meter and billing customer complaints? 

Objectives The objectives of the team are as follows: 

 Provide statistical support for the answers to the questions listed in the Purpose 

section. 

 Provide recommendations to improve the current system 

Business Needs This project is being undertaken because of the high incidence of meter and billing-related 

complaints.  This resulted in increased call center volumes, bill disputes, adjustments, new 

reports, letters, and emails.  Success in this project will greatly improve customer relations 

and increase the efficiency and effectiveness of the current system used to measure, 

record and bill the customer for water usage.  It will also improve public perception. 

Summary Budget The project will be detailed in two phases in the Project Management Plan. All costs 

associated with Phase 1 (AMR Consumption and Billing Verification) of the assessment will 

be internal and external (minimal usage of PMT technical services) and will impact 

operational resources (i.e. meter inspectors, vehicle usage and fuel). Phase 2 may require 

acquiring external resources to independently test meter accuracy in a cost to be 

determined.  
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Deliverables/ 

Methodology 

 

Upon the conclusion of this project, a report will be presented.  This report will include but 

not be limited to the outputs from the Six Sigma DMAIC (Define, Measure, Analyze, 

Improve, and Control) Methodology. The project with be managed using Project 

Management Institute Guidelines and Processes. 

 Define the problem and project goals. 

 Develop Project Plan 

 Measure key aspects of the system currently used to measure, record and bill the 

customer for water usage and collect relevant data.  

o Verification test will be conducted to determine the accuracy of the water 

usage communicated from the meters through the AMR system for use in 

customer billing. 

o A verification test will be conducted to verify accuracy of the current 

system used to measure and record water usage. 

o Data from the two verification tests as well as information gathered 

throughout the project will be used to address other factors contributing 

to the observed higher incident of meter and billing-related customer 

complains. 

 

Deliverables/ 

Methodology 

Continued 

 

 Analyze the data to investigate and verify cause-and-effect relationships.  

Determine what the relationships are, and attempt to ensure that all factors have 

been considered.  Seek out the root cause of the inaccuracy, should it exist. A 95% 

confidence interval with an acceptable error rate of 1% will be used.  The sample 

size will be between 7,000 and 9,000 based on a true population estimate of 

127,000 AMR residential and irrigation meters. 

 Improve or optimize the system currently used to measure, record, and bill the 

customer for water usage.  Design of experiments and/or pilot runs may be used 

to establish and verify process improvements. 

 Control the future state of the system used to measure, record, and bill the 

customer for water usage to ensure accuracy of customer billing. Implement a 

system that will continuously monitor the process 

Assumptions All meters have MIUs and they match what is stored in enQuesta and Maximo. 
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Stakeholders/ 

Team Members 

Team Members                                            Stakeholders 

Natalie Knight ς PM                                                    Department of Watershed Management 

Sidney Lewis ς Six Sigma Black Belt                         Office of the Mayor, City of Atlanta 

Princess Jackson ς enQuesta SME                            City Council 

Phillip Hardingς Billing SME                                      Rate Payers 

Will Connor ς Field Engineer                                     Vendors 

Eric Griffin and Mike Hall - AMR SME                                                  

Miltresa McMicheal ς Resource 

Kendall Mitzner - Resource   

Milestones  Kickoff Meeting ς September 20, 2010 

Project Plan ς September 30, 2010 

Phase One: Verification Tests ς October 11, 2010 through December 31, 2010 

Phase Two Meter Test ς February 1, 2011 

Phase Three: Analysis - March 1, 2011 

Final Report: March 30, 2011  
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EXHIBIT 2: Map of Billing Cycles  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Map Legend: 

01 ς Cycle 101 

02 ς Cycle 201 

03 ς Cycle 30 

04 ς Cycles 41, 42, 43 

05 ς Cycles 51, 52, 53 

07 ς Cycle 70 

08 ς Cycle 80 

09 ς Cycle 90 

10 ς Cycle 100 

11 ς Cycle 110 

12 ς Cycle 120 

13 ς Cycle 130 

14 ς Cycles 141, 143 

15 ς Cycles 151, 152 

16 ς Cycles 161, 162, 163 

17 ς Cycles 171, 172 

18 ς Cycles 181, 182 

19 ς Cycle 191 

20 ς Cycle 200 

21 ς Cycle 201 

22 ς Cycles 221, 222, 223, 

224 

23 ς Cycles 231, 232 

24 ς Cycles 241, 242, 243, 

244 

25 ς Entire Service Area



 

 

EXHIBIT 3: Six Sigma DMAIC Process  

MBAA project scope required measuring key aspects of the system currently used to measure, 

record and bill the customer for water usage.  Verification tests in the form of field observations 

and review of the technology associated with the meter and billing processes were conducted 

to determine the accuracy of the water usage communicated from the meters through the 

AMR system for use in customer billing and to verify accuracy of the current system used to 

measure and record water usage.  Data from the two verification tests, as well as information 

gathered throughout the project, were used to address other factors contributing to the 

observed higher incident of meter and billing-related customer complaints.  Data was analyzed 

to investigate and verify cause-and-effect relationships; determine what the relationships are; 

attempt to ensure that all factors have been considered and seek out the root cause of the 

inaccuracy, should it exist. Improve or optimize the system currently used to measure, record, 

and bill the customer for water usage.  Control the future state of system used to measure, 

record, and bill the customer for water usage to ensure accuracy of customer billing.  

Meter reading samples and field observations were obtained from 9,193 residential customer 

accounts, using a 95% confidence interval with an acceptable error rate of 1%.  The information 

obtained for each customer account was compared with meter readings from the enQuesta 

billing system.  The general process of collecting and consolidating data was as follows: 

1. Generate a random listing of residential accounts with AMR meters. These accounts were 

visited to obtain meter reading samples and field observation. 

2. DŜƴŜǊŀǘŜ ŀƴ ŜƴvǳŜǎǘŀ άaŜǘŜǊ wŜŀŘƛƴƎ {ŀƳǇƭŜέ ǿƻǊƪ ƻǊŘŜǊ ŦƻǊ ŜŀŎƘ ŀŎŎƻǳƴǘ 

3. Print out the enQuesta Meter Reading Sample work orders 

4. Dispatch personnel to the customer accounts to record observations on the work order 

form 

5. Enter field data from the work order forms into enQuesta and close the work orders 

6. Merge the field data and enQuesta billing information for each account 

7. Format the consolidated information in Excel spreadsheets for use in evaluation of the 

account information. 
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In order to answer the above questions, the following activities were conducted:  review the 

AMR data process flow of information from the billing system to the Mobile Data Collector 

(MDC) for reading, and back into the billing system; and field observations to verify the 

accuracy of meter readings from residential and irrigation meters. 

The Six Sigma DMAIC (Define, Measure, Analyze, Improve, and Control) problem-solving 

process was used to identify opportunities for improvement.  The Project Team conducted a 

qualitative analysis to identify potential causes for the number of increased customer 

complaints.  This analysis was supported by the Process Map, Cause and Effect Matrix, and the 

Failure Mode and Effect Analysis (FMEA).  This analysis produced the key input and output 

variables listed in the Summary.   The Project Team established a data collection methodology 

and criteria to randomly obtain data from the meter.  Accounts were randomly selected 

ensuring an appropriate number of accounts were included from each meter reading cycle.  

¢Ƙƛǎ ŜƴǎǳǊŜŘ ŀ ǇǊƻǇŜǊ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ /ƛǘȅΩǎ ǎŜǊǾƛŎŜ ŀǊŜŀΦ  Meter Inspectors from the 

Department were used to perform field observation and record information from the meters 

associated with each account selected.  This information was collected following the published 

Billing Cycle Schedule for the months of November and December.  Data collected was used to 

determine the overall health of the meters in the water distribution system and what factors 

contribute to the increase in meter and billing customer complaints.   

 

The scope of this project included AMR meters used for residential and irrigation accounts.  

Samples (accounts) were taken from all 43 billing cycles containing these types of meters.  

Commercial accounts and non-AMR meters were excluded from the sample.  The scope 

included collecting required information, but did not include resolution of issues discovered 

during the execution phase.   

 

In the Define phase, customer needs were defined and the processes and procedures to be 

improved are identified.  This project examined the process of recording water usage in 

residential and irrigation meters and transferring that information to the billing system.  This 
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process is presented in the high level process map and the detailed process map on (See 

Appendix).  The following key input variables were used to evaluate the performance of the 

AMR system.   

1. Antenna installed in the meter lid. 
2. Register match. 
3. Account information correct. 
4. Meter lid fits. 
5. Meter lid is not broken. 
6. Antenna is in correct position. 
7. AMR meter gives reading. 
8. Estimated readings. 
9. /ƻǊǊŜŎǘ aL¦ ǊŜŎƻǊŘŜŘ ƻƴ ŎǳǎǘƻƳŜǊΩǎ ŀŎŎƻǳƴǘΦ 
10. Water consumption 

 

The Measurement phase determines the current performance level of the city water 

distribution system and validates the measurement system. 

 

The current state of key measurements listed above is listed in Population Estimate (Exhibit 5).   

This is listed as the population estimate, and represents curreƴǘ ǇŜǊŦƻǊƳŀƴŎŜ ƭŜǾŜƭ ƻŦ ǘƘŜ /ƛǘȅΩǎ 

water distribution system. The upper bound confidence interval is listed in Exhibit 6 in the 

Appendix.  It is the best DWM could expect its system to perform.  The Neptune Technology 

Group (Neptune) reports that 99% of its AMR meters will record water usage once installed in 

the field.  Several Neptune customers report a 99% accuracy rate on AMR meters installed in 

their water system.  This will be the target used to determine the overall health of the AMR 

system. 

 

Residential accounts were randomly sampled from the billing cycles with the following criteria. 

 Account Status = Active 

 Dwell Code = Residential Account 

 Bill Cycles = 30 - 250  

 Accounts with ERT (MIU) attached Other Device ID# = Is Not Null (i.e.: there is data entry 

in the MIU# field) 
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 aŜǘŜǊ {ƛȊŜ Ґ мέ ƻǊ ҁέ ƻǊ ҆έ  

 Residential Units Served ς Single-Unit and Multi-Unit Accounts with any preexisting 

open work order were included in the sample.  

 

The samples were generated as work orders in mass from the billing the system.  Resources for 

the observation were allocated in house in the form on staff and equipment.   Additional 

training was offered in order to review the scope of the project with the meter inspectors 

involved in the project. 

Several statistical tools were used to assist in identifying performance levels.  A statistical 

control chart was used to determine the mean water consumption for each cycle and Citywide.  

The control chart also identified accounts that exceeded the upper control limit (more than 

three standard deviations from the mean).  Each account exceeding the upper control limit was 

examined to determine the reason (See Appendix).  The Project Team used Proportion Test to 

determine whether our population performance level is equal to a hypothesized value.  In this 

case the hypothesized value is 99%.  The following assumptions are required for the proportion 

test to be valid; data is random and binary, data is independent, the proportion of interest is 

consistent.  The data in this sample met these requirements.  Pareto charts were also used.  A 

Pareto Chart focuses efforts on the problems that offer the greatest potential for improvement 

by showing their relative frequency or size in a descending bar chart.  Individual value plots 

were also used.  These charts allow for observing variation between and within cycles.   

Currently, DWM has only two key input variables that meet the target performance rate of 

99%.  There are correct register match and the correct MIU number on both the meter and in 

the billing system.  The goal is to recommend an improvement program that will raise the level 

of the others. 

 

Project risks were identified at the beginning of the project that had minor impact on the 

project team obtaining readings.  These included: 
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 Meter inspector is unable to locate the meter because meter has been covered by 

concrete or landscaping 

 Account is closed after meter sample taken from system 

 Account is in Move In/Move out status after sample is generated from the billing 

system. The account may change and cause a missed read 

 Providing high and low negative after data entry has been completed 

 Billing process occurs prior to the review of the MBAA Sample work order. A New Read 

may convert to a present read leaving the reading blank until the read has been 

converted from a New Read to a Present Read 

 Meter and/or billing system may be down or fail, causing a delay in the meter reading 

process and in the field observation process.  

 

Work Orders were closed and data was entered by Project Team. All data was verified through 

Quality Assurance and Quality Control (QA/QC)Standard Operating Procedures conducted by a 

member of the MBAA Project Team consultants and review again and approved by the MBAA 

Project Team Project Manager and/or Six Sigma Subject Matter Expert (See Appendix for 

QA/QC Procedure for Field Observation Data and Data Transfer Process) 

Findings 

The Analyze phase of the Six Sigma Methodology uses data to establish the key process inputs 

that affect its ability to accurately read customer water consumption and to accurately transfer 

ǘƘŀǘ ǊŜŀŘƛƴƎ ǘƻ ǘƘŜ ŎǳǎǘƻƳŜǊΩǎ ōƛƭƭΦ  ! ǇǊƻǇƻǊǘƛƻƴ ǘŜǎǘ ǿŀǎ ǳǎŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ƛŦ ǘƘŜ ƪŜȅ ƛƴǇǳǘ 

variable for each account met the 99.00% performance level the Project Team is targeting. To 

perform the proportion test, the Project Team set the null hypothesis as; the number of failures 

in its AMR meter system is equal to 1% (99.00% acceptable performance level).  It set the 

alternate hypothesis as; the number of failures in its AMR system is greater than 1% (less than 

99.00%, and unacceptable performance level).  If the P value generated from this test is .05 or 

higher, the Project Team fail to reject the null hypothesis.  If the P value is less than .05, the 

Project Team rejects the null hypothesis.  It also used Pareto charts and Individual Plot graphs 

to show other factors that are contributing to the high number of complaints from customers. 
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Antenna installed in the Lid is a major factor in getting a successful AMR reading.  The antenna 

placement is the lid is essential to the efficiency of the AMR meter reading process. The P value 

for this key input variable is .000 which leads us to reject the null hypothesis and conclude that 

its expected performance is less that 99%.  The estimated performance of this variable is 

74.90%, and DWM is 95% confident that it will be no higher than 75.54%. 

 

Correct Register Match is a requirement for an accurate water usage reading.  The P value for 

this input variable is .066 which leads us to fail to reject the null hypothesis and conclude that 

its expected performance is equal to 99.00%.  The estimated performance of this variable is 

98.90% and DWM is 95.00% confident that it will be no higher than 99.01%. 

 

Correct Account Information is very important for ensuring the measured water usage is 

recorded on the correct account and that customer and meter information is correctly recorded 

it the customer information system (enQuesta).  The P value for this input variable is .000 which 

leads us to reject the null hypothesis and conclude that its expected performance is less than 

99%.  The estimated performance of this variable is 94.76%, and DWM is 95.00% confident that 

it will be no higher than 95.13%. 

 

Meter Lid Fit contributes to the overall effectiveness of the AMR system by reducing potential 

damage to the meter and increasing the ability of the ARM to function correctly.  The P value 

for this key variable is .000 which leads us to reject the null hypothesis and conclude that its 

expected performance is less that 99%.  The estimated performance of this variable is 93.39% 

and DWM is 95% confident that it will be no higher than 93.81% 

 

A meter lid that is not broken contributes to the overall effectiveness of the AMR system by 

reducing potential damage to the meter and increasing the ability of the AMR system to 

function correctly.  The P value for this key variable is .010 which leads us to reject the null 

hypothesis and conclude that its expected performance is less than 99%.  The estimated 
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performance of this variable is 98.01% and DWM is 95% confident that it will no higher than 

98.24%. 

 

Antenna Position is essential to an AMR system performing at an optimal level.  The best 

position is in the lid, but if it is not in the lid it needs to be pointing straight up.  Any other 

position is incorrect.  The P value for this key variable is .000 which leads us to reject the null 

hypothesis and conclude that its expected performance id less than 99.00%.  The estimated 

performance of this variable is 86.74% and DWM is 95.00% confident that it will be no higher 

than 87.32%. 

 

AMR readings are a true measure of how the AMR system is performing.  The P value for this 

key variable is .000 which leads us to reject the null hypothesis and conclude that its expected 

performance is less than 99%.  The estimated performance of this variable is 96.27% and DWM 

is 95% confident that it will be no higher than 96.54%. 

 

Estimated reads are done when electronic (AMR) or manual reads cannot be done or when 

system or billing personnel determine that it is required.  The P value for this key variable is 

.000 which leads us to reject the null hypothesis and conclude that its expected performance is 

greater than 1%.  The estimated performance of this variable is 2.97% and DWM is 95.00% 

confident that it will be no lower than 2.68%. 

 

Correct MIU information is required to ensure that the recorded water usage information is 

being placed on the correct account.  The P value for this key variable is .067 which leads us to 

fail to reject the null hypothesis and conclude that its expected performance is equal to 99.00%.  

The estimated performance of this variable is 98.85% and DWM are 95.00% confident that it 

will be no higher than 99.02%. 

 

The Project Team validated the information being passed from enQuesta to Equinox and from 

Equinox back to enQuesta to determine the accuracy rate.  The P value for this key variable is 
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1.000 (the highest it can be) which leads us to fail to reject the null hypothesis and conclude 

that its expected performance is equal to 99.00%.  The expected performance of this variable is 

99.89% and DWM are 95% confident that it will be no higher than 99.94%. 

 

Consumption 

The American Water Works Association (AWWA) conducted a study using 12 sites in 1999.  The 

study included both indoor and outdoor usage.  This study states that the mean daily per capita 

water use for a family is 171.8 gallons, approximately 5,154 gallons per month.  This is 

converted to monthly average 6.89 CCF.  The Summary shows that the average monthly usage 

for the City is currently 8.6 CCF.  If irrigation meters are removed from the data set, the City 

Wide average is 7.8 CCF.  The City average is in line with the AWWA average.  A further review 

of the data reveals that the cycles with a high number of 1 inch residential meters and irrigation 

(all meter sizes) systems significantly contribute the CƛǘȅΩǎ ƘƛƎƘŜǊ ƳƻƴǘƘƭȅ ǳǎŀƎŜΦ 

A statistical control chart for each billing cycle and for the City can be found in Appendix.  The 

middle line represents the average (X bar), the top line is the upper control limit (UCL), and the 

bottom line represents the lower control limit (LCL).  A review of the city-wide control chart 

shows an average monthly consumption of 8.6CCF with an upper control limit (UCL) of 28.8 

CCF.  There are 171 accounts with consumption rates that exceed the upper control limit.  

DWM analyzed these 171 accounts to determine what caused them to be above the upper 

limit.   42.7% can be explained by high usage. 28.7 of the these meter were residential irrigation 

meters.   Leaks or potential leaks explain the remainder.   Although accounts with 1 inch meters 

represent only 12% of the total number of accounts selected, they represent 53.8% of accounts 

above the upper control limit.  The first five cycles on the chart represent 53% of the accounts 

above the upper control limit. 

 

The average consumption of active irrigation accounts is 25.6 CCF, which represent about three 

times the city average.  The average outdoor consumption rate in the AWWA study was only 

twice the average indoor consumptiƻƴ ǊŀǘŜΦ  LǊǊƛƎŀǘƛƻƴ ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ ǘƘŜ /ƛǘȅΩǎ ǿŀǘŜǊ 

distribution system is high. Conservation efforts could help reduce this consumption rate. 
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Water usage for 2.97% of the accounts in the sample was estimated.  Estimating water usage is 

a contributing factor to increased billing and meter complaints. Damaged registers is the 

predominate explanation.   

 

Another contributing factor to increased billing and meter complaints are MIU issues. Although 

the Project Team proved that 99.00% of the MIU information on all accounts is correct, DWM 

wants that number to be 100%.  Incorrect water usage on a small number of customer bills can 

cause the City to lose the trust of the larger population.  The incorrect MIU number found on 

account information in the enQuesta represents 56.3% of the problem.  Crossed MIU numbers 

represent 18.8% of the problem. 
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EXHIBIT 4: Summary of Active Residential and Irrigation AMR Meters Sampled 

Billing Cycle

Active AMR 

Residential 

Accounts

Percent of 

Total
1" 3/4" 5/8"

# Of Samples 

In Cycle    

30                3,883 3.05%           81          3,452          348 271

41                3,030 2.38%           76          2,721          233 211

42                2,753 2.16%         296          2,272          185 194

43                2,238 1.76%         347          1,794            97 155

51                2,530 1.99%         393          1,984          153 264

52                2,725 2.14%         239          2,362          124 287

53                2,456 1.93%         214          2,130          112 255

61                2,483 1.95%           42          2,217          224 174

62                2,746 2.16%           54          2,407          285 193

70                3,969 3.12%         143          3,521          305 276

80                4,172 3.28%           49          3,785          338 292

90                3,601 2.83%           22          3,207          372 253

100                       5 0.00%             2                 2              1 1

101                   915 0.72%           38             805            72 63

110                4,264 3.35%           41          3,759          464 299

120                1,633 1.28%           41          1,463          129 114

130                1,927 1.51%           16          1,686          225 135

141                1,983 1.56%           10          1,751          222 140

142                3,015 2.37%           10          2,722          283 212

151                1,478 1.16%             5          1,348          124 103

152                2,150 1.69%             8          1,973          168 151

161                2,839 2.23%           18          2,663          158 200

162                3,037 2.38%           38          2,763          236 214

163                3,946 3.10%           37          3,695          214 278

171                3,366 2.64%           23          3,162          181 237

172                1,783 1.40%             9          1,558          216 125

181                1,786 1.40%             1          1,759            26 126

182                2,238 1.76%           11          2,158            68 158

190                1,175 0.92%           16          1,029          130 83

200                1,254 0.98%           31          1,109          114 88

201                2,995 2.35%         116          2,574          304 210

210                   409 0.32%           19             375            15 29

221                5,878 4.61%           75          5,714            89 411

222                6,485 5.09%           86          6,334            63 453

223                8,279 6.50%         177          8,033            69 582

224                7,763 6.09%         133          7,549            79 540

231                1,636 1.28%           20          1,601            14 115

232                2,358 1.85%             9          2,216          133 166

241                4,213 3.31%         371          3,806            36 296

242                4,011 3.15%         478          3,480            52 281

243                4,216 3.31%         275          3,868            72 297

244                3,273 2.57%         462          2,804              7 228

250                   487 0.38%         377             102              8 33

Totals 127,383          100.00% 4,909    115,713    6,748      9193

Meter Size Distribution
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EXHIBIT 5: Population Estimate 

Cycle
Sample 

Size
Antennae 

in Lid

Register 

Match

Acct Info        

Correct

 Meter 

Lid Fit

 Lid 

Unbroken

Antennae 

Position 

AMR 

Reading

Estimated

Reading

Correct 

MIU

Average 

Consumption 

(CCF)

151 103 80.58% 100.00% 92.23% 92.23% 91.26% 93.20% 92.23% 3.88% 100.00% 5.06

152 151 72.18% 98.01% 97.35% 87.42% 94.03% 86.09% 93.38% 4.64% 100.00% 4.95

181 126 92.06% 98.41% 96.03% 82.54% 95.24% 94.44% 96.03% 2.39% 97.62% 5.17

182 158 84.18% 96.83% 92.20% 87.34% 94.30% 94.30% 92.40% 5.70% 98.10% 8.00

231 115 88.69% 98.26% 96.52% 91.30% 93.91% 93.91% 96.52% 0.87% 100.00% 5.06

232 166 90.96% 98.79% 98.19% 95.18% 96.38% 93.97% 98.79% 0.60% 99.40% 5.60

171 237 84.81% 99.15% 96.62% 76.79% 95.35% 88.18% 97.05% 3.53% 99.58% 5.68

172 125 82.40% 99.20% 96.00% 96.80% 98.40% 93.60% 93.60% 3.20% 98.40% 6.58

161 200 63.50% 98.00% 95.50% 91.50% 96.50% 82.50% 96.00% 2.50% 98.50% 6.90

162 214 66.35% 98.13% 96.73% 95.32% 99.06% 86.91% 94.39% 3.28% 100.00% 6.15

250 33 75.76% 96.97% 87.88% 87.88% 96.97% 84.85% 90.91% 6.06% 100.00% 11.80

221 411 58.98% 99.76% 96.60% 94.42% 98.06% 82.52% 96.36% 2.91% 99.27% 6.08

223 582 68.73% 99.48% 95.20% 95.02% 99.31% 84.71% 97.59% 2.41% 99.14% 6.28

100 1 0.00% 100.00% 100.00% 100.00% 100.00% 0.00% 100.00% 0.00% 100.00% 0.00

241 296 83.78% 99.66% 96.62% 94.59% 98.65% 93.58% 98.31% 1.68% 98.65% 13.70

243 297 73.40% 100.00% 95.96% 95.96% 98.99% 82.83% 95.29% 2.02% 99.96% 10.40

244 228 85.09% 99.12% 90.35% 92.54% 99.12% 92.98% 95.17% 2.63% 96.49% 20.70

51 264 74.62% 98.11% 88.26% 95.83% 99.62% 78.41% 97.35% 4.17% 98.86% 19.50

52 287 66.55% 99.65% 96.86% 95.12% 99.65% 80.13% 97.21% 2.10% 99.30% 23.50

53 255 66.67% 99.21% 96.47% 96.08% 98.43% 92.16% 98.04% 2.75% 98.43% 17.50

41 211 73.93% 99.05% 91.46% 93.83% 96.68% 81.99% 98.57% 1.42% 97.63% 7.55

42 194 73.71% 97.42% 92.78% 94.33% 97.42% 88.14% 98.45% 2.07% 98.45% 13.90

61 174 79.31% 98.85% 94.83% 94.83% 98.85% 91.38% 98.28% 0.00% 98.85% 7.00

62 193 82.38% 100.00% 92.74% 93.26% 98.44% 94.30% 97.41% 2.08% 98.10% 7.53

201 210 76.70% 97.14% 93.33% 95.23% 98.57% 92.82% 97.15% 5.21% 98.10% 7.99

30 271 79.70% 98.52% 94.83% 90.40% 98.15% 85.24% 98.15% 2.21% 98.89% 7.05

70 276 88.04% 99.27% 91.97% 92.03% 98.55% 91.30% 96.74% 2.17% 98.19% 6.19

80 292 85.61% 98.29% 95.89% 93.15% 98.97% 92.46% 93.83% 4.79% 99.66% 6.00

90 253 82.21% 98.42% 92.88% 95.65% 98.81% 86.17% 96.44% 2.37% 97.23% 5.47

210 29 89.65% 100.00% 96.55% 93.10% 100.00% 96.55% 100.00% 10.35% 96.55% 5.60

141 140 82.73% 97.84% 94.96% 86.33% 98.56% 91.37% 95.68% 3.57% 99.29% 6.10

142 212 83.96% 98.11% 94.33% 98.11% 97.17% 89.15% 97.17% 1.42% 99.53% 6.45

43 155 74.19% 100.00% 94.19% 94.84% 99.35% 88.39% 96.98% 4.01% 98.57% 16.60

101 63 73.01% 96.82% 88.89% 96.82% 96.82% 82.54% 95.24% 4.76% 96.83% 6.64

110 299 82.27% 97.32% 91.97% 93.29% 97.99% 89.63% 95.32% 3.34% 98.66% 4.71

120 114 70.17% 95.61% 92.10% 96.49% 96.49% 86.46% 94.73% 6.14% 99.12% 6.44

130 135 77.78% 99.26% 88.89% 92.59% 100.00% 84.32% 92.54% 5.19% 99.26% 5.63

190 83 61.44% 96.38% 92.77% 95.18% 92.77% 78.31% 91.57% 1.12% 98.80% 8.00

200 88 55.68% 100.00% 90.91% 87.50% 96.59% 78.41% 87.50% 11.36% 98.86% 6.09

163 278 61.15% 98.92% 96.04% 93.52% 97.48% 82.01% 95.32% 3.60% 98.56% 5.78

222 453 67.99% 99.12% 97.79% 96.47% 99.12% 84.99% 95.58% 3.31% 99.56% 5.93

224 540 67.78% 99.62% 96.29% 95.00% 98.52% 82.04% 96.11% 3.15% 99.44% 5.57

242 281 67.97% 99.64% 95.37% 93.24% 98.93% 76.51% 97.86% 3.56% 98.58% 8.30

City Wide 9193 74.80% 98.84% 94.76% 93.39% 98.01% 86.74% 96.27% 2.97% 98.85% 8.60

Population Estimate

City Wide Average Consumption without irrigation meters:  7.8 ccf
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EXHIBIT 6: 95% Confidence Interval Upper Bound 

Cycle
Sample 

Size

Antennae 

in Lid

Register 

Match

Acct Info        

Correct

 Meter 

Lid Fit

 Lid 

Unbroken

Antennae 

Position 

AMR 

Reading

Estimated 

Reading

Correct 

MIU

151 103 86.74% 100.00% 96.08% 96.08% 96.77% 95.37% 96.08% 1.34% 100.00%

152 151 78.15% 99.46% 99.09% 91.60% 96.86% 90.49% 96.36% 2.19% 100.00%

181 126 95.63% 99.72% 98.42% 87.87% 97.91% 97.36% 98.42% 0.65% 99.34%

182 158 88.75% 98.74% 98.33% 91.45% 96.99% 96.99% 95.56% 3.00% 99.48%

231 115 93.18% 99.67% 98.80% 96.20% 97.10% 97.10% 98.80% 0.04% 100.00%

232 166 94.34% 99.78% 99.50% 97.58% 98.41% 96.70% 99.78% 0.03% 99.97%

171 237 88.51% 99.85% 98.31% 81.24% 97.38% 91.47% 98.62% 1.10% 99.98%

172 125 87.77% 99.96% 98.41% 98.90% 99.71% 96.77% 96.77% 1.10% 99.71%

161 200 69.17% 99.31% 97.63% 94.51% 98.35% 86.78% 97.99% 0.99% 99.59%

162 214 71.71% 99.36% 98.45% 97.44% 99.83% 90.54% 96.73% 1.54% 100.00%

250 33 87.32% 99.84% 95.75% 95.75% 99.84% 93.83% 97.48% 1.09% 100.00%

221 411 63.03% 99.99% 97.93% 96.15% 90.30% 85.54% 97.74% 1.69% 99.80%

223 582 71.85% 99.86% 96.99% 96.41% 99.76% 87.11% 98.54% 1.46% 99.66%

100 1 0.00% 100.00% 100.00% 100.00% 100.00% 0.00% 100.00% 0.00% 100.00%

241 296 87.21% 99.98% 98.16% 96.58% 99.54% 95.76% 99.33% 0.67% 99.54%

243 297 77.60% 100.00% 97.65% 97.65% 99.72% 86.34% 97.13% 0.88% 99.98%

244 228 88.83% 99.84% 93.38% 95.19% 99.84% 95.55% 97.27% 1.15% 98.24%

51 264 78.99% 99.25% 91.37% 97.65% 99.98% 82.51% 98.75% 2.35% 99.69%

52 287 71.16% 99.98% 98.35% 97.03% 99.98% 83.94% 98.61% 0.91% 99.88%

53 255 71.55% 99.86% 98.15% 97.86% 99.46% 94.74% 99.22% 1.57% 99.46%

41 211 78.87% 99.83% 94.41% 96.32% 98.43% 86.22% 99.61% 0.39% 99.06%

42 194 78.87% 98.98% 95.58% 96.79% 98.98% 91.76% 99.58% 0.70% 99.58%

61 174 84.24% 99.80% 97.28% 97.28% 99.80% 94.96% 99.53% 0.00% 99.79%

62 193 86.76% 100.00% 95.56% 95.97% 95.75% 96.77% 98.97% 0.71% 99.29%

201 210 81.84% 98.75% 95.92% 97.39% 99.61% 95.16% 99.06% 2.60% 99.35%

30 271 83.65% 99.49% 96.85% 93.19% 99.27% 88.67% 99.27% 0.97% 99.70%

70 276 91.12% 99.87% 95.16% 95.15% 99.50% 93.93% 98.29% 0.95% 99.28%

80 292 88.88% 99.32% 97.61% 95.41% 99.72% 94.84% 95.98% 2.92% 99.98%

90 253 86.07% 99.46% 95.35% 97.53% 99.68% 89.60% 98.13% 1.04% 98.69%

210 29 95.15% 100.00% 99.82% 98.76% 100.00% 98.76% 100.00% 2.88% 99.82%

141 140 87.80% 99.41% 97.61% 90.86% 99.74% 94.94% 98.00% 0.98% 99.96%

142 212 88.80% 99.35% 96.70% 99.35% 98.76% 92.47% 98.76% 0.39% 99.97%

43 155 79.91% 100.00% 96.94% 97.41% 99.97% 92.36% 99.97% 0.23% 99.98%

101 63 82.01% 99.43% 94.67% 99.43% 99.43% 89.89% 98.69% 1.31% 99.43%

110 299 85.82% 98.66% 94.40% 95.25% 99.12% 92.40% 97.15% 1.82% 99.54%

120 114 77.20% 98.26% 95.82% 98.79% 98.79% 91.71% 97.68% 2.92% 99.95%

130 135 83.53% 99.96% 93.03% 95.93% 1.03% 86.33% 95.93% 2.46% 99.96%

190 83 70.41% 99.01% 96.81% 98.34% 96.81% 85.49% 95.97% 0.06% 99.94%

200 88 64.71% 100.00% 95.40% 92.83% 99.06% 85.38% 92.83% 6.29% 99.94%

163 278 66.03% 99.71% 97.77% 95.77% 98.81% 85.71% 97.21% 1.96% 99.51%

222 453 71.61% 99.70% 98.80% 97.77% 99.70% 87.68% 97.06% 2.05% 99.92%

224 540 71.10% 99.93% 97.53% 96.45% 99.27% 84.71% 97.38% 2.02% 99.85%

242 281 72.57% 99.98% 97.24% 95.53% 99.71% 80.63% 99.07% 1.94% 99.51%

City Wide 9193 75.54% 99.01% 95.13% 93.81% 98.24% 87.32% 96.59% 2.68% 99.02%

95% Confidence Interval Upper Bound
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EXHIBIT 7: Meter and Billing Process Map 

Process Inputs (X) Process Step Output (Y)

Bill Cycle

Account Information enQuesta Meter Reading File

enQuesta

MIU/Premise #

Account #

Meter #

Meter Sampling  Work Order 

 

 

enQuesta Meter Reading File Reading Assignment Routes       

 

 

Reading Assignment Routes

Maps

Technician Manual Reading  

Handeld, Mobile Data Collector Electronic Reading

Register Size

Meter Size Equinox Meter Reading File

Account Type

Meter Sampling  Work Order 

Electronic Reading enQuesta New Read File

Equinox Meter Reading File

enQuesta New Read File

Negative Reads

High Reads Actual Bill

No Reads Estimated BillBill Customer

Start Billing Process

Transfer to enQuest 

Format

Transfer to Equinox 

Format

Read Meter
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EXHIBIT 8:  Pareto Chart ς Total # of Failure for Key Input Variables 

 

EXHIBIT 9:  Pareto Chart ς MIU Issues 
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EXHIBIT 10:  Pareto Chart ς Account High Consumption Total by Meter Size 
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EXHIBIT 11: Reason for High Consumption 

 

 

EXHIBIT 12: Pareto Chart - What Caused the Estimate 

 

 

 

 

Total Estimated 138 28 17 14 5 5 5 3

Percent 64.2 13.0 7.9 6.5 2.3 2.3 2.3 1.4

Cum % 64.2 77.2 85.1 91.6 94.0 96.3 98.6 100.0

Reason for Estimate
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EXHIBIT 13:  Control Chart ς City Wide Consumptions 

 

 

 

 

 

 

 

 

 

EXHIBIT 14: Control Chart ς City Consumption without Irrigation 
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EXHIBIT 15: Control Chart-Irrigation Accounts Consumption 

 

 

 

 

 

 

 

 

EXHIBIT 16: Consumption One-Inch Consumption 
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EXHIBIT 17: City-wide Consumption Comparison   
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EXHIBIT 18: MBAA Control Plan 

Process 

Step
Variable Name

Input / 

Output 

(I/O)

Process 

Specification

(LSL, USL, 

Target)

Measurement 

Technique
Sample Size

Sample 

Frequency

Control 

Method

Reaction Plan                   

(contact / action)

Start Billing 

Process
MIU (Crossed) Input 0%

Number of 

crossed MIU's 

found when work 

order (WO) is 

completed

Open Work 

Orders (WO)
Daily

Watershed 

Inspection 

Supervisor 

Monitors and 

checks 

completed WO 

When Watershed Inspector 

finds crossed MIU, he 

records correct MIU number, 

meter reading and location 

for both locations on WO 

which is then forwarded to 

Billing. Billing Supervisor 

takes required action to 

open WO or change account 

information.

Start Billing 

Process
MIU (Correct) Input 100%

Duplicate, iInvalid 

MIU Report, and 

number of 

incorrect MIU's 

found when WO 

is completed

All accounts and 

open work 

orders (WO)

Daily

Waterhsed 

Inspection 

Supervisor 

Monitors and 

checks 

completed WO.  

Billing 

supervisor 

reconciles 

accounts with 

duplicate or 

invalid MIU 

numbers 

When Watershed Inspector 

finds incorrect MIU number, 

correct number is recorded 

on the WO.  Billing 

Supervisor takes required 

action to open WO or 

change account information.

Bill Customer Estimated Read Output 0%
Estimated Read 

Report
All accounts 

Every Billing 

Cycle

Run system 

report to 

identify all 

accounts on the 

Estimated 

Read Report 

with an open 

repair work 

order

Distirbution prioritizes work 

to be done based on 

accounts with open repair 

work orders.

Read Meter AMR Read Output 100% No Read Report All accounts
Every Billing 

Cycle

Work order 

automatically 

generated

Watershed Inspector work 

generated work order.

Read Meter Register Match Input 100%

Register match 

checked during 

completion of all 

WO

Open Work 

Orders (WO)
Daily

Watershed 

Inspection 

Supervisor 

Monitors and 

checks 

completed WO 

When Inspector finds 

mismatched register, 

required repairs made and 

4309 WO is opened.

Read Meter Antennae in Lid Input 100%

Checked when 

WO is being 

completed

Open Work 

Orders (WO)
Daily

Watershed 

Inspection 

Supervisor 

Monitors and 

checks 

completed WO 

Watershed Inspector repairs 

if possible or opens and 

forwards WO to Distribution. 

Read Meter Antennae Position Input 100%

Checked when 

WO is being 

completed

Open Work 

Orders (WO)
Daily

Watershed 

Inspection 

Supervisor 

Monitors and 

checks 

completed WO 

Watershed Inspector repairs 

if possible or opens and 

forwards WO to Distribution. 

Transfer to 

enQuesta 

Format

enQuesta New File Output 100%

Validate data in 

Equinox and 

enQuesta files

Designated 

billing cycle

Whenever 

software in 

enQuesta or 

Equinox is 

updated

Billing validates 

data is correct

Call appropriate vendors to 

research any issue found 

during the validation of data.

MBAA Control PlanControl Plan

 


