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1.0   INTRODUCTION 
Water rates are designed to recognize both the annual amount of water provided to a customer class 

and the relative peak demands placed on the system by each respective customer class.  Peak system demands 
are typically expressed on a maximum day and maximum hour basis.  Water treatment plants, pumping 
facilities, and transmission main systems must generally be designed to meet the maximum day requirements 
of the water system, and customer classes that require this extra capacity above average daily or base capacity 
needs must pay a proportionate share of the maximum day related costs.  Similarly, adequate system storage 
capacity and distribution mains must typically be sufficient to meet the maximum hour demands on the 
system, and those customers that require this extra capacity above maximum day requirements must pay a 
proportionate share of the maximum hour related costs.  A means of reasonably providing that each customer 
class pays its proportionate share of the system’s base, maximum day extra capacity and maximum hour extra 
capacity costs is to conduct studies to determine the relative non-coincidental maximum day and maximum 
hour demands placed on the system by the various customer classes. 

One method of determining relative customer class demands is to install 
demand meters in the distribution system to actually measure maximum day and 
maximum hour flows for isolated residential areas deemed representative of the service 
area being studied and to use demand meters on individual accounts representative of 
other customer classes served by the water utility.  This type of analysis was previously 
conducted in 2007 for the Interurban District as part of the Docket 07-0507 rate case.  
Due to advances in technology, another potential direct demand measurement method 
is to install automated meter reading equipment on representative accounts of all 
customer classes that can be read by collectors installed on towers or stored by meter 
recording devices for later collection by meter readers.  This alternate method avoids 
disruption of the distribution system and does not compromise local fire protection capabilities, which may 
occur under a master metered approach for residential areas.  Both methods are reviewed in this report. 

 

Advances in 
technology allow 

another direct 
demand 

measurement 
methodology to 
be considered. 

 

1.1   Purpose 
The purpose of this report is to develop detailed procedures required to conduct a direct demand 

measurement study for all rate areas served by the Illinois American Water Company (IAWC) including the 
specific data to be collected and used.  The report will also recommend types of meters to be installed, 
procedures to identify potential master meter locations, how customers to be sampled will be selected, how 
sampled data will be reviewed and analyzed, estimate costs for each element of a direct measurement demand 
study and provide an estimate of how long it will take to complete a direct measurement study. 

1.2   Scope 
The scope of work for the proposed preliminary direct demand study has been divided into five areas 

of expertise that use:  
1. Statisticians to determine sound and supportable procedures to derive statistically significant sample 

sizes by customer class for each service area;  
2. Geographic Information System (GIS) and data management specialists to develop a plan to identify 

and quantify relevant  system and customer information in selected sample areas;  
3. Water distribution system master planners to establish requirements to review system maps and 

determine possible master metered sampling areas in cooperation with the GIS specialists;  
4. Automated Metering Infrastructure (AMI) and Automated Meter Reading (AMR) subject matter 

experts to select metering apparatus for individual commercial and industrial customers to be sampled 
and propose an AMI/AMR solution as an alternative to master metering residential areas; and  

5. Rate design specialists to develop procedures to analyze sampled data, develop capacity factors for 
each district and weighted average capacity factors for each rate area by customer class. 
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The overall goal of the preliminary study is to develop a detailed report that addresses the 
requirements set forth by the Illinois Commerce Commission (ICC or Commission).  This report is intended 
to “constitute a detailed plan” for a direct measurement demand study and “disclose the specific data to be 
used” for that study within the 120-day time period ordered by the ICC in Docket 09-0319.   

1.3   Background 
Direct water demand measurement studies are not commonly conducted by water utilities for 

purposes of determining customer class maximum day and maximum hour capacity factors.  It is much more 
common for a water utility to base customer class demands on demands used by other utilities or by analysis 
of monthly billing data using the methodology set forth in Appendix A of the American Water Works 
Association (AWWA) Manual M1 titled “Principles of Water Rates, Fees, and Charges”, Fifth Edition.  This 
type of indirect study was completed during the Docket 09-0319 rate case for each of IAWC’s rate areas. 

Prior to the 2009 indirect demand study for all rate areas and the 2007 direct demand study for the 
Interurban District, customer class capacity factors were set based on previously 
approved capacity factors or capacity factors used in other IAWC districts.  For example, 
capacity factors used prior to 2007 can be traced back to Docket 00-03401, Docket 97-
01022 and even Docket 94-01833.  In addition, when historic capacity factors were not 
available for a service area, capacity factors from a service area judged to be similar 
were used.  This was the case for the capacity factors developed for the Chicago Metro 
rate area, which was based on the historic capacity factors used for the Champaign rate 
area.4  Table 1-1 presents a summary of historic capacity factors by customer class. 

The customer class capacity factors derived from the 2007 Interurban direct measurement study were 
rejected by the Commission because it concluded the capacity factors derived from that study were not 
representative of all of IAWC’s rate areas.  The Commission further directed the IAWC in the July 30, 2008 
Initiating Order for Docket 08-0463 to “provide updated demand factors for each rate area in which a rate 
increase was proposed in Docket 07-0507”.  To comply with this order, the IAWC proposed to develop 
customer class capacity factors for each district based on actual monthly billing data in each respective district 
using the indirect multi-year methodology outlined in Appendix A of AWWA Manual M1.  It was also noted 
that actual demand data would be used “to the extent possible” in the proposed study.  On September 30, 
2008, the parties to Docket 08-0463 (IAWC, ICC staff, Office of the Attorney General, certain municipalities 
within IAWC’s Champaign District, and certain Illinois Industrial Water Consumers) met to discuss the 
proposed multi-year indirect demand study methodology.  The parties filed a Joint Motion for Clarification on 
October 3, 2008 outlining the proposed indirect study methodology.  This motion was approved by the 
Commission on October 15, 2008. 

The multi-year indirect demand study was initially completed in January 2009 as part of Docket 08-
0463.  However, IAWC filed a rate case designated as Docket 09-0319 where the the demand study submitted 
in Docket 08-0463 was updated based on more recent data, and Docket 08-0463 was later dismissed.  The 
updated multi-year indirect demand study was completed in August 2009 with the final report filed as IAWC 
Exhibit No. 13.01 (Revised) in Docket 09-0319.  A summary of customer class capacity factors developed by 
this study is presented in Table 1-2 and compared with the 2007 capacity factors developed for the 2007 
Interurban District.  As indicated by this table, the maximum day capacity factors are reasonably comparable 
with the exception of the maximum day capacity factor for Other Water Utilities or sale for resale customers.  
Since these customers primarily serve residential and commercial customers, it would be reasonable to expect 
that the maximum day capacity factor would be close to the average of such residential and commercial 
customers.   However, the 2007 maximum day capacity factor for this customer class is actually less than the  

 

Some capacity 
factors have not 

been updated 
since 1994. 

 

                                                           
1 Docket No. 02-0690, ICC Staff Exhibit 8.0 – Page 8 (Southern, Peoria, Streator & Pontiac); ICC Staff Exhibit 9.0 – Page 8 (Champaign & Sterling) 
2 Docket No. 02-0690, ICC Staff Exhibit 7.0 – Page 14 (Pekin) 
3 Docket No. 02-0690, ICC Staff Exhibit 9.0 – Page 8 (Lincoln) 
4 Docket No. 02-0690, ICC Staff Exhibit 7.0 – Page 15 (Chicago Metro) 
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Table 1-1
Illinois American Water Company 

Historic Customer Class Capacity Factors

SPSPSB______________________
Southern 

  Description & Peoria Pontiac Streator Champaign Chicago Lincoln Pekin Sterling________________ _______ _______ _______ _______ _______ _______ _______ _______

MAX DAY
Residential 2.10 2.25 1.90 2.25 2.25 2.25 2.75 2.25
Commercial 1.75 1.70 1.70 1.80 1.80 1.70 2.00 1.80
Industrial 1.65 1.50 1.50 1.50 - 1.50 1.50 1.50
Public Authority 1.75 2.00 1.90 1.90 - 1.50 1.50 2.00
Large Industrial 1.33 - - - - - - -
University of Illinois - - - 1.25 - - - -
Other Water Utilities 1.65 1.50 - 1.50 - - - -

MAX HOUR
Residential 3.00 2.75 3.00 3.00 3.00 2.75 4.00 3.00
Commercial 2.10 2.00 2.00 2.50 2.50 2.00 2.50 2.50
Industrial 2.00 1.75 1.75 2.00 - 1.75 2.00 2.00
Public Authority 2.10 2.50 2.50 2.50 - 1.75 2.00 2.50
Large Industrial 1.48 - - - - - - -
University of Illinois - - - 1.50 - - - -
Other Water Utilities 2.00 1.75 - 1.50 - - - -

Table 1-1 Historic Customer Class Capacity Factors 
Table 1-2 Recent Customer Class Capacity Factors 

 Table 1-2
Illinois American Water Company 

Recent Customer Class Capacity Factors

2009 Indirect Demand Study______________________________________________
  Description Study SPSPSB Champaign Chicago Lincoln Pekin Sterling______________ _______ _______ _______ _______ _______ _______ _______

MAX DAY
Residential 2.20 2.05 2.15 2.30 1.85 2.15 1.90
Commercial 1.50 1.80 1.90 2.20 1.55 1.80 1.80
Industrial 1.70 1.65 1.35 1.45 1.35 1.45 1.40
Public Authority 1.40 1.90 1.65 2.45 1.35 1.90 1.65
Large Industrial - 1.40 - - - - -
University of Illinois - - 1.65 - - - -
Other Water Utilities 1.30 1.90 1.85 1.65 - - -

MAX HOUR
Residential 6.00 2.65 2.60 3.35 2.25 2.70 2.75
Commercial 4.30 2.05 2.05 3.00 1.95 2.00 2.30
Industrial 3.00 1.80 1.40 1.80 1.60 1.50 1.70
Public Authority 2.80 2.05 1.70 3.00 1.60 2.00 2.00
Large Industrial - 1.50 - - - - -
University of Illinois - - 1.70 - - - -
Other Water Utilities 2.00 2.05 1.90 1.65 - - -

2007

Note: SPSPSB consisted of Southern (Alton, Cairo & Interurban), Peoria, Streator, Pontiac & South Beloit
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factor developed for any other customer class.  The historic and 2009 maximum hour capacity factors are 
significantly less than those derived by the 2007 direct demand study.  One way to determine the 
reasonablness of capacity factors is to calculate diversity factors by dividing the sum of the indicated non-
coincidental demands of all customer classes by the system’s coincidental demand. 

A comparison of diversity factors, as presented in Table 1-3, indicates that all of the maximum day 
capacity factors fall within the 1.1 to 1.4 range deemed acceptable by the AWWA Manual M1 with the 
exception of those for the Chicago Metro District which is almost entirely composed of residential customers.  
However, it is reasonable to expect peak demands of a system composed primarily of a single customer class 
to be approximately equal to the system demand or about 1.0 as indicated in Table 1-3.  All of the other 
maximum day and maximum hour capacity factors determined in the 2009 indirect demand study fall within 
the AWWA acceptable diversity factor range.   
Table 1-3 Diversity Factor Comparison 

Table 1-3
Illinois American Water Company 

Diversity Factor Comparison

2009 Indirect Demand Study______________________________________________
  Description SPSPSB Champaign Chicago Lincoln Pekin Sterling______________ _______ _______ _______ _______ _______ _______

MAX DAY (a)
Historic 1.23 1.19 1.02 1.38 1.34 1.40
2007 Direct Demand Study 1.19 1.14 0.97 1.33 1.24 1.31
2009 Indirect Demand Study 1.26 1.21 1.03 1.20 1.21 1.25

MAX HOUR (a)
Historic 1.35 1.36 0.96 1.30 1.60 1.36
2007 Direct Demand Study 2.35 2.40 1.85 2.59 2.43 2.57
2009 Indirect Demand Study 1.26 1.22 1.01 1.21 1.21 1.26

(a)  AWWA acceptable range per Manual M1 is 1.1 to 1.4.

The indirect customer class capacity factors determined in the 2009 study were criticized for being 
based on a maximum day to average day in the maximum month relationship determined by actual data for 
over 2,100 residential customers in the Chicago Metro District.  It was alleged that the Chicago Metro 
residential relationship may not be representative of those in other districts.  The concern about the Chicago 
Metro residential relationship and the necessity to use judgments in any indirect demand study prompted the 
Commission to conclude in Docket 09-0319 that: (1) the demand factors proposed by IAWC (using the 
indirect study as set forth in the Capacity Factors Report) were reasonable for purposes of that proceeding 
(because alternative data was outdated ); and (2) in light of concerns raised by Staff and other parties, IAWC 
should be required to perform a direct demand study for use in future rate proceedings in Illinois.  

The Commission further directed IAWC: 
…to develop a request for qualifications for independent firms to determine any and all 
entities capable of performing the direct demand study.  IAWC should then issue a request 
for proposal amongst the firms meeting these qualifications to perform a preliminary 
planning study to determine the project cost, and will report the results to the Commission.  
The preliminary planning study report should explain in detail how the independent firm will 
undertake the required direct demand study including a discussion of the types and locations 
of meters in intends to install and of the data it intends to collect.  It should explain how the 
independent firm will analyze the data collected; provide cost estimates for each aspect of the 
direct demand study and, an estimate of when the direct demand study will be completed.  
The firm selected to perform the direct demand study shall be independent of IAWC, its 
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affiliates, Staff, and all parties in this docket.  IAWC is required to submit the preliminary 
planning study to the Commission as a compliance filing in this docket within 120 days after 
the order in this proceeding is entered.  (Docket 09-0319 Order, page 151 (April 13, 2010).) 
 

The Preliminary Demand Study Report is prepared in response to this directive. 

1.4   General Direct Demand Study Methodology 
Capacity factors by customer class will be determined for each sampled district based on maximum 

day and maximum hour demands actually experienced by the sampled customers within each customer class 
divided by the annual average daily water usage of the sampled customers within each respective customer 
class.  Statistical analyses conducted during the preliminary direct demand study will determine the sample 
size that can be considered representative of each customer class within each sampled district for initial cost 
estimation purposes.  These sample sizes will be refined during a direct demand study based on more detailed 
customer class usage information.  Existing computer aided design (CAD) data will be analyzed and matched 
to customer accounts to identify possible residential master meter locations, location of water towers for 
potential data collection equipment and locations of existing meters with radio frequency heads.  Analysis of 
distribution system maps and hydraulic models, as necessary, will be conducted to determine how 
representative residential areas can best be isolated in order to derive relevant demand data for groups of 
residential customers from master meters installed in the distribution system.  As an alternative to this direct 
measurement option, it may be possible to obtain residential demand characteristics without disruption of the 
distribution system by using individual residential AMI interval meters.  IAWC has been installing such 
residential meters with data logging equipment since 2009.  The potential to automatically read meters using 
new automated metering infrastructure will also be studied.  Demand characteristics of non-residential 
customers will be determined based on individual demand meters of representative sampled customers for 
each customer class. 

Costs to install new AMI interval metering equipment and utilize existing equipment to the extent 
possible will be derived for each district.  Additional costs required to collect demand metering data will also 
be estimated and summed with the installation costs to derive a total cost estimate for each district.  A 
schedule to obtain any additional AMI interval metering equipment, convert or update existing metering 
equipment and complete a demand metering study for the summer of 2011 will be developed as part of this 
preliminary study.  

1.4.1 Alternative Approaches 
As previously indicated, this report presents two major approaches to a direct demand study: (1) 

master metering of residential areas with individual demand meters for non-residential customers; and (2) full 
AMI/AMR consisting of AMI interval meters for all residential and non-residential customers to be sampled.  
The AMR/AMI approach also reviews alternative methods of reading sampled meters through manual or 
automated means.  The master meter approach was used in the 2007 Interurban study.  As noted in the 2009 
indirect demand measurement study, a master metering approach for residential areas disrupts the distribution 
system and could cause pressure problems and decrease the ability of the water system to provide adequate 
fire protection.  It can measure large groups of residential customers but analyses need to be conducted to 
reasonably assure that the residential areas sampled are representative of the residential customer class for 
each sampled district.  This could indicate the need for multiple sample points that would further disrupt the 
distribution system and add additional costs to the study.  In addition, the potential for water losses due to 
main leaks, normal exercising of fire hydrants and potential fires need to be recognized in master metering but 
not in either of the AMR approaches. 

Since the 2007 direct demand study, IAWC has been routinely replacing water meters with meters 
capable of recording hourly data for a period up to 96 days.  In addition, the major supplier of water metering 
equipment to IAWC has a more advanced technology that would allow hourly usage for all sampled 
customers to be automatically uploaded on a daily basis.  The primary differences between the manual versus 
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the automated AMR alternative is that under the manual alternative, hourly data is not available until the end 
of the summer peak usage period and this data must be obtained by direct access to each individual meter and 
then manually combined with data from other sampled customers of the same customer class.  Another 
difference is that manually read meters are time stamped when they are uploaded such that usage for 
customers within the same customer class will be at different times for a specific hour so usage can only be 
considered coincidental within an hour period accurate to plus or minus 30 minutes of recorded combined 
usage.  In contrast, automated data collection can be synchronized to match the exact same time for each 
sampled meter and can take readings more frequently than the hourly readings available from the existing 
manual read demand meters.  The main advantage of manual read meters over automatically read meters is 
that the existing capital costs have already been made by IAWC and generally no new infrastructure or 
metering equipment is required for a manual read AMR approach.  The sample size considered representative 
of each customer class may also not justify the associated capital expenditure and training required to 
implement a supplemental meter reading system.  However, a disadvantage of a manual read system is the 
cost that it takes to collect data.  Considering that it may take several years for a system to exhibit peak usage 
requirements, total costs under this approach would continue to increase until a peak usage period is realized. 

1.4.2 Report Organization 
This report is organized by a logical progression of activities required to be conducted for a direct 

demand study.  Several of these activities are required for both a master meter approach and an AMR 
approach while others are entirely or primarily related to a master meter approach.  A description of each 
section and how it relates to each alternative approach is presented below: 

 Section 1 serves as an introduction and general background of prior efforts to estimate customer 
class capacity factors.  It also introduces an alternative approach for determining customer class 
demands by using technology not available during the 2007 direct demand study. 

 Section 2 describes the methodologies proposed to be used to determine a statistically significant 
sample size by customer class for each district to be sampled.  This analysis applies to both a 
master meter and an AMR approach.  However, it is likely that the customers selected under a 
master meter approach will be greater than the required sample size due to steps required to 
isolate selected residential areas and such area may only approximate the customer class 
characteristics of the entire district to be sampled. 

 Section 3 discusses the GIS investigations and data management activities that can be conducted 
under either approach but is primarily required for a master meter approach in support of 
distribution system evaluations. 

 Section 4 deals with the methodology required to analyze and modify the distribution systems in 
order to isolate residential areas to be master metered.  Therefore, the discussion in this section 
only pertains to a master meter approach.  

 Section 5 is specific to an AMI/AMR approach and examines two alternatives based on how the 
data can be collected.  This section summarizes meters capable of manually gathering hourly data 
and examines a more automated technology that could be used to obtain synchronized data. 

 Section 6 summarizes the work effort and methodology required to collect data under each 
alternative approach and provides the basis, along with the required number of meters to be 
sampled for each customer class within each sample district, to estimate the relative cost of each 
approach and associated schedule to implement each alternative. 

 Section 7 summarizes costs for each approach for each rate area. 
 Section 8 provides an estimate of the time required to implement each approach and based on 

analyses presented in prior sections recommends an approach deemed most appropriate for a 
direct demand study.   
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2.0   STATISTICAL ANALYSIS 
As stated earlier in this report, the purpose of a Direct Water Demand 

Measurement Study is to identify, in a statistically significant manner, each class’s 
non-coincidental contribution to the annual peak daily and hourly use on the water 
distribution system in comparison to the annual average daily use for each class.  

2.1   Data Available 
Monthly customer billing data by class provides a robust database for 

developing a sampling plan and the selection of the ultimate samples necessary for 
providing supporting demand and capacity factor data for a comprehensive Direct 
Water Demand Measurement Study.  The monthly customer billing data that are available will serve as the 
primary “sample statistic” that will become the basis for developing samples that meet or exceed the 
statistical confidence levels and acceptable error bands for the daily and hourly water demand estimates for 
each customer class.   

 

Determination of 
statistically 
significant 

sample sizes is 
applicable to 

each alternative 
approach. 

 

2.2   Statistical Sampling Methodologies 
For this IAWC-specific case, Black & Veatch recommends that two sample design methodologies be 

employed:  
(1) For the Residential and Commercial Classes, for each rate area, we suggest that stratified samples 

be developed based upon the analysis of peak billing month water consumption metrics from IAWC’s billing 
master files.  Generally speaking, the designed samples for each selected region should contain 4-6 strata and 
have an individual sample Confidence Level Objective of 95 percent with an associated Error Goal of plus or 
minus 5 percent.  The stratified samples would be developed using the Dalenius & Hodges-Neyman 
Allocation method. (Black & Veatch possesses such software for this purpose and has presented and defended 
the use of these methods in a number of regulatory proceedings throughout the U.S.)  Once the samples are 
designed and the stratum boundaries are set, we recommend a systematic sample selection process that 
requires the ordering of every customer, by class, by sampled region, from lowest to highest peak month 
consumption and then systematically selecting the sample so that the number of sample points required for 
each stratum are included and the entire population distribution for each stratum is represented in the stratum-
by-stratum sample.  Given the customer counts in each major area, a total stratified sample of 45 was 
estimated for each Residential and Commercial Sample Grouping.  The use of this sample size target assumes 
a 20 percent oversampling contingency for each stratum in the event of meter failure and/or customer 
migration. Should the metering technology selected have a demonstrated annual reliability track record that is 
materially different from 10 percent, then this would reduce the metering budget accordingly. 

Further, we recommend the drawing of a primary and four backup samples.  When the samples are 
placed in the field, meter installers would be instructed to adhere to the process of attempting to install the 
primary sample point, which should be given an identifier that includes Class (e.g., Zone 1 Res Primary), 
Stratum number (e.g., Zone 1, Res Primary, Stratum 1); and that sample customer’s position within that 
Stratum (e.g., if there are 12 sample points in the Zone 1 Res Primary, Stratum 1 sample, then the 6th 
observation would be coded as Zone 1, Res Primary, Stratum 1, 6).  The primary sample should always be 
installed as a first choice, but if that is not possible (due to difficulty of installation or other significant 
reasons), then the corresponding sample point in the first backup sample (followed by the second, third and 
fourth backup, as required) should be installed for that specific stratum position. In the event a sample 
location has to be replaced after the sample is installed, it should be replaced with the first available backup of 
that specific sample point.  These processes insure that the overall stratum distribution shape is maintained 
throughout the course of the study. 

The use of this stratified sampling technique in the case of the residential and commercial classes will 
yield water demand information that will have a number of robust uses.  First, it will provide statistically 
significant capacity factor information for each of the regions that will be directly sampled.  Second, through 
the combination of this sample data for the rate areas coupled with potential telephone or mail surveys to the 
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sample participants, it would be possible to develop statistically valid sub-samples, if desired, that would 
provide information about single family vs. multi family use, low acreage vs. large acreage use, urban vs. 
suburban use and so on.  These optional data are not necessary to confirm the adequacy or reliability of the 
selected samples for purposes of determining estimated customer class capacity factors. 

(2) For the Industrial and Other Public Authority (OPA) classes, it is recommended that strategic 
samples be designed and deployed.  These classes are comprised of more heterogeneous customers both in 
terms of operating profiles with varying water usage profiles as well as economic drivers that affect 
consumption of water and power.  Thus, customers in these classes do not lend themselves to being combined 
in a single class sample.  The sizes of the strategic samples have been estimated at approximately 10 percent 
of the number of industrial customers (45) and a total of 50 samples to cover the 1,376 OPA customers in the 
regions.  These sample sizes are judged to be sufficient to cover the largest and most common types of 
customers within these two classes. 

For the Sales For Resale Class, it is recommended that metering be placed randomly on 25 percent of 
the customers in this class. This should provide a representative sample of this customer class’ characteristics.  

An alternative sample meter approach, should IAWC wish to reduce the cost associated with the 
stratified class-by-class sampling for the direct demand study could be based on a random sampling of 
customers by class and district within each of the four IAWC rate areas.  This option requires greater sample 
sizes, in general, than the stratified sampling approach.  However, this method does not require the more time 
consuming analytical steps.   

2.3   Recommended Sample Sizes 
Recommended sample sizes, contained in this report as Table 2-1, have been estimated based upon 

our experience with the use of stratified samples for electric, gas and water demand studies.  Additionally, the 
estimated sample sizes will have the flexibility to be combined, even on a specific stratum basis to gain more 
statistically significant insights on certain use segments within the overall class population.  As mentioned 
earlier, the optional deployment of customer attribute surveys could make the data even more valuable, both 
for the contemplated Direct Water Demand Study and additional customer use analyses.  

Drawing upon our experience with Dalenius & Hodges stratification boundary selection methods and 
Neyman Allocation methods to select sample sizes by stratum and class, we have specified the use of eight 
stratified samples for the Residential Class and six stratified samples for the Commercial Class.  The decision 
rules for selecting the cities for each stratified sample considered both the city’s geographic location and 
range of average peak month use per customer.  The following table shows the Residential and Commercial 
city groupings for this analysis 

 

Residential Sample Groupings: 
Sample 1-Alton 
Sample 2-Interurban and Cairo 
Sample 3-Peoria 
Sample 4-Streator, Pontiac, Sterling and South Beloit 
Sample 5-Champaign 
Sample 6-Chicago Metro area  
Sample 7-Lincoln 
Sample 8-Pekin 

Commercial Sample Groupings: 
Sample 1-Alton, Cairo and Interurban 
Sample 2-Peoria, Streator, Pontiac, Sterling and South Beloit 
Sample 3-Champaign 
Sample 4-Chicago Metro 
Sample 5-Lincoln 
Sample 6-Pekin 
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Table 2-1
Illinois American Water Company 

Recommended Sample Size

 District Residential Commercial Industrial
Other Public 

Authority Total___________ _________ _________ _________ _________ _________

Zone 1
Alton 45 11 2 3 61
Cairo 1 1 1 1 4
Interurban 44 33 22 11 110
Peoria 45 39 5 12 101
Streator 19 2 0 0 21
Pontiac 12 2 1 3
South Beloit 3 6 0 0 9
Sterling 14 2 0 0 16
Champaign 45 45 5 8 103

18

_____ _____ _____ _____ _____ 
   Subtotal 228 141 36 38 443

Chicago Metro
Chicago Suburban 7 4 0 0
DuPage 1 0 0 1
Fernway 4 1 0 0 5
Homer Township 13 5 0 0 18
Valley View 5 1 0 0 6
Waycinden 2 5 0 0 7
West Suburban 11 19 0 1 31

11

_____ _____ _____ _____ _____ 
   Subtotal 43 35 0 1 79

Lincoln 45 45 1 4 95

Pekin 45 45 8 7 105
_____ _____ _____ _____ _____ 

Total 361 266 45 50 722

Note: Sample sizes where determined using 2007 customer and usage data.

Table 2-1 Recommended Sample Size 

In total, the Residential Class would require a total of 361 sample points; the Commercial Class 
would require a total of 266 sample points; the Industrial would require 45 sample points and the OPA Class 
would require 50 sample points if we were to adhere to the stratification plan and the Sample groupings 
recommended. Table 2-2, entitled “Illinois American Water Company-Key Class Customer Counts and Usage 
Information” shows supporting information used to develop Table 2-1.  Table 2-2 exhibits numbers of 
customers, peak monthly use per customer and peak billing month class usage for each of the major areas in 
the IAWC system.  This table was of value in analyzing the relative weights of individual areas within each of 
the eight residential samples and six commercial samples.  Combination of individual areas based upon 
geographic locations was an important element in reducing the total number of meters required for the Direct 
Demand Study.  The estimated cost for the recommended sample design and selection for a 14 stratified 
sample study is projected to be $45,000. 
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Table 2-2  2007 
Customer Counts and 
Usage Information 

2-4

T
a

b
le

 2
-2

Il
li

n
o

is
 A

m
e

ri
c

an
 W

a
te

r 
C

o
m

p
an

y 
- 

2
0

0
7 

C
u

s
to

m
e

r 
C

o
u

n
ts

 a
n

d
 U

s
a

g
e

 I
n

fo
rm

a
ti

o
n

S
ys

te
m

R
es

id
en

tia
l

C
om

m
er

ci
al

In
du

st
ri

al
O

th
er

 P
ub

li
c 

U
til

it
ie

s
__

__
__

__
__

__
_

__
__

__
__

__

 
 
 

_
__

__
__

__
__

__
_

__
__

__
__

__
_

__
__

__
__

__
__

_
__

__
__

__
__

_
__

__
__

__
__

__
_

__
__

__
__

__
_

P
ea

k 
U

sa
ge

S
ys

te
m

M
on

th
ly

U
se

 p
er

M
on

th
ly

U
se

 p
er

M
on

th
ly

U
se

 p
er

M
on

th
ly

U
se

 p
er

 D
is

tr
ic

t
M

on
th

P
ea

k 
U

sa
ge

U
sa

ge
 (

a)
C

us
to

m
er

s
C

us
to

m
er

U
sa

ge
 (

a)
C

us
to

m
er

s
C

us
to

m
er

U
sa

ge
 (

a)
C

us
to

m
er

s
C

us
to

m
er

U
sa

ge
 (

a)
C

us
to

m
er

s
C

us
to

m
er

__
__

_
__

__
__

__
_

_
__

__
_

_
__

__
__

_
__

__
__

_
_

__
__

_
_

__
__

__
_

__
__

__
_

_
__

__
_

_
__

__
__

_
__

__
__

_
__

_
__

__
_

__
__

_
_

__
__

__
_

__
__

__
_

__
__

__
_

M
g

M
g

M
g/

C
us

t.
M

g
M

g/
C

us
t.

M
g/

C
us

t.
M

g
M

g
M

g/
C

us
t.

Z
on

e 
1

A
lt

on
A

ug
us

t
35

1,
59

9
95

,7
59

16
,7

42
5.

7
50

,9
76

1,
59

4
32

.0
22

,1
21

27
81

9.
3

12
,5

22
13

8
90

.7
C

ai
ro

A
ug

us
t

31
,4

86
4,

50
4

97
1

4.
6

1,
88

6
15

4
12

.2
10

,4
64

10
1,

04
6.

4
3,

01
6

28
10

7.
7

In
te

ru
rb

an
A

ug
us

t
1,

74
8,

95
5

40
2,

41
7

64
,3

85
6.

3
15

5,
57

2
5,

34
3

29
.1

26
6,

36
8

20
1

1,
32

5.
2

44
,9

55
44

7
10

0.
6

P
eo

ri
a

Ju
ne

82
8,

39
3

32
9,

22
3

47
,5

69
6.

9
17

5,
42

6
4,

09
4

42
.8

63
,6

99
53

1,
20

1.
9

47
,0

99
28

5
16

5.
3

S
tr

ea
to

r
Ju

ne
61

,0
80

37
,9

76
7,

20
1

5.
3

7,
87

5
47

1
16

.7
4,

10
4

36
11

4.
0

1,
28

4
25

51
.4

P
on

ti
ac

A
ug

us
t

56
,6

23
25

,1
08

4,
02

4
6.

2
8,

83
5

40
9

21
.6

7,
44

8
16

46
5.

5
10

,4
96

38
27

6.
2

S
ou

th
 B

el
oi

t
Ju

ly
29

,6
85

18
,9

31
2,

42
4

7.
8

10
,1

19
21

3
47

.5
42

5
9

47
.2

16
5

17
9.

7
S

te
rl

in
g

M
ay

55
,9

13
27

,7
44

6,
10

6
4.

5
11

,1
74

49
4

22
.6

1,
04

4
28

37
.3

1,
31

8
37

35
.6

C
ha

m
pa

ig
n

A
ug

us
t

81
9,

07
9

30
4,

16
8

49
,9

63
6.

1
11

8,
16

4
3,

30
7

35
.7

62
,7

30
34

1,
84

5.
0

32
,2

98
13

4
24

1.
0

C
hi

ca
go

 M
et

ro
C

hi
ca

go
 S

ub
ur

ba
n

Ju
ly

58
,3

54
45

,9
71

4,
22

7
10

.9
6,

03
0

11
0

54
.8

0
1

0.
0

1,
29

5
18

71
.9

D
uP

ag
e

Ju
ly

14
,9

10
7,

70
5

1,
01

2
7.

6
7,

00
7

40
17

5.
2

0
0

19
8

4
49

.5
F

er
nw

ay
A

ug
us

t
29

,3
15

26
,9

38
1,

93
3

13
.9

2,
11

2
29

72
.8

0
0

26
5

4
66

.3
H

om
er

 T
ow

ns
hi

p
Ju

ly
91

,6
14

83
,7

45
7,

13
1

11
.7

7,
72

5
15

6
49

.5
0

0
0

0
V

al
le

y 
V

ie
w

A
ug

us
t

34
,9

19
32

,3
71

2,
55

1
12

.7
1,

74
2

35
49

.8
0

0
80

6
7

11
5.

1
W

ay
ci

nd
en

A
ug

us
t

17
,7

76
10

,5
29

62
7

16
.8

7,
24

7
93

77
.9

0
0

0
0

W
es

t S
ub

ur
ba

n
Ju

ly
23

7,
83

4
15

9,
83

8
10

,2
59

15
.6

68
,2

46
64

4
10

6.
0

2,
63

1
1

2,
63

1.
0

7,
09

4
88

80
.6

L
in

co
ln

A
ug

us
t

78
,8

14
24

,1
45

5,
40

0
4.

5
8,

45
6

57
8

14
.6

7,
53

8
8

94
2.

3
14

,3
31

45
31

8.
5

P
ek

in
A

ug
us

t
26

1,
83

4
90

,6
52

13
,0

92
6.

9
25

,4
33

97
4

26
.1

98
,7

00
13

7,
59

2.
3

28
,5

53
11

5
24

8.
3

_
__

__
_

_ 
__

__
__

_ 
_

__
__

__
 

__
__

__
_ 

_
__

__
__

 
__

__
__

_ 
_

__
__

__
 

__
__

__
_ 

_
__

__
__

 
T

ot
al

4,
80

8,
18

3
1,

72
7,

72
4

24
5,

61
7

67
4,

02
5

18
,7

38
54

7,
27

2
43

7
20

5,
69

5
1,

43
0

M
g 

- 
1,

00
0 

ga
ll

on
s

(a
) 

 U
sa

ge
 d

ur
in

g 
S

ys
te

m
 P

ea
k 

M
on

th
.



DATA MANAGEMENT AND GIS INVESTIGATIONS 
Illinois American Water Company 

PRELIMINARY DIRECT DEMAND STUDY 
 

Black & Veatch 3-1 August 2010 

 
 

3.0   DATA MANAGEMENT AND GIS INVESTIGATIONS 
The primary role for GIS technology and processes in a direct demand study is 

to align and integrate a wide variety of source data into a single, logical, and spatially-
referenced dataset.  That combined dataset forms the foundation for further analysis 
and supports a variety of other related tasks.  These spatial analysis capabilities are 
beneficial for both the master metering and AMI/AMR data sampling approaches. 

3.1   Data Compilation and GIS Analysis Methodology 
As previously stated the primary role for the use of Data Management and GIS in a direct demand 

study is to align and integrate a variety of source data into a single, logical, and spatially-referenced dataset.  
That combined dataset will then be used for analysis to support a variety of tasks related to both the master 
metering or residential customers and AMI/AMR data sampling approaches. 

Figure 3.1 provides an overview of the Data Management and GIS-related steps expected to perform 
this study.  Each task is described in more detail below.  Although each of these tasks involves Data 
Management and GIS functions, some overlap with activities described under other sections of this document. 

 

 
Figure 3.1: Overview of Data Management and GIS-Required Steps for a Demand Study. 

1. Acquire current 
distribution system 
maps from IAWC 

2. Convert distribution 
system CAD maps into 
GIS 

3. Acquire current 
customer history data 
from IAWC 

4. Process customer 
data and load into GIS 
database tables 

6. Geo‐reference 
customer data by 
address matching 

7. Overlay and analyze 
GIS data based on 
attribute values 

8. Evaluate for likely 
Master Meter locations 

9. Evaluate for likely 
AMR meter and 
antennae locations 

5. Acquire additional 
land base data from 
Counties as necessary 

 

These tasks are 
primarily 

required for a 
master metered 

approach. 
 

10. Query selection 
areas for statistical data 
and conditions 
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3.1.1 Task 1: Acquire current distribution system maps from IAWC 
Information on IAWC’s distribution network system is maintained in a variety of source documents.  

B&V has reviewed a sampling of these documents.  The project team will acquire the latest version of these 
digital files, including: 

 CAD map files that detail the distribution system pipeline network and related facilities 
 PDF drawings that show the overall distribution system layout, including pipelines and facilities 

(treatment, pumping, and storage) 
 Water system schematics showing interconnection of service zones, and facilities (treatment, 

pumping, and storage) 
 Hydraulic models (for use in water system evaluation, see Section 4) 

3.1.2 Task 2: Convert distribution system CAD maps into GIS 
Each of the applicable CAD-based system maps will be converted to GIS format.  This will provide 

the ability to spatially relate the numerous data sets in a common geographic framework.  Individual CAD 
files are available for each IAWC district area and total approximately 41 files.  Specific files for the districts 
to be sampled will be converted into GIS format, creating features for each facility type (pipes, valves, tanks, 
etc.) and subtypes or domains (as needed) to differentiate pipe sizes, etc.  Because of variations between the 
source CAD files (data structure, layering, annotation, etc.), the detailed process or template used to translate 
these files may differ somewhat between districts. 

These source files will be integrated into a GIS environment for use with standard GIS data sources, 
such as the street map background layer and aerial imagery from the Environmental Systems Research 
Institute (ESRI).  This provides a uniform, state-wide background to help in the analysis and identification of 
neighborhood land use and vegetation characteristics. 

Based on a preliminary review of CAD source files from IAWC, it appears that at least some of these  
files were not created using real-world map coordinates or map projections.  Therefore, the file conversion 
process will likely require additional effort to geo-reference (spatially adjust) the CAD graphics to the GIS 
environment.  This process will locate, scale, and rotate the CAD-based distribution system graphics to 
approximately overlay the GIS street map and aerial image backgrounds.  Although the CAD-based graphics 
will be in their approximate geographic locations, accurate overlay is not possible without considerable effort.  
Since the intent of this portion of the project is to identify possible meter sampling areas only, and not to 
create engineering-quality system maps, only a moderate level of geo-referencing will be expended.  An 
example graphic is provided in Task 6 below. 

Although example distribution system CAD data was obtained for the preliminary study, we 
anticipate that the acquisition effort might be improved with additional communication with the authors of 
these files.  Specifically we may be able to obtain a description of the coordinate system used to create these 
source files. 

3.1.3 Task 3: Acquire current customer history data from IAWC 
As with the distribution data, the project team will acquire the latest versions of customer and meter 

data.  For the preliminary study, customer data was provided in a series of database reports in comma-
delimited text file (.csv) format.  Individual files included: 

 Customer Consumption History: one file per district (about 40 files), files include active and 
inactive customer data and meter reading history for the prior 24 months. 

 Customer Accounts By Dwelling Code: one file per district (about 38 files), files include active 
customers and dwelling type descriptions (Single Family, Multi-Family, Apartments, 
Commercial, etc.); data was somewhat limited as IAWC is in the process of developing it. 

 Customer Location Data: coordinates of active customers for the entire state based on the premise 
code, data was created for a previous modeling study and is therefore a couple years old. 
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 Meter Read Types: file contained meter readout types (automatic, radio, or manual) tied to meter 
ID and premise ID for the entire state. 

 
Although the necessary data was obtained for this preliminary study, we anticipate that some of this 

data acquisition could be streamlined for use in the Direct Measurement Demand Study.  For example, 
Customer Consumption History was provided in 40 individual text files.  Since each customer record contains 
the district identifier, having this data in a single file (or reduced number of files) would make the data 
processing effort more efficient. 

Likewise, some of the customer record and meter record attributes were also provided in multiple 
files.  Although these files could be linked together by using common meter or premise code values, the 
results were not 100 percent accurate due to missing data or account status.  For example, the number of 
active accounts in the Customer Consumption History files did not exactly match the active records in the 
corresponding Accounts by Dwelling Code files or the Address-matched Meter Location file.  If these source 
files could be generated using slightly customized reporting templates, rather than pre-defined reports, this 
process could be made even more efficient.  However, the data available is generally suitable for purposes of 
a direct demand study.  GIS Team Members will work directly with the IAWC staff to refine reports that 
would be better suited to the data requirements of the production study.  This data management activity is 
required under all meter sampling approaches. 

3.1.4 Task 4: Process customer data and load into GIS database tables 
Once the latest version of customer data is acquired, the source files will be first loaded into a 

Microsoft Access database.  Records from individual division files will be combined into a single table as 
appropriate.  Tables containing related data will also be matched to create combined tables having only the 
attribute information needed for the study.  Statistics on the number of records utilized will be checked to see 
if the data integration process is accurate within reasonable tolerances.  As an example, this quality control 
check will compare the number of active customer records from the source tables with the number in the 
combined table based on matching premise codes.  Because updated customer and associated meter attribute 
data is needed for analysis of all meters, this task is necessary for all meter sampling approaches. 

The resulting Microsoft Access database tables will then be loaded into the GIS environment.  
Appropriate GIS features will be generated for the active customer records.  These will be identified by 
Billing Class and/or Dwelling Code as best suited based on the data available for the individual district.  Each 
record will also contain other pertinent data (as available from the original reports) such as meter size, reading 
route number, rate schedule, and meter consumption history. 

3.1.5 Task 5: Acquire additional land base data from counties as necessary 
For some district areas the source data may not be sufficient to gain a solid understanding of the 

customer information.  This need is primarily associated with identifying the geographic location of customer 
meter records.  Please see Task 6 below for further details on this potential need. 

Should additional land base data be required, Black & Veatch will contact the appropriate county or 
municipal agency via their web site and/or by phone.  Usefulness of the county’s data to specifically support 
the demand study project’s need will be verified.  Availability, format and cost considerations will be 
evaluated to determine best action on a case-by-case situation.  Data costs can vary significantly.  For 
example, Cook County sells use licenses at $5,000 per year whereas Madison County GIS data may be 
obtained at a cost of $80 per 5,000' x 5,000' square tile.  Other counties or municipalities may provide GIS 
data for a fee, free of charge, or not have it available. 

If additional land base data is acquired, that data will be loaded directly into the GIS database to serve 
as additional resource layers for address matching (see Task 6) and to support the calculation of selection area 
statistics such as acreage of land per parcel (see Task 10).  This task is presented as a potential scenario or 
circumstance, however for budget estimating in this document it is assumed that no additional land base data 
will be acquired. 
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3.1.6 Task 6: Geo-reference customer data by address matching 
To properly associate a relationship between customer meter records and IAWCs distribution 

network, the geographic location of each meter must be determined.  Since that relationship is not inherently 
indicated by the source data, it must be established using a GIS-based process known as address matching or 
geocoding.  Using publicly available geocoding services (street centerline files) with the street address data 
contained in the IAWC customer source files, meter symbols can be generated at their approximate spatial 
coordinate locations in the GIS.  Although this task is required to support the master metering approach, 
knowing the location and spatial proximity of proposed AMR sampling meters would provide a means of 
improving efficiency in data collection activities. 

This address matching process was performed in two test areas for this preliminary study with the 
following results: 

 There was a good or at least sufficient match for address geocoding (matching meter address data 
to public postal street address files).  However, the publicly available Streetmap USA geocoded 
files tended to clump a majority of the meter symbols toward the ends of street segments.  This is 
because the geocoded files contain incorrect block ranges on certain street segments.  Therefore, 
meter symbols were basically geo-located on the correct street; just compressed toward one end 
of each street segment.  The extent of this issue over the remainder of the district areas is 
currently unknown. 
 
These street centerline files could be cleaned up for selective areas to provide more closely 
matched meter symbol placement to real-world locations along street segments should that be 
desired.  This requires a manual adjustment of range values for each street segment within the 
specific area of interest.  Although this would result in a more accurate depiction of meter 
locations, this level of detail would in most cases provide minimal added value to a demand 
study measurement project.  In cases where more exact meter locations might impact association 
with the distribution network, selective / limited street centerline clean-up will be performed. 
 

 IAWC provided a digital file containing geographic coordinates of active customers for the entire 
state.  This data was created for a previous modeling study using a similar address matching 
process.  The symbol locations from these two sources resulted in similar results for the test areas 
examined.  Although IAWC’s customer coordinate file provided the requested locational data, 
this data set is a couple years old.  Therefore, new address matching will be required using the 
most current customer consumption data set. 
 

 CAD files were used to provide distribution content.  It appears that at at least some of these 
CAD files were not created using real-world map coordinates or map projections.  Therefore, 
georeferencing effort is required to transform them for use in the GIS.  As such, there is often a 
slight offset between data set graphics.  This should not cause a significant impact to a demand 
study as the general relationships between meters, properties, pipes and the aerial image can still 
be determined. 
 

Figure 3.2 below shows an example of meter symbols that were clumped near ends of street segments 
due to inaccurate street centerline files.  It also shows a sample representation of the overlay of IAWC’s 
CAD-based system maps converted and geo-referenced to GIS. 
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Figure 3.2:  Example area of clumped meter symbols and offset graphics. 
 
As an alternative, GIS street and/or parcel data files may be available from individual county or 

municipal agencies for specific areas (see Task 5).  However, these data sources may not provide any better 
solution to the address clumping issue addressed above.  For example, the Cook County street centerline data 
exhibited the same address clumping issue.  Based on the results of this preliminary study and on the level of 
detail needed in locating meters, it is not anticipated that obtaining additional land base data is necessary.  As 
mentioned prior, the labor and cost estimates for this document are based on the assumption that use of 
additional land base data will not be required. 

3.1.7 Task 7: Overlay and analyze GIS data based on attribute values 
Once all the various source data has been integrated into the GIS environment, it will be readily 

available for use in analysis.  Appropriate symbology will be defined based on feature types and attribute 
values.  For example, the color and/or symbol shape for customer meters will be identified by Billing Class 
and/or Dwelling Code as best suited based on the data available for the individual district.  Pipe graphics will 
likely be color coded based on size.  Each record will also contain other pertinent data such as meter size, 
reading route number, rate schedule, and meter consumption history; therefore providing the ability to re-
symbolize and/or query based on attribute value.  Although this task is required to support the master 
metering approach, knowing the attribute data of proposed AMR sampling meters will improve the grouping 
of meter sampling sites. 

3.1.8 Task 8: Evaluate for likely Master Meter locations 
A combined team of GIS Analysts and Water System Engineers will evaluate the compiled GIS data 

to identify likely sections of the distribution network that could be more easily isolated for master meter 
residential usage with minimal impact to the overall system or increased fire protection risk (see Section 4.3).  
These areas will be selected as potential candidates based on conditions such as: 

Clumped 
Meters 

Non‐Clumped 
Meters 
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 What portions of the network can be isolated with minimal use of master meters and closed 
valves?   E.g. one meter is ideal; two may be acceptable, three or more should be avoided. 

 Which areas are primarily composed of residential customers having water usage characteristics 
representative of the target stratified residential sample groups as identified in Section 2.2 and 
2.3?   

 Are there any unique hydrologic conditions (water storage tanks, wells, change in customer class, 
change in pressure zone, etc.) present that might alter the expected results? 

 Is there anything unique about the meter record attributes within the targeted residential areas that 
would likely distort the study results? 

 Which areas contain a statistically-significant and/or valid sampling number of residential 
customers based on the target sampling methodology as described in Section 2.2 and 2.3? 

 
Once these preliminary areas have been identified, they will undergo further evaluation by Water 

System Engineers and GIS Analysts to narrow the selection down to a desired set.  This evaluation is further 
described in Section 4.3.  As part of the preliminary study, Black & Veatch evaluated several areas using the 
GIS-based approach as described above.  Appendix B presents four master metering examples that represent 
some of the general findings of this evaluation and a description of the considerations that would apply to 
those areas.  Before these would qualify for desired master meter isolation areas, further investigation is 
necessary. 

3.1.9 Task 9: Evaluate for likely AMR meter and antennae locations 
Identifying possible areas for use of AMI/AMR metering requires a less rigorous evaluation.  Under 

this metering approach, sampling areas do not require uniform or blended residential Billing Class or 
Dwelling Codes, water usage characteristics.  Since each individual customer is metered independently, the 
selection of sampling participants can be based on individual customer characteristics as apposed to an entire 
group of only residential customers.  Therefore, the selection can be largely based on database attributes.  One 
key attribute is the current meter type; more specifically, the ability to easily upgrade the current meter to the 
use of AMI/AMR technology.  Identifying likely AMI/AMR customer candidates should also be based upon 
the proximity of customers to each other in order to minimize equipment installations (see Section 6.1.1). 

Another factor in identifying likely areas for the use of AMI/AMR technology is the availability of 
existing structures for AMI/AMR data receiver antennas.  Ideally these should be tall structures owned by 
IAWC or the city; such as elevated water towers or tanks. 

It looks like there are only two water tanks in the Alton district and they are adjacent to each other.  
They are also rather remotely located with very few customers nearby.  It looks like there are also two tanks 
in the Chicago Suburban district.  These are quite far apart and may provide suitable locations for AMI/AMR 
receiver antennas.  Both are located near a large number of residential customers.  Additional research would 
be required to determine their suitability for this purpose.  Other AMI/AMR data collection options should 
also be considered.  Please refer to Section 5.2 for additional discussion of this topic. 

 

3.1.10 Task 10: Query selection areas for statistical data and conditions 
Once preliminary meter sampling areas have been identified, the GIS will once again be utilized to 

create statistical information pertaining to each area.  These results will consider data such as: 
 Total number of active customer meters contained within the sampling area. 
 Full attribute information for each meter record such as: meter ID, address, premise code, meter 

type/size, billing code, dwelling code, consumption history meter readings, etc. 
 Distribution network system characteristics as appropriate, such as: network configuration, pipe 

sizes, valve data, fire hydrant locations, approximate flow conditions, occurrence of other system 
facilities, etc. 
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 Number of parcels, approximate total land area, and average area per parcel. 
 General evaluation of land use characteristics. 
 Preliminary list of customers by address for use in meter installations.  Note, this data will need to 

be verified with IAWC to determine if meters as identified from the compiled GIS data is 
complete and matches actual field conditions. 

 
These statistical results will be used to assist in a variety of project-related activities addressed in the 

other sections of this document.  For example the data identified for these sampling areas will be compared to 
the demographics of IAWC’s entire service area for each district to check sampling sizes and procedures, and 
that the overall objectives of this study are met. 

Map sheets and graphics will also need to be prepared for engineering evaluations, project meetings 
and inclusion in the project report documents.  These map products will be created on an as needed basis. 

3.2   Estimated GIS Investigation Work Effort 
As previously stated the primary role for the use of GIS in a direct demand study is to align and 

integrate a variety of source data into a single, logical, and spatially-referenced dataset.  That combined 
dataset will then be used for analysis to support a variety of tasks related to both the master metering and 
AMI/AMR data sampling approaches. 

To create the spatially-referenced dataset GIS professionals will integrate a variety of data from 
IAWC and other publicly available sources.  Once combined, this data will be organized to support the 
analytical needs of the demand study.  Depending on the meter sampling approach utilized, some GIS-related 
tasks will be more important than others.  For example analysis of the distribution system characteristics and 
flow conditions is not a key consideration on AMI/AMR meter sampling for a single customer.  However, 
this is critical information when trying to isolate a portion of the distribution network to support the master 
metering approach for selected residential areas. 

3.2.1 Creation of Base Data 
Some data integration steps will be required to create the common, base data set to support the overall 

demand study.  These steps primarily include: 
 Task 3. Acquire current customer history data from IAWC 
 Task 4. Process customer data and load into GIS database tables 
 Task 5. Acquire additional land base data from counties as necessary 
 Task 6. Geo-reference customer data by address matching 
 Task 7. Overlay and analyze GIS data based on attribute values 
 Task 10. Query selection areas for statistical data and conditions 

 
The creation of the common, base data set required to support the overall demand study will need to 

be performed no matter which meter sampling approach is selected.  The level of effort expected to be 
required for this is estimated to be about 65 hours.  Should it be determined that additional land base data 
from counties or municipalities is necessary, the additional effort (not included in this estimate) will be about 
8 to 10 hours per data source plus any applicable data acquisition fee. 

3.2.2 Master Metered Approach 
Some GIS tasks will only be required to support the Master Meter sampling approach.  These steps 

primarily include: 
 Task 1. Acquire current distribution system maps from IAWC 
 Task 2. Convert distribution system CAD maps into GIS 
 Task 6. Geo-reference customer data by address matching (selective street address cleanup) 
 Task 8. Evaluate for likely Master Meter locations 
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The additional level of effort expected to be required to support the Residential Master Meter 
sampling approach is estimated to be about 135 hours. 

3.2.3 AMI/AMR Approach 
Some GIS tasks will only be required to support the AMI/AMR sampling approach.  These steps 

primarily include: 
 Task 9. Evaluate for likely AMR meter and antennae locations 

 
The additional level of effort expected to be required to support the AMI/AMR sampling approach is 

estimated to be about 20 hours. 
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4.0   WATER SYSTEM EVALUATION 
For each location where master metering is the selected method for recording water consumption, the 

water distribution system in the vicinity of the sample area must be evaluated.  The 
purpose of the evaluation is to assure that meaningful results will be obtained and that 
distribution system performance will be acceptable during the period of metering.  An 
assessment that defines possible flow direction in the vicinity of the sample area will be 
the basis for locating meters and closed valves that establish sample area boundaries 
and measure all water consumed by all customers within the sample area.  Hydraulic 
calculations will be completed to define system performance within the sample area 
while the boundary meters and closed valves are in place and functioning. 

4.1   Information Available 
Information that has been confirmed available by IAWC providing samples from some of the water 

systems includes: 

 

Evaluation of 
water distribution 

systems is only 
required for a 

master metered 
approach. 

 

 PDF drawings that show the overall system layout, including pipelines and facilities (treatment, 
pumping, and storage). 

 Water system schematics showing interconnection of service zones, and facilities (treatment, 
pumping, and storage). 

 CAD data that produce overall system maps of the distribution system pipeline network. 
 Hydraulic models. 
 
Information which has not been confirmed available by samples, but was verbally described as 

available, includes: 
 Facilities information from utility operations and maintenance records, master plans and system 

models. 
o High service pump station at WTP: pump capacities; flow metering capabilities; 

example of available SCADA data and operations reports. 
o Service zone transfer booster stations: pump capacities; flow metering capabilities; 

example of available SCADA data and operations reports. 
o Service zone transfer PRV stations: PRV size; flow metering capabilities; example of 

available SCADA data and operations reports. 
o Storage: Service type (gravity or pumped); Tank type (elevated or ground); tank 

volume, dimensions, overflow elevation: example of available SCADA data and 
operations reports. 

o Pumped storage booster stations: pump capacities; flow metering capabilities; 
example of available SCADA data and operations reports. 

 IAWC standards related to metering facilities (meter equipment and vaults). 

4.2   Use of Data 
The data and information collected for each local water system will be used to understand system 

layout, operation and capacities, particularly as it relates to water delivery to flow directions in the vicinity of 
the residential areas chosen for master metering.  The different data sources will be utilized in different 
situations and priorities approximately as follows: 

 The PDF drawings and the water system schematics will be reviewed to obtain an initial 
understanding of service area, potential sample area locations, general water system layout, and 
facility locations.  Attention will be given to service zone boundaries, and system supply points 
including pumping stations and storage facilities. 

 For each potential residential sample area, the CAD drawings of the pipeline network will be 
combined with GIS information (see Section 3), such as aerial photography, and service meter 
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locations to define the boundaries of the sample area.  By viewing the combined information, the 
pipelines that serve each customer can be confirmed, and sample area boundaries that minimize 
the number of closed valves and master meters can be defined. 

 In cases where it is not be possible to determine water flow direction in the vicinity of a sample 
area solely from assessment of system layout maps (such as for multiple sources of supply, 
facilities information will be reviewed and if necessary discussed with system operators.  If that 
effort leaves uncertain flow direction, the distribution system model (or portions of that model) 
may need to be run. 

 Once it is determined where master meters need to be located, the type of installation location 
(indoor or vault) will be identified and the IAWC standards related to metering facilities 
referenced for meter equipment, vaults and installation details that are satisfactory to IAWC. 

4.3   Potential Residential Area to be Master Metered 
For water systems where master meter sampling alternative is selected sample residential areas will 

be identified.  The flow directions and pipeline layout will be visually evaluated to define clusters of solely 
residential customers fed by as few pipelines as possible, thereby minimizing the number of master meters 
and closed valves.  Particular attention will be paid to the location of storage and pumping facilities to assess 
the potential for flow reversal at master meter locations, which would require installation of a two-way 
measuring type of meter.  Closed valves for the purpose of isolating a sample area will be avoided if possible 
to maintain capacity to serve high demand and to provide adequate fire protection.  The location, type and 
number of master meters needed to record all water consumed by each sample area will be defined. 

The GIS will also be used to identify the total number of customers being isolated in each sampling 
area.  Individual customer records will also be identified so that customer type, dwelling type, consumption 
history, etc. can be evaluated.  See Section 3.8 for more details. 

4.4   Proposed Master Meter Requirements 
Once the location and number of master meters and closed valves is defined for each sample area, 

requirements will be defined for each sample area.  

4.4.1 Meter Requirements 
Meter requirements to be defined for each service area will include: 
 Number. 
 Location. 
 Capacity will be determined by the number of customers, past water consumption records, and 

recognized peaking factors for instantaneous flow for number of customers metered. 
 Meter make, type, model and size consistent with IAWC standards and needs. 

4.4.2 Valve Requirements 
Valve requirements to be defined for each service area will include: 
 Existing – if one or more closed valves cannot be avoided to isolate the sample area, existing 

valves will be identified for closure where possible. 
 New – if sample area isolating by valve closure cannot be achieved by existing valves, as a last 

resort the location of one or more new valves would be identified. Valve make, model and size 
consistent with IAWC standards and needs would be identified. 

4.4.3 Impact on Water System 
After meter and valve requirements have been defined for each sample area, the impact on the 

capacity of the water system to deliver water into the sample area will be determined.  This will include 
hydraulic calculations that take into account the additional head loss through the master meters, and fewer 
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supply points if closed valves are necessary.  For this task performance of spreadsheet calculations are 
assumed to be feasible for the simpler sample area systems.  If computer analysis of localized portions of 
existing distribution system models becomes necessary for complex networks serving some sample areas, this 
need will be determined on a case-by-case basis and identified as unexpected additional effort.  The impact on 
the distribution system will be defined in terms of system pressure at peak usage rates and in available fire 
flow with and without the master metering and valve closures in place to isolate the sample area. 

4.5   Meter Installations 
After meter requirements have been defined for each sample area, specific meter installation 

requirements will be defined as follows: 
 A system map of each sample area will be generated to define the location and type of each meter 

installation. 
o Existing facility.  Where feasible, the master meter will be placed inside an existing 

utility structure such as a pumping station or a vault. 
o New vault. Where no available existing structure exists, the master meter will be 

placed inside a new vault. 
 A general installation drawing of both types of master meter installation will be developed for:  

o Existing facility. 
o New vault. 

The general installation drawings will be based on current IAWC standards, and where necessary, 
features acceptable to IAWC from other industry standards such as American Water Works 
Association, American Public Works Association, and/or other water utilities 

o The general installation drawings will be supplemented by site drawings of each 
master metered sample location. The drawings will be intended as a basis for cost 
estimating and for installation by contractors familiar with water utility pipeline, 
vault and meter installations. 

o Bidding period service will be provided to assis the owner in identifying interested 
and qualified contractor, obtaining and assessing bids, and recommending award of 
work. 

Construction period services will be provided to assist the Owner in obtaining acceptable work 
product from the contractor.  The services would include observation, review and assessment of the 
contractor’s materials and finished work product to determine when the installed work meets the requirements 
of the drawings, specifications and permits. 

4.6   Estimated Initial Capital Cost for Master Metering 
For each sample area that has been selected for master metering, a master meter installation would 

have to be in place at the right location before flow data could be gathered.  If a sample area happens to 
already be served by a facility such as a pumping station with adequate metering equipment already in place, 
little additional capital cost would be incurred.  However, this study assumes that situation will not be found 
for acceptable sample areas, and therefore a master meter installation would have to be installed for each 
selected sample area.  An assessment of the costs associated with establishing and operating a master metered 
sample area indicated that it would likely be more economical to collect metering data from individual meters 
when the sample size is approximately 10 or fewer customers.  Therefore, master metering costs were 
developed in this section for only those systems where the recommended samples sizes is greater than 10, as 
identified in Section 2.  Individual metering must be added to these costs for all systems where the 
recommended sample size is 10 or fewer customers to achieve a representative sample.   

This study also assumes that approximately 25 percent of the sample areas selected for master 
metering will require installation a new isolation valve to establish reliable sample area boundaries.  Table 4-1 
presents the initial capital costs for master meter installations and the allowance for additional isolation 
valves. 
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Table 4-1 Master Metering Estimated Capital Costs 

 

Table 4-1
Illinois American Water Company 

Master Metering Estimated Capital Costs

Capital Costs_____________________________
Master Master Additional

Metering Meter Isolating
 District Sites (a) System (b) Valve (c) Total_______________________ _________ _________ _________

$ $ $
Zone 1

Alton 2 60,000 4,000 64,000
Cairo 0 0 0 0
Interurban 2 60,000 4,000 64,000
Peoria 2 60,000 4,000 64,000
Streator 1 30,000 2,000 32,000
Pontiac 1 30,000 2,000 32,000
South Beloit 0 0 0 0
Sterling 1 30,000 2,000 32,000
Champaign 2 60,000 4,000 64,000____ ______ ______ ______ 
   Subtotal 11 330,000 22,000 352,000

Chicago Metro
Chicago Suburban 0 0 0 0
DuPage 0 0 0 0
Fernway 0 0 0 0
Homer Township 1 30,000 2,000 32,000
Valley View 0 0 0 0
Waycinden 0 0 0 0
West Suburban 1 30,000 2,000 32,000____ ______ ______ ______ 
   Subtotal 2 60,000 4,000 64,000

Lincoln 2 60,000 4,000 64,000

Pekin 2 60,000 4,000 64,000
____ ______ ______ ______ 

Total 17 510,000 34,000 544,000

(a) Systems with zero master meter sites are those that would require 
fewer than 10 individual customer meters as defined in Chapter 2,
which is expected to be the more economical approach to obtaining 
representative customer consumption data.  

(b) Meter is assumed to be installed inside a new manhole or valve vault.  
Cost would be less if existing structure is available.

(c) Cost assumes that 25% of systems need one additional valve installed
for isolation.  Cost is spread proportionately to all systems since actual
locations are not definable for this study.
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4.7   Estimated Water System Evaluation Work Effort 
For the reasons described in previous paragraphs, the water system evaluation tasks described in this 

section would be performed only for those systems for which the master metering approach has been selected.  
That is, for those systems where a customer sample size greater than 10 has been recommended.  The effort to 
perform the water system evaluation tasks is presented in Table 4-2. 
Table 4-2 Master Metering Estimated Work Effort 

Table 4-2
Illinois American Water Company 

Master Metering Estimated Work Effort

Individual Master Estimated
Residential Metering Work

 District Meters Sites (a) Effort______________ _________ _________ _________
Hours

Zone 1
Alton 2 108
Cairo 1 0
Interurban 2 108
Peoria 2 108
Streator 1 54
Pontiac 1 54
South Beloit 3 0
Sterling 1 54
Champaign 2 108____ ____ ____ 
   Subtotal 4 11 594

Chicago Metro
Chicago Suburban 7 0 0
DuPage 1 0 0
Fernway 4 0 0
Homer Township 1 54
Valley View 5 0
Waycinden 2 0
West Suburban 1 54____ ____ ____ 
   Subtotal 19 2 108

Lincoln 2 108

Pekin 2 108
____ ____ ____ 

Total 23 17 918

(a) Systems with zero master meter sites are those that would  
require fewer than 10 individual customer meters as defined 
in Chapter 2, which is expected to be the more economical 
approach to obtaining representative customer consumption
data.
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For each system a series of tasks would be performed and require associated hours of effort, 
approximately as follows: 

 General System Assessment.  Collect, review and assess overall system layout, capacities, normal 
operating characterisics and flow directions.  Effort would be approximately 6 hours for larger 
systems with  2 sample areas; 4 hours for smaller systems with one sample area. 

 Master Metering Features Location.  Define the location of sample area boundaries, master meter 
instalation, closed valves, and additional isolation valves (if needed).  Effort would be 
approximately 1 hour per sample area. 

 Impact on System Hydraulic Evaluation.  Perform hydraulic calculations to define system 
performance during master metering period. 

o Spreadsheet type calculations will be completed for each master meter sample area to 
provide initial results.  Effort would be approximately 4 hours per sample area. 

o Computer modeling of the vicinity of sample area will be completed for complex 
systems where spradsheet calculations need support of greater computational power.  
Assume 4 of the sample areas need modeling at approximately 12 hours per sample 
area.  In Table 4-2 the total overall effort is spread proportionately over all systems 
because the exact systems that will need modeling cannot be defined at this time.  

 Meter Requirements Definition.  Develop a location drawing for all meters.  Effort would be 
approximately 2 days.  In Table 4-2 the total overall effort is spread proportionately over all 
systems. 

 Valve Requirements Definition.  Develop a location drawing for all closed valves and sample 
area boundarires.  Effort would be approximately 2 days.  In Table 4-2 the total overall effort is 
spread proportionately over all systems. 

 Meter Installations Design, Bidding and Construction Services.  This task requires the most of the 
effort for work described in this section.  Develop a standard drawing for up to two meter 
installation types (Inside existing Facility, and Inside new Meter Vault or Manhole).  Also 
develop a standard drawing and specifications for installation of new isolation valves.  Assess 
local conditions for each sample area to define adjustments that may be necessary for the standard 
arrangement and prepar a site drawing with site-specific requirements for each master meter 
location.  Prepare specifications that define materials, standards, testing requirements and criteria 
for acceptance of work.  Identify permit requirements, make drawing and specification 
requirements consistent with permit requirements, and assist Owner with permit application 
information and process.  Identify qualified and interested contractors and obtain bids for the 
work.  Provide construction period services that assist the Owner during contractor performance 
of the work.  Effort would be approximately 40 hours per sample area.  In Table 4-2 the total 
overall effort is spread proportionately over all systems. 

 
The total effort presented in Table 4-2 would be broken down by discipline approximately as follows: 
 Senior planning engineer – 170 hours 
 Planning engineer – modeler – 50 hours 
 Civil engineer – 460 hours 
 Graphics and CADD technician – 238 hours 
 
 
 

 



AMI/AMR ANALYSIS 
Illinois American Water Company 

PRELIMINARY DIRECT DEMAND STUDY 
 

Black & Veatch 5-1 August 2010 

 
 

5.0   AMI/AMR ANALYSIS 
This section provides a recommendation for a potential AMI/AMR solution, 

including meters, endpoints, network, systems and other equipment as applicable, to 
support the IAWC direct demand measurement study.  The complete analysis 
includes a summary of existing meters and equipment currently used by IAWC, and 
identification of those devices that may be candidates for use in a direct measurement 
demand study.  In addition, a high-level overview of current market available 
AMI/AMR solutions is presented to provide a thorough understanding of available 
solutions.  The selection criteria are highlighted to provide the basis on which the 
recommended solution was chosen.  The level of work effort required to complete 
these tasks will be estimated and used as the basis of developing cost estimates and 
an implementation schedule in later sections of this report. 

 

AMI/AMR 
analyses are 

primarily 
required for an 
AMR approach 

using an 
automated 

reading system. 
 

5.1   Information Available 
The IAWC meter population was provided in a report developed by Chuck Arnold of TwiStar 

Consulting, Inc. dated July 8, 2010.  The source of the data was ECIS on June 8, 2010.  The information was 
complimented by responses provided by IAWC to the initial data request dated June 11, 2010. 

5.1.1 Meters and Equipment Currently Used by IAWC 
The IAWC meter population consists of approximately 280,000 meters distributed across all IAWC 

districts as indicated in Table 5-1.  Table 5-2 indicates that approximately 120,000 of these meters are 
equipped with radio frequency devices and Table 5-3 shows the relative percentage of such meters.  The 
radio-enabled population varies by district, with Chicago Metro being most populated by percentage, at 91.7 
percent, and by quantity, at 43,000 radio-enable meters.  No other district is deployed with radio-enabled 
meters by more than 57 percent, with four districts deployed at less than 20 percent - Champaign at 17.4 
percent, Lincoln at 12.9 percent, Pekin at 10.5 percent, and Cairo at 1.2 percent, potentially making these 
preferred candidates for an automated survey sample, due to less impact on replacing an already upgraded 
infrastructure.  The complete analysis of the meter population is listed in the tables below. 

The existing radio-enabled meters consist of mainly the Neptune R900 used in a remote read scenario 
(i.e. walk-by/drive-by) to capture a cumulative meter reading.  The Neptune R900 is a compact electronic 
device, physically connected to the encoder register on the water meter, which collects meter usage data from 
the encoder register, and transmits this data for collection typically by a meter reader using a hand-held or 
mobile reading device, or by a fixed-base network data collection system.  The R900 collects this data from 
the encoder register once per hour, and transmits this data every 14 seconds.  The R900 is a one-way 
transmitting device.  There is no interval data, hourly or any other time interval, currently being provided by 
this population. 

In regards to any additional significant population of currently deployed radio-enabled devices, 
approximately 29,000 of the Neptune R900i meters have been deployed in the following eight districts: Alton, 
Bellevue, Champaign, Chicago Metro, Lincoln, Pekin, Peoria, and Pontiac.  The R900i is an integrated radio 
and encoder that operates similarly to the R900 (described above) in regards to meter-usage data.  However, 
the R900i includes data logging functionality, providing up to 96 days of hourly interval data which must be 
collected locally using a handheld device, making meter access and sample size more of a consideration.  
Please note that this hourly data is not time-stamped to a real-time clock, therefore the start and end of the 
interval from one particular device to another is random.  Any exact (to the minute) coincidental reading 
requirement across a customer class is not supported using this device.  However, data from individual meters 
can be manually combined with other sampled data from the same customer class to obtain average hourly 
usage for the sampled set of customers within plus or minus 30 minutes of each reported hour. 



AMI/AMR ANALYSIS 
Illinois American Water Company 

PRELIMINARY DIRECT DEMAND STUDY 
 

Black & Veatch 5-2 August 2010 

 
 

Table 5-1
Illinois American Water Company 

Number of Meters by Size and District

 District Name 5/8 3/4 1 1 1/2 2 3 4 6 8 & 10 Total______________ _____ _____ _____ _____ _____ _____ _______________ _____

Zone 1
Alton 16,886 147 282 70 253 11 18 5 1 17,673
Cairo 1,034 1 15 11 36 1 2 1 1,101
Interurban 62,831 3,691 1,065 194 934 23 125 28 3 68,894
Peoria 45,198 3,478 1,707 238 759 15 25 7 51,427
Streator 7,334 52 70 32 30 10 3 3 7,534
Pontiac 4,194 45 96 41 45 2 8 2 4,433
South Beloit 2,583 68 45 22 30 3 1 2,752
Sterling 6,264 58 75 46 33 3 4 6,4
Champaign 48,451 1,173 1,355 676 238 28 12 15 1 51,949

83

______ _____ _____ _____ _____ _____ _____ _____ _____ ______ 
   Subtotal 194,775 8,713 4,710 1,330 2,358 96 198 61 5 212,246

Chicago Metro
Chicago Suburban 3,810 26 196 162 63 4,257
DuPage 980 37 19 6 10 1 1 1,054
Fernway 1,842 18 49 25 24 1 1,959
Homer Township 5,648 819 733 41 64 7,305
Valley View 2,440 10 40 20 11 2,521
Waycinden 567 13 118 18 14 2 732
West Suburban 2,256 345 169 105 146 1 2 3,024
All Other 25,279 5,025 2,389 250 353 92 12 6 5 33,411______ _____ _____ _____ _____ _____ _____ _____ _____ ______ 
   Subtotal 42,822 6,293 3,713 627 685 95 16 7 5 54,263

Lincoln 5,514 6 132 37 68 12 13 4 5,786

Pekin 12,868 858 294 30 119 4 8 6 14,187______ _____ _____ _____ _____ _____ _____ _____ _____ ______ 
Total 255,979 15,870 8,849 2,024 3,230 207 235 78 10 286,482

Table 5-1 Meters by Size and District  Number of 
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Table 5-2
Illinois American Water Company 

Number of Meters with Radio Frequency Heads

 District Name 5/8 3/4 1 1 1/2 2 3 4 6 8 & 10 Total______________ _____ _____ _____ _____ _____ _____ _______________ _____

Zone 1
Alton 5,120 42 128 66 233 8 13 4 1 5,615
Cairo 10 1 1 1 13
Interurban 27,264 1,390 342 41 287 15 68 22 3 29,432
Peoria 16,587 2,600 1,213 228 668 15 24 7 21,342
Streator 3,775 39 47 26 23 5 3 1 3,919
Pontiac 2,307 30 70 41 44 1 6 2 2,501
South Beloit 1,406 61 42 20 30 3 1 1,563
Sterling 2,121 33 50 25 17 2 4 2,2
Champaign 7,589 300 504 440 177 28 12 14 1 9,065

52

______ _____ _____ _____ _____ _____ _____ _____ _____ ______ 
   Subtotal 66,179 4,496 2,396 887 1,479 77 132 51 5 75,702

Chicago Metro
Chicago Suburban 3,777 23 189 159 61 4,209
DuPage 978 37 18 6 9 1 1 1,050
Fernway 1,833 18 49 25 24 1,949
Homer Township 5,635 817 726 40 63 7,281
Valley View 2,427 9 40 20 11 2,507
Waycinden 554 12 118 13 10 2 709
West Suburban 2,211 342 158 94 141 1 2 2,949
All Other 16,152 3,918 1,679 229 302 92 12 5 5 22,394______ _____ _____ _____ _____ _____ _____ _____ _____ ______ 
   Subtotal 33,567 5,176 2,977 586 621 94 16 6 5 43,048

Lincoln 681 1 47 1 12 3 1 2 748

Pekin 1,313 100 19 12 43 1 1 1,489______ _____ _____ _____ _____ _____ _____ _____ _____ ______ 
Total 101,740 9,773 5,439 1,486 2,155 175 150 59 10 120,987

Table 5-2 Meters with Radio Frequency Heads 

 

 Number of 
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Table 5-3 rs with Radio Frequency Heads 

al

Table 5-3
Illinois American Water Company 

Percent of Meters with Radio Frequency Heads

 District Name 5/8 3/4 1 1 1/2 2 3 4 6 8 & 10 Tot______________ _____ _____ _____ _____ _____ _____ _____ _____ _____ _____

Zone 1
Alton 30.3% 28.6% 45.4% 94.3% 92.1% 72.7% 72.2% 80.0% 100.0% 31.8%
Cairo 1.0% 100.0% 0.0% 0.0% 0.0% 0.0% 50.0% 100.0% 1.2%
Interurban 43.4% 37.7% 32.1% 21.1% 30.7% 65.2% 54.4% 78.6% 100.0% 42.7%
Peoria 36.7% 74.8% 71.1% 95.8% 88.0% 100.0% 96.0% 100.0% 41.5%
Streator 51.5% 75.0% 67.1% 81.3% 76.7% 50.0% 100.0% 33.3% 52.0%
Pontiac 55.0% 66.7% 72.9% 100.0% 97.8% 50.0% 75.0% 100.0% 56.4%
South Beloit 54.4% 89.7% 93.3% 90.9% 100.0% 100.0% 100.0% 56.8%
Sterling 33.9% 56.9% 66.7% 54.3% 51.5% 66.7% 100.0% 34.7%
Champaign 15.7% 25.6% 37.2% 65.1% 74.4% 100.0% 100.0% 93.3% 100.0% 17.4%

   Average 34.0% 51.6% 50.9% 66.7% 62.7% 80.2% 66.7% 83.6% 100.0% 35.7%

Chicago Metro
Chicago Suburban 99.1% 88.5% 96.4% 98.1% 96.8% 98.9%
DuPage 99.8% 100.0% 94.7% 100.0% 90.0% 100.0% 100.0% 99.6%
Fernway 99.5% 100.0% 100.0% 100.0% 100.0% 0.0% 99.5%
Homer Township 99.8% 99.8% 99.0% 97.6% 98.4% 99.7%
Valley View 99.5% 90.0% 100.0% 100.0% 100.0% 99.4%
Waycinden 97.7% 92.3% 100.0% 72.2% 71.4% 100.0% 96.9%
West Suburban 98.0% 99.1% 93.5% 89.5% 96.6% 100.0% 100.0% 97.5%
All Other 63.9% 78.0% 70.3% 91.6% 85.6% 100.0% 100.0% 83.3% 100.0% 67.0%

   Average 78.4% 82.3% 80.2% 93.5% 90.7% 98.9% 100.0% 85.7% 100.0% 79.3%

Lincoln 12.4% 16.7% 35.6% 2.7% 17.6% 25.0% 7.7% 50.0% 12.9%

Pekin 10.2% 11.7% 6.5% 40.0% 36.1% 25.0% 12.5% 0.0% 10.5%

Total 39.7% 61.6% 61.5% 73.4% 66.7% 84.5% 63.8% 75.6% 100.0% 42.2%

 Percent of Mete
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5.1.2 Available AMI/AMR Meters and Equipment 
The key requirement in support of a demand study is the availability of interval data from the AMI 

solution, therefore the analysis of available solutions will be from the perspective of either the metering 
endpoint or the system providing such data.  Three categories of systems will be reviewed.  Manual Meter 
Reads: consisting of metering endpoints that collect interval data, but must be read locally.  Network 
Calculated Meter Reads: consisting of metering endpoints that record only consumption data, but periodically 
transmit this data to a collecting device that creates interval data by time stamping the received consumption 
information, and then forwarding this data to the head-end software application.  Automated Meter Reads: 
consisting of metering endpoints that collect interval data and transmit this data to a collecting device, and 
then forwarding this data to the head-end software application. 

 
Manual Meter Reads:  Data Logging at the Meter – Local Collection 
 
Like the Neptune R900i described above, there are available products from other manufacturers that 

provide data logging functionality at the meter.  Hourly recording of information tends to be the norm, 
however there are devices that can be configured for more frequent interval recording, such as 5-minute and 
15-minute intervals.  However, there is a negative impact on battery life under these scenarios due to the need 
for more frequent communication between the data logging capable device and the meter.  These devices do 
not have a real-time clock, therefore the start of the interval is random from one device to the next in any 
population, making it difficult to support exact to the minute coincidental demand analysis for a group of 
customers within the same customer class.  Combined usage for a sampled customer class would therefore 
include data taken at different times within each recorded set of hourly meter reads.  As stated above, data 
from individual meters can be combined with other sampled data from the same customer class to obtain 
average hourly usage for the sampled set of customers within plus or minus 30 minutes of each reported hour.  
These devices require a local visit to collect this data. 

 
Network Calculated Meter Reads: Data Logging at a Collector Using One-Way Radio Meter-Usage 
 
There are available solutions that provide data logging at a collector by periodically time stamping 

captured transmitted meter-usage readings from one-way radio-enabled meters.  An example of this is the 
Neptune R900 with the Neptune R900 Gateway fixed-based data collection system.  The meter-usage in the 
radio is refreshed every hour by reading the encoder register.  This same reading is transmitted every 14 
seconds.  Once the R900 Gateway receives the first unique transmitted packet from the R900, it timestamps it 
and stores it.  Any repeating packet received by the R900 Gateway is discarded.  The R900 Gateway then 
time stamps the next unique transmitted packet that it receives from the particular R900, and continues 
operating in this fashion.  The R900 Gateway has a real-time clock, however the randomness of a unique 
reading from a population of radio-enabled meters makes it difficult to support coincidental demand analysis.  
In addition, the ability of this scenario to produce acceptable reliability of hourly data is highly dependent on 
the radio frequency performance between the R900 Gateway and any particular R900.  Due to the absence of 
reliable coincident hourly data across a customer class, and the possibility of missed hourly reads reducing the 
quality of the data, this scenario is not recommended as a potential solution to support this direct demand 
study.   

 
Automated Meter Reads:  Data Logging at the Meter – Remote Collection 
 
There are available solutions that provide data logging at the meter and transmit this information 

across a fixed-base network solution.  One example of this is the Neptune R450™ with R450 Data Collector.  
The R450 stores 24-hour usage/consumption profile data and transmits this data to the R450 Data Collector, 
and then forwards this data to the head-end software application.  The R450 has a real-time clock, therefore 
usage information is time stamped on the hour, making it easy to support coincidental demand analysis.  In 
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addition to the Neptune R450 system, other manufacturers also provide similar solutions that provide reliable 
performance and time synchronized hourly data to meet the coincident requirements of the study.   

5.2   Suggested Meter Selection Criteria 
The suggested general requirements listed in this section of the report are based on current available 

technologies and address basic AMI functionality requirements, while at the same time include specific 
requirements to support the IAWC direct demand study initiatives.  Depending on the type of system chosen 
by IAWC, special conditions will need to be developed to fully integrate with existing systems and 
infrastructure.  Continued improvement in technologies may affect these requirements in the future. 

 

A. The AMI system shall be radio frequency (RF) based with the ability to be a fixed network.  The AMI 
system shall allow rapid and efficient reading of the meters.  

B. The AMI system shall be one single integrated AMI System that collects the desired meter usage data 
from residential, commercial, OPA, industrial and sale for resale water meters within IAWC sample 
population. 

C. The AMI System shall be designed and implemented:  
1. with reliable end-points, water meters, and other equipment items such that the failure rate of 

each item due to all causes will be less than 0.1 percent per year; 
2. with sufficient redundancy so that no single failure will hinder or prevent efficient automatic 

reading and electronic transfer into the IAWC back-office systems of accurate data; and  
3. to allow accurate automatic reading of all water meters on the first attempt utilizing a fixed 

network methodology.  
D. The AMI System must be able to function seamlessly with water meters produced by two or more 

different manufacturers to allow IAWC an open choice of future replacement meters.  
E. To the maximum extent feasible, the design and implementation of the AMI System shall reduce the 

number of different types and configurations of software and equipment that IAWC will need to 
operate, maintain and provide with spare parts.  

F. The entire AMI System, including all aspects of any data collecting subsystems must be completely 
owned, controlled, and operated by IAWC and shall not be provided on a fee for service basis. 

G. AMI system shall be designed and sized to accommodate an increase in the number of accounts 
supported without reducing system performance. 

H. The AMI system shall not cause radio interference to equipment of IAWC, IAWC’s customers or 
others, or adversely affect operation or throughput of existing systems. The AMI system shall not 
produce excessive transmissions that could adversely impact the performance of any IAWC 
communication systems. 

I. The AMI system shall be designed to prevent radio interference from adversely affecting reliable 
transmission of meter reading data from all the selected water meters to the IAWC billing system.  

J. The AMI system shall be furnished and commissioned to collect meter reading data, along with 
software functions and features to track and electronically deliver the meter reading data accurately 
and reliably to IAWC’s billing systems. 

K. The water meters and AMI system shall be designed and implemented in a manner that minimizes the 
need for IAWC personnel to enter customer premises over the service life of the equipment. All 
equipment installed inside customer’s premises shall be designed for long life and reliable operation 
without requiring periodic maintenance. Equipment requiring battery changes shall be out of doors 
and readily accessible. Meter encoder/registers and AMI systems shall be implemented in a manner 
that does not require entry into the customer’s premises to re-synchronize the AMI system readings 
with the Meter register odometer readings following battery failure, battery replacement, or end-point 
failure.  

L. With each meter end-point device, the AMI system provider shall furnish batteries or power cells 
having sufficient life to continuously maintain end-point device functionality beginning from the date 
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of final acceptance and payment for the construction and continuing for the Minimum Guaranteed 
Battery Life established by the manufacturer’s warranty.  

M. To the extent practicable, implement the water meters and AMI systems in a manner that minimizes 
or eliminates any failure to account for water utilization during failures of batteries, meter interface 
units or other equipment.  

N. AMI Equipment shall not contain liquid mercury. 
O. Equipment to be mounted out of doors shall be weatherproof. Outdoor equipment shall be suitable for 

water loads, ice loads, wind loads, excessive heat loads, and other loads and requirements in 
accordance with normal building codes established by IAWC and any other required jurisdiction.   

P. The AMI system shall be designed and installed to reduce vandalism and tampering to the extent 
feasible. 

Q. The system shall provide other features, which include: 
1. Detection and reporting of errors and out-of-range conditions. 
2. Detection and reporting of tampering. 
3. Reporting of all missed readings, both in tabular form, and graphically, indicating locations. 
4. Reporting shall indicate whether reading was also missed on previous attempt.  
5. Assistance with fault isolation, fault identification, and repairs. 
6. Control and management of hardware and software changes in the system. 
7. Storage and retrieval of all data. 
8. Generation, storage, and retrieval of all reports. 
9. Context sensitive Help, displayed as screens, pop-ups, windows, etc. 

R. The radio-based AMI system shall include: 
1. Meter registers capable of producing encoded output that can be captured by reading devices; 
2. End-point devices in a fixed-base network configuration capable of reading the encoded 

information from the meter register and storing the total without error, and transmitting this and 
other relevant information, including real-time clock aligned hourly data logging information, via 
radio signal to a fixed network receiving device capable of capturing the signals from the end-
point devices; 

3. A communication system capable of transferring the data to the IAWC’s systems and offices; 
4. The communications equipment and software necessary to operate the AMI system and 

communicate meter reading data to the IAWC system in the format required by the IAWC 
system; 

5. Analysis, engineering, installation, testing, etc. to make the AMI System and its interfaces fully 
operational, reliable and accurate; 

6. Documentation, integrating all aspects and components of the AMI system (from meters to 
interfaces), fully describing the operation and maintenance of the system and its components and 
interfaces; and 

7. Training sufficient to enable IAWC personnel to adequately operate and maintain the system. 

5.3   Recommended Meters and Other Equipment 
There are several variables that affect the decision on which system to use before a recommendation 

can be determined.  Among these is appropriateness of the equipment for the study, and complexity impacts.  
Complexity is affected by compatibility with existing AMI/AMR systems, work processes such as meter 
reading, and software requirements. 

As identified in section 5.2, meters used for the study will require clock synchronized hourly reads to 
produce the required coincident data.  In addition to the endpoint equipment (encoders and endpoints), the 
AMI system will require collection devices, communications, and software to receive the data.  While there 
are any number of AMI systems that provide this equipment, it is not this studies purpose to do a vendor 
comparison and selection.  The study must make a decision that best fits the studies needs while working to 
the confines of IAWC standards and accepted equipment.  To that end, it is recommended that the study focus 
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on the Neptune ARB FixedBase™ AMI system with R450 endpoint.  This system provides the study with the 
required data for coincident determination of demands, while not introducing complexities for vendor 
selection.  Additionally, for similar reasons, the Neptune R900i is offered as an alternative to this approach, 
however data from meters across a customer class will not be to-the-minute aligned but plus or minus 30 
minutes of each reported hour. 

5.4   Pricing of Available Meters and Equipment 
Table 5-4 contains costs estimates to implement a FixedBase AMI system to meet the needs of the 

study as outlined in sections 5-2, and 5-3.  Assumptions for this cost estimate include: 
 Sample meters randomly selected, but in proximity to other sample meters to reduce 

collectors yet ensure adequate coverage for complete and accurate data acquisition 
Table 5-4 Estimated Fixed Base AMI Installation Costs 

Table 5-4
Illinois American Water Company 

Estimated FixedBase™ AMI Installation Costs

Field AMI System Total
Costs (a) Costs (b) Costs_______ _______ _______

$ $ $
Zone 1

Alton 19,800 22,700 42,500
Cairo 3,600 1,500 5,100
Interurban 36,100 41,900 78,000
Peoria 33,600 37,800 71,400
Streator 8,500 7,800 16,300
Pontiac 7,600 6,700 14,300
South Beloit 5,100 3,300 8,400
Sterling 7,000 5,900 12,900
Champaign 28,800 38,900 67,700_______ _______ _______ 
   Subtotal 150,100 166,500 316,600

Chicago Metro
Chicago Suburban 5,600 4,100 9,700
DuPage 2,800 400 3,200
Fernway 3,900 1,900 5,800
Homer Township 7,600 6,700 14,300
Valley View 4,200 2,200 6,400
Waycinden 4,500 2,600 7,100
West Suburban 11,300 11,500 22,800_______ _______ _______ 
   Subtotal 39,900 29,400 69,300

Lincoln 20,000 35,200 55,200

Pekin 24,300 38,900 63,200_______ _______ _______ 
Total Fixed AMI Installation Cost 234,300 270,000 504,300

(a) Includes Total Field Equipment and Installation
(b) Includes Total Software / Hardware Configuration, etc.
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5.5   Estimated AMI/AMR Analysis Work Effort 
Table 5-5 provides costs estimates for system operation and data acquisition of the FixedBase AMI 

system.  These costs reflect estimated monthly charges to provide data to the study, backhaul communications 
costs for the data collectors, and monthly hosting of the data for analysis.   

The data collection for the study will use over-the-air AMI data acquisition.  This data is not available 
for billing.  Monthly billing reads for the sample meters will be captured using the existing reading process 
used for normal billing reads. 

The anticipated study period includes a two month “test period” in preparation of sampling and three 
months of actual sampling.  If the study goes beyond three months, monthly prices remain the same and study 
cost increase commensurate with the study timeframe.  Anticipated costs for the five months are $17,125. 
Table 5-5 Estimated Fixed Base AMI Annual Costs 

 Table 5-5
Illinois American Water Company 

Estimated FixedBase™ AMI Annual Costs

Monthly Months Field System Total
Costs Required Costs (a) Costs (b) Costs_______ _______ _______ _______ _______

$ $ $
Zone 1

Alton 75 5 375 850 1,225
Cairo 75 5 375 50 425
Interurban 150 5 750 1,550 2,300
Peoria 75 5 375 1,400 1,775
Streator 75 5 375 300 675
Pontiac 75 5 375 250 625
South Beloit 75 5 375 125 500
Sterling 75 5 375 225 600
Champaign 75 5 375 1,400 1,775

 
 
 
 

$

______ ______ ______ 
   Subtotal 3,750 6,150 9,900

Chicago Metro
Chicago Suburban 75 5 375 150 525
DuPage 75 5 375 25 400
Fernway 75 5 375 75 450
Homer Township 75 5 375 250 625
Valley View 75 5 375 75 450
Waycinden 75 5 375 100 475
West Suburban 75 5 375 425 800______ ______ ______ 
   Subtotal 2,625 1,100 3,725

Lincoln 75 5 375 1,300 1,675

Pekin 75 5 375 1,450 1,825______ ______ ______ 
Total Field Costs 7,125 10,000 17,125

(a) Field Costs include leasing of utility poles/towers and operation of collectors.
(b ) System costs are attributed to monthly software hosting.
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6.0   DATA COLLECTION / ANALYSIS 
This section presents recommended procedures to collect data under 

various options available to IAWC, procedures to analyze such data and use this 
data to develop maximum day and maximum hour capacity factors for each 
customer class within each sampled district.  The level of work effort required to 
complete these tasks will be estimated and used as the basis of developing cost 
estimates and an implementation schedule in later sections of this report. 

 

Data collection 
efforts are 

applicable to 
each alternative 

approach. 
 

6.1   Data Collection Procedures 
The data collection procedures to be used in a direct demand measurement study depend on the 

equipment used to collect water usage data.  If the existing data loggers are used, data will be collected by 
manual downloading data from each individual meter location.  It is anticipated that data loggers will be 
installed on all residential master meters if that option is selected for measurement of actual residential class 
demands.  If automated data collection equipment is installed on fixed towers or water tanks, data for selected 
customer accounts, both residential and non-residential, within the range of the data collection equipment will 
be gathered electronically.   

6.1.1 Proposed AMR Meter Locations 
If the individual residential meter reading option is selected as an alternative to potential master 

metering of residential customers, proposed AMR locations would depend on how data from such customers 
will be gathered.  If the option of utilizing existing residential meters equipped with data loggers is selected, 
the locations of AMR meters will be set by selecting a representative sample of the required number of such 
installed meters judged to be statistically significant and representative of the residential customer class.  If a 
district does not have enough existing data loggers to meet the sample size requirement or the existing meters 
are concentrated in areas that would not reflect the average usage characteristics of the entire customer class, 
additional meters with data logging equipment will be purchased and installed.  If it is determined that it 
would be more economical to install meters near water towers or other structures where data collection 
devices could be installed, such radio frequency based meters would be located within range of the collection 
devices for representative residential and non-residential customers.  AMR meter locations for non-residential 
customers will be selected from the pool of existing AMR meters equipped with data loggers and 
supplemented with additional meters as required to meet or exceed the sample requirement.  

6.1.2 Data to be Collected 
Data to be collected will consist of hourly meter reads for each sampled customer or group of master 

metered residential customers.  Data to be collected will also include the annual average daily water usage of 
the sampled customers within each customer class for each sampled district. 

6.2   Data Analysis Procedures 
Hourly metered water usage for sampled customers within a customer class will be summarized in a 

tabular or database form aligned by the selected time interval.  Total hourly usage for sampled customers 
within each customer class for each time interval will be calculated.  Daily water usage will also be calculated 
for the sampled customers within each customer class by adding the hourly usage for each day of the study 
period.  Total daily water usage for the sampled customers within each customer class will be reviewed to 
select the maximum day coincidental demand for each respective customer class.  Similarly, total hourly 
water usage for the sampled customers within each customer class will be reviewed to select the maximum 
hour coincidental demand for each respective customer class.  Average daily water usage for the sampled 
customers within each customer class will be derived based on the respective water usage records for the 
calendar year that includes the sample period. 
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6.3   Proposed Capacity Factor Development Methodology 
A set of maximum day and maximum hour capacity factors for each sampled customer class will be 

determined for each service area or district except for the smaller districts within the Chicago Metro rate area 
and the very small Saunemin District in the Zone 1 rate area.  Chicago Metro districts to be considered in the 
analysis will include: (1) Chicago Suburban, (2) DuPage, (3) Fernway, (4) Homer Township, (5) Valley 
View, (6) Waycinden, and (7) West Suburban.  Based on 2009 daily production reports, the seven districts 
selected to be representative of the Chicago Metro rate area and sampled during a direct demand study were 
responsible for 91.6 percent of average daily water pumped in the Chicago Metro rate area during calendar 
year 2009 with the remaining 17 districts responsible for 8.4 percent of average daily water pumpage.  In 
addition to the seven Chicago Metro districts, an analysis of selected smaller districts that serve almost all 
residential customers will be made for comparison to the sampled residential maximum day results of the 
larger sampled districts.  This analysis was an important part of the 2009 indirect study and the same districts 
used in the 2009 study will be used in the proposed direct demand study.  These districts will include: (1) 
Liberty Ridge West, (2) Liberty Ridge East, (3) Arrowhead, and (4) Alpine Heights which represent 
approximately 3.5 percent of total 2009 average daily water pumped to the Chicago Metro rate area. 

The maximum day coincidental water usage for all sampled customers within a customer class within 
each sampled district will be derived from analysis of daily water usage records for the sampled customers 
within the three-month period of June through August.  Daily water usage will be calculated by summing the 
hourly usage data recorded each day for these sampled customers.  Analysis of the 2007 Interurban data 
shows that peak demands for all customer classes occurred from the end of July through mid August.  
Similarly, a review of historic system demands obtained during the 2009 indirect study shows maximum day 
demands occurring as early as mid June through the end of August. Existing data loggers have a capacity 
limitation of up to 96 days for recording hourly data.  Therefore, if existing data loggers are used as a means 
of collecting data, data collected within a five day period of say September 5 through September 10 would 
result in continuous data for all sampled customers for the period of June 10 through September 5.  This 
continuous data collection period will adequately cover the period where prior maximum day demands have 
occurred.  If data is collected using fixed towers and compatible water metering equipment, the sample period 
could be expanded but is not considered necessary to produce reasonable results. 

Maximum hour coincidental water usage for all sampled customers within a customer class within 
each sampled district will be derived from analysis of hourly water usage records within the same three-
month period of June through August.  Historic hourly peak demands have occurred within the same general 
time frame as those for maximum day demands.  As previously noted, existing data logger equipment record 
in hour increments starting at the time when they were installed.  Actual time is not associated with these 
readings until the data is uploaded to a meter reading device.  Therefore, a population of sampled customers 
will show water usage records at different points in time, depending on when each meter was accessed, and 
addition of these records together with other sampled customers of the same customer class and district will 
reflect usage generally within the same hour but not at the exact same time.  Under an automated meter 
reading approach all meters within range of the collector could be obtained at the top of each hour or at 
shorter intervals.  However, since demands tend to be generally consistent over short periods of time for a 
customer class, having data available for shorter periods of time than one hour intervals would not necessarily 
produce more accurate results but would add significantly to data collection costs and data analysis efforts 
while increasing the potential for individual meter read failures during the study period.  Thus hourly meter 
reading intervals is proposed for both the manual data recorder and automated meter read approaches. 

The maximum day and maximum hour demands for each sampled customer within a customer class 
for each district will likely occur on different days and time.  No attempt will be made to analyze peak non-
coincidental demands for individual customers within the same customer class and make judgment calls about 
whether the weighted average of the individual non-coincidental peak demands are more or less relevant than 
the coincidental peak demands for the entire customer class as performed in the 2007 Interurban study.  All 
maximum day and maximum hour data will be developed on a coincidental basis for all sampled customers 
within the same customer class of each sampled district.  The resulting customer class coincidental demands 
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will typically indicate non-coincidental demands between the various customer classes within each district.  
Therefore, each customer class could have their maximum day coincidental demands occurring on different 
days and their respective coincidental maximum hour demands occurring at different times than other 
customer classes within the same district.   

At the end of the calendar year, total water usage for each sampled customer will be summed using 
billing summaries produced by the IAWC or through application of GIS technology and averaged to derive 
average daily water usage for sampled customers within each customer class within each sampled district.  If 
maximum day and hour records show missing data for either the maximum day or maximum hour 
coincidental demands of individual sampled customers within a customer class, that data as well as the annual 
average day data will be excluded from the recorded total results and noted in the final report.  The respective 
maximum day and maximum hour capacity factors for each customer class within each district will be 
calculated by dividing the maximum day and maximum hour demands for each customer class by the 
respective average day demand of each customer class. 

For rate areas that serve multiple districts, weighted average capacity factors for each customer class 
will be determined based on relative annual average day water usage for each sampled district within the rate 
area.  This calculation process will apply to Zone 1 and the Chicago Metro rate areas and is not required for 
the Pekin and Lincoln districts which are also separate rate areas.  Summary tables of customer class capacity 
factors by district and rate area will be prepared and presented in the final report.   

Maximum day and maximum hour system demands for each district will be obtained for the calendar 
year corresponding to the annual average day data collected for the sampled customers.  Maximum day 
system demands will reflect the maximum daily water volume delivered to each respective system that is not 
influenced by fire protection demands or water main failures.  Maximum hour demands will similarly reflect 
demands not influenced by fire demands or water line breaks and recognize water used to drawdown or fill up 
reservoirs during the indicated maximum hour demand.   

The sum of the products of the non-coincidental customer class capacity factors multiplied by the 
respective average day demand of each customer class will be divided by the respective coincidental system 
demand of each service area to determine the non-coincidental to coincidental diversity factor for each 
district.  The results will be considered reasonable if the diversity factor falls within a range of 1.1 to 1.4 as 
suggested on Page 69 and Appendix A of the American Water Works Association (AWWA) Manual M1 
titled “Principles of Water Rates, Fees, and Charges”, Fifth Edition.  If the diversity factor does not fall within 
the indicated range of reasonableness, additional analysis will be conducted to determine possible reasons for 
the variance.  For example, the 2009 indirect study indicated that the diversity factor approaches 1.0 for the 
Chicago Metro rate area because that rate area is primarily composed of residential customers and the non-
coincidental residential demand is approximately equal to the combined system demands, which can be 
expected for a non-diverse area like the Chicago Metro rate area. 

6.4   Estimated Data Collection / Analysis Work Effort 
Table 6-1 presents a summary of the level of effort expected to be required to collect and analyze 

hourly data from sampled customers by customer class for each sampled district.  The level of effort expected 
for residential customers depends on the data sampling and collection method selected.  Table 6-1 shows the 
level of residential data collection and analysis effort required for a master metered approach, a manual read 
AMR approach and an automated AMI/AMR approach.  The selection of the approach to be used for each 
district will consider the level of existing meters equipped with data loggers within each respective district, 
the layout of the distribution system in residential areas and the local terrain and proximity of representative 
residential customers to water tanks or towers that could be used to locate radio frequency based collection 
equipment.   
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Table 6-1
Illinois American Water Company 

Estimated Data Collection/Analysis Work Efforts

Alternative Residential Work Efforts_____________________________
Master Manual Automated All Other

 District Metered Meter Reads Meter Reads Classes______________ _________ _________ _________ _________
Hours Hours Hours Hours

Zone 1
Alton 1 19 11
Cairo 1 3
Interurban 2 19 43
Peoria 2 19 33
Streator 8 1
Pontiac 5 4
South Beloit 2 3
Sterling 6 1
Champaign 2 19 35_____ _____ _____ _____ 
   Subtotal 7 98 134

Chicago Metro
Chicago Suburban 1 3 2
DuPage 1
Fernway 2 1
Homer Township 1 6 3
Valley View 3 1
Waycinden 1 3
West Suburban 2 5 11_____ _____ _____ _____ 
   Subtotal 4 21 21

Lincoln 1 19 27

Pekin 2 19 34
_____ _____ _____ _____ 

Total Collection 14 157 216
Total Analysis 45 361 368_____ _____ _____ _____ 
   Total Work Effort 59 518 584

Table 6-1 Collection/Analysis Work Efforts 

maries and the study’s 
finding is estimated to be 210 hours in addition to the hours summarized in Table 6-1. 

 Estimated Data 

 
Once the data has been collected, analyzed and used to establish maximum day and hour demands for 

each customer class within each sampled district, average daily usage for the customers sampled can be 
obtained.  With this additional data, customer class capacity factors for each district and weighted capacity 
factors for each customer class by rate area can be developed.  The level of effort expected to be required to 
summarize average daily usage records, develop weighted average customer class capacity factors by rate 
area, check the reasonableness of these capacity factors by comparison with water treatment production and 
maximum hour related storage data, and create a report to present applicable data sum
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6.5   Estimated Data Collection / Analysis Annual Cost 
Estimated annual costs for data collection / analysis and summary of results are presented in 

Table 6-2.  Estimated level of effort from Table 6-1 is multiplied by estimated billing rates to derive the total 
annual cost by rate area.  Data collection efforts are assumed to be performed by IWAC meter readers or 
summer contract workers. 
Table 6-2 Estimated Data Collection / Analysis Annual Cost 

 

Table 6-2
Illinois American Water Company 

Estimated Data Collection/Analysis Annual Cost

Alternative Residential Work Efforts_____________________________

Master Manual Automated All Other
 District Metered Meter Reads Meter Reads Classes______________ _________ _________ _________ _________

Hours Hours Hours Hours
Hours of Effort (Table 6-1)

Data Collection
   Zone 1 7 98 0 134
   Chicago Metro 4 21 0 21
   Lincoln 1 19 0 27
   Pekin 2 19 0 34_____ _____ _____ _____ 
   Subtotal 14 157 0 216

Analysis (Table 6-1 Total Hours Prorated to Rate Areas)
   Zone 1 24 228 0 222
   Chicago Metro 12 43 0 36
   Lincoln 3 45 0 50
   Pekin 6 45 0 60_____ _____ _____ _____ 
   Subtotal 45 361 0 368

Estimated Labor Costs - $/Hour
Data Collection 50 50 50 50
Analysis 240 240 240 240

Estimated Data Collection/Analysis Cost
   Zone 1 6,100 59,600 0 60,000
   Chicago Metro 3,100 11,400 0 9,700
   Lincoln 800 11,800 0 13,400
   Pekin 1,500 11,800 0 16,100_____ _____ _____ _____ 
   Subtotal 11,500 94,600 0 99,200
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7.0   DIRECT DEMAND STUDY ESTIMATED COSTS 
The costs of a direct demand study includes the initial one-time capital costs to install the necessary 

number of meters for each customer class and corresponding hourly recording devices within each sampled 
district as well as the annual costs to collect and analyze the data for purposes of calculating weighted average 
maximum day and maximum hour capacity factors by customer class for each rate area.  Although the costs 
as estimated in this section are reflective of a single direct demand study expected to be conducted in 2011, 
there is no guarantee that the results of such a study will produce customer class capacity factors 
representative of each classes’ actual maximum day and maximum hour demands.  In order to determine 
representative capacity factors for each customer class, dry weather conditions combined with higher than 
normal summer temperatures would need to be experienced since peak water demands of residential 
customers and to a lesser extent other customer classes such as commercial, public authority and sale for 
resale customers are also influenced by such climatic conditions.  Therefore, additional analyses may need to 
be conducted on an annual basis to derive representative results for customers whose peak demands are 
influenced by weather conditions. 

7.1   Initial Capital Cost 
The initial capital costs anticipated for a direct demand study are presented in Table 7-1.  The 

estimated total initial cost for the master meter approach of $544,000 includes the design of meter pits, 
construction of the pits, cost and installation of meters, data recording devices and installation of required 
isolation valves.  Based on an analysis of currently installed meters and considering the IAWC’s current meter 
replacement program, it is assumed that each district has sufficient meters equipped with data loggers to not 
require additional capital investment for purposes of this study and IAWC will continue to add such meters as 
older meters need to be replaced.  Therefore, as indicated in Table 7-1, no additional capital costs are assumed 
to be required for a manual read AMR approach. 

Capital costs are required for an automated AMI approach.  IAWC’s existing metering equipment is 
not compatible with a fixed AMR approach so new meters or meter heads would be required in addition to 
collectors strategically located to collect the data.  In addition to this field equipment, AMI system costs for 
computer hardware and software would need to be incurred.  Field and AMI system costs were previously 
identified in Table 5-4 and, as indicated in Table 7-1, are anticipated to be $504,300 for the customer class 
sample sizes identified in Section 2.  This total cost will provide an AMI/AMR solution for reading all 
sampled customers in each rate area. 

Since the master meter approach is limited to residential customers, manual data logging equipment is 
already available for both residential and non-residential customers, and AMI/AMR costs are included in the 
Automated Meter Reads column of Table 7-1, there are no separately identified initial capital costs for non-
residential customers.  Therefore, the last column of Table 7-1 referring to All Other Classes is blank.  

7.2   Operating Cost 
Estimated operating costs for a direct demand study are presented in Table 7-2.  These costs are 

divided into one-time setup and implementation costs and annual costs.  The one-time setup and 
implementation costs include statistical analysis, data management and GIS investigations, both of which are 
applicable to a master meter or AMR approach and water system evaluation for the master metering approach.  
Detailed statistical analysis is estimated to cost $45,000 for the system but for presentation purposes has been 
allocated to the four rate areas based on the initial estimate of customer class sample sizes.  Data management 
costs and GIS costs are estimated as indicated in Table 7-2.  These costs are more heavily weighted to a 
master meter approach due to the need to locate residential areas that can be isolated.  Data management 
applications and some limited GIS investigations apply to the two other residential metering approaches as 
well as the non-residential customers.  Water system evaluation costs are strictly applicable to the master 
meter approach.  Water system evaluation costs are based on an estimated level of work effort identified in 
Table 4-2 and an average blended rate for four staff levels of $190 per hour.  
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Table 7-1
Illinois American Water Company 

Estimated Initial Capital Costs

Alternative Residential Approaches_____________________________
Master Manual Automated All Other

District Metered Meter Reads Meter Reads Classes______________ _________ _________ _________ _________
$ $ $ $

Zone 1 (Table 4-1) (Table 5-4) (a)
Alton 64,000 42,500
Cairo 0 5,100
Interurban 64,000 78,000
Peoria 64,000 71,400
Streator 32,000 16,300
Pontiac 32,000 14,300
South Beloit 0 8,400
Sterling 32,000 12,900
Champaign 64,000 67,700________ ________ ________ ________ 
   Total Zone 1 352,000 0 316,600 0

Chicago Metro
Chicago Suburban 0 9,700
DuPage 0 3,200
Fernway 0 5,800
Homer Township 32,000 14,300
Valley View 0 6,400
Waycinden 0 7,100
West Suburban 32,000 22,800________ ________ ________ ________ 
   Total Chicago Metro 64,000 0 69,300 0

Lincoln 64,000 55,200

Pekin 64,000 63,200
________ ________ ________ ________ 

Total 544,000 0 504,300 0

(a)  Includes capital costs for non-residential customers.
Table 7-1 Capital Costs 

 

 Estimated Initial 
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Table 7-2 Estimated Operating Costs 

Table 7-2
Illinois American Water Company 

Estimated Operating Costs

Alternative Residential Approaches_____________________________
Master Manual Automated All Other

Rate Area Metered Meter Reads Meter Reads Classes______________ _________ _________ _________ _________
$ $ $ $

One-Time Setup & Implementation Costs
Statistical Analysis ($45,000 Total Cost Prorated to Rate Areas)
   Zone 1 14,200 14,200 14,200 13,400
   Chicago Metro 2,700 2,700 2,700 2,300
   Lincoln 2,800 2,800 2,800 3,100
   Pekin 2,800 2,800 2,800 3,700_____ _____ _____ _____ 
      Total 22,500 22,500 22,500 22,500

Data Management and GIS Investigations
   Zone 1 10,350 5,050 5,050 5,000
   Chicago Metro 8,100 3,900 3,900 3,000
   Lincoln 1,150 600 600 500
   Pekin 1,150 600 600 500_____ _____ _____ _____ 
      Total 20,750 10,150 10,150 9,000

Water System Evaluation (Table 4-2 Hours x $190/Hour)
   Zone 1 112,900 -   -   -   
   Chicago Metro 20,500 -   -   -   
   Lincoln 20,500 -   -   -   
   Pekin 20,500 -   -   -   _____ _____ _____ _____ 
      Total 174,400 0 0 0

Annual AMI/AMR Analysis (Table 5-5)
   Zone 1 -   -   9,900
   Chicago Metro -   -   3,725
   Lincoln -   -   1,675
   Pekin -   -   1,825_____ _____ _____ _____ 
      Total 0 0 17,125 0

Annual Data Collection/Analysis Cost (Table 6-2)
   Zone 1 6,100 59,600 0 60,000
   Chicago Metro 3,100 11,400 0 9,700
   Lincoln 800 11,800 0 13,400
   Pekin 1,500 11,800 0 16,100_____ _____ _____ _____ 
      Total 11,500 94,600 0 99,200
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Annual costs that would be incurred for the proposed 2011 study and could be incurred should the 
initial sampling year prove to not be representative of peak demand conditions include AMI/AMR analysis 
costs and annual data collection and analysis costs as identified in Table 7-2.  Annual costs for AMI/AMR 
analysis were previously summarized in Table 5-5 and are based on costs to lease field equipment and 
software over a five month period.  The first two months of the lease would be related to testing and proving 
reliability of the AMI/AMR systems with the remaining three months for sampling during the summer peak 
usage period of June through August.  Annual costs for data collection and analysis, as presented in 
Table 7-2, were previously summarized in Table 6-2 based on estimated annual work efforts and anticipated 
billing rates.  These billing rates include all direct and indirect costs, including transportation related costs for 
the meter readers.  Under an automated AMR approach, data collection costs will not involve meter readers or 
their related costs.  Data collection related costs for this automated approach are included as part of the annual 
AMI/AMR analysis costs identified in Table 5-5. 

7.3   Total Cost Estimate 
Total costs estimated for each of the three alternative approaches is summarized in Table 7-3.  Initial 

capital costs determined in Table 7-1 are expected to be slightly higher for the master meter approach than for 
the automated AMR approach.  As previously noted, it is assumed that IAWC has already replaced or updated 
a sufficient number of meters in each district to provide a stratified sample of each customer class so no 
additional capital costs are anticipated for the manual AMR approach.  This includes costs for the non-
residential customers under both the master metered and manual AMR approaches.  Capital costs for 
sampling non-residential customers are included under the residential automated meter read approach.  
Therefore, not only are the capital costs under this approach less than those for the master meter approach but 
they also are designed to sample all representative customers instead of only residential customers. 

One time setup and implementation costs shown in Table 7-3 were developed in Table 7-2 and 
include contractual costs for preparing this Preliminary Direct Demand Report.  Due to the requirement to 
locate master metering sites and install meter pits and equipment, the master meter approach is significantly 
higher than either AMR approach.  However, annual costs for the master meter approach as developed in 
Table 7-2 and shown in Table 7-3 are lower than either of the AMR approaches due to the need for fewer 
water meters.  The cost to prepare a direct demand study report summarizing all of the data collected and 
calculating capacity factors in each rate area with a reasonableness check of the resulting total customer class 
non-coincidental demands with system coincidental demands is projected to take the same level of effort 
regardless of which approach is selected. 

Total cost for a one-year study anticipated to be conducted in calendar year 2011 is estimated to be 
$1 under a master meter approach, $4 under a manual read AMR approach, and $9
under an automated AMR approach.  In comparison, the cost for the initial indirect demand study prepared for 
Docket 08-0463 was about $90,000 exclusive of the preparation of related direct testimony.  Based on costs 
alone, the manual AMR approach is clearly the most economical primarily due to IAWC having water meters 
with data logging equipment already in place in each rate area.   

,129,350 83,450 10,275 

In comparing cost estimates, it should be recognized that usage patterns for the year to be sampled 
may not be representative of peak demand characteristics for customer classes, especially those that tend to 
have irrigation requirements.  Therefore, it is reasonable to expect that a direct demand study may need to be 
repeated until such peak demand conditions occur.  Additional analyses for subsequent years will make the 
approach with the smallest annual costs more attractive over time.  However, even if it is assumed that peak 
usage doesn’t occur until the third year after the start of sampling activities, the manual AMR approach is still 
the most cost effective of the three approaches.  In fact, based on the estimated annual costs presented in 
Table 7-3, it would take 7 years for the automated AMR approach to be less expensive than the manual AMR 
approach and 8 years for the master meter approach to be less costly than the manual AMR approach.  
However, the master meter reading approach is never less costly than at least one of the AMR approaches.  In 
addition, the master meter approach presents potential operational problems for the isolated residential areas 
such as potential reduced pressure, reduced fire protection benefits and the need to consider water losses due  
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Table 7-3 Total Estimated Costs 

Table 7-3
Illinois American Water Company 

Total Estimated  Costs (a)

Alternative Residential Approaches Total Cost___________________________ ___________________________
Master Manual Automated All Other Master Manual Automated

Rate Area Metered Meter Reads Meter Reads Classes Metered Reads Reads______________ ________ ________ ________ ________ ________ ________ ________
$ $ $ $ $ $ $

Initial Capital Costs (Table 7-1)
Zone 1 352,000 0 316,600 0 352,000 0 316,600
Chicago Metro 64,000 0 69,300 0 64,000 0 69,300
Lincoln 64,000 0 55,200 0 64,000 0 55,200
Pekin 64,000 0 63,200 0 64,000 0 63,200_______ _______ _______ _______ _______ _______ _______ 
Total 544,000 0 504,300 0 544,000 0 504,300

One Time Setup & Implementation Costs (Table 7-2) (b)
Zone 1 137,450 19,250 19,250 18,400 155,850 37,650 37,650
Chicago Metro 31,300 6,600 6,600 5,300 36,600 11,900 11,900
Lincoln 24,450 3,400 3,400 3,600 28,050 7,000 7,000
Pekin 24,450 3,400 3,400 4,200 28,650 7,600 7,600
Preliminary Report 175,500 175,500 175,500_______ _______ _______ _______ _______ _______ _______ 
Total 217,650 32,650 32,650 31,500 424,650 239,650 239,650

Annual  Cost (Table 7-2) (c)
Zone 1 6,100 59,600 9,900 60,000 66,100 119,600 69,900
Chicago Metro 3,100 11,400 3,725 9,700 12,800 21,100 13,425
Lincoln 800 11,800 1,675 13,400 14,200 25,200 15,075
Pekin 1,500 11,800 1,825 16,100 17,600 27,900 17,925_______ _______ _______ _______ _______ _______ _______ 
Total 11,500 94,600 17,125 99,200 110,700 193,800 116,325

Report 50,000 50,000 50,000
________ ________ ________ 

Total Cost for One Year 1,129,350 483,450 910,275

Costs for Additional Annual Analyses and Reporting of Findings
Zone 1 6,100 59,600 9,900 60,000 66,100 119,600 69,900
Chicago Metro 3,100 11,400 3,725 9,700 12,800 21,100 13,425
Lincoln 800 11,800 1,675 13,400 14,200 25,200 15,075
Pekin 1,500 11,800 1,825 16,100 17,600 27,900 17,925
Report 25,000 25,000 25,000________ ________ ________ 
Total Additional Annual Study Costs 135,700 218,800 141,325
Total Three-Year Study Costs 1,400,750 921,050 1,192,925

(a) Does not include cost for preparation of testimony, interogatory responses or expert witness 
      related services.
(b) Includes Statistical Analysis, Data Management and GIS Investigations, and Water System
      Evaluation as well as the cost for the Preliminary Direct Demand Study..
(c) Includes costs for AMI/AMR Analysis and Data Collection / Analysis based on
      collection and analysis of calendar year 2011 data.
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to minor main leaks, normal exercising of fire hydrants and potential water used to fight area fires.  In 
addition, if one master meters proves to be unreliable, the entire results of the annual study could be 
compromised.  Due to the larger number of meters used in either AMR approach, loss of sample data for a 
few meters due to equipment failure would not significantly impact the sampling results.  Therefore, the 
master meter approach is not recommended for a direct demand study. 

7.4   Recommended Approach 
Based upon the relative costs presented in Table 7-3, potential operational 

problems associated with the master meter approach and considering that peak usage 
conditions are likely to occur before the seven year period when the automated AMR 
approach becomes the least total cost approach, it is recommended that IAWC consider 
using the manual read AMR approach based upon a stratified sampling methodology 
for a direct demand measurement study.  If this approach is selected, it should be noted 
that existing data loggers are currently in use and can record hourly data for up to 96 
days.  Therefore, data for calendar year 2010 could be collected at the end of August or 
early September to capture peak summer usage.  However, the data collected for 2010 
may reflect a different distribution of sampled customers than proposed in this report 
using a stratified sampling methodology. 

 

 

Based on our 
independent 

investigations, 
Black & Veatch 
recommends the 

manual read 
AMR approach 
for the ICC’s 
consideration. 
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8.0   DIRECT DEMAND STUDY SCHEDULE 
Under the alternative approaches presented in this report, it is estimated that a two to four month lead 

time would be required to select customer accounts to be sampled, design potential master meter facilities, 
construct such facilities, acquire meters, potential leases and other equipment and install and test this 
equipment in the field prior to the start of the data collection period.  Following this period, data would be 
collected during the three month period of June through August.  This data would then be analyzed during the 
following month and compared with annual usage data when it becomes available after the end of the 
calendar year.  The report could partially be completed while waiting for annual data with a complete report 
available no later than a month after receipt of annual usage data from IAWC.  Therefore, a direct demand 
study could be completed in 10 to 12 months for each year studied. 
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APPENDIX A 
Analysis of potential residential areas for master metering was conducted to determine the level of 

effort that may be required for this direct measurement approach.  Presented below are descriptions of four 
such example residential areas. 
 
Example Area A 

IAWC provided good meter data for the Chicago Suburban District.  Meter consumption and 
dwelling code tables matched well for active customers (4,270 records).  We also received good Meter Read 
Type data.  Most meters were listed as a “Radio” type, one was listed as “Manual” and 48 had no type listed. 

Figure A.1 shows a typical residential area within the Chicago Suburban district, with pipe network 
and parcel lines from the CAD file and geocoded meter records.  The small dots below represent active meter 
records color coded by Dwelling Type (red dots are single family residences).  The larger yellow “dots” are 
valves.  The CAD line work does not match with the imagery and background GIS data because the CAD 
source files do not appear to have been created using real-world coordinates and map projection. 

Although this is a typical representation of a residential area, these sections of the distribution 
network system would be harder to isolate for master meter usage.  Therefore, other areas would be preferred. 

 

 
Figure A.1: Typical residential area within the Chicago Suburban district, with pipe network and parcel lines 
from the CAD file and geocoded meter records. 
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Example Area B 
Figure A.2 represents a mixed density residential area that was examined in the Chicago Suburban 

district.  It provides an example of an issue related to apartment complex definitions.  The buildings left of the 
street have meters (red dots) that are listed with Bill Class = Residential (1) and Dwelling Code = Single 
Family.  The buildings right of the street have meters (orange dots) that are listed with Bill Class = 
Residential and Dwelling Code = “Apartments (5 units & up)”.  The individual homes on the right side of the 
image area are all listed with Bill Class = Residential and Dwelling Code = Single Family.  The concern here 
would be in using these attribute categories to identify customer characteristics and relating those 
characteristics to those considered appropriate for the specific district.  For example, if a single meter is used 
for an entire apartment building in one area, but individual meters are used for each apartment within a 
building in another area, the comparison may not be appropriate (assuming the same Residential billing class 
was used).  Isolating residential customers in the example below would likely require multiple master meters 
that have the capability of measuring flow direction as well as total volume due to the configuration of the 
distribution network system. 

 

 
Figure A.2: Example of the apartment complex issue where Billing Class and Dwelling Code usage is 
inconsistent. 
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Example Area C 
Figure A.3 represents a possible sampling area in the Chicago Suburban district.  Most of this area 

could potentially be isolated with only one or two master meters and no closed valves.  If the entire area was 
to be included, the apartment complex shown in the lower left portion of this graphic may be an issue.  These 
buildings appear to be apartments or condos.  IAWC meter data indicates the following: 

 Dwelling Code Description is Single Family Dwellings (shown as red dots) 
 Billing Class is Class 1 (Residential) 
 Apartment (address) field is blank 
 
There also looks to be a couple businesses located just to the right of the apartments.  The pipes that 

appear to serve them are listed as Service Residence Lines.  It may be necessary to individually meter such 
customers so their water usage could be excluded from the primary residential area.   

If only the single family residential area on the right side is considered most representative of the 
district’s residential customer class, two master meters would be required; one for the total consumption 
volume and one for the volume used by the customers west of the highway (left area).  Thus, the desired 
residential volume = Meter 1 minus Meter 2.  Closed valves would not be required; therefore there would be 
no increased risk or negative impact to customers. 

 
The light blue polygons are selected parcels from the Cook County land base.  For this selected 

residential area the source data indicates: 
 114 parcels with a total area of 25.36 acres, or 0.22 average acres/parcel. 
 109 active meter records.  All customers were listed as Single Family (Dwelling Code) and 

Residential (Billing Class). 
 Sum of 6/01/2010 meter usage for 1 month is 505,000 gal or 4,633 gal per meter. 
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Figure A.3: Master Meter Location Example B being isolated by one or two meters 
 

Master Meter 1 

Master Meter 2
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Example Area D 
Alton is much more rural than the Chicago Suburban district.  Of the 45,000 total meter records 

provided for Alton, 17,512 were listed as Active.  Only 1,330 meter records had Dwelling Code Data 
available.  Therefore, meter symbols (small red dots) for Alton were color coded by Billing Class, not 
Dwelling Code.  We also received good Meter Read Type data..  Of the active records provided for Alton, 
11,714 were listed as “Auto” Meter Read Type, 5,464 were listed as “Radio” and 367 had no type listed. 

Figure A.4 represents a couple potential master meter sampling areas in the Alton district.  On initial 
review, each of these residential areas could possibly be isolated using only one master meter per area.  
Closed valves would not be required; therefore there would be no increased risk or negative impact to 
customers.  These areas appear to have rather “typical” characteristics and almost entirely residential.  To 
consider vegetation cover and land use, only the areas identified within the property boundaries would be 
considered; thus excluding the surrounding forested areas.  Based on the source record data from IAWC the 
areas include usage data as listed below. 

 

Alton Potential Sample Sites  Left Area  Right Area  Total 

Active meter records  106  81  187 

     Residential  105  81  186 

     Commercial (owned by a church)  1  0  1 

6/3/2010 Usage for 1 mo. (100CF)  665  425  1090 

Average Usage / meter (100CF)  6.27  5.25  5.83 
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Figure A.4  Potential master meter sampling areas in the Alton district. 
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