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EXECUTIVE SUMMARY 

Project Description and Context 
The purpose of this study was to evaluate the feasibility of alternative supply options including 

water demand management and water loss control to augment existing sources and potentially 

defer  the need for additional water supply in Sanford, FL. The University of Florida (UF) scope 

of work on this project consisted of two major elements: 

 

1. Water demand management analysis using EZ Guide for the case where customer billing 

data are available 

2. Water loss analysis which is integrated with demand management analysis 

 

The overall goal of this effort is an integrated methodology for water demand and water loss 

management for Sanford, FL that can also serve as a model for other Florida utilities. 

In order to meet this goal, the UF scope of work was divided into the following ten work 

elements:  

 

1. Evaluate water use data using property appraisal attributes and typical water use 

benchmarks for indoor and outdoor use to determine water savings potential.  

2. Evaluate commercial, industrial, and institutional (CII) water consumption and evaluate 

water savings potential   

3. Perform water audit and estimate water losses and trends. 

4. Inventory water infrastructure, ages, and historical leakage events. 

5. Develop relationships and refined methods for calculating real and apparent losses from 

sources to distribution system. 

6. Apply hydraulic modeling and other analysis to isolate areas of concern and further 

study. 

7. Evaluate benefits of the customer meter change-out program.  

8. Evaluate effectiveness of other conservation best management practices (BMPs) and 

compare against new BMPs using the Conserve Florida Water EZ Guide Online. 

9. Estimate the economically optimal level of water losses in the treatment and distribution 

systems. 

10. Develop trends, criteria and thresholds to establish water-saving goals. 

Overview of Bottom up Methodology for Evaluating Water Demand and Water 
Loss in Sanford 
 

EZ Guide uses a bottom up, parcel level, approach for evaluating customer water demand in 

detail. Water loss is dealt with in the current version of EZ Guide as a separate option that the 

user completes and reports the result into EZ Guide. Based on a detailed review of water loss 

analysis methods, a modified version of the standardized water audit recommended by the 

American Water Works Association was utilized as a framework to analyze water losses in 

Sanford. Throughout the course of this project, the standard audit approaches have been refined 

to allow for bottom up modeling of meter errors and leakage caused by pipe breaks. This 

approach allows for integrated alternative water supply assessment across both water loss and 

demand management BMPs. Results from these detailed data driven analyses of water losses and 
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customer demands in Sanford were compared to results obtained from existing estimates at the 

start of the project to demonstrate value added from project refinements.  

 

The project began with an initial conservation evaluation using EZ Guide that provided estimates 

of the potential savings from conservation based primarily on publically available property 

appraisal and water treatment plant data.  Additionally, water usage and reported water loss 

trends were analyzed to serve as a benchmark for potential savings from water loss control 

BMPs. This initial evaluation provided a preliminary estimate of the most promising alternative 

water supply and conservation options using readily available datasets. This analysis served as a 

benchmark for assessing improvements toward analyzing water conservation and water loss in 

Sanford utilizing more detailed process based approaches and refinements using high quality 

customer billing, property appraisal, and asset databases.  

 

Next, a detailed water audit was compiled to better determine monthly and annual water loss and 

water usage trends in Sanford as compared to the initial evaluation. UF worked in collaboration 

with Sanford and Jones Edmunds, Inc. on compiling and analyzing relevant data needed to 

conduct the water audit. This included the generation of a water use and property attribute 

database for 15,102 parcels in Sanford. This data is then utilized to complete the standardized 

American Water Works Association M36 audit, quantifying each input in detail, and determining 

residual total and real (physical) losses.  

 

After the detailed audit, a process level analysis of water loss, water usage, water reuse, and 

demand management options could be determined. This includes methodologies for analyzing 

infrastructure asset data as well as pressure variability and main break history to understand the 

process level mechanisms behind system leakage at the individual pipe level. A component 

analysis is presented which breaks down real losses, as determined from the detailed water audit, 

into background leakage, reported breaks, and unreported breaks. Additionally, a refined analysis 

of customer demand patterns was performed utilizing the generated parcel level customer 

database along with EZ Guide.  
 

Once the detailed process level analysis was completed, the economically optimal level of water 

loss control and demand management for Sanford was evaluated and then utilized to develop a 

proposed implementation plan to feed into the performance tracking system to provide 

continuous feedback on the actual performance of the system. Priority pipe clusters were 

determined based on pipe attributes as well as spatial location allowing for evaluation of the 

economic feasibility of water loss savings potential from active leakage detection of distribution 

system mains. A marginal cost curve of water loss savings associated with active leakage 

detection is then presented. In addition to water loss reduction, cost effective strategies for 

demand management were analyzed in detail using EZ Guide. A calibrated EZ Guide for the 

representative 2010 year provides a realistic breakdown of customer demand by end uses, which 

forms the basis of demand management BMP analysis. EZ Guide sorts each BMP option by cost 

effectiveness to develop a marginal cost curve for water savings from demand management 

BMPs. These results are then combined with water loss management options to develop a final 

recommended combined leak detection and customer demand BMP program for Sanford. This is 

accomplished by comparing both demand management and water loss reduction strategies as a 

means to reduce existing water produced vs. the cost of providing an alternative water supply. 
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Based on these results, a proposed water loss and demand reduction implementation plan is 

presented as well as recommended action items for future studies. 

Summary of Detailed Evaluation of Customer Demand and Water Loss Trends 
 

Customer demand and water loss are complex problems which take many years and numerous 

refinements to adequately understand and manage. The detailed audit and component analyses 

presented here offer much improved insight as to the nature of customer demand and water loss 

trends in Sanford as compared to initial estimates from the start of the project. The final 

calibrated EZ Guide evaluation of customer demand patterns for the representative year (2010), 

shown in Table ES-1, indicates single family residential is the largest demand sector with little 

potable irrigation due to the prevalence of reuse irrigation water in Sanford. Sanford also has 

significant commercial, institutional, and industrial usage, comprising 27.2% of total usage in 

2010.  Additionally, Sanford’s annual percent water loss has declined from 22% in 2009, 18%, in 

2010, and 11% losses in 2011 as shown in Figure ES-1. These observed declines are due, in part, 

to the ongoing meter replacement and infrastructure rehabilitation efforts by the City of Sanford 

to control water losses. 

 

However, understanding and managing the detailed nature of water losses in Sanford remains an 

ongoing effort which can utilize the analysis methodologies presented in this report as a template 

for future evaluations. The accuracy of future evaluations will improve as Cityworks becomes 

populated with system performance data such as pipe leakage and repair records. This 

framework to analyze customer demands and water losses can also be used by other utilities 

seeking to accomplish similar goals.  

 

Table ES-1. Final calibrated EZ Guide based on 2010 conditions in Sanford 
Sector % Water 

Use 

Residential 

gpcd 

Gross gpcd Population 

Single Family 39.8% 79 55 34,652 

   Single Family- Indoor 33.8% 67 46 - 

   Single Family- Outdoor 6.1% 12 8 - 

Multi-Family 15.0% 66 20 15,534 

CII 27.2% - 37 - 

   Commercial 11.7% - 16 - 

   Industrial 3.6% - 5 - 

   Institutional 11.9% - 16 - 

Unaccounted 18.0% - 25 - 

Total 100.0% - 137 50,186 
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Figure ES-1. Annual trends in percent loss for Sanford Florida for calendar years 2006 to 2011 

Cost-Effective Water Savings Potential from Integrated Water Loss and 
Demand Management  
 

A detailed, bottom up, evaluation determined that 1.7 million gallons per day (mgd) from 

demand management and 0.68 mgd from active leakage detection could be cost effectively saved 

for a marginal cost of under $3/1,000 gallons. The total cost of implementing the full plan would 

be $8.5 million for demand management and $25,500/yr or $1,785,000 over a 70 year lifespan of 

a typical water main in Sanford. Costs for demand management shown here reflect full unit costs 

if Sanford were to pay for the full cost of BMPs. However, these costs can be adjusted, 

depending on desired amount of rebate offered. For example, the utility may wish to provide a 

$100 rebate for a high efficiency toilet that costs $300 to replace. Realized water savings from 

implemented demand management and active leakage detection can be updated from data input 

into Cityworks. Additionally, 0.46 mgd is estimated to be saved from the ongoing meter 

replacement program. Therefore, a total savings potential of 2.84 mgd can be obtained from 

combined demand management and water loss control. The projected cost of the meter 

replacement was unavailable as of October 2013, but can be updated as part of future work. 

Water savings potential from demand management and water loss control strategies analyzed as 

part of this project are summarized in Table ES-2 and Figure ES-2. 
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Table ES-2. Summary of potential water savings and costs from demand management and water 

loss control 
BMP Category Cost effective water savings 

potential (mgd) 

Total cost of potential savings 

Demand management 1.70 $8,500,000 

Active leakage detection 0.68 $25,500/yr or $1,785,000 per 70 

year average pipe lifespan 

Customer meter replacement 0.46 N/A  

Total 2.84 N/A 

 

 

 
Figure ES-2. Summary of potential water savings from demand management and water loss 

control 

 

The City of Sanford has begun implementing the initial phases of its leakage detection efforts 

utilizing noise correlation technology in select priority areas with high expected leakage. Also, 

the City is exploring alternative monitoring and detection technologies. Additionally, several 

pipe rehabilitation projects have been completed utilizing pipe bursting with many more 

scheduled over the next several years to address Sanford’s aging water infrastructure. Given 

estimated service lives of mains, a replacement analysis was performed comparing the projected 

addition of new pipes with existing pipe retrofits due to service life attrition as shown in Figure 

ES-3. Based on historical trends, a 1% annual growth of new pipes was assumed from 2012-

2050. Figure ES-3 shows that the pipe replacement needs have increased in recent years and are 

projected to continue to increase as much of the original pipe infrastructure that was installed in 

the 1940s and 1950s is now due for replacement.  As of 2012, 22% of pipes installed in Sanford 

are retrofits whereas 36% of pipes are projected to be retrofits in 2050. Additionally, Sanford is 

continuing its meter replacement and re-sizing program, with all residential meters projected to 

be done by the end of 2013 and all large multi-family and commercial meters to be completed 

within the next few years.  
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Figure ES-3. Projected replacement and growth of Sanford water mains.  
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1.0 INTRODUCTION 

Project Description and Context 
The purpose of this study was to evaluate the feasibility of alternative supply options including 

water demand management and water loss control to augment existing sources and potentially 

defer the need for additional water supply in Sanford, FL. The University of Florida (UF) scope 

of work on this project consisted of two major elements: 

 

1. Water demand management analysis using EZ Guide for the case where customer billing 

data are available 

2. Water loss analysis which is integrated with demand management analysis 

 

The overall goal of this effort is an integrated methodology for water demand and water loss 

management for Sanford, FL that can also serve as a model for other Florida utilities. 

In order to meet this goal, the UF scope of work was broken into the following ten work 

elements:  

 

1. Evaluate water use data using property appraisal attributes and typical water use 

benchmarks for indoor and outdoor use to determine water saving potential.  

2. Evaluate CII water consumption and evaluate water savings potential   

3. Perform water audit and estimate water losses and trends. 

4. Inventory water infrastructure, ages, and historical leakage events. 

5. Develop relationships and refined methods for calculating real and apparent losses from 

sources to distribution system. 

6. Apply hydraulic modeling and other analysis to isolate areas of concern and further 

study. 

7. Evaluate benefits of the customer meter change-out program.  

8. Evaluate effectiveness of other conservation BMPs and compare against new BMPs 

using the Conserve Florida Water EZ Guide Online. 

9. Estimate the economically optimal level of water losses in the treatment and distribution 

systems. 

10. Develop trends, criteria and thresholds to establish water-saving goals. 

 

These ten work elements were condensed into five tasks with tasks 6 and 7 being the reporting 

element of the project, as shown in Table 1-1. The next section presents an overview of the 

approach utilized to accomplish project tasks and goals followed by the report outline. 
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Table 1-1. University of Florida tasks and schedule 

 

Overview of Bottom up Methodology For Evaluating Water Demand And Water 
Loss In Sanford 
 

EZ Guide uses a bottom up parcel level approach for evaluating customer water demand in 

detail. Water loss is dealt with in the current version of EZ Guide as a separate option that the 

user completes and reports the result into EZ Guide. Based on a detailed review of water loss 

analysis methods, Friedman and Heaney (2009a and 2009b) recommend using the new American 

Water Works Association (AWWA) water audit and water loss control method (AWWA 2009) 

along with supporting documents by Fanner et al. (2007) and Thornton et al. (2009).  Throughout 

the course of this project, the standard audit approaches have been refined to allow for bottom up 

modeling of meter errors and leakage caused by pipe breaks. This approach allows for integrated 

alternative water supply assessment across both water loss and demand management BMPs. 

Results from these detailed data driven analyses of water losses and customer demands in 

Sanford were compared to results obtained from existing estimates at the start of the project to 

demonstrate value added from project refinements. 

 

During this project, numerous refinements in EZ Guide were added and applied to Sanford 

providing improved insights into its water use patterns. It is important to have these ideas peer 

reviewed in order to confirm their credibility.  Heaney et al. (2011) present an overview of EZ 

Guide as it existed as of early 2011. The 2013 online version of EZ Guide for water conservation 

is greatly improved over the previous versions.  Switt et al. (2013) describe this new version.  

Many important improvements are described in detail in papers in the literature that are listed in 

the reference section. Some examples are presented below. 

  

Quarter

  Year 1 Year 2    Year 3

ID Task 1 2 3 4 5 6 7 8 9 10 11 12

1

Initial bottom up evaluation of water loss, water 

conservation, and water reuse saving potential using 

EZ Guide X X

2

Perform water audit and estimate water losses and 

trends using AMR and other data X X X X X X X

3

Refined bottom up benefit-cost optimization of 

water loss, water conservation, and water reuse  

options using EZ Guide X X X X

4

Estimate the economically optimal level of water 

losses in the treatment and distribution systems. X X X

5

Develop trends, criteria and thresholds to establish 

water-saving goals for water loss program X X X

6 Progress Reports X X X X X X X X X X X

7 Final Reports X X X
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Parcel level end use modeling of 9 residential and 55 CII sectors 
Morales et al. (2011, 2013) develop a new database to provide an end use inventory and 

associated water use coefficients for 64 separate sectors. Other models lump all non-residential 

uses into one or two sectors.  

 

Water-energy nexus 
Morales et al. (2013) improved the cost-effectiveness evaluations of water demand management 

by incorporating energy considerations into the analysis. Hot water use is an important cost 

component and is becoming even more important as water use efficiency improves. 

 

Outdoor water use 
The 2010 release of EZ Guide didn’t include outdoor water use BMPs. Friedman et al. (2013) 

describe new methods that were developed during the project to evaluate outdoor BMPs 

including soil moisture sensors, reuse, and irrigation audits. A key finding of these studies is that 

many irrigators use less than the expected benchmark irrigation rate, and it is important to focus 

attention on the over-irrigators. For example, the optimal solution for soil moisture sensors in 

one application is a savings of 66% of the maximum by retrofitting 30% of the irrigators as 

shown in Figure 1-1. Using only the overall average savings rate would yield only 30% savings 

for the same investment. 

 

 
Figure 1-1. Example normalized cumulative water savings from soil moisture sensor retrofits 

 
Best mix of BMPs 

Friedman et al. (2011, 2013) describe improved methods to find the optimal mix of BMPs across 

all sectors using computationally efficient methods that greatly reduce run times. The key 

element is to develop performance functions for each BMP that show the total water savings as a 

function of the number of water using devices that are installed. This function shows the 

advantage of prioritizing BMP selection rather than assuming a single constant savings rate for 

each fixture.  
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Report Outline 
This report consists of six chapters which describe the progression of refinements for analyzing 

water demand and water losses in Sanford over the course of the three year study period. Chapter 

1 presents an overview of project tasks and goals and an overview of project methodology. 

 

Chapter 2 presents an initial conservation evaluation using EZ Guide that provided estimates of 

the potential savings from conservation based primarily on publically available property 

appraisal and water treatment plant data.  Additionally, water usage and reported water loss 

trends were analyzed to serve as a benchmark for potential savings from water loss control 

BMPs. This initial evaluation provided a preliminary estimate of the most promising alternative 

water supply and conservation options using readily available datasets. This analysis serves as a 

benchmark for assessing improvements toward analyzing water conservation and water loss in 

Sanford utilizing more detailed process based approaches and refinements using high quality 

customer billing, property appraisal, and asset databases. Progress in this chapter focused on 

Task 1 objectives, which was done during the first two quarters of the project from Jan 2011- 

June 2011. 

 

Chapter 3 builds on the initial evaluation presented in Chapter 2 with a detailed water audit to 

better determine monthly and annual water loss and water usage trends in Sanford. A detailed 

audit is a critical first step in water loss management which depends on high quality system 

information (USEPA 2010). In addition to system data, detailed customer billing data linked to 

parcel data is necessary to determine customer demands within the water audit. UF worked in 

collaboration with Sanford and Jones Edmunds, Inc. on compiling and analyzing relevant data 

needed to conduct the water audit. This data is then utilized to complete the standardized M36 

audit, quantifying each input in detail, and determining residual total and real (physical) losses. 

Progress in this chapter focused on Task 2 objectives, which was done during quarters 3-9 of the 

project from July 2011- March 2013. 

 

Chapter 4 refines work presented previously to provide a process level analysis of water loss, 

water usage, water reuse, and demand management options. This process level methodology 

allows for benefit-cost optimization across management strategies evaluated at the end use level. 

This approach allows for a complete analysis of Sanford’s potable water supply system, 

integrating water loss control with demand management options. The first part of this Chapter 

focuses on methodologies for analyzing infrastructure asset data as well as pressure variability 

and main break history to understand the process level mechanisms behind system leakage at the 

individual pipe level. A component analysis is presented which breaks down real losses, as 

determined from the detailed water audit, into background leakage, reported breaks, and 

unreported breaks. The second part focuses on refining the analysis of demand patterns 

performed in EZ Guide described in Chapter 2. This analysis focuses on utilization of the parcel 

level demand database consisting of customer billing data linked with county property appraiser 

data as well as U.S. Census data to refine parameter estimates. Additionally, many new features 

were added to the EZ Guide software allowing for further refinements. Progress in this chapter 

focused on Task 3 objectives, which was done during quarters 7-10 of the project from July 

2012- June 2013. 
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Chapter 5 focuses on evaluating the economically optimal level of water losses and demand 

management for Sanford which can be then utilized to develop an implementation plan of the 

recommended program which feeds into the performance tracking system to provide continuous 

feedback on the actual performance of the system. The first section evaluates the economic 

feasibility of water loss savings potential from active leakage detection of distribution system 

mains determined in Chapter 4. Priority pipe clusters are determined based on pipe attributes as 

well as spatial location. A marginal cost curve of water loss savings associated with active 

leakage detection is then presented. In addition to water loss reduction, cost effective strategies 

for demand management were analyzed in detail using EZ Guide. The 2010 calibrated EZ Guide, 

presented in Chapter 4,  provides a realistic breakdown of customer demand by end uses, which 

forms the basis of demand management BMP analysis. EZ Guide sorts each BMP option by cost 

effectiveness to develop a marginal cost curve for water savings from demand management 

BMPs. These results are then combined with water loss management options to develop a final 

recommended combined leak detection and customer demand BMP program for Sanford. This is 

accomplished by comparing both demand management and water loss reduction strategies as a 

means to reduce existing water produced vs. the cost of providing an alternative water 

supply.Progress in this chapter focused on Task 4 and 5 objectives, which was done during 

quarters 9-12 of the project from Jan 2013- Dec 2013. 

 

Finally, Chapter 6 presents project conclusions, recommended action items, and future work. 
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2.0 INITIAL BOTTOM UP EVALUATION OF WATER LOSS, WATER 
CONSERVATION, AND WATER REUSE SAVINGS POTENTIAL USING EZ 

GUIDE 
 

Overview of Initial Analysis of the Sanford, FL Service Area  
An initial conservation evaluation using EZ Guide estimated the potential savings from 

conservation based primarily on publically available property appraisal and water treatment plant 

data.  Additionally, water usage and reported water loss trends were analyzed to serve as a 

benchmark for potential savings from water loss control BMPs. This initial evaluation provided a 

preliminary estimate of the most promising alternative water supply and conservation options 

using readily available datasets.  This analysis serves as a benchmark for assessing 

improvements toward analyzing water conservation and water loss in Sanford utilizing more 

detailed process based approaches and refinements using high quality customer billing, property 

appraisal, and asset databases. 

Initial Analysis of Water Use and Water Loss Trends in Sanford 
Sanford provided annual information on unaccounted for water for fiscal years 2005 to 2009.  

Additionally, annual water audits following the SJRWMD methodology for 2010 and 2011 were 

provided. The results, shown in Table 2-1, illustrate the complexity of the determination of 

unaccounted for water (UAW).  Annual % UAW varied widely from 13.3% to 27.5% from 

2005-2010 with a general increasing trend followed by a sudden drop to 11% in 2011. UAW 

studies in other Florida utilities indicate similar wide variability in monthly % UAW.  It is 

important to understand the nature of their water use patterns and the causes of these annual % 

UAW’s in order to develop a cost-effective loss management program. 

 

Table 2-1. Annual reported water loss trends in Sanford  

Item 
FY 

2005 
FY 

2006 
FY 

2007 
FY 

2008 
FY 

2009 
FY 

2010 
FY 

2011 

Total Water 
Production (Mil. 
gallons per year) 2,479 2,641 2,705 2,678 2,669 2,401 2,346 

Unaccounted for 
Water (Mil. gallons 
per year) 409 352 432 616 734 539 267 

% Unaccounted For 16.5% 13.3% 16.0% 23.0% 27.5% 22.4% 11.0% 
 

Gross gpcd for Sanford from 1980 to 2008 is shown in Figure 2-1. Overall, gross gpcd has 

declined from about 190 in 1980 to about 140 in 2008, a 26 % reduction. Monthly and annual 

water use for Sanford from 1999 to 2008 is shown in Table 2-2. Monthly water use has the 

expected peak in the spring but the ratio of peak to average monthly use of only 1.14 indicates 

that seasonal use is not a major component of overall use, perhaps due to the active reuse 

program in Sanford.  
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Figure 2-1. Trends in gross gpcd for Sanford since 1980 

 

 

Table 2-2. Variability of monthly and annual water use from 1999 to 2008 for Sanford. All 

values are in mil. gal. / day 

 
 

Initial EZ Guide Water Loss and Water Usage Analysis 
An EZ Guide analysis for Sanford, FL was created to perform a bottom up parcel level 

conservation and water loss analysis for the system. The Conserve Florida Water Clearinghouse 

(CFWC) databases were queried based on Sanford’s PWSID (3590205) and the utility service 

area boundary to determine the relevant treatment plant production and Florida Department of 

Month

Year 1 2 3 4 5 6 7 8 9 10 11 12 Average

1999 4.77      4.94    5.48   5.94     5.64   5.32      5.42   5.28     5.13    4.73     5.63     5.97     5.35       

2000 5.97      6.06    6.73   7.02     8.01   8.03      6.91   7.12     6.78    6.78     6.80     6.40     6.88       

2001 6.23      6.04    6.11   6.50     6.70   6.36      6.28   6.42     6.06    6.19     6.09     6.05     6.25       

2002 5.97      5.86    6.24   6.11     6.76   6.03      5.82   5.90     5.85    6.21     5.92     5.71     6.03       

2003 5.87      5.75    5.66   6.21     6.87   6.43      6.35   5.99     6.40    6.12     6.15     5.97     6.15       

2004 6.01      5.92    6.46   7.28     7.52   7.27      6.83   6.58     6.45    6.60     6.77     6.68     6.70       

2005 6.58      6.69    6.53   6.86     7.05   6.51      6.94   7.49     7.04    6.61     6.56     6.44     6.78       

2006 6.67      6.57    7.25   7.96     8.23   7.84      7.49   7.85     7.31    7.65     6.95     6.75     7.38       

2007 6.68      6.67    7.03   7.42     8.06   7.78      7.74   8.35     7.76    7.65     7.77     7.30     7.52       

2008 6.83      7.07    7.04   7.47     8.27   7.73      7.27   6.81     7.08    7.15     6.72     6.72     7.18       

Average 6.16      6.16    6.45   6.88     7.31   6.93      6.70   6.78     6.59    6.57     6.54     6.40     6.62       

Maximum 6.83      7.07    7.25   7.96     8.27   8.03      7.74   8.35     7.76    7.65     7.77     7.30     7.52       

Max./Avg. 1.11 1.15 1.12 1.16 1.13 1.16 1.15 1.23 1.18 1.16 1.19 1.14 1.14
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Revenue (FDOR) parcel data for the analysis. The selected FDOR parcels for the City of Sanford 

Service Area are shown in Figure 2-2.  

 
Figure 2-2. Sanford Department of Revenue parcels 

 

Sanford has two treatment plants with a design capacity of 14.688 mil. gal. / day. The combined 

average monthly treated flow from the two plants from 1999-2012 is shown in Figure 2-3. Water 

usage was stable from 2006-2009. However, usage has declined steadily from 2009-2012. Usage 

increased slightly in the summer months, although seasonal usage appeared to be less significant 

in recent years. The year 2009 was selected to be the initial benchmark analysis year in EZ Guide 

since all monthly data was available and it was representative of a typical year.  
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Figure 2-3. Monthly treated flow for Sanford from FDEP MOR Reports from 1999 to 2012 

 

A water loss percentage of 27.50% was utilized for FY 2009 based on reported water loss from 

Sanford annual reports. Next, the water budget was run to determine water usage by sector based 

on the Sanford parcel level data. The initial, uncalibrated, results are shown Table 2-3.  
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Table 2-3: 2009 uncalibrated water budget and obtainable savings estimates by sector for 

Sanford 

 
 

The results of the water budget show a fairly even breakdown of water use by sector. Single 

Family Residential (SFR) accounts for 37.1%, CII for 23.8%, UAW is 27.5%, and Multi Family 

Residential (MFR) represents 11.6% of water usage. The initial estimated gross per capita water 

use is 154 gpcd. Additionally, estimates of physically obtainable savings from each sector show 

that indoor BMPs and water loss control offer the greatest potential for water savings. Additional 

reuse is less significant due to the extensive reuse network already implemented in Sanford.  

 

Total Water Use, mgd = 8.90

Sector % Water Use MGD
Residential 

GPCD
Gross GPCD Population

Physically 

Attainable 

Res./Gross 

gpcd

Physically 

Attainable 

mgd

Physcially 

Attainable 

Savings mgd

Main Control

Single Family 37.10% 3.30 82 57 40,183

      Single Family - 

Indoor 27.60% 2.46 61 43 --- 36 1.45 1.01 Indoor BMPs

      Single Family - 

Outdoor 9.50% 0.85 21 15 --- 5 0.20 0.64 Reuse

Multi-Family 11.60% 1.03 59 18 17,430 34 0.59 0.44 Indoor BMPs

CII 23.80% 2.12 -- 37 ---

      Commercial 12.90% 1.15 -- 20 --- 14 0.80 0.34 Indoor BMPs

      Industrial 2.50% 0.22 -- 4 --- 3 0.16 0.07 Indoor BMPs

      Institutional 8.50% 0.76 -- 13 --- 9 0.53 0.23 Indoor BMPs

Unaccounted 27.50% 2.45 -- 43 --- 10 0.57 1.88 Loss Control

Total 100.00% 8.90 -- 154 57,613 4.30 4.59

gpcd 154.41 74.67

Summary of Physically Potential Savings

Control mgd % of Total

Indoor BMPs 1.81 41.8%

Loss Control 1.88 43.4%

Reuse 0.64 14.9%

Total 4.33 100.0%
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3.0 EVALUATION OF ANNUAL AND MONTHLY WATER LOSS AND WATER 
USAGE TRENDS USING A STANDARDIZED WATER AUDIT APPROACH 

Overview of Methodology 
A detailed audit is a critical first step in water loss management which depends on high quality 

system information (USEPA 2010). A summary of infrastructure and system asset management 

data needed to conduct an accurate audit is shown in Table 3-1. This includes data to track 

Sanford’s ongoing meter replacement program as well as the hydraulic model for Sanford. In 

addition to this data, detailed customer billing data linked to parcel data is necessary to determine 

customer demands within the water audit.  

 

Table 3-1. Asset management input data for detailed water audit (USEPA 2010) 

  
 

The need for a standardized audit procedure and data validation methodology was outlined in 

Friedman and Heaney (2009a and b), with the AWWA M36 being the recommended audit 

procedure. The AWWA M36 method only looks at annual average flow conditions to estimate 

water losses.  It does not address the question of the seasonality of these losses. This study 

utilized a modified version of the AWWA M36 audit to allow for analysis of seasonality of 

losses as well as detailed water demand analysis.  

 

The AWWA M36 water audit utilizes a mass balance approach to determine total system 

unaccounted for water or water loss as the residual of all required inputs of system flow 

components. The term “water loss” is preferred to “unaccounted for water” to represent this 

quantity. A related term, “non-revenue water”, refers to the volume of water loss plus known 

unbilled usage to quantify all water supplied which is unbilled. Water loss is divided  into real 

and apparent losses. Real losses represent physical leakage while apparent losses result from data 

inaccuracies and unauthorized usage. Meter inaccuracy is one of the major sources of apparent 

losses within a distribution system. The other two classes of apparent losses are systematic data 

handling error and unauthorized usage. The AWWA procedure requires that apparent losses be 
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evaluated prior to real losses since real losses are calculated as the total system water loss – 

estimated apparent losses.  Once residual real losses are determined, detailed process models can 

be utilized to further partition real losses into its components, including background leakage, and 

reported and unreported breaks on mains and service connections. The 18 inputs necessary to 

complete the AWWA water audit free software Version 4.0 are shown in Table 3-2. A 2010 

Version 4.2 is now available which has similar input requirements. A schematic diagram of the 

water audit methodology, applied to a hypothetical sample utility, is shown in Figure 3-1. 

Similar data is needed to complete the detailed M36 audit.  This chapter focuses on the initial 

audit which requires inputs 1 through 11 to determine residual real losses. The remaining inputs 

are needed for further analysis of real losses and analysis of the economic level of leakage to 

achieve through best management practices. Chapters 4 and 5 describe these analyses in detail.  

 

Table 3-2. Inputs for AWWA (2009) Version 4.0 Audit 

Number Category Item 

1 Water Supplied Volume from own sources 

2 Water Supplied Master meter error adjustment 

3 Water Supplied Water imported 

4 Water Supplied Water exported 

5 

Authorized 

Consumption Billed metered 

6 

Authorized 

Consumption Billed unmetered 

7 

Authorized 

Consumption Unbilled metered 

8 

Authorized 

Consumption Unbilled unmetered 

9 Apparent Losses Unauthorized consumption 

10 Apparent Losses Customer metering inaccuracies 

11 Apparent Losses Systematic data handling errors 

12 System Data Length of mains 

13 System Data Number of active and inactive service connections 

14 System Data Average length of customer service line 

15 System Data Average operating pressure 

16 Cost Data Total annual cost of operating water system 

17 Cost Data Customer retail unit cost (applied to apparent 

losses) 

18 Cost Data Variable production cost 
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Figure 3-1. Results of the County Water Company annual audit using the AWWA Free Water 

Audit Software Version 4.0 expressed in million gallons per year. (Adapted from 

AWWA 2009). 

 

The success of the AWWA M36 water audit and water loss method is heavily dependent on the 

quality of the input data.  The Sanford AMR water meter replacement program provided vital 

information on unaccounted for water due to meter inaccuracy.  Water infrastructure information 

provided a better basis for locating the most serious leaks.  The hydraulic model of the water 

distribution system was used to evaluate the effect of system pressures on water losses. Overall, 

a bottom up approach provides a greatly improved estimate of apparent and real losses.  

UF worked in collaboration with Sanford and Jones Edmunds, Inc. on compiling and analyzing 

relevant data needed to conduct the water audit. The results were then incorporated into EZ 

Guide to refine the results of the initial EZ Guide run for Sanford. This integration of water loss 

with demand and conservation analysis will address key research needs in asset management.  

Water Audit Report 

For: Report Yr:

County Water 

Company, Anytown, 

USA 2006

Water Exported

0.0

Billed Metered 

Consumption (inc. water 

exported)

Revenue Water

3,258.0

Own Sources
Authorized 

Consumption
3,258.0

Billed Unmetered 

Consumption
3,258.0

0.0

3,457.2

Unbilled Metered 

Consumption

15.4

3,617.7 199.2
Unbilled Unmetered 

Consumption

183.8

Water Supplied Unauthorized Consumption 1,143.3

Apparent Losses 11.0

4,401.3 196.6
Customer Metering 

Inaccuracies

164.3

Systematic Data Handling 

Errors

Water Losses 21.3

Water Imported 944.1
Leakage on Transmission 

and/or Distribution Mains

Real Losses Not broken down

783.7
747.5

Leakage and Overflows at 

Utility's Storage Tanks

Not broken down

Leakage on Service 

Connections

Not broken down

Non-Revenue 

Water (NRW)

 AWWA WLCC Free Water Audit Software Version 4.0: 

Water Balance Million gallons/year

Billed Water Exported

Billed Authorized 

Consumption

(Adjusted for known errors)
Unbilled 

Authorized 

Consumption
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Water loss evaluations are one component of utility asset management, which looks at all utility 

drinking water infrastructure from “source to tap” (Leiby and Burke 2011). This life cycle 

assessment approach considers all utility assets ranging from dams and reservoirs to 

instrumentation and data infrastructure to improve water supply reliability, justify rates, improve 

water quality, etc. (Leiby and Burke 2011).   

 

Table 3-3 shows a summary of the research needs for operation and maintenance practices. Work 

conducted as part of the Sanford project to expand upon existing water audit procedures as well 

as integrate water audit methodologies with demand and conservation analysis within EZ Guide 

will help address these research needs. These results can be incorporated into Sanford’s ongoing 

asset management initiative which will allow for improved operations and maintenance as well 

as master planning. As part of this project, Jones Edmunds Inc., in collaboration with UF and the 

City of Sanford, has set up an asset management tracking system utilizing Cityworks 

management software. Cityworks will allow for ongoing tracking of many facets of Sanford’s 

assets, including pipe and meter attributes. The results from this project provide a template which 

can be incorporated into Cityworks to better determine key infrastructure investment decisions, 

including work order prioritization and infrastructure rehabilitation planning. As Cityworks 

becomes populated, key assumptions can be refined to improve data validity and reliability of 

these evaluations. 

 

Table 3-3. Summary of operation and maintenance practices research needs within asset 

management (Leiby and Burke 2011).  
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Compilation of UF-Sanford Parcel Level Database 
Initial estimates of Sanford customer water usage were done using Florida statewide databases in 

the EZ Guide tool. The statewide databases include FDOR parcel property appraisal data, U.S. 

Census Block data, and FDEP Monthly Operating Reports. This database was queried using a 

GIS shapefile boundary of Sanford acquired from SJRWMD resulting in an initial Sanford 

database of 18,121 accounts. This data was used to generate the initial water usage estimates 

within EZ Guide. 

 

Site specific data is needed to improve upon initial estimates. The initial estimates provide a 

reasonable breakdown of demand patterns. However, case study utilities with additional data 

such as customer billing and county property appraisal data are used to provide default estimates 

of parameters such as customers irrigating from the potable system, and Commercial, 

Institutional, and Industrial (CII) water use coefficients. UF worked closely with Jones Edmunds, 

Inc. and Sanford to compile a detailed Sanford parcel-level database consisting of customer 

billing data, Seminole County property appraisal data, and Sanford business data in addition to 

existing FDOR parcel property appraisal data, U.S. Census Block data, and FDEP Monthly 

Operating Report data. This database was used to improve water use estimates within EZ Guide 

by replacing default coefficients with calculated values directly from the database. 

 

Jones Edmunds, Inc. and Sanford provided UF with two sources of data. First, UF was provided 

a GIS database consisting of 20,291 meter locations with a link between meter location and 

which customers use a given meter. This database also contained meter service type (i.e. potable, 

irrigation, reclaimed, or cooling tower adjust). Second, UF was provided with over five years of 

monthly Sanford customer billing data for 20,854 customers from 9/1/2005 to 6/1/2011. In 

addition to this data, UF obtained Seminole County Property Appraiser data for 146,734 parcels 

in the county as well as business data from ReferenceUSA for 3,193 businesses in Sanford. 

 

Once the data was obtained, a significant effort was required to link the various datasets, perform 

QA/QC, generate calculated fields such as parcel area and associated impervious area, and 

arrange the data in a single flat file with one record per parcel which is needed to calculate EZ 

Guide coefficients.   

 

First, the billing data was rectified to determine actual monthly usage by adjusting for lag time 

between the start of a month and the meter read date. This procedure provides actual monthly 

water usage from 10/1/2005 to 5/1/2011. The actual usage during the first and last months cannot 

be determined since billing data from 8/1/2005 and 7/1/2011 is not known. Next, a spatial query 

in GIS was performed to link meter locations with parcel locations. It is assumed that only 

customers on the parcel in which a meter is located are served by that meter. This assumption is 

reasonable due to the QA/QC of the meter database by Jones Edmunds, Inc. and Sanford. With 

this assumption, the customer billing database can be directly linked to the parcel database via 

meter locations.  

 

Next, UF obtained Seminole County Property Appraisal data for 146,734 parcels within 

Seminole County. This data was obtained directly from the county property appraiser. The 

database consisted of eight tables with the main value added being direct fixture counts, number 

of stories per building, heated area, and a detailed list of extra features and appendages which 
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can be used to calculate associated impervious area. These eight tables were joined and arranged 

in flat file format. Significant effort went into calculating associated impervious area based on 

lists of extra features and appendages. Each of the 193 extra features and appendages was 

evaluated individually since certain extra features would not add to impervious area such as 

attics, while others do not have area units, such as fences which had units of length and spas 

which were reported as the count of spas per parcel. Associated impervious area was calculated 

from the 119 extra features and contributing appendages.  

 

UF obtained business data for Sanford from ReferenceUSA, a subsidiary of Infogroup, a leading 

provider of business and consumer research. ReferenceUSA was founded in 1992 and makes 

business data available free for research purposes. A total of 3,952 business records for Sanford 

were downloaded, 25 at a time, from referenceusa.com. This business data includes but is not 

limited to: business name, address, phone number, primary standard industrial classification 

(SIC), primary North American Industry Classification System (NAICS),  number of employees, 

annual sales, and latitude / longitude. The accuracy of the latitude/longitude coordinates provided 

was found to be unacceptable. To improve on this accuracy, a multi-step geo-coding process was 

undertaken. The FDOR parcel shapefile for Seminole county with parcel-level addresses was 

first used as an address locator with the result of geo-coding 1,841 businesses (47% of all 

businesses). Next, geo-coding was carried out using the Google and Yahoo geo-coding 

application programming interface. A random sample of 30 businesses in Sanford was then used 

to evaluate the accuracy of the ReferenceUSA, Google, and Yahoo geo-coders. From this 

sample, UF determined that if any two geo-coders agreed on the same parcel, then that business 

was accurately geo-coded. Using this logic, an additional 1,352 businesses (34% of all 

businesses) were geo-coded to parcels. Of the 759 businesses (19% of all businesses) that were 

not geo-coded, 420 provided no address with which to geo-code. A total of 3,193 businesses 

were thus geo-coded to parcels and aggregated to the parcel level for inclusion in the UF parcel 

database. Total employment and sales of all businesses on a single parcel were simply summed. 

The SIC and NAICS classification of the business with the largest employment on a given parcel 

was taken to be the classification of that parcel.   

 

The billing data include information on when the water meters were changed to the new AMR 

meters.  This information will be used to investigate the individual and overall effects of the new 

meters on water use. 

 

After combining all of these datasets together, the final Sanford flat file contains 15,102 parcels, 

40 FDOR parcel and U.S. Census attributes, 29 Seminole County attributes, 9 Reference USA 

business data attributes, 176 attributes relating to meter attributes including customer change 

dates, meter change dates, rate structures, and meter sizes, and 64 months of customer water 

usage from 19,297 meter locations from 10/2005 through 5/2011 for each of the four services 

(i.e. potable, irrigation, reclaimed, or cooling tower adjust). Data from roughly 1,000 meters was 

not carried through to the final dataset as a result of the QA/QC process. A representation of the 

final flat file containing 510 columns for 15,102 parcels is shown in Figure 3-2. This flat file has 

expand with the addition of calculated fields such as irrigable area, fixture inventory, and fixture 

efficiency attributes.  
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*Seminole County Property Appraiser 

Figure 3-2. Representation of final Sanford parcel-level flat file 

Analysis of Annual and Monthly Trends In Water Production Data, Rectified 
Customer Billing Data, And Water Loss 
Once the initial data collection and QA/QC efforts were completed, annual and monthly trends in 

water production and water consumption (i.e. customer billing data) could be analyzed. 

Additionally, an initial analysis of water losses was done using the modified M36 audit approach 

based on inputs obtained as part of the initial data collection effort. The 18 inputs necessary to 

complete the AWWA water audit free software are shown in Table 3-2. A schematic diagram of 

the water audit methodology, applied to a hypothetical sample utility, is shown in Figure 3-1. 

Similar data is needed to complete the detailed M36 audit.   

 

Based on the parcel level customer database and MOR treated water treatment plant flows, the 

following water audit inputs were analyzed: 

 1. Water Supplied-Volume from own sources 

 5. Consumption Authorized- Billed metered 

 11. Systematic data handling errors 

 

The following analysis evaluates water loss if only the above three inputs are known. In addition, 

monthly and annual trends are analyzed. Since the two primary inputs, water supplied and billed 

metered consumption, were available, this analysis provides a good representation of water loss 
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trends in Sanford. For this analysis, total losses were not broken into apparent and real losses as 

meter replacement data was not available at the time of the initial analysis. Efforts to obtain and 

analyze other relevant water audit inputs and refine water loss estimates in Sanford are presented 

in subsequent sections. The end of this Chapter concludes with a presentation of the final water 

audit incorporating all obtained as well as an analysis of the audit’s validity. 

 

Initial water loss evaluation using available water production and rectified 
billing data 

Monthly system water loss for Sanford from 10/2005 through 5/2011 was initially analyzed by 

comparing billed authorized metered consumption with water supplied from own sources 

according to Equation 3-1. Equation 3-1 does not account for treatment or transmission losses 

from raw water source to treatment plant. 

 

WL (%) = (VOS – BACM)/VOS         (3-1) 

  

Where: 

WL = System water loss 

VOS = Volume of water supplied from own sources 

BACM = Billed authorized metered consumption 

 

Monthly Operational Report (MOR) data obtained from FDEP was used to determine monthly 

VOS. MOR data consists of measured daily readings from post treatment master meters. FDEP 

provides aggregated monthly flows. Sanford has two treatment plants with a design capacity of 

4,688,000 gal/day. The combined average monthly treated flow from the two plants was shown 

previously in Figure 2-3.The combined average monthly treated flow from the two plants was 

used to determine monthly VOS for Sanford. Water usage was stable from 2006-2009. However, 

usage has declined steadily from 2009-2012.Usage increases slightly in the summer months, 

although seasonal usage appears to be less significant in recent years. 

 

Rectified customer billing data from the Sanford database generated by UF was used to 

determine monthly billed authorized metered consumption. The City of Sanford and Jones 

Edmunds, Inc. provided UF with over five years of monthly Sanford customer billing data for 

20,483 meter locations with billing data from 9/2005 to 6/2011. The billing data was rectified to 

determine actual monthly usage by adjusting for lag time between the start of a month and the 

meter read date. This procedure provides actual monthly water usage from 10/2005 to 5/2011. 

The actual usage during the first and last months cannot be determined since billing data from 

8/2005 and 7/2011 is not available.  

 

Non-potable metered uses needed to be filtered from the billing database prior to determining 

water loss since only potable sources from the urban system are considered in this analysis. 

Consumption from each meter in Sanford is classified into one of four primary service codes: 

 WA: metered regular potable  

 IR: metered  potable irrigation 

 RC: reclaimed water 

 CT: cooling tower 
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Table 3-4 provides a summary of monthly rectified consumption for each service code, as well as 

monthly potable and non-potable metered consumption. Service codes WA and IR represent 

potable metered uses. Service codes RC and CT represent non-potable metered consumption.  

Table 3-5 shows the distribution of meter locations by service. 64 meter locations had meters 

with multiple service codes. 

 

 

Table 3-4. Monthly rectified consumption (kgal/mo) by service type for 20,483 Sanford meter 

locations  

 
WA 

(Regular 
potable) 

IR 
(Irrigation 

meter) 
RC 

(Reclaimed) 

CT 
(Cooling 
tower) 

Total potable 
(WA+IR) 

Total non 
potable (RC + 

CT) 
Total 

metered Month 

Oct-05 171,323 7,544 61,736 1,512 178,867 63,248 242,114 

Nov-05 164,831 7,141 75,596 396 171,972 75,992 247,964 
Dec-05 169,399 6,962 86,852 1,169 176,361 88,021 264,381 
Jan-06 171,187 7,859 79,130 887 179,046 80,017 259,063 
Feb-06 160,219 7,538 82,785 889 167,757 83,674 251,431 
Mar-06 193,505 10,561 135,204 1,083 204,066 136,287 340,353 
Apr-06 197,434 11,239 141,605 486 208,672 142,091 350,763 
May-06 204,421 12,159 147,584 1,100 216,580 148,683 365,263 
Jun-06 188,489 10,343 138,050 1,184 198,832 139,234 338,066 
Jul-06 191,430 10,544 146,107 1,112 201,973 147,219 349,192 

Aug-06 197,536 11,344 165,483 1,345 208,880 166,829 375,708 
Sep-06 185,444 11,248 128,012 520 196,692 128,532 325,223 

Oct-06 194,376 11,429 136,697 770 205,804 137,467 343,271 
Nov-06 175,767 11,117 150,720 963 186,884 151,683 338,567 
Dec-06 183,510 10,384 95,591 552 193,894 96,143 290,037 
Jan-07 198,044 8,877 79,813 449 206,921 80,263 287,184 
Feb-07 159,505 8,639 76,358 464 168,144 76,823 244,967 
Mar-07 183,960 10,523 115,518 595 194,482 116,113 310,596 

Apr-07 185,738 10,701 121,985 804 196,439 122,789 319,228 
May-07 197,032 12,344 142,793 821 209,376 143,614 352,990 
Jun-07 183,504 12,032 133,476 185 195,536 133,661 329,197 
Jul-07 187,067 12,178 108,883 656 199,245 109,538 308,783 

Aug-07 191,334 16,281 111,431 1,198 207,615 112,629 320,244 
Sep-07 177,372 10,607 104,595 925 187,978 105,520 293,498 

Oct-07 178,972 10,685 96,893 986 189,656 97,879 287,536 
Nov-07 173,084 10,235 96,012 700 183,319 96,712 280,032 
Dec-07 171,844 10,015 93,814 3,476 181,860 97,290 279,150 
Jan-08 167,045 8,393 83,609 5,718 175,437 89,327 264,764 
Feb-08 156,491 7,682 76,055 279 164,173 76,334 240,507 
Mar-08 171,119 8,439 82,133 773 179,558 82,906 262,464 
Apr-08 180,314 9,140 109,270 1,194 189,454 110,464 299,918 
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May-08 197,456 11,941 140,533 733 209,396 141,266 350,662 

Jun-08 179,355 10,624 121,691 1,071 189,979 122,763 312,741 
Jul-08 171,605 8,897 108,027 566 180,502 108,592 289,094 

Aug-08 164,670 7,947 95,928 274 172,617 96,202 268,819 
Sep-08 160,537 7,408 84,841 203 167,946 85,044 252,990 
Oct-08 173,175 8,295 119,928 196 181,471 120,124 301,595 
Nov-08 156,885 7,968 110,787 575 164,853 111,362 276,215 
Dec-08 159,868 7,542 99,656 778 167,410 100,434 267,843 
Jan-09 160,931 7,632 95,653 397 168,563 96,049 264,612 
Feb-09 149,885 7,378 215,270 748 157,262 216,018 373,280 
Mar-09 167,547 8,341 129,072 874 175,889 129,946 305,835 
Apr-09 166,103 8,577 138,957 861 174,680 139,818 314,498 

May-09 173,754 9,681 136,538 297 183,435 136,835 320,270 
Jun-09 153,791 8,186 113,309 1,316 161,977 114,625 276,603 
Jul-09 162,323 7,967 143,796 1,956 170,291 145,752 316,043 

Aug-09 161,073 7,471 112,300 1,592 168,545 113,892 282,437 
Sep-09 157,927 7,400 117,666 1,530 165,327 119,196 284,523 
Oct-09 166,187 7,932 145,543 1,375 174,119 146,918 321,037 
Nov-09 154,777 7,025 112,034 910 161,802 112,944 274,746 
Dec-09 151,425 5,899 78,542 744 157,324 79,285 236,609 
Jan-10 145,918 5,702 836,088 190 151,620 836,278 987,898 
Feb-10 132,457 4,635 1,173,546 357 137,092 1,173,902 1,310,994 
Mar-10 146,081 4,883 1,464,213 733 150,964 1,464,947 1,615,911 
Apr-10 151,069 5,673 1,025,768 968 156,742 1,026,736 1,183,477 

May-10 159,671 6,846 365,927 1,371 166,517 367,298 533,815 
Jun-10 156,488 6,687 314,431 1,707 163,175 316,138 479,313 
Jul-10 165,687 7,435 258,505 1,542 173,122 260,048 433,169 

Aug-10 166,993 7,772 446,734 252 174,765 446,987 621,751 
Sep-10 158,931 6,553 278,076 276 165,484 278,352 443,836 
Oct-10 171,615 7,404 194,466 1,112 179,019 195,578 374,597 
Nov-10 156,157 7,663 120,405 819 163,820 121,224 285,044 

Dec-10 154,736 7,432 99,695 458 162,169 100,153 262,322 
Jan-11 157,685 6,758 84,607 380 164,443 84,987 249,430 
Feb-11 140,787 6,218 74,152 1,196 147,005 75,348 222,352 
Mar-11 161,036 7,919 97,270 1,116 168,955 98,386 267,341 

Apr-11 162,752 8,924 119,461 975 171,676 120,435 292,112 
May-11 181,181 10,773 151,745 991 191,954 152,737 344,691 

Total 11,569,813 597,567 12,928,951 64,629 12,167,380 12,993,580 25,160,960 

Average 168,372 8,724 186,380 954 177,096 187,334 364,430 

% of total 
metered 45.98% 2.37% 51.38% 0.26% 48.36% 51.64% 100% 
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Table 3-5. Distribution of meter locations by service for Sanford 

Service 

Count of 
Meter 

Locations 

WA (Regular potable) 16,924 
IR (Irrigation) 541 

RC (Reclaimed) 3,073 
CT (Cooling tower) 9 

Total 20,547 
Individual meter locations 20,483 

Locations with multiple 
services 64 

 

Tables 3-4 and 3-5 show regular potable and reuse are the primary components of total potable 

and total non-potable billed metered consumption respectively.  Reuse water usage accounts for 

a higher percentage of total water usage than regular potable usage from 10/2005 through 5/2011 

despite over five times the number of regular meter locations to reuse locations. 1/2010 through 

4/2010 show exceptionally high reuse usage which are most likely erroneous. Some error in 

reuse data was anticipated based on discussions with Sanford personnel. Monthly consumption 

for the other three services appears reasonable. Based on this analysis, monthly total potable 

consumption from Table 1 can be used to determine billed authorized metered consumption from 

the potable system (BACM). Table 3-6 and Figure 3-3 show monthly water loss, as calculated 

using Equation 3-1.  

 

 

Table 3-6. Monthly water loss trends for Sanford (kgal/mo) 

Month MOR  

Total potable 
(Regular + 
irrigation) 
(WA+IR) 

Water 
loss  % water loss 

Oct-05 205,044 178,867 26,177 12.77% 
Nov-05 196,779 171,972 24,807 12.61% 
Dec-05 199,519 176,361 23,158 11.61% 
Jan-06 206,631 179,046 27,585 13.35% 
Feb-06 184,086 167,757 16,329 8.87% 
Mar-06 224,829 204,066 20,763 9.23% 
Apr-06 238,948 208,672 30,276 12.67% 

May-06 255,212 216,580 38,632 15.14% 
Jun-06 235,109 198,832 36,277 15.43% 
Jul-06 232,071 201,973 30,098 12.97% 

Aug-06 243,398 208,880 34,518 14.18% 
Sep-06 219,432 196,692 22,740 10.36% 
Oct-06 237,191 205,804 31,387 13.23% 
Nov-06 208,624 186,884 21,740 10.42% 
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Dec-06 209,275 193,894 15,381 7.35% 

Jan-07 207,148 206,921 227 0.11% 
Feb-07 186,887 168,144 18,743 10.03% 
Mar-07 217,970 194,482 23,487 10.78% 
Apr-07 222,637 196,439 26,198 11.77% 
May-07 249,904 209,376 40,528 16.22% 
Jun-07 233,365 195,536 37,829 16.21% 
Jul-07 239,932 199,245 40,687 16.96% 

Aug-07 258,939 207,615 51,324 19.82% 
Sep-07 232,807 187,978 44,829 19.26% 
Oct-07 237,196 189,656 47,540 20.04% 
Nov-07 232,984 183,319 49,665 21.32% 

Dec-07 233,684 181,860 51,824 22.18% 
Jan-08 211,624 175,437 36,187 17.10% 
Feb-08 204,974 164,173 40,801 19.91% 
Mar-08 218,359 179,558 38,801 17.77% 
Apr-08 223,999 189,454 34,545 15.42% 
May-08 256,467 209,396 47,071 18.35% 
Jun-08 231,977 189,979 41,998 18.10% 
Jul-08 225,347 180,502 44,845 19.90% 

Aug-08 211,064 172,617 38,447 18.22% 
Sep-08 212,540 167,946 44,594 20.98% 
Oct-08 221,719 181,471 40,248 18.15% 
Nov-08 201,479 164,853 36,626 18.18% 

Dec-08 208,289 167,410 40,879 19.63% 
Jan-09 224,359 168,563 55,796 24.87% 
Feb-09 208,618 157,262 51,356 24.62% 
Mar-09 235,874 175,889 59,985 25.43% 
Apr-09 228,063 174,680 53,383 23.41% 
May-09 231,476 183,435 48,041 20.75% 
Jun-09 231,750 161,977 69,773 30.11% 

Jul-09 230,066 170,291 59,775 25.98% 
Aug-09 229,154 168,545 60,609 26.45% 
Sep-09 218,327 165,327 53,000 24.28% 
Oct-09 235,298 174,119 61,179 26.00% 

Nov-09 211,351 161,802 49,549 23.44% 
Dec-09 189,934 157,324 32,610 17.17% 
Jan-10 200,478 151,620 48,858 24.37% 
Feb-10 193,291 137,092 56,199 29.07% 
Mar-10 220,560 150,964 69,596 31.55% 
Apr-10 207,829 156,742 51,087 24.58% 
May-10 217,187 166,517 50,670 23.33% 
Jun-10 209,083 163,175 45,908 21.96% 
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Jul-10 228,100 173,122 54,978 24.10% 

Aug-10 221,310 174,765 46,545 21.03% 
Sep-10 210,043 165,484 44,559 21.21% 
Oct-10 217,418 179,019 38,399 17.66% 
Nov-10 194,353 163,820 30,533 15.71% 
Dec-10 187,834 162,169 25,665 13.66% 
Jan-11 183,972 164,443 19,529 10.62% 
Feb-11 169,609 147,005 22,604 13.33% 
Mar-11 197,766 168,955 28,811 14.57% 
Apr-11 194,127 171,676 22,451 11.56% 
May-11 221,497 191,954 29,543 13.34% 

Total 14,826,164 12,167,380 2,658,784 17.93% 

Average 217,864 177,096 40,768 18.71% 

 

 

 
Figure 3-3. Sanford monthly water loss Oct. 2005 through May 2011 

 

Table 3-6 and Figure 3-3 show that percent water loss has been increasing from Oct 2005 

through March 2010 with the exception of a period toward the end of 2006 where losses 

declined. Monthly losses peaked at 31.55% in March 2010 but have been declining in recent 

months. Figure 3-3 shows the significant monthly variation in percent water loss. 

 
Relationship between water supplied and percent water loss 

This section analyzes the effect of percent water loss on total treated flow. A weak relationship 

between MOR treated water supplied and percent water loss is shown in Figure 3-4. The 

relationship between MOR treated water supplied and billed consumption is shown in Figure 3-

5. A linear fit forced through the origin shows a slope of 0.8195 which is very similar to total 

water supplied/total billed consumption from Table 3-7 of 0.8207. A power function was also fit 

to the data in Figure 3-5. This analysis shows that the average % UAW is about 18%. 
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Figure 3-4. Sanford MOR treated water supplied vs. percent water loss 

 

 
Figure 3-5. Sanford MOR treated water supplied vs. billed metered consumption 

 

3.1.3 Comparison of Water Loss Using Rectified vs. Unrectified Billing Data 

A comparison of water loss using rectified vs. unrectified billing data, shown in Table 3-7 and 

Figure 3-6, was done to show the value added from billing data rectification. Figure 3-6 shows a 

smoothing effect of water loss as a result of rectifying the billing data.  Rectification provides a 

more stable estimate of monthly billing and therefore water loss since meter read date and time 
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between meter reads have been adjusted. The difference between rectified and unrectified billing 

data can be interpreted as systematic data handling error in the water audit.  

 

Table 3-7. Comparison of water loss using rectified vs. unrectified billing data for Sanford 

(kgal/mo) 

Month MOR  
Unrectified 

total potable  
Rectified 

total potable  

% 
unrectified 
water loss 

% 
rectified 
water 
loss 

Absolute percent 
difference 

(systematic data 
handling error) 

Oct-05 205,044 80,143 178,867 60.91% 12.77% 130.69% 
Nov-05 196,779 181,809 171,972 7.61% 12.61% 49.46% 
Dec-05 199,519 166,662 176,361 16.47% 11.61% 34.63% 
Jan-06 206,631 177,762 179,046 13.97% 13.35% 4.55% 

Feb-06 184,086 180,295 167,757 2.06% 8.87% 124.63% 
Mar-06 224,829 176,122 204,066 21.66% 9.23% 80.45% 
Apr-06 238,948 204,111 208,672 14.58% 12.67% 14.01% 
May-06 255,212 214,151 216,580 16.09% 15.14% 6.10% 
Jun-06 235,109 207,637 198,832 11.68% 15.43% 27.62% 
Jul-06 232,071 207,345 201,973 10.65% 12.97% 19.60% 

Aug-06 243,398 191,576 208,880 21.29% 14.18% 40.08% 
Sep-06 219,432 199,833 196,692 8.93% 10.36% 14.84% 
Oct-06 237,191 204,758 205,804 13.67% 13.23% 3.28% 
Nov-06 208,624 201,323 186,884 3.50% 10.42% 99.44% 
Dec-06 209,275 182,072 193,894 13.00% 7.35% 55.53% 

Jan-07 207,148 186,930 206,921 9.76% 0.11% 195.56% 
Feb-07 186,887 214,518 168,144 -14.78% 10.03% 

 Mar-07 217,970 173,940 194,482 20.20% 10.78% 60.85% 
Apr-07 222,637 205,289 196,439 7.79% 11.77% 40.65% 
May-07 249,904 191,592 209,376 23.33% 16.22% 35.99% 
Jun-07 233,365 193,266 195,536 17.18% 16.21% 5.83% 
Jul-07 239,932 205,152 199,245 14.50% 16.96% 15.65% 

Aug-07 258,939 193,328 207,615 25.34% 19.82% 24.44% 
Sep-07 232,807 203,725 187,978 12.49% 19.26% 42.61% 
Oct-07 237,196 186,056 189,656 21.56% 20.04% 7.30% 
Nov-07 232,984 174,445 183,319 25.13% 21.32% 16.40% 
Dec-07 233,684 185,714 181,860 20.53% 22.18% 7.72% 

Jan-08 211,624 181,494 175,437 14.24% 17.10% 18.26% 
Feb-08 204,974 164,780 164,173 19.61% 19.91% 1.50% 
Mar-08 218,359 164,475 179,558 24.68% 17.77% 32.55% 
Apr-08 223,999 173,040 189,454 22.75% 15.42% 38.39% 
May-08 256,467 182,585 209,396 28.81% 18.35% 44.33% 
Jun-08 231,977 208,961 189,979 9.92% 18.10% 58.39% 
Jul-08 225,347 195,113 180,502 13.42% 19.90% 38.92% 
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Aug-08 211,064 176,838 172,617 16.22% 18.22% 11.62% 

Sep-08 212,540 160,239 167,946 24.61% 20.98% 15.91% 
Oct-08 221,719 170,445 181,471 23.13% 18.15% 24.09% 
Nov-08 201,479 176,906 164,853 12.20% 18.18% 39.39% 
Dec-08 208,289 170,408 167,410 18.19% 19.63% 7.61% 
Jan-09 224,359 165,630 168,563 26.18% 24.87% 5.12% 
Feb-09 208,618 161,258 157,262 22.70% 24.62% 8.10% 
Mar-09 235,874 155,140 175,889 34.23% 25.43% 29.49% 
Apr-09 228,063 170,230 174,680 25.36% 23.41% 8.00% 
May-09 231,476 175,430 183,435 24.21% 20.75% 15.38% 
Jun-09 231,750 180,182 161,977 22.25% 30.11% 30.01% 
Jul-09 230,066 157,382 170,291 31.59% 25.98% 19.49% 

Aug-09 229,154 159,499 168,545 30.40% 26.45% 13.89% 
Sep-09 218,327 173,550 165,327 20.51% 24.28% 16.82% 
Oct-09 235,298 163,622 174,119 30.46% 26.00% 15.80% 
Nov-09 211,351 165,865 161,802 21.52% 23.44% 8.55% 
Dec-09 189,934 163,335 157,324 14.00% 17.17% 20.30% 
Jan-10 200,478 149,021 151,620 25.67% 24.37% 5.18% 
Feb-10 193,291 147,610 137,092 23.63% 29.07% 20.65% 
Mar-10 220,560 150,283 150,964 31.86% 31.55% 0.97% 
Apr-10 207,829 143,162 156,742 31.12% 24.58% 23.46% 
May-10 217,187 157,128 166,517 27.65% 23.33% 16.96% 
Jun-10 209,083 159,888 163,175 23.53% 21.96% 6.91% 
Jul-10 228,100 150,464 173,122 34.04% 24.10% 34.17% 

Aug-10 221,310 174,299 174,765 21.24% 21.03% 1.00% 
Sep-10 210,043 151,492 165,484 27.88% 21.21% 27.14% 
Oct-10 217,418 160,474 179,019 26.19% 17.66% 38.90% 
Nov-10 194,353 146,575 163,820 24.58% 15.71% 44.04% 
Dec-10 187,834 167,477 162,169 10.84% 13.66% 23.07% 
Jan-11 183,972 167,978 164,443 8.69% 10.62% 19.90% 
Feb-11 169,609 170,102 147,005 -0.29% 13.33% 

 Mar-11 197,766 143,428 168,955 27.48% 14.57% 61.40% 
Apr-11 194,127 160,793 171,676 17.17% 11.56% 39.02% 
May-11 221,497 175,180 191,954 20.91% 13.34% 44.22% 

Total 14,826,164 11,881,314 12,167,380 19.86% 17.93% 10.21% 

Average 218,032 174,725 178,932 
St. Dev. 18,671 22,045 17,617 

Coefficient of 
Variation 

(COV) 
0.086 0.126 0.098 
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Figure 3-6. Comparison of water loss using rectified vs. unrectified billing data for Sanford 

(kgal/mo) 

 

Annual water loss estimate 
The preceding analysis evaluated monthly water loss for Sanford. Annual average water loss was 

calculated to observe annual trends. Annual losses for 2006-2010 were determined as shown in 

Table 3-8, where the entire year’s customer billing and MOR supply flows were known. Table 3-

8 shows significantly smaller differences between annual rectified and unrectified water loss as 

compared with monthly differences shown in Table 3-7. Based on this analysis, it is reasonable 

to use unrectified billing data to estimate annual water loss. However, billing data should be 

rectified when evaluating monthly losses since fluctuations caused by varying meter reading 

schedules have a significant impact on monthly percent water loss. The difference between 

rectified and unrectified billing data can be interpreted as systematic data handling error in the 

water audit. 

 

Table 3-8. Annual water loss for Sanford from 2006-2010 (kgal/yr) 

  
Unrectified 

total 
potable  

Rectified 
total 

potable  

% 
unrectified 
water loss 

% rectified 
water loss 

Absolute 
percent 

difference Year MOR 

2006 2,694,806 2,346,985 2,369,080 12.91% 12.09% 6.56% 
2007 2,753,452 2,313,955 2,320,573 15.96% 15.72% 1.52% 
2008 2,627,838 2,125,284 2,142,794 19.12% 18.46% 3.55% 
2009 2,674,270 1,991,123 2,019,213 25.55% 24.49% 4.20% 
2010 2,507,486 1,857,873 1,944,487 25.91% 22.45% 14.29% 
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Comparison of rectified billing data to flat file total billing 
The preceding analysis used rectified billing from all 20,483 meter locations which belonged to 

the four primary services to determine billed metered consumption. A parcel level flat file, 

combining rectified billing data with FDOR and Seminole County Parcel data, GIS meter 

location data, and Sanford business data, was created to analyze consumption patterns in more 

detail. Through the data joining and QA/QC process, 19,297 or 94% of meter locations were 

carried through to the final flat file. Thus, the flat file does not represent the entire utility and 

would add error to system wide water loss analysis. The comparison of rectified billing data to 

flat file total billing is shown in Table 3-9 and Figure 3-7. This error could be considered 

systematic data handling error in a water audit. Note that the average error is 13.90% despite 

missing only 6% of meter locations. 

 

Table 3-9. Comparison of rectified billing data to flat file total billing (kgal/mo) 

 
Total 

potable 
(rectified) 

Total potable 
(from flat file) Difference 

% systematic 
handling error Month 

Jan-06 179,046 153,490 25,556 14.27% 
Feb-06 167,757 141,526 26,231 15.64% 
Mar-06 204,066 170,089 33,977 16.65% 
Apr-06 208,672 175,433 33,239 15.93% 
May-06 216,580 179,606 36,974 17.07% 
Jun-06 198,832 165,936 32,896 16.54% 
Jul-06 201,973 168,799 33,174 16.43% 

Aug-06 208,880 174,080 34,800 16.66% 
Sep-06 196,692 166,520 30,171 15.34% 

Oct-06 205,804 172,294 33,510 16.28% 
Nov-06 186,884 160,731 26,153 13.99% 
Dec-06 193,894 162,470 31,424 16.21% 
Jan-07 206,921 165,729 41,191 19.91% 
Feb-07 168,144 142,405 25,739 15.31% 
Mar-07 194,482 165,167 29,316 15.07% 
Apr-07 196,439 165,361 31,078 15.82% 
May-07 209,376 175,723 33,653 16.07% 
Jun-07 195,536 165,815 29,721 15.20% 
Jul-07 199,245 170,513 28,732 14.42% 

Aug-07 207,615 178,662 28,953 13.95% 

Sep-07 187,978 161,122 26,856 14.29% 
Oct-07 189,656 163,254 26,403 13.92% 
Nov-07 183,319 158,320 24,999 13.64% 
Dec-07 181,860 156,429 25,431 13.98% 
Jan-08 175,437 152,531 22,906 13.06% 
Feb-08 164,173 142,209 21,964 13.38% 
Mar-08 179,558 154,806 24,752 13.79% 
Apr-08 189,454 161,432 28,022 14.79% 
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May-08 209,396 176,262 33,134 15.82% 

Jun-08 189,979 162,581 27,398 14.42% 
Jul-08 180,502 155,472 25,030 13.87% 

Aug-08 172,617 150,755 21,862 12.67% 
Sep-08 167,946 143,436 24,510 14.59% 
Oct-08 181,471 152,047 29,423 16.21% 
Nov-08 164,853 143,239 21,614 13.11% 
Dec-08 167,410 144,738 22,672 13.54% 
Jan-09 168,563 146,844 21,719 12.88% 
Feb-09 157,262 137,529 19,733 12.55% 
Mar-09 175,889 151,995 23,894 13.58% 
Apr-09 174,680 151,073 23,607 13.51% 

May-09 183,435 157,821 25,614 13.96% 
Jun-09 161,977 142,596 19,381 11.97% 
Jul-09 170,291 149,627 20,664 12.13% 

Aug-09 168,545 148,417 20,128 11.94% 
Sep-09 165,327 146,909 18,418 11.14% 
Oct-09 174,119 152,556 21,563 12.38% 
Nov-09 161,802 139,051 22,751 14.06% 
Dec-09 157,324 138,510 18,814 11.96% 
Jan-10 151,620 135,424 16,197 10.68% 
Feb-10 137,092 123,318 13,774 10.05% 
Mar-10 150,964 135,651 15,312 10.14% 
Apr-10 156,742 140,468 16,273 10.38% 

May-10 166,517 148,987 17,530 10.53% 
Jun-10 163,175 146,814 16,361 10.03% 
Jul-10 173,122 155,827 17,295 9.99% 

Aug-10 174,765 156,497 18,268 10.45% 
Sep-10 165,484 147,541 17,943 10.84% 

Oct-10 179,019 160,669 18,350 10.25% 
Nov-10 163,820 142,670 21,150 12.91% 
Dec-10 162,169 139,661 22,508 13.88% 

average 179,936 154,924 25,012 13.90% 
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Figure 3-7. Comparison of rectified billing data to flat file total billing  

 

Summary of initial water loss analysis 
The initial water loss evaluation of Sanford revealed significant seasonal and annual variation of 

losses. The rectified billing data provided much more stable estimates of monthly losses 

compared to using unrectified billing data. This was shown to be important when evaluating 

losses on a monthly time step. The error associated with using unrectified data can be viewed as 

systematic data handling error. Assuming minimal error in recording of raw billing data, 

systematic data handling error can be assumed negligible if rectified billing data is used in the 

audit. However, this term must be added into the analysis if the parcel level flat file is used since 

some records were filtered out during QA/QC.  

 

Water loss was simply calculated by comparing treated supply with billed metered consumption. 

Systematic data handling error can be added, depending on which billed consumption dataset is 

being utilized. Next steps included collecting and analyzing data relevant to remaining inputs. 

Refined Water Audit 
This section describes efforts to obtain data for and analyze all remaining inputs to the modified 

monthly M36 audit procedure utilized to determine system losses in Sanford. This section 

concludes with the final monthly audit over the range of available data from Oct 2005 to May 

2011. Additionally, the validity of source data and assumptions utilized to determine all inputs in 

the audit are described. 

 

Water supplied 
The water supplied section of the water audit includes the following terms: 
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 Volume from own sources 

 Master (Source) meter error adjustment 

 Imported water 

 Exported water 

 

As explained in the initial water loss analysis section, the volume from own sources is known 

with high validity from Monthly Operation Reports (MOR) for Sanford’s two water treatment 

plant master meters which measure water supplied to the distribution system. A detailed analysis 

of MOR data is presented in the initial water loss section. 

 

Other water supplied input data required to complete the M36 audit procedure include master 

meter error adjustment, and imported and exported water. Master meter error adjustment 

accounts for meter reading errors associated with any master meter recording flow into the 

distribution system. This includes meters at both of Sanford’s treatment plants as well as any 

meters tracking imported and/or exported water to neighboring municipalities.  

 

The city of Sanford reported 101.2% accuracy for the main WTP and 99.7% accuracy for the 

auxiliary WTP as shown in Table 3-10. Water supplied from own sources were then updated as a 

weighted total of each plant’s recorded flow adjusted for accuracy to correct for master meter 

inaccuracy. 

 

 

 

Table 3-10. Master meter accuracies at Sanford’s two water treatment plants 

Master meter  
Percent 

accuracy 

Main treatment plant 101.2% 

Auxiliary 99.7% 

 

Based on discussions with Sanford,they donot import water from external sources. However, the 

city does export water to bulk users including Midway and Chase Groves. Based on several 

discussions with Sanford, it is our understanding that all exported water is included within the 

customer billing database and is not therefore an additional volume of water usage which must 

be dealt with separately.  

 

Given all required inputs, the final breakdown of water supplied, is shown in Table 3-11. Since 

the master meters were highly accurate and Sanford has no additional imported or exported 

water, the final water supplied deviates only slightly from the original MOR water supply data. 

 

Table 3-11. Summary of water supplied data for M36 water audit (mil. gal./mo.)  

Month 

Volume from 
main 

treatment 
plant 

Volume 
from 

auxiliary 
treatment 

plant 

Volume 
from own 
sources 

(raw data) 

Volume 
from own 
sources 

(adjusted 
for meter 

error) 
Imported 

water 
Exported 

water 

Total volume 
of water 
supplied 

(adjusted for 
meter error) 

Oct-05 179.28 25.76 205.04 203.00 0 0 203.00 

Nov-05 177.54 19.24 196.78 194.73 0 0 194.73 
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Dec-05 162.46 37.06 199.52 197.70 0 0 197.70 

Jan-06 162.22 44.41 206.63 204.84 0 0 204.84 

Feb-06 146.64 37.44 184.09 182.46 0 0 182.46 

Mar-06 186.13 38.70 224.83 222.74 0 0 222.74 

Apr-06 198.51 40.44 238.95 236.72 0 0 236.72 

May-06 205.57 49.64 255.21 252.92 0 0 252.92 

Jun-06 194.58 40.53 235.11 232.92 0 0 232.92 

Jul-06 191.45 40.62 232.07 229.92 0 0 229.92 

Aug-06 200.42 42.97 243.40 241.15 0 0 241.15 

Sep-06 188.36 31.08 219.43 217.29 0 0 217.29 

Oct-06 202.46 34.73 237.19 234.89 0 0 234.89 

Nov-06 190.10 18.52 208.62 206.43 0 0 206.43 

Dec-06 168.82 40.45 209.28 207.39 0 0 207.39 

Jan-07 163.32 43.83 207.15 205.34 0 0 205.34 

Feb-07 147.16 39.72 186.89 185.26 0 0 185.26 

Mar-07 170.44 47.53 217.97 216.09 0 0 216.09 

Apr-07 164.22 58.42 222.64 220.87 0 0 220.87 

May-07 179.21 70.69 249.90 247.99 0 0 247.99 

Jun-07 168.14 65.22 233.37 231.57 0 0 231.57 

Jul-07 178.91 61.02 239.93 237.99 0 0 237.99 

Aug-07 220.97 37.97 258.94 256.43 0 0 256.43 

Sep-07 206.39 26.41 232.81 230.44 0 0 230.44 

Oct-07 186.71 50.49 237.20 235.13 0 0 235.13 

Nov-07 174.79 58.20 232.98 231.09 0 0 231.09 

Dec-07 0.00 0.00 233.68 230.91 0 0 230.91 

Jan-08 171.79 39.83 211.62 209.71 0 0 209.71 

Feb-08 182.67 22.30 204.97 202.87 0 0 202.87 

Mar-08 186.57 31.79 218.36 216.24 0 0 216.24 

Apr-08 178.41 45.59 224.00 222.02 0 0 222.02 

May-08 193.74 62.72 256.47 254.36 0 0 254.36 

Jun-08 172.81 59.17 231.98 230.11 0 0 230.11 

Jul-08 198.04 27.30 225.35 223.08 0 0 223.08 

Aug-08 199.51 11.55 211.06 208.73 0 0 208.73 

Sep-08 144.39 68.15 212.54 211.03 0 0 211.03 

Oct-08 157.11 64.61 221.72 220.05 0 0 220.05 

Nov-08 201.48 0.00 201.48 199.09 0 0 199.09 

Dec-08 208.29 0.00 208.29 205.82 0 0 205.82 

Jan-09 148.83 75.52 224.36 222.82 0 0 222.82 

Feb-09 133.11 75.50 208.62 207.27 0 0 207.27 

Mar-09 160.99 74.88 235.87 234.19 0 0 234.19 

Apr-09 187.82 40.25 228.06 225.96 0 0 225.96 

May-09 192.86 38.61 231.48 229.31 0 0 229.31 

Jun-09 193.97 37.78 231.75 229.56 0 0 229.56 

Jul-09 191.05 39.02 230.07 227.92 0 0 227.92 

Aug-09 184.47 44.68 229.15 227.10 0 0 227.10 

Sep-09 174.16 44.16 218.33 216.39 0 0 216.39 

Oct-09 184.11 51.19 235.30 233.27 0 0 233.27 

Nov-09 162.49 48.86 211.35 209.57 0 0 209.57 

Dec-09 143.19 46.74 189.93 188.38 0 0 188.38 

Jan-10 152.85 47.63 200.48 198.81 0 0 198.81 
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Feb-10 144.41 48.88 193.29 191.73 0 0 191.73 

Mar-10 169.55 51.00 220.56 218.70 0 0 218.70 

Apr-10 158.06 49.77 207.83 206.10 0 0 206.10 

May-10 173.34 43.85 217.19 215.26 0 0 215.26 

Jun-10 167.68 41.40 209.08 207.22 0 0 207.22 

Jul-10 184.11 43.99 228.10 226.05 0 0 226.05 

Aug-10 169.83 51.48 221.31 219.45 0 0 219.45 

Sep-10 166.45 43.60 210.04 208.20 0 0 208.20 

Oct-10 172.38 45.03 217.42 215.51 0 0 215.51 

Nov-10 159.16 35.19 194.35 192.57 0 0 192.57 

Dec-10 149.89 37.95 187.83 186.17 0 0 186.17 

Jan-11 143.34 40.63 183.97 182.39 0 0 182.39 

Feb-11 134.88 34.72 169.61 168.11 0 0 168.11 

Mar-11 176.92 20.84 197.77 195.73 0 0 195.73 

Apr-11 174.39 19.74 194.13 192.12 0 0 192.12 

May-11 197.25 24.24 221.50 219.23 0 0 219.23 

average 172.96 41.64 218.03 216.07 0 0 216.07 

 

Authorized consumption 
The authorized consumption section of the water audit includes the following terms: 

 Billed metered consumption 

 Billed unmetered consumption 

 Unbilled metered consumption 

 Unbilled unmetered consumption 

Billed metered consumption requires extensive analysis as it is the primary authorized 

consumption term. Billed unmetered and unbilled metered usage are typically negligible terms 

which can be ignored in the water audit (AWWA 2009). For the purposes of the Sanford audit, 

both terms were deemed negligible and left out of the audit. However, unbilled unmetered usage 

can be significant and needs to be quantified. The following two sections describe detailed 

analysis of billed metered and unbilled unmetered consumption respectively. 

 

Detailed analysis of billed metered consumption 
Rectified customer billing data from the Sanford database generated by UF was used to 

determine monthly billed authorized metered consumption. The City of Sanford and Jones 

Edmunds, Inc. provided UF with over five years of monthly Sanford customer billing data for 

20,483 meter locations with billing data from 9/2005 to 6/2011. A detailed aggregate analysis of 

customer billing data was presented in the initial water audit section.  

To better understand the nature of water demand, total billed consumption was broken down into 

major sectors of demand including: 

 Single family 

 Multi family 

 Commercial 

 Institutional 

 Industrial 

 Other 
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This detailed breakdown is a necessary requirement of several detailed analyses including 

residential and commercial meter accuracy, detailed water use and gpcd estimates, and analysis 

of demand management options. 

 

The billing database contains rectified data from 20,483 meter locations. A parcel level flat file, 

combining rectified billing data with FDOR and Seminole County Parcel data, GIS meter 

location data, and Sanford business data, was created to analyze consumption patterns in more 

detail. Through the data joining and QA/QC process, 19,297 or 94% of meter locations were 

carried through to the final flat file. Thus, the flat file does not represent the entire utility and 

needs to be accounted for by upscaling to analyze total system water losses.  

 

For the meters which were linked to parcels, the sectoral breakdown is directly known from 

Florida Department of Revenue (FDOR) land use codes. This data is also the source for more 

advanced demand analyses, such as that in EZ Guide, which are not the focus of this report. 

However, to obtain a complete breakdown, the “unassigned” water usage (water usage not linked 

to parcel data) must be attributed to respective sectors. In order to do this, water usage by meter 

size was analyzed to compare usage from meters linked to parcels with usage that was 

unassigned to parcels.  

 

Of the 20,483 meter locations, 16,924 represent regular potable water usage. The others 

represent irrigation, cooling tower, or reclaimed water usage. Table 3-12 shows the breakdown 

of the 16,924 meters by meter size. A total of 16,277 of the 16,924 (96%) of potable meters were 

linked to the parcel database. However, a disproportionate percentage of large meters were not 

linked. This is due to single family accounts having a clean one to one correspondence between 

meter location and parcel location, which may not be the case for more complex metering 

arrangements for other sectors. As a result, the few meters which were not linked can account for 

significant water usage, as shown in Tables 3-13 and 3-14. Table 3-12 shows that ¾ inch meters 

accounted for the majority of linked meters whereas the 8 inch meters were much more likely to 

be unlinked. Additionally, the unlinked 8 inch meters used significantly more water on average 

than linked 8 inch meters, as shown in Table 3-14. As a result, the 14% percent of water usage 

not linked to parcels, shown in Table 3-9 represents only 4% of total meters. Also, this analysis 

focused only on regular potable meters and did not include irrigation, cooling tower, or 

reclaimed users. 

 

Table 3-12. Distribution of regular potable meters by meter size in Sanford 

Meter size 

(inches) 

Meter locations linked 

to parcels 

Meter locations 

not linked Combined 

Percent of 

meters not 

linked 

3/4 15,520 542 16,062 3.37% 

1 269 17 286 5.94% 

2 233 58 291 19.93% 

3 38 3 41 7.32% 

4 17 2 19 10.53% 

11/2 140 17 157 10.83% 

6 16 5 21 23.81% 

8 35 3 38 7.89% 
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10 9 0 9 0.00% 

total 16,277 647 16,924 3.82% 

 

Table 3-13. Percent of total water usage by meter size 

Percent of total water usage by meter size 

meter size (inches) meters linked to parcels meters not linked combined 

3/4 69.49% 23.04% 65.31% 

1 3.42% 0.46% 3.15% 

2 8.37% 11.18% 8.62% 

3 2.26% 0.99% 2.15% 

4 1.34% 5.71% 1.74% 

11/2 2.55% 0.60% 2.38% 

6 2.43% 14.10% 3.48% 

8 5.71% 43.92% 9.15% 

10 4.43% 0.00% 4.03% 

total 100.00% 100.00% 100.00% 

 

 

 

 

 

 

 

Table 3-14. Average water usage per meter by meter size (kgal/month) 

Average kgal/meter/month by meter size 

meter size (inches) meters linked to parcels meters not linked combined 

3/4 7.21 14.13 7.40 

1 22.44 11.29 22.08 

2 65.58 40.54 61.24 

3 95.52 90.71 95.28 

4 169.85 764.30 232.42 

11/2 33.06 8.95 30.68 

6 307.59 397.94 331.36 

8 322.57 1,992.14 461.70 

10 1,014.11  1,014.11 

total 11.03 32.55 11.79 

 

The next step is to analyze the breakdown of meter size by sector. The results are shown in Table 

3-15. Only meters which were linked to parcels have a known sector of associated water usage.  
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Table 3-15. Sectoral breakdown of meter sizes in Sanford for meters that are linked to parcels 

  
 

In order to assign water usage of unlinked meters to respective sectors, it was assumed that the 

relative distribution of meter sizes from the matched meters is the same for the unmatched. Using 

the percentages from Table 3-15, the unlinked meters shown in Table 3-12 were distributed 

among the sectors. The results are shown in Table 3-16. Multiplying the assignment in Table 3-

16 by the average kgal/meter/mo of unassigned meters shown in Table 3-14 was used to 

determine the final breakdown of water usage of unassigned meters shown in Table 3-17. 

 

Table 3-16. Assignment of unlinked meters to water usage sectors 

 
 

 

 

 

Table 3-17. Estimated total water usage (kgal/month) of unlinked meters by sector 

 
Since relatively more large meters were in the unmatched category as opposed to small meters, 

and large meters are more prevalent in CII vs. residential, the majority of unmatched usage was 

therefore assigned to CII, which matches intuition. Therefore, less SFR and MFR water usage 

was estimated to be contained within the unlinked subset.  

 

Utilizing the results in Table 3-17 combined with the parcel level customer billing database, the 

final sectoral breakdown of billed metered water usage is shown in Table 3-18. “Other” usage 

includes vacant and non-applicable land uses. These uses are minor and were not considered in 

the assignment analysis of unlinked meters described above. A graphical breakdown of water 

usage by sector is shown in Figure 3-8. Tabular and graphical breakdowns of water use by sector 

in units of million gallons per day (mgd) are shown in Table 3-19 and Figure 3-9 respectively. 

Sector 3/4 1 2 3 4 11/2 6 8 10 Grand Total

Commercial 3% 36% 36% 29% 18% 51% 22% 24% 25% 5%

Industrial 1% 18% 25% 11% 9% 14% 11% 17% 13% 2%

Institutional 1% 12% 20% 46% 64% 20% 33% 21% 13% 2%

Multi-family Residential 3% 4% 12% 14% 9% 4% 33% 17% 50% 3%

Single Family Residential 90% 27% 2% 0% 0% 7% 0% 7% 0% 87%

Grand Total 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%

meter size (inches)

Sector 3/4 1 2 3 4 11/2 6 8 10 Grand Total

Commercial 18 6 21 1 0 9 1 1 0 30

Industrial 7 3 15 0 0 2 1 1 0 13

Institutional 5 2 12 1 1 3 2 1 0 11

Multi-family Residential 14 1 7 0 0 1 2 1 0 18

Single Family Residential 489 5 1 0 0 1 0 0 0 563

Grand Total 542 17 58 3 2 17 5 3 0 647

meter size (inches)

Sector 3/4 1 2 3 4 11/2 6 8 10 Grand Total

Commercial 250 70 851 78 278 77 442 1,443 0 3,489 18% 14%

Industrial 101 35 595 29 139 22 221 1,030 0 2,173 11% 6%

Institutional 69 23 473 126 973 31 663 1,237 0 3,595 19% 12%

Multi-family Residential 197 8 284 39 139 6 663 1,030 0 2,367 12% 18%

Single Family Residential 6,906 53 54 0 0 10 0 412 0 7,435 39% 50%

Grand Total 7,522 189 2,257 272 1,529 147 1,990 5,152 0 19,058 100% 100%

Percent of total usage 

from unlinked meters

Percent of total usage 

from linked meters

meter size (inches)
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Single family usage represents approximately half of total demand in Sanford. CII usage is 

significant in Sanford, representing 35% of total demand. 

 

Table 3-18. Breakdown of total billed metered usage by sector (mil. gal. /month).  

Month 
Single 
family 

Multi family Commercial Institutional Industrial Other 

Total 
billed 

metered 
usage 

Oct-05 81.00 31.65 29.02 23.78 12.15 1.27 178.87 

Nov-05 78.96 29.48 27.74 23.11 11.51 1.17 171.97 

Dec-05 80.05 31.21 29.93 21.81 12.17 1.19 176.36 

Jan-06 81.85 29.71 29.90 23.60 12.62 1.38 179.05 

Feb-06 77.01 27.76 27.63 21.94 12.18 1.23 167.76 

Mar-06 97.05 32.40 32.50 26.22 14.48 1.42 204.07 

Apr-06 100.81 31.68 31.71 27.17 15.73 1.57 208.67 

May-06 105.94 33.00 33.20 27.52 15.36 1.55 216.58 

Jun-06 95.23 31.42 30.68 24.82 14.70 1.98 198.83 

Jul-06 96.36 31.90 32.04 25.12 14.82 1.74 201.97 

Aug-06 98.16 31.92 32.29 28.91 15.88 1.72 208.88 

Sep-06 92.42 30.16 30.58 27.11 14.56 1.85 196.69 

Oct-06 96.84 31.72 32.78 27.88 14.81 1.78 205.80 

Nov-06 86.75 29.80 29.48 25.88 13.19 1.78 186.88 

Dec-06 88.94 32.01 31.80 25.91 13.52 1.72 193.89 

Jan-07 93.62 32.92 36.14 27.84 14.59 1.81 206.92 

Feb-07 78.63 27.56 26.93 21.57 11.62 1.83 168.14 

Mar-07 93.82 30.88 30.51 24.30 13.04 1.92 194.48 

Apr-07 97.92 30.09 29.15 24.11 12.92 2.25 196.44 

May-07 105.75 31.98 30.24 25.61 13.73 2.05 209.38 

Jun-07 96.38 31.90 28.38 23.30 13.69 1.90 195.54 

Jul-07 95.70 33.47 28.82 25.58 13.60 2.07 199.25 

Aug-07 100.96 33.31 29.89 26.99 14.18 2.27 207.62 

Sep-07 88.41 31.16 27.72 24.59 13.89 2.21 187.98 

Oct-07 87.45 31.62 28.12 25.81 14.20 2.45 189.66 

Nov-07 86.12 30.13 27.27 24.30 13.26 2.25 183.32 

Dec-07 88.17 30.37 26.25 22.23 12.67 2.17 181.86 

Jan-08 83.12 30.02 25.30 22.49 12.47 2.04 175.44 

Feb-08 77.49 28.23 23.49 21.33 11.64 2.00 164.17 

Mar-08 85.77 30.74 25.44 22.84 12.48 2.28 179.56 

Apr-08 94.35 30.57 26.08 23.54 12.67 2.25 189.45 

May-08 105.53 31.04 29.42 26.66 14.28 2.47 209.40 

Jun-08 89.71 32.86 27.59 23.81 13.59 2.42 189.98 

Jul-08 85.08 29.84 26.85 23.14 13.11 2.47 180.50 



51 

 

Aug-08 82.20 29.28 25.37 21.86 11.43 2.48 172.62 

Sep-08 77.99 28.53 24.88 22.90 11.19 2.44 167.95 

Oct-08 84.52 31.17 25.90 24.95 11.93 3.01 181.47 

Nov-08 77.31 27.79 24.60 22.85 10.06 2.24 164.85 

Dec-08 80.03 27.95 24.90 22.10 9.62 2.81 167.41 

Jan-09 80.63 29.27 23.62 21.54 9.47 4.04 168.56 

Feb-09 75.61 25.16 23.35 21.23 9.15 2.77 157.26 

Mar-09 85.96 27.42 25.75 23.20 10.47 3.09 175.89 

Apr-09 87.23 27.21 24.50 22.52 10.31 2.91 174.68 

May-09 91.08 29.27 25.98 23.53 10.47 3.11 183.44 

Jun-09 77.84 27.79 22.90 21.63 8.97 2.84 161.98 

Jul-09 81.77 29.27 23.99 22.96 9.42 2.89 170.29 

Aug-09 79.23 28.39 24.41 24.11 9.52 2.89 168.54 

Sep-09 78.78 27.09 24.12 23.42 9.07 2.86 165.33 

Oct-09 83.80 27.71 25.25 24.86 9.53 2.97 174.12 

Nov-09 76.68 26.71 23.72 22.72 9.01 2.96 161.80 

Dec-09 74.47 27.18 24.02 20.38 8.31 2.96 157.32 

Jan-10 69.80 29.06 22.33 19.55 8.13 2.75 151.62 

Feb-10 61.40 27.85 19.63 18.19 7.54 2.48 137.09 

Mar-10 71.03 26.74 21.83 19.89 8.58 2.89 150.96 

Apr-10 75.19 25.64 22.09 20.39 9.02 4.41 156.74 

May-10 80.25 27.86 22.88 22.81 9.67 3.05 166.52 

Jun-10 79.05 27.09 22.20 22.00 9.80 3.04 163.18 

Jul-10 84.54 28.45 23.56 22.85 10.49 3.24 173.12 

Aug-10 82.13 29.24 24.75 24.95 10.26 3.43 174.76 

Sep-10 78.24 26.85 22.66 23.57 10.79 3.37 165.48 

Oct-10 89.33 27.68 24.51 23.20 10.60 3.70 179.02 

Nov-10 77.03 27.39 23.50 21.60 10.72 3.59 163.82 

Dec-10 75.28 28.26 25.19 19.41 10.38 3.65 162.17 

Jan-11 73.17 27.49 25.96 23.96 10.13 3.74 164.44 

Feb-11 65.82 24.05 23.65 20.35 9.81 3.32 147.00 

Mar-11 78.58 27.77 26.07 22.65 10.10 3.78 168.96 

Apr-11 81.56 27.93 24.99 23.29 10.24 3.66 171.68 

May-11 93.40 30.69 26.43 26.04 11.41 3.99 191.95 

average 85.03 29.44 26.68 23.56 11.69 2.53 178.93 

percent 48% 16% 15% 13% 7% 1% 100% 
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Figure 3-8. Breakdown of total billed metered usage by sector (mil. gal. /month) 
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Table 3-19. Breakdown of total billed metered usage by sector (mgd) 

Month 
Single 
family 

Multi 
family 

Commercial Institutional Industrial Other 

Total 
billed 

metered 
usage 

Oct-05 2.70 1.02 0.94 0.77 0.39 0.04 5.77 

Nov-05 2.55 0.95 0.89 0.75 0.37 0.04 5.55 

Dec-05 2.58 1.01 0.97 0.70 0.39 0.04 5.69 

Jan-06 2.92 0.96 0.96 0.76 0.41 0.04 5.78 

Feb-06 2.48 0.93 0.95 0.76 0.39 0.04 5.41 

Mar-06 3.23 1.08 1.05 0.85 0.47 0.05 6.58 

Apr-06 3.25 1.06 1.09 0.94 0.51 0.05 6.73 

May-06 3.53 1.10 1.07 0.89 0.50 0.05 6.99 

Jun-06 3.07 1.05 0.99 0.86 0.47 0.06 6.41 

Jul-06 3.11 1.06 1.03 0.87 0.48 0.06 6.52 

Aug-06 3.27 1.06 1.04 0.93 0.51 0.06 6.74 

Sep-06 2.98 1.01 0.99 0.93 0.47 0.06 6.34 

Oct-06 3.23 1.02 1.06 0.90 0.48 0.06 6.64 

Nov-06 2.80 0.96 1.02 0.83 0.43 0.06 6.03 

Dec-06 2.87 1.07 1.10 0.89 0.44 0.06 6.25 

Jan-07 3.34 1.06 1.17 0.90 0.47 0.06 6.67 

Feb-07 2.54 0.92 0.87 0.70 0.37 0.06 5.42 

Mar-07 3.13 1.03 0.98 0.78 0.42 0.06 6.27 

Apr-07 3.16 1.00 0.94 0.78 0.42 0.07 6.34 

May-07 3.53 1.07 0.98 0.83 0.44 0.07 6.75 

Jun-07 3.11 1.06 0.98 0.75 0.44 0.06 6.31 

Jul-07 3.09 1.12 0.99 0.83 0.44 0.07 6.43 

Aug-07 3.37 1.07 0.96 0.87 0.46 0.07 6.70 

Sep-07 2.85 1.01 0.89 0.79 0.45 0.07 6.06 

Oct-07 2.92 1.02 0.91 0.83 0.46 0.08 6.12 

Nov-07 2.78 0.97 0.88 0.78 0.43 0.07 5.91 

Dec-07 2.84 0.98 0.85 0.72 0.41 0.07 5.87 

Jan-08 2.87 0.97 0.82 0.73 0.40 0.07 5.66 

Feb-08 2.50 0.91 0.76 0.69 0.38 0.06 5.30 

Mar-08 2.86 1.02 0.82 0.74 0.40 0.07 5.79 

Apr-08 3.04 1.02 0.84 0.76 0.41 0.07 6.11 

May-08 3.52 1.00 1.01 0.86 0.46 0.08 6.75 

Jun-08 2.89 1.06 0.89 0.77 0.44 0.08 6.13 

Jul-08 2.74 0.96 0.87 0.75 0.42 0.08 5.82 

Aug-08 2.74 0.94 0.82 0.71 0.37 0.08 5.57 

Sep-08 2.52 0.92 0.80 0.74 0.36 0.08 5.42 

Oct-08 2.82 1.01 0.84 0.80 0.38 0.10 5.85 

Nov-08 2.49 0.90 0.79 0.74 0.32 0.07 5.32 

Dec-08 2.58 0.90 0.80 0.71 0.31 0.09 5.40 

Jan-09 2.88 0.94 0.76 0.69 0.31 0.13 5.44 

Feb-09 2.44 0.81 0.75 0.68 0.30 0.09 5.07 

Mar-09 2.87 0.88 0.83 0.75 0.34 0.10 5.67 

Apr-09 2.81 0.88 0.79 0.73 0.33 0.09 5.63 

May-09 3.04 0.94 0.84 0.76 0.34 0.10 5.92 

Jun-09 2.51 0.90 0.74 0.70 0.29 0.09 5.23 

Jul-09 2.64 0.94 0.77 0.74 0.30 0.09 5.49 
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Aug-09 2.64 0.92 0.79 0.78 0.31 0.09 5.44 

Sep-09 2.54 0.87 0.78 0.76 0.29 0.09 5.33 

Oct-09 2.79 0.89 0.81 0.80 0.31 0.10 5.62 

Nov-09 2.47 0.86 0.77 0.73 0.29 0.10 5.22 

Dec-09 2.40 0.88 0.77 0.66 0.27 0.10 5.07 

Jan-10 2.49 0.94 0.72 0.63 0.26 0.09 4.89 

Feb-10 1.98 0.90 0.63 0.59 0.24 0.08 4.42 

Mar-10 2.37 0.86 0.70 0.64 0.28 0.09 4.87 

Apr-10 2.43 0.83 0.71 0.66 0.29 0.14 5.06 

May-10 2.67 0.90 0.74 0.74 0.31 0.10 5.37 

Jun-10 2.55 0.87 0.72 0.71 0.32 0.10 5.26 

Jul-10 2.73 0.92 0.76 0.74 0.34 0.10 5.58 

Aug-10 2.74 0.94 0.80 0.80 0.33 0.11 5.64 

Sep-10 2.52 0.87 0.73 0.76 0.35 0.11 5.34 

Oct-10 2.98 0.89 0.79 0.75 0.34 0.12 5.77 

Nov-10 2.48 0.88 0.76 0.70 0.35 0.12 5.28 

Dec-10 2.43 0.91 0.81 0.63 0.33 0.12 5.23 

Jan-11 2.61 0.89 0.84 0.77 0.33 0.12 5.30 

Feb-11 2.12 0.78 0.76 0.66 0.32 0.11 4.74 

Mar-11 2.62 0.90 0.84 0.73 0.33 0.12 5.45 

Apr-11 2.63 0.93 0.81 0.75 0.33 0.12 5.54 

May-11 3.01 0.99 0.85 0.84 0.37 0.13 6.19 

average 2.80 0.96 0.87 0.77 0.38 0.08 5.78 

percent 48% 16% 15% 13% 7% 1% 100% 

 

 
Figure 3-9. Breakdown of total billed metered usage by sector (mgd) 

 
Unbilled unmetered authorized usage 

Unbilled usage includes several common uses such as flushing, fire-fighting, public area 

landscaping, street cleaning, etc. Sanford has provided several sources of documentation for 
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these uses. These sources include annual water audits for 2010 and 2011 compiled by Sanford 

personnel. The actual directly measured reported flushing was 0.43 mil. gal/mo. in 2010 and 0.78 

mil. gal./mo. in 2011, according to City of Sanford annual audits. Subsequently, an additional 

spreadsheet containing direct flushing meter readings for Jan-Mar 2012 was provided. However, 

no other such data was provided for previous years. 

 

In 2010, aquifer storage and recovery (ASR) injection testing contributed 7.22 mil. gal./mo. 

based on the 2010 audit. However in 2011, ASR injection testing was not included, indicating it 

was unique to 2010. Although 0.25 mil./gal./mo. was utilized for “finished water wasted to 

ground” this use was categorized as a miscellaneous usage. No further documentation regarding 

ASR injection testing was provided to UF. 

 

Other miscellaneous uses, such as street cleaning, fire hydrant testing, etc. are minor contributors 

of water usage in Sanford. Firefighting accounted for 0.12 mil. gal./mo. in 2011 and was not 

reported in 2010.Other miscellaneous uses accounted for 0.08 mil. gal./mo. in 2010 and 0.37 mil. 

gal./mo. in 2011, which is consistent with supporting documentation. The supporting 

documentation of the 2011 mid-year audit presents monthly hand written forms quantifying these 

uses, although the methods used to obtain these estimates are not documented.   An example 

form is shown in Figure 3-10. Based on the 2011 audit, fire hydrant meter data is indicated to be 

the source fire-fighting usage, although this data is not in the supporting documentation. 

For months in 2005-2009, the default percentage recommended by AWWA of 1.25% of total 

water supplied was utilized to estimate unbilled usage since data was unavailable. One of the 

objectives of future Cityworks tracking is to document all relevant unbilled unmetered uses 

utilizing standardized forms. This will allow for more accurate analysis of these uses and allows 

a consistent reporting format for analyzing uses across multiple years. Estimates of monthly 

unbilled unmetered usage for Sanford are shown in Table 3-20. 
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Figure 3-10. Example form for miscellaneous uses 

 

Table 3-20. Unbilled authorized usage (mil. gal./month).  

Month Flushing 
Fire 

fighting 
ASR 

injection 
Miscellaneous 

usage 
Total unbilled 

authorized usage 

Oct-05         2.56 

Nov-05         2.46 

Dec-05         2.49 

Jan-06         2.58 

Feb-06         2.30 

Mar-06         2.81 

Apr-06         2.99 

May-06         3.19 

Jun-06         2.94 

Jul-06         2.90 

Aug-06         3.04 

Sep-06         2.74 

Oct-06         2.96 

Nov-06         2.61 

Dec-06         2.62 

Jan-07         2.59 

Feb-07         2.34 



57 

 

Mar-07         2.72 

Apr-07         2.78 

May-07         3.12 

Jun-07         2.92 

Jul-07         3.00 

Aug-07         3.24 

Sep-07         2.91 

Oct-07         2.96 

Nov-07         2.91 

Dec-07         2.92 

Jan-08         2.65 

Feb-08         2.56 

Mar-08         2.73 

Apr-08         2.80 

May-08         3.21 

Jun-08         2.90 

Jul-08         2.82 

Aug-08         2.64 

Sep-08         2.66 

Oct-08         2.77 

Nov-08         2.52 

Dec-08         2.60 

Jan-09         2.80 

Feb-09         2.61 

Mar-09         2.95 

Apr-09         2.85 

May-09         2.89 

Jun-09         2.90 

Jul-09         2.88 

Aug-09         2.86 

Sep-09         2.73 

Oct-09         2.94 

Nov-09         2.64 

Dec-09         2.37 

Jan-10 0.43 0.00 7.22 0.08 7.72 

Feb-10 0.43 0.00 7.22 0.08 7.72 

Mar-10 0.43 0.00 7.22 0.08 7.72 

Apr-10 0.43 0.00 7.22 0.08 7.72 

May-10 0.43 0.00 7.22 0.08 7.72 

Jun-10 0.43 0.00 7.22 0.08 7.72 

Jul-10 0.43 0.00 7.22 0.08 7.72 

Aug-10 0.43 0.00 7.22 0.08 7.72 

Sep-10 0.43 0.00 7.22 0.08 7.72 

Oct-10 0.43 0.00 7.22 0.08 7.72 

Nov-10 0.43 0.00 7.22 0.08 7.72 

Dec-10 0.43 0.00 7.22 0.08 7.72 

Jan-11 0.78 0.12 0.00 0.37 1.28 

Feb-11 0.78 0.12 0.00 0.37 1.28 

Mar-11 0.78 0.12 0.00 0.37 1.28 

Apr-11 0.78 0.12 0.00 0.37 1.28 
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May-11 0.78 0.12 0.00 0.37 1.28 

average 0.53 0.04 5.10 0.16 3.54 

 

Apparent losses 
The AWWA M36 water audit breaks down total system non-revenue water into real and 

apparent losses. Real losses represent physical leakage while apparent losses result from data 

inaccuracies and unauthorized usage. The apparent losses section of the water audit includes the 

following terms: 

 Customer metering inaccuracy 

 Unauthorized usage 

 Systematic data handling error 

Customer meter inaccuracy is the major source of apparent losses within a distribution system 

and requires a detailed analysis of meter accuracy and flow regimes for a sufficient 

representative sample of customer meters. The other two classes of apparent losses are 

systematic data handling error and unauthorized usage.  Systematic data handling error is caused 

from either data transfer error (errors in meter reading/transcribing) or billing data lag time 

between meter read dates and month start and end dates. Unauthorized usage includes illegal 

connections, bypassed or tampered meters, unauthorized hydrant usage, etc. The following 

section describes methodologies for analyzing customer metering inaccuracy, unauthorized 

usage, and systematic data handling error respectively. 

 

Customer Metering Inaccuracy 
The general expression to determine customer meter error for any given month is shown as 

Equation 3-2. 
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Where:  

MEt = volume of meter error in month t (mil. gal./month) 

Pold,t = percent of accounts with older meters which have not been recently retrofit (older than 

2006 install date) in month t 

Vt= volume of total consumption in month t (mil. gal./month) 

Plow = percent of total consumption in low flow regime 

Pmed = percent of total consumption in medium flow regime 

Phigh = percent of total consumption in high flow regime 

Rlow = percent meter registration (accuracy) in low flow regime 

Rmed = percent meter registration (accuracy) in medium flow regime 

Rhigh = percent meter registration (accuracy) in high flow regime 

 

This algorithm is a modified version of the standard AWWA recommended procedure to 

calculate meter error based on average flows and accuracies in three discrete flow ranges (low, 

medium, and high) (AWWA 2009). For the purposes of the monthly water audit, meter errors 

were determined using Equation 3-2.  

 

Meter error is determined separately for small meters (i.e. ¾ inch meters in Sanford’s case) and 

large meters (meters > ¾ inches in Sanford’s case). This is done due to large differences in flow 
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regimes. Total recorded volume for small and large meters is directly known from the previous 

analysis of water usage by meter size and sector. Total recorded volume must be adjusted for 

meter accuracy based on direct testing. Typical test flow ranges for small and large meters are 

shown in Table 3-21. 

 

Table 3-21. Test flow ranges for small and large meters 
Range Small meters*, gpm Large meters#, gpm 

Low 0.50-1 0.5-4 

Medium  1-10 15-150 

High 10-15 150-425 
*AWWA M36 recommended test flows, #Test flows used in Sanford large meter replacement study 

 

In order to determine percent accuracy at each flow range, a random sample of 50-100 meters 

should be directly tested to determine average accuracies. Meter accuracy data utilized in the 

Sanford monthly audit is shown in Table 3-22. For large meters, this information was directly 

determined based on the replacement of 62 large meters conducted in Sanford in early 2012. 

Although an extensive meter replacement has occurred for small residential meters, little 

calibration data on replaced meters was obtained although the accuracy of new meters was 

recorded. Replaced meters recorded the lowest percentage during low test flows, which is 

consistent with the experimental studies done on residential meters.  Shields et al. (2012)  show 

the following average accuracies for small meters: 1) low flow range is 79%, 2) medium flow 

range is 99%, and 3) 92% in the high flow range for meters after 2 mil. gallon throughput. 

Average indoor water use for single family residences is about 5,000 gallons per month. Thus, a 

meter for this customer would reach a throughput of 2 million gallons in about 33 years. The 

results of this study were used as default percent accuracies of small meters in the Sanford audit. 

These estimates can be improved with direct testing of existing residential customer meters. 

 

Table 3-22. Meter accuracy of small and large meters in Sanford 

  Small meters Large meters 

  

Existing 

meters* 

New 

meters# 

Existing 

meters# 

New 

meters# 

Low 79.00% 100.05% 79.70% 100.10% 

Medium 99.00% 99.80% 92.80% 99.70% 

High 92.00% 100.07% 94.20% 100.15% 

*Shields et al. 2012, # Sanford meter replacement data 

 

The ongoing Sanford residential meter replacement program database was utilized to quantify 

the breakdown of existing older meters vs. newly installed meters from program initiation in 

2006 to 2012. The UF- Sanford parcel customer database contains meter attributes (and 

associated billing data) from 9/1/2005 through 5/1/2011 for the 19,297 meter locations on 15,103 

parcels in the final database after QA/QC. Every meter installed has a unique meter ID, which is 

associated with a meter location. If a meter at a given location is replaced with another meter at 

the same location, the meter id will change, but the meter location ID will remain constant. 

Meter locations were joined to associated parcels using a spatial join assigning meter locations to 

its parcel boundary location. The data was pivoted to show meter installation dates for all meter 

locations on a given parcel from 9/1/2005 through 5/1/2011. The most recent meter installation 

date for each meter location on each parcel was determined from this query. Parcels not 
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displaying a meter installation date between 9/1/2005 through 5/1/2011 are assumed to have a 

meter which was installed prior to 9/1/2005. 

 

The Sanford conservation tracking database contained records of 2,571 meter replacements from 

3/22/2011 to 1/4/2012 on existing meter locations. This database included meter location ID, 

which allowed this data to be linked to the parcel database. This database was used to update the 

meter installation data from the parcel level database, which only had data through 5/1/2011. A 

total of 1,757 of the 2,571 replacements occurred on parcels with meters installed before 

9/1/2005.   

 

The results of this analysis showed that over 74% of parcels have had a meter installed within the 

past 6 years ending in Jan 2012 as shown in Table 3-23. This percentage will continue to 

increase throughout 2012 as more homes have new meters installed. Table 3-24 can be utilized to 

determine the percentage of parcels which have not yet received a new meter. Only this 

percentage of homes experiences meter inaccuracy as new meters record nearly 100% of flow. 

This percentage is incorporated into the meter error calculation shown in Equation 3-2. As of 

mid-2012, few large meters have been replaced based on discussions with Sanford. Therefore, 

Pold,t for large meters is 100% for all months in the audit. A graphical representation of the meter 

change-out program is shown in Figure 3-11. As of 2012, remaining areas with pre-2006 meters 

were located in the southern section of the service area with some work still to be done in central 

Sanford. Based on discussions with Sanford personnel, It is anticipated that these meters will be 

replaced over the next several years, with many planned during 2013. 

 

Table 3-23. Most recent meter install date in Sanford since 2006 

Most recent 

meter install 

year 

Count of 

Parcels  

Cumulative 

parcels 

Percent of total parcels in 

Sanford with recently 

installed meter 

Percent of total parcels 

in Sanford with older 

(pre 2006) installed 

meter (Pold,t) 

2006 1,119 1,119 7% 93% 

2007 1,350 2,469 16% 84% 

2008 1,969 4,438 29% 71% 

2009 1,519 5,957 39% 61% 

2010 2,420 8,377 55% 45% 

2011 2,699 11,076 73% 27% 

2012 43 11,119 74% 26% 

Total parcels 

with recently 

installed meter 

11,119  74% 26% 

Total parcels 

in Sanford 

15,103    
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Figure 3-11. Spatial distribution of recent potable meter installations in Sanford 

 

In addition to meter accuracies in each flow range, the percent of time each flow range occurs in 

the system is needed to quantify volumetric savings and compute weighted average mean 

registration improvement. For the large meter replacement, test flow ranges vary from 0.5 to 4 

gpm in the low range with an average of 3.11 gpm, 15 to 150 gpm for the medium range with an 

average of 61 gpm, and 150 to 425 gpm for the high range with an average of 310 gpm. For 

residential meters, no data on test flow ranges has been provided yet, although standard test 

flows are 0.75 gpm for low, 5 gpm for medium, and 12.5 gpm for high flows. Typical flow 

distributions are 2% of total flow for low, 63.8% for medium, and 34.2% for high flow (AWWA 

2009). Shields et al. (2012) estimate similar percentages; 8% is low flow, 58% is medium flow, 

and 34% is high flow. Additionally, some one (Buchberger et al. 2003) and ten second 

(Aquacraft 2011) data are available for single family residences. 

• A typical single family residence uses water about one hour (4%) each day 

(Buchberger et al. 2003) 

• Typical instantaneous flow rates in gpm are: 

• Toilets and clothes washers- 2 to 3 

• Showers-1.5 to 2.5 
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• Dishwashers-1 to 2 

• Faucets-0.5 to 2 

• Continuous leaks-0.1 to 0.5 

• Irrigation-10 to 20 

• Maximum design flow for 5/8 in. meter is 20 gpm 

Individual indoor uses are typically 3 gpm or less for independent events. Thus, most of the 

flows are in the low to medium ranges where under-reading is more prevalent. Outdoor water use 

ranges from 10 to 20 gpm for extended periods wherein indoor uses may also be occurring. In 

this case, a much larger proportion of total flow would be in the high range. In absence of high 

frequency automatic meter reading (AMR) data, these estimates can be utilized to estimate 

percent of time in each flow regime. 

 

For the purposes of the monthly audit, average values from the above literature were utilized to 

estimate percent of flow in each regime, shown in Table 3-24.  

 

Table 3-24. Percent of time in each flow regime for small and large meters 

  Small meters* 
Large 

meters# 

Low 8% 10% 

Medium 58% 65% 

High 34% 25% 

* Shields et al. 2012, #AWWA 2009 

 

Utilizing the above information, monthly customer metering inaccuracy was determined using 

Equation 3-2. The results are shown in Table 3-25. Small meter accuracy has improved over 

recent years due to the ongoing meter replacement program. 

 

Table 3-25. Summary of monthly apparent losses in Sanford (mil. gal./month) 

Month 

Small 
metering 

inaccuracy 

Large 
metering 

inaccuracy 
Systematic data 
handling error 

Unauthorized 
usage 

Total 
apparent 

loss 

Oct-05 4.45 8.35 0.00 0.51 13.30 

Nov-05 4.27 8.05 0.00 0.49 12.80 

Dec-05 4.40 8.25 0.00 0.49 13.14 

Jan-06 4.17 8.28 0.00 0.51 12.96 

Feb-06 3.87 7.80 0.00 0.46 12.13 

Mar-06 4.81 9.19 0.00 0.56 14.56 

Apr-06 5.00 9.21 0.00 0.59 14.81 

May-06 5.18 9.53 0.00 0.63 15.35 

Jun-06 4.72 8.90 0.00 0.58 14.20 

Jul-06 4.75 9.11 0.00 0.57 14.43 

Aug-06 4.78 9.60 0.00 0.60 14.99 

Sep-06 4.59 8.84 0.00 0.54 13.98 

Oct-06 4.81 9.28 0.00 0.59 14.67 

Nov-06 4.35 8.38 0.00 0.52 13.25 

Dec-06 4.45 8.90 0.00 0.52 13.87 

Jan-07 4.20 9.88 0.00 0.51 14.59 

Feb-07 3.56 7.62 0.00 0.46 11.64 

Mar-07 4.23 8.55 0.00 0.54 13.32 
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Apr-07 4.38 8.43 0.00 0.55 13.36 

May-07 4.71 8.82 0.00 0.62 14.15 

Jun-07 4.31 8.35 0.00 0.58 13.24 

Jul-07 4.35 8.61 0.00 0.59 13.55 

Aug-07 4.48 8.74 0.00 0.64 13.86 

Sep-07 3.97 8.44 0.00 0.58 12.99 

Oct-07 3.95 8.63 0.00 0.59 13.17 

Nov-07 4.00 8.02 0.00 0.58 12.59 

Dec-07 4.00 7.89 0.00 0.58 12.47 

Jan-08 3.24 7.78 0.00 0.52 11.54 

Feb-08 3.02 7.33 0.00 0.51 10.85 

Mar-08 3.36 7.88 0.00 0.54 11.78 

Apr-08 3.62 8.12 0.00 0.56 12.29 

May-08 3.97 8.87 0.00 0.64 13.48 

Jun-08 3.47 8.37 0.00 0.58 12.41 

Jul-08 3.24 8.19 0.00 0.56 11.99 

Aug-08 3.20 7.66 0.00 0.52 11.38 

Sep-08 3.00 7.73 0.00 0.53 11.26 

Oct-08 3.20 8.42 0.00 0.55 12.17 

Nov-08 2.99 7.42 0.00 0.50 10.91 

Dec-08 3.11 7.43 0.00 0.51 11.05 

Jan-09 2.75 7.31 0.00 0.56 10.62 

Feb-09 2.54 6.86 0.00 0.52 9.92 

Mar-09 2.84 7.68 0.00 0.59 11.10 

Apr-09 2.88 7.45 0.00 0.56 10.89 

May-09 2.99 7.83 0.00 0.57 11.40 

Jun-09 2.64 6.96 0.00 0.57 10.18 

Jul-09 2.78 7.36 0.00 0.57 10.71 

Aug-09 2.68 7.51 0.00 0.57 10.76 

Sep-09 2.70 7.18 0.00 0.54 10.42 

Oct-09 2.84 7.54 0.00 0.58 10.97 

Nov-09 2.55 7.28 0.00 0.52 10.36 

Dec-09 2.54 7.01 0.00 0.47 10.02 

Jan-10 1.77 6.87 0.00 0.06 8.71 

Feb-10 1.57 6.38 0.00 0.06 8.01 

Mar-10 1.82 6.72 0.00 0.06 8.61 

Apr-10 1.91 6.85 0.00 0.06 8.83 

May-10 2.03 7.19 0.00 0.06 9.28 

Jun-10 2.01 6.99 0.00 0.06 9.06 

Jul-10 2.15 7.32 0.00 0.06 9.54 

Aug-10 2.08 7.70 0.00 0.06 9.84 

Sep-10 1.98 7.31 0.00 0.06 9.35 

Oct-10 2.25 7.51 0.00 0.06 9.82 

Nov-10 1.91 7.31 0.00 0.06 9.29 

Dec-10 1.86 7.35 0.00 0.06 9.28 

Jan-11 1.09 7.77 0.00 0.04 8.91 

Feb-11 0.98 6.93 0.00 0.04 7.95 

Mar-11 1.16 7.65 0.00 0.04 8.86 

Apr-11 1.20 7.58 0.00 0.04 8.83 

May-11 1.36 8.32 0.00 0.04 9.72 
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average 3.24 7.95 0.00 0.43 11.61 

 
Analysis of historical residential meter performance based on monthly billing 
data analysis 

Based on the above analysis, a key missing element for determining customer metering 

inaccuracy was the historical accuracies of the residential meters which were replaced as part of 

the ongoing meter replacement program. This section presents an analysis to see if meter 

replacement error could be inferred by analysis of billing data before and after meter 

replacement, in lieu of direct information on meter accuracy. 

 

The methodology for this analysis was to compare monthly billing data before and after meter 

replacement to evaluate performance for a sample of 349 reuse customers who had their regular 

potable meter replaced in 2008, assuming all occurred on 7/1/08.This resulted in roughly an 

equal number 32 “before” months from 10/2005 to 6/2008, 35 “after” months from 7/2008 to 

5/2011.  

 

Summary statistics of pre and post meter replacement water usage for a sample of 349 homes in 

Sanford are shown in Table 3-26.  Counter-intuitively, average water usage decreased by 

0.53kgal/mo. after meter replacement.  A linear regression forced through the origin shows 81% 

of water usage pre meter change is utilized post meter change out, as shown in Figure 3-12. 

 

Hypothesis testing at various confidence levels was used to evaluate for each individual home if 

average “after” usage was statistically greater. The results of this analysis showed only 40% (140 

of 349) had an increase in water usage after meter replacement, with far less being statistically 

significant (Table 3-27). These results show that monthly data yields inconclusive results when 

evaluating meter replacement or in determining which meter to select for replacement. These 

results are consistent with the Utah State University (Shields et al. 2012) findings that the best 

strategy is to use monthly billing data only to find “stopped” meters, to maximize revenue 

recovery, and that high frequency analysis is needed to adequately evaluate meter accuracy. 

 

A possible reason for not getting the expected increase  in indoor water use with the new meters  

that record about 100% of  the flow as compared with the older meters that would be expected to 

under record flows, is that people used less water indoors due to the economic recession that has 

reduced water use in many utilities. Sanford has experienced a general downward trend in water 

usage in recent years, as shown in Figure 2-3.  
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Table 3-26. Summary monthly statistics of pre and post meter replacement water usage for a 

sample of 349 homes in Sanford: pre-meter period from 10/05 to 6/08 and post-meter 

period from 7/08 to 5/11 

  

Pre meter 

change  Post meter change 

Average usage 

(kgal/mo.) 8.12 7.59 

Std. dev. (kgal/mo.) 0.89 0.70 

 

 
Figure 3-12. Pre vs. post meter change out water usage for a sample of 349 Sanford homes 

 

Table 3-27. Statistical significance tests for number of homes with significantly greater post 

meter replacement usage in Sanford 

 
 
Reduction in apparent losses due to Sanford customer meter replacement 
program 

 

In order to quantify the reduction in apparent losses due to the ongoing residential meter change 

out program, apparent losses at the beginning of the program in 2006 were compared with 

apparent loss estimates in 2011 which was the most recent year’s billing data available at the 

time of analysis. No other apparent loss terms changed during this period, therefore making the 

increased meter accuracy caused by the meter change-out the sole cause for a decline in apparent 

losses. The reduction in apparent losses from 2006-2011 is summarized in Table 3-28. A critical 
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assumption in determining the effect of the meter changeout program is the estimated percent 

low flow passing through residential meters. Utilizing the default of 8% low flow, water savings 

from changing out 11,119 residential meters was 0.17 mgd from 2006-2011. However, Sanford 

likely has a higher percent of low flow as potable irrigation is minimal. As shown in Table 3-28, 

higher assumed percent low flows of 25% and 40% yield higher estimated savings of 0.26 and 

0.33 mgd respectively since meters tend to perform worse at low flows thus recovering more 

water if changed out to newer more accurate meters. For future work, the assumed percent low 

flow can be evaluated using the utility’s AMR billing data system, which captures high 

frequency flow events.   

 

Additionally, these estimates can be updated with current billing data when the program is 

complete to determine additional water saved from remaining meter replacements, including 

large meters. Once all meters have been replaced, apparent losses will be eliminated, assuming 

negligible unauthorized usage and data handling errors. For 2011 conditions, average total 

apparent losses were 0.29 mgd as shown in Table 3-29, assuming flow regimes in Table 3-24. 

This represents the potential recovered water for replacing the remaining 26% of meters. This 

potential savings is mainly attributable to replacement of large meters, as large meter error 

accounted for approximately 85% of total apparent losses in 2011, as shown in Table 3-25. 

Therefore, total water saved from replacing all meters (assuming current flow regime 

assumptions) can be estimated to be 0.46 mgd consisting of 0.17 mgd from the small meter 

replacement program through 2011, and an additional 0.29 mgd from replacing the remaining 

26% of meters, primarily large meters serving non-residential sectors. 

 

Table 3-28. Apparent loss reduction from 2006-2011 attributable to the Sanford residential meter 

change out program 
Percent low flow Volume reduction apparent loss from 2006-2011 (mgd) 

8 (current assumption) 0.17 

25 0.26 

40 0.33 

 

Unauthorized usage 
Unauthorized usage includes illegal connections, bypassed or tampered meters, unauthorized 

hydrant usage, etc. Typically, this term reflects a minor volume of usage, with a default estimate 

of 0.25% of total water supplied being unauthorized usage (AWWA 2009). Estimates of 

unauthorized usage for Sanford are in the 2010 water audit and supporting documentation for the 

2011 mid-year audit. Both show negligible amounts. In 2010, unauthorized usage totaled 0.064 

mil. gal./yr which is less than .01%  percent of total water supplied in 2010. Similar values were 

reported in 2011.  For months in 2005-2009, the default percentage of 0.25% of total water 

supplied was utilized to estimate unauthorized usage. These results are summarized in Table 3-

25. 

 

Systematic data handling error 
An in depth description of the extensive QA/QC process taken to ensure the quality of the audit 

input data, particularly customer billing data was described previously. This process includes 

rectification to adjust for meter reading lag time. Based on these efforts, this term was not 

included in the audit as sufficient measures have been taken to ensure data quality. Refer to the 

section on generating the parcel level database for details. 
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Completion of refined water audit and residual real losses 
Based on the extensive data collection efforts and analyses of audit inputs summarized in this 

report, the monthly M36 water audit was completed, with real losses being calculated as the 

residual between water supplied and the summation of total billed authorized metered 

consumption, unbilled authorized consumption, and apparent losses term in Equation 3-3. 

 

 

RL=WS – (BACM +UAC+AL)          (3-3) 

Where:  

RL = Real losses (mgd) 

WS = water supplied (mgd) 

BACM = billed metered authorized consumption (mgd) 

UAC = unbilled authorized consumption (mgd) 

AL = apparent losses (mgd) 

 

The completed monthly water audit is summarized in Table 3-29. Table 3-30 shows the audit in 

normalized form. Table 3-31 shows annual water audit statistics. For comparison, the water loss 

percentages as initially provided to UF are shown, to demonstrate value added from project 

work. Figures 3-13 and 3-14 show the graphical representation of the completed monthly audit. 

Figure 3-15 shows the graphical representation of the completed monthly audit. The audit shows 

significant monthly and annual variability in total losses with much of the variability attributed to 

real losses. Real losses may vary monthly based on changing flow and pressures in the 

distribution network. However, apparent losses are currently calculated using coarse averages 

which do not account for variability in high frequency demand fluctuations. Annual percent 

water loss has been declining in recent years, from 22% in 2009, 18% in 2010, and 11% in 2011. 

These observed declines are due, in part, to the ongoing meter replacement and infrastructure 

rehabilitation efforts by the City of Sanford to control water losses that will be  discussed in 

detail in Chapter 4. The final validity of the audit is shown in Table 3-32. Future work on high 

frequency customer meter analysis can be done to improve the audit validity.  

 

Table 3-29. Monthly water audit summary (mgd) 

Month 

Water 
supplied from 
own sources 

Total billed 
consumption 

(unadjusted for 
meter 

accuracy) 

Unbilled 
authorized 

consumption 

Total 
apparent 

loss 

Total 
real 
loss 

Percent 
loss 

Oct-05 6.77 5.77 0.09 0.43 0.27 10.28% 

Nov-05 6.28 5.55 0.08 0.41 0.24 10.42% 

Dec-05 6.38 5.69 0.08 0.42 0.18 9.53% 

Jan-06 7.32 5.97 0.09 0.42 0.33 10.24% 

Feb-06 5.89 5.41 0.07 0.39 0.01 6.80% 

Mar-06 7.42 6.58 0.09 0.47 0.04 6.89% 

Apr-06 7.64 6.96 0.10 0.48 0.33 10.59% 

May-06 8.43 6.99 0.10 0.50 0.57 12.69% 

Jun-06 7.51 6.41 0.09 0.46 0.55 13.37% 

Jul-06 7.42 6.52 0.09 0.47 0.34 10.89% 

Aug-06 8.04 6.74 0.10 0.48 0.46 11.73% 
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Sep-06 7.01 6.34 0.09 0.45 0.13 8.22% 

Oct-06 7.83 6.64 0.10 0.47 0.37 10.76% 

Nov-06 6.66 6.03 0.08 0.43 0.12 8.20% 

Dec-06 6.69 6.25 0.08 0.45 -0.10 5.25% 

Jan-07 7.33 6.67 0.09 0.47 -0.61 -1.83% 

Feb-07 5.98 5.42 0.08 0.38 0.10 7.98% 

Mar-07 7.20 6.27 0.09 0.43 0.18 8.46% 

Apr-07 7.12 6.55 0.09 0.43 0.27 9.80% 

May-07 8.27 6.75 0.10 0.46 0.69 13.85% 

Jun-07 7.47 6.31 0.09 0.43 0.64 14.30% 

Jul-07 7.68 6.64 0.10 0.44 0.72 15.02% 

Aug-07 8.55 6.70 0.10 0.45 1.02 17.20% 

Sep-07 7.43 6.06 0.09 0.42 0.86 17.16% 

Oct-07 7.84 6.12 0.10 0.42 0.95 17.50% 

Nov-07 7.45 5.91 0.10 0.41 1.04 19.41% 

Dec-07 7.45 5.87 0.10 0.40 1.09 19.98% 

Jan-08 7.23 5.66 0.09 0.37 0.65 14.11% 

Feb-08 6.54 5.30 0.09 0.35 0.82 17.81% 

Mar-08 7.21 5.79 0.09 0.38 0.72 15.20% 

Apr-08 7.16 6.32 0.09 0.40 0.56 13.41% 

May-08 8.48 6.75 0.10 0.43 0.91 15.89% 

Jun-08 7.42 6.13 0.10 0.40 0.80 16.18% 

Jul-08 7.20 5.82 0.09 0.39 0.90 17.82% 

Aug-08 6.96 5.57 0.09 0.37 0.71 15.52% 

Sep-08 6.81 5.42 0.09 0.36 0.94 19.16% 

Oct-08 7.34 5.85 0.09 0.39 0.76 15.75% 

Nov-08 6.42 5.32 0.08 0.35 0.67 15.93% 

Dec-08 6.64 5.40 0.09 0.36 0.80 17.40% 

Jan-09 7.96 5.44 0.09 0.34 1.32 20.86% 

Feb-09 6.69 5.07 0.09 0.32 1.21 22.87% 

Mar-09 7.81 5.67 0.10 0.36 1.43 22.87% 

Apr-09 7.29 5.63 0.09 0.35 1.21 21.43% 

May-09 7.64 5.92 0.10 0.37 1.02 18.14% 

Jun-09 7.41 5.23 0.10 0.33 1.76 28.18% 

Jul-09 7.35 5.49 0.10 0.35 1.42 24.02% 

Aug-09 7.57 5.44 0.10 0.35 1.45 23.73% 

Sep-09 6.98 5.33 0.09 0.34 1.22 22.34% 

Oct-09 7.78 5.62 0.10 0.35 1.46 23.32% 

Nov-09 6.76 5.22 0.09 0.33 1.12 21.53% 

Dec-09 6.08 5.07 0.08 0.32 0.60 15.22% 

Jan-10 7.10 4.89 0.25 0.28 0.99 17.93% 

Feb-10 6.18 4.42 0.25 0.26 1.25 24.47% 

Mar-10 7.29 4.87 0.26 0.28 1.66 26.56% 

Apr-10 6.65 5.06 0.26 0.28 1.06 20.20% 

May-10 7.18 5.37 0.26 0.30 1.02 18.44% 

Jun-10 6.68 5.26 0.26 0.29 0.88 17.53% 

Jul-10 7.29 5.58 0.26 0.31 1.15 20.00% 

Aug-10 7.32 5.64 0.26 0.32 0.88 16.30% 

Sep-10 6.72 5.34 0.26 0.30 0.83 16.81% 

Oct-10 7.18 5.77 0.26 0.32 0.61 12.92% 
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Nov-10 6.21 5.28 0.26 0.30 0.38 10.92% 

Dec-10 6.01 5.41 0.26 0.30 0.23 8.74% 

Jan-11 6.51 5.48 0.04 0.29 0.25 8.26% 

Feb-11 5.42 4.74 0.04 0.26 0.38 11.79% 

Mar-11 6.52 5.45 0.04 0.29 0.54 12.61% 

Apr-11 6.20 5.54 0.04 0.28 0.33 9.97% 

May-11 7.07 6.19 0.04 0.31 0.53 11.86% 

average 7.11 5.79 0.12 0.37 0.71 15.13% 

 

Table 3-30. Normalized monthly water audit summary  

Month 

Water supplied 
from own 
sources 

Total billed consumption 
(unadjusted for meter accuracy) 

Unbilled 
authorized 

consumption 
Total apparent 

loss 
Total real 

loss 

Oct-05 100% 88% 1% 7% 4% 

Nov-05 100% 88% 1% 7% 4% 

Dec-05 100% 89% 1% 7% 3% 

Jan-06 100% 87% 1% 6% 5% 

Feb-06 100% 92% 1% 7% 0% 

Mar-06 100% 92% 1% 7% 1% 

Apr-06 100% 88% 1% 6% 4% 

May-06 100% 86% 1% 6% 7% 

Jun-06 100% 85% 1% 6% 7% 

Jul-06 100% 88% 1% 6% 5% 

Aug-06 100% 87% 1% 6% 6% 

Sep-06 100% 91% 1% 6% 2% 

Oct-06 100% 88% 1% 6% 5% 

Nov-06 100% 91% 1% 6% 2% 

Dec-06 100% 93% 1% 7% -1% 

Jan-07 100% 101% 1% 7% -9% 

Feb-07 100% 91% 1% 6% 2% 

Mar-07 100% 90% 1% 6% 3% 

Apr-07 100% 89% 1% 6% 4% 

May-07 100% 84% 1% 6% 9% 

Jun-07 100% 84% 1% 6% 9% 

Jul-07 100% 84% 1% 6% 9% 

Aug-07 100% 81% 1% 5% 12% 

Sep-07 100% 82% 1% 6% 12% 

Oct-07 100% 81% 1% 6% 12% 

Nov-07 100% 79% 1% 5% 14% 

Dec-07 100% 79% 1% 5% 15% 

Jan-08 100% 84% 1% 6% 10% 

Feb-08 100% 81% 1% 5% 12% 

Mar-08 100% 83% 1% 5% 10% 

Apr-08 100% 85% 1% 6% 8% 

May-08 100% 82% 1% 5% 11% 

Jun-08 100% 83% 1% 5% 11% 

Jul-08 100% 81% 1% 5% 12% 

Aug-08 100% 83% 1% 5% 11% 

Sep-08 100% 80% 1% 5% 14% 

Oct-08 100% 82% 1% 6% 11% 
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Nov-08 100% 83% 1% 5% 10% 

Dec-08 100% 81% 1% 5% 12% 

Jan-09 100% 76% 1% 5% 18% 

Feb-09 100% 76% 1% 5% 18% 

Mar-09 100% 75% 1% 5% 19% 

Apr-09 100% 77% 1% 5% 17% 

May-09 100% 80% 1% 5% 14% 

Jun-09 100% 71% 1% 4% 24% 

Jul-09 100% 75% 1% 5% 19% 

Aug-09 100% 74% 1% 5% 20% 

Sep-09 100% 76% 1% 5% 18% 

Oct-09 100% 75% 1% 5% 19% 

Nov-09 100% 77% 1% 5% 17% 

Dec-09 100% 84% 1% 5% 10% 

Jan-10 100% 76% 4% 4% 15% 

Feb-10 100% 72% 4% 4% 20% 

Mar-10 100% 69% 4% 4% 24% 

Apr-10 100% 76% 4% 4% 16% 

May-10 100% 77% 4% 4% 15% 

Jun-10 100% 79% 4% 4% 13% 

Jul-10 100% 77% 3% 4% 16% 

Aug-10 100% 80% 4% 4% 12% 

Sep-10 100% 79% 4% 4% 12% 

Oct-10 100% 83% 4% 5% 9% 

Nov-10 100% 85% 4% 5% 6% 

Dec-10 100% 87% 4% 5% 4% 

Jan-11 100% 90% 1% 5% 4% 

Feb-11 100% 87% 1% 5% 7% 

Mar-11 100% 86% 1% 5% 9% 

Apr-11 100% 89% 1% 5% 5% 

May-11 100% 88% 1% 4% 7% 

average 100% 83% 2% 5% 10% 

 

Table 3-31. Annual water audit statistics (mgd) 

Year 

Water 
supplied 

from 
own 

sources 

Total billed 
consumption 
(unadjusted 

for meter 
accuracy) 

Unbilled 
authorized 

consumption 

Total 
apparent 

loss 

Total 
real 
loss Percent loss 

2006 7.31 6.49 0.09 0.46 0.27 10.00% 

2007 7.48 6.36 0.09 0.44 0.59 13.71% 

2008 7.13 5.87 0.09 0.39 0.78 16.42% 

2009 7.27 5.53 0.09 0.35 1.29 22.59% 

2010 6.81 5.33 0.25 0.30 0.93 18.05% 
Jan-May 

2011 6.30 5.55 0.04 0.29 0.41 11.19% 

 



71 

 

 
Figure 3-13. Level and trends in monthly water audit values (mgd) 

 

 

 
Figure 3-14. Monthly trends in percent loss  
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Figure 3-15. Annual trends in percent loss  

 

Final audit validity  
A summary of the major water audit input data categories and associated data source and validity 

is shown in Table 3-32. Apparent losses and unbilled metered uses remained the only inputs 

without direct data for all months needed in the audit. These terms received “medium” validity 

due to partial data being available.  Metering inaccuracies can also be improved with high 

frequency demand analysis and with direct testing of existing residential meter accuracies, which 

are considerations for future work.  

 

Table 3-32. Final water audit validity  

 
 

Number Category Item Data Source Validity

1 Water Supplied Volume from own sources MOR Monthly Records High

2 Water Supplied Master meter error adjustment Provided calibration data High

3 Water Supplied Water imported No imports High

4 Water Supplied Water exported Included in billing database High

5 Authorized Consumption Billed metered Parcel Database High

6 Authorized Consumption Unbilled unmetered
flushing records from 2010 and 2011 audit, pipe replacement 

document, use default of 1.25% WS for years w/ no data
Medium

7 Apparent Losses Unauthorized consumption use default of 0.25% WS Medium

8 Apparent Losses Customer metering inaccuracies
Excel spreadsheets provided for CII meter calibration, for 

residential only "after" replacement accuracy known. Use 

literature for residential test flows and % time in each regime
Low/Medium

9 Apparent Losses Systematic data handling errors Parcel Database (accounted for by rectification and QA/QC) High
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4.0 REFINED BOTTOM UP PROCESS LEVEL ANALYSIS OF WATER LOSS, 
WATER USAGE, WATER REUSE, AND DEMAND MANAGEMENT OPTIONS 

Overview of Refined Bottom Up Process Level Methodology 
The main purpose of this chapter is to refine work presented previously to provide a process 

level analysis of water loss, water usage, water reuse, and demand management options. This 

process level methodology allows for benefit-cost optimization across management strategies 

evaluated at the end use level. This approach allows for a complete analysis of Sanford’s potable 

water supply system, integrating water loss control with demand management options.  

 

The first section focuses on methodologies for analyzing infrastructure asset data as well as 

pressure variability and main break history to understand the process level mechanisms behind 

system leakage at the individual pipe level. A component analysis is presented which breaks 

down real losses, as determined from the detailed water audit, into background leakage, reported 

breaks, and unreported breaks. 

 

The second section focuses on refining the analysis of demand patterns performed in EZ Guide 

described in Chapter 2. This analysis focuses on utilization of the parcel level demand database 

consisting of customer billing data linked with county property appraiser data as well as U.S. 

Census data to refine parameter estimates. Additionally, many new features were added to the 

EZ Guide software allowing for further refinements. 

Process Level Component Analysis of Real Losses Background 
A process level analysis of real losses begins with a component analysis of real losses. Real 

losses are comprised of the three components shown in Figure 4-1.  

 

 
Figure 4-1. Components of real losses (Fantozzi and Lambert 2010) 

 

Background leakage is assumed to be the portions of real losses which are undetectable with 

current active leak detection technologies. This component is typically estimated by using the 

background losses components of the Unavoidable Annual Real Losses (UARL) equation, and 
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assuming that background leakage is 100% “unavoidable” as shown in Table 4-1. The majority 

of UARL is attributed to background losses, with smaller unavoidable components coming from 

reported and unreported bursts.  

 

Table 4-1. Components of the UARL equation which are used to estimate background losses 

(Lambert 1999) 

 
Reported bursts are the portion of real losses which surface and are reported to the utility. 

Ideally, the utility then records these reports in an asset management system, such as Cityworks, 

to quantify and quickly repair reported bursts. Relevant information to record includes pipe ID, 

leakage run time, and recorded leakage flow rate.  

 

Unreported bursts are the portion of real losses which are identifiable through active leakage 

detection, but which do not surface and are not reported. An example of active leakage detection 

includes setting up noise correlators at each valve within a district metering area. Unreported 

bursts can be simply calculated as total real losses - background leakage - reported bursts. 

 

The reported and unreported burst values presented in Table 4-1 are deemed to be “unavoidable 

bursts” based on an evaluation of 12 utilities worldwide whose systems are deemed to be state of 

the art. A recent report analyzed main break data for over 3,000 km of mains throughout the 

world to investigate how “unavoidable burst” assumptions compared to actual breaks across a 

wide variety of systems (Laven and Lambert 2012). The results of this study showed significant 

trends in break rates and volume of leakage vs. pipe material, pipe diameter, and age of pipe. The 

key finding was that a significant relationship existed between age of pipe and leakage rate 

which was three times higher than default estimates utilized in the UARL equation. An observed 

slope of 0.12 m
3
/hr/km/ year of pipe age is three times higher than a value of 0.04 m

3
/hr/km/ year 

of pipe age at 50 m pressure based on assumptions within the UARL equation for determining 

unreported bursts (Laven and Lambert 2012). 
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In addition to pipe leakage being a function of physical attributes, it is generally accepted that 

leakage is also function of the system pressure. The general form of this relation is shown as 

Equation 4-1 (AWWA 2009). 
n

P

P

L

L










1

2

1

2                            (4-1) 

 

Where: P1= initial average system pressure (psi), L1= leakage flow rate at initial average system 

pressure (mgd), P2 = variable average system pressure (psi), L2= leakage flow rate at average 

system pressure P2, n= emitter exponent 

 

Several studies have been conducted to determine appropriate values of the emitter exponent, n. 

Bennis et al. (2011) conducted experimental testing of various pipe material and determined 

values of n based on  least squares estimation. The results of this study were that observed values 

of n only ranged slightly above the theoretical value of 0.5 (from orifice equation) in the range of 

0.508 to 0.519. Friedl et al. (2012) present a literature review of emitter exponents for various 

pipe material and failure modes. These results agree with that of Bennis et al (2011) in that the 

emitter exponent for circular holes is around 0.5. However, for other types of failure, such as 

blow out or corrosion pitting, the value of n can range from 1 to 1.5, with 2.5 being an upper 

bound.  

 

Based on the results of these studies, a general methodology for evaluating leakage for pipes in 

Sanford can be developed by calibrating around rate of leakage vs. age with an assumed value of 

n from experimental studies. 

This analysis requires the following datasets: 

 Pipe inventory database including pipe material, diameter, age 

 Monthly pressure variability at system entry and possibly for each node 

 Calibration data (if available) on main breakage/leakage rates 

 

Analysis of Sanford’s Pipe Inventory Database  
The first dataset, the pipe inventory database, has been provided to UF. This database contains 

pipe material and diameter for each of 8,226 pipes in Sanford as of 2008 (date of last update in 

database). Table 4-2 shows the distribution of pipes by diameter (excluding with “0” diameter), 

and Table 4-3 shows the distribution of pipes by material (excluding those with no material 

designation).  

 

Table 4-2. Distribution of pipes by diameter in Sanford 

Diameter (inches) Count of pipes Total linear feet Feet per pipe 
Percent of total 

length 
Cumulative percent 

of total length 

0.75 76 18,644 245.32 1.05% 1.05% 

1 108 21,183 196.14 1.19% 2.24% 

1.25 66 22,082 334.57 1.24% 3.49% 

1.5 62 16,191 261.14 0.91% 4.40% 

2 1136 332,267 292.49 18.73% 23.13% 

2.5 13 1,678 129.05 0.09% 23.22% 
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Table 4-3. Distribution of pipes by material 

Material Count of pipes Total linear feet Feet per pipe 
Percent of 

total length 

Cumulative 
percent of 

total length 

AC 104 35,471 341.07 2.00% 2.00% 
CIP 1444 307,844 213.19 17.33% 19.33% 
DIP 450 90,673 201.50 5.10% 24.43% 
GLV 404 138,126 341.90 7.78% 32.21% 

HDPE 427 77,128 180.63 4.34% 36.55% 
PE 43 10,393 241.69 0.59% 37.14% 

PVC 5256 1,085,914 206.60 61.14% 98.27% 
UNK 91 30,650 336.81 1.73% 100.00% 

Total 8,219 1,776,198 216.11 100.00%   
 

 

Age of pipes was estimated using a spatial analysis procedure within GIS, based on year built of 

parcels in close proximity to a given pipe.  Each pipe was assigned the minimum actual year 

built date of parcels within a 100 ft. buffer of the pipe. A total of 7,446 (91%) of the 8,226 pipes 

were assigned an age based on this method. Figure 4-2 shows the annual and cumulative lengths 

of pipe installed in Sanford from 1882-2008 based on this method. The remaining 9% could not 

be assigned an age as the surrounding area of these pipes is not currently developed. The sample 

of assigned pipes can be utilized to analyze leakage as a function of pipe age. In addition, pipe 

age should be updated to reflect estimated service lives of pipes. Direct records, if available, can 

be used to determine appropriate service lives of pipes in Sanford.  Absent this data, an assumed 

value in the range of 50-100 years can be utilized. Sanford is currently repairing/replacing old 

pipes and pipes with long residence times to improve water quality.  

 

 

3 97 25,098 258.74 1.41% 24.64% 

4 355 89,688 252.64 5.05% 29.69% 

6 3729 569,595 152.75 32.10% 61.79% 

8 1146 271,107 236.57 15.28% 77.07% 

10 499 123,920 248.34 6.98% 84.06% 

12 557 162,016 290.87 9.13% 93.19% 

14 30 13,258 441.93 0.75% 93.93% 

16 248 71,282 287.43 4.02% 97.95% 

18 42 21,191 504.54 1.19% 99.15% 

20 14 3,715 265.36 0.21% 99.36% 

24 28 11,427 408.10 0.64% 100.00% 

Total 8,206 1,774,341 216.22 100.00%   
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Figure 4-2. Annual and total lengths of pipes installed in Sanford from 1882-2008 based on close 

proximity parcel build date 

 

Correctly accounting for historical pipe replacement is a critical element toward determining 

accurate pipe age and material in a given analysis year. For example, a PVC pipe, located in the 

historic downtown district was assigned a year built of 1882 (one of the oldest buildings in 

Sanford). However, PVC pipes were not introduced until the 1950’s and 1960’s. Clearly, this 

pipe was a retrofit of an older pipe, which was more than likely a material such as ductile or cast 

iron. This example shows the need for accurate age data, and service life updating. For future 

work, such algorithms can be applied to the pipe database, based on available pipe replacement 

data in Sanford. 

 

Estimated service lives of various pipe material in different regions of the country are shown in 

Figure 4-3 (AWWA 2012). In the absence of direct data, these service life estimates can be 

utilized to update pipe age to account for pipe replacement. The south medium and small 

category was utilized as representative for updating pipe age for Sanford. The service lives used 

for pipe materials found in Sanford are shown in Table 4-4. HDPE and PE service lives were 

estimated at 75 years as data was unavailable for these materials. 
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Figure 4-3. Estimated service lives of distribution mains for various regions of the United States 

(AWWA 2012) 

 

Table 4-4. Service lives utilized to update age of Sanford mains (AWWA 2012) 

Service lives for Sanford 
mains 

material 
service 

life 

AC 100 
CIP 105 
DIP 105 
GLV 70 

HDPE* 75 
PE* 75 
PVC 55 

* estimated value 
  

Given service lives of mains, a replacement analysis was performed comparing projected new 

pipe added with existing pipe retrofit due to service life attrition as shown in Figure 4-4. Based 

on historical trends, a 1% annual growth of new pipes was assumed from 2012-2050. Figure 4-4 

shows that the pipe replacement needs have increased in recent years and project to continue to 

increase as much of the original pipe infrastructure that was installed in the 1940s and 1950s is 

now due for replacement.  As of 2012, 22% of pipes installed in Sanford are retrofits whereas 

36% of pipes are projected to be retrofits in 2050 as shown in Table 4-5.  
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Figure 4-4. Projected replacement and growth of Sanford water mains.  

 

Table 4-5. Trends in percent of retrofit vs. new mains installed in Sanford 

 
 

Analysis of Spatial Pressure Variation Using Steady State Hydraulic Model 
Simulation  
Two sources were utilized to analyze system pressure variation:  

 Steady state hydraulic model simulation for spatial variation 

 High frequency SCADA treatment plant flow and pressure data for temporal variation 

An initial hydraulic model analysis was performed on 12/4/12 via remote access. The main 

objective was to determine an appropriate saved model to run both steady state and extended 

period analysis which captures both spatial and temporal pressure variability during typical 

conditions. It was determined that the “Water model 071111” is an appropriate model to use as it 

has well documented boundary conditions and known context. The model contains various input 

demand conditions, including 2011 average daily flows, which were determined to be the most 

relevant to analyze pressure variation for water loss analysis purposes.  

 

It was proposed that first a steady state run be executed to evaluate spatial pressure variability. 

The steady state run was performed during a follow up remote access session on 1/16/13. This 

run utilized the 2011 average daily flows as boundary conditions, using “Water model 

071111KA”.  A screen capture of output results is shown in Figure 4-5. Based on 2011 average 

daily flow conditions, the steady state pressure ranged from 40-70 psi throughout most of the 

network. The modeled inlet pressure at the treatment plant was 50 psi. Booster stations, indicated 

by the boxed arrows in Figure 3, provide increased pressure to areas of the system farther away 

from the treatment plant. Only a small section was modeled with average pressure below 40 psi. 

The green nodes, which indicate over 70 psi, were thought to be erroneous based on field testing 

in the area. The sections not colored indicate areas outside the Sanford service area boundary. 

Year Percent retrofit pipe Percent new pipe

2012 21.94% 78.06%

2030 29.41% 70.59%

2050 36.24% 63.76%
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Several error warnings appeared in the output results, which should be investigated further in 

future work.  

 
Figure 4-5. Screen capture of output results from 1/16/13 hydraulic model simulation 

 

Tabular output pressure and flow data for all 5,298 modeled pipes and 4,551 nodes were also 

provided. This is not an “all pipe” model as there are 8,219 pipes in the infrastructure database. 

No obvious ID exists to link hydraulic model “pipes” with that of the infrastructure database. 

The histogram of steady state pressure is shown in Figure 4-6. The mean pressure is 56.28 psi 

with a standard deviation of 8.03 psi. This can be utilized to model random variability in system 

pressure. The flow pattern, shown in Figure 4-7, indicates interdependency of flow from each of 

the two treatment plants to any particular node.   
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Figure 4-6. Average nodal pressure distribution based on 2011 ADF 

 

 
Figure 4-7. Sanford flow pattern based on 2011 average daily flow 
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High Frequency SCADA Treatment Plant Flow and Pressure Data For Temporal 
Variation 
High frequency SCADA treatment plant flow and pressure data was provided for both the main 

and auxiliary water treatment plants. The data provided ranged from 1/1/2011 through 

12/31/2011 with 6 minute frequency intervals between readings as shown in Figures 4-8 and 4-9. 

Both treatment plants operate in similar pressure ranges, with an average pressure of 55psi at the 

main plant with a standard deviation of 3.1 psi and an average pressure of 59 psi with a standard 

deviation of 4.77 at the auxiliary plant. This varies slightly from the modeled 50 psi at the 

treatment plants in the hydraulic model. The main treatment plant’s average flow (3,652 gpm) is 

roughly three times greater than the auxiliary plant when operational (1,280 gpm). The auxiliary 

plant was operational roughly 50% of the 2011 analysis year. This corresponds to a weighted 

average flow of 4,292 gpm, which is slightly above the demand allocated in the hydraulic model 

under average flow conditions of 4,182 gpm. Figures 4-10 and 4-11 show diurnal flow variation 

and pressure variability for a typical day and week in 2011. Table 4-6 shows 2011 monthly 

average flows and pressures for both main and auxiliary plants. 

 
Figure 4-8. High frequency SCADA flow and pressure for main water treatment plant at six 

minute intervals 

 

 
Figure 4-9. High frequency SCADA flow and pressure for auxiliary water treatment plant at six 

minute intervals 
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Figure 4-10. Typical diurnal flow pattern and pressure variability of main and auxiliary plant for 

3/6/2011 

 
Figure 4-11. Typical diurnal flow pattern and pressure variability of main and auxiliary plant for 

week of 3/6/2011- 3/12/2011 

 

Table 4-6. 2011 monthly average flows and pressures for main and auxiliary plant.  

Month 

2011 Average 
of MP flow 

(gpm) 
2011 Average of 

MP pressure (psi) 
2011 Average of 

AP flow (gpm) 
2011 Average of 
AP pressure (psi) 

Jan 3,099 54.64 913 61.00 
Feb 3,225 54.35 836 60.05 
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Final Component Analysis  
The final component breakdown of real losses in Sanford is presented in this section. 

Methodologies for determining background leakage, reported breaks, and unreported breaks are 

presented here. 

 

Background leakage 
Background leakage for Sanford was determined using the UARL estimates presented in 

Lambert (1999) as Sanford specific data for this term was unavailable. The number of service 

connections and total length of mains was determined from the asset database. The resulting 

estimated background leakage was 0.26 mgd at a reference pressure of 71 psi (to be consistent to 

the reference pressure of published coefficients), shown in Table 4-7. Background leakage was 

adjusted for actual pressure variability in Sanford based on Equation 4-1. Average system 

pressure was modeled as a random variable from the distribution shown in Figure 4-6 at a 

monthly time step from 2006-2010 as direct data for this entire period was unavailable at that 

time. Given these assumptions, background leakage represents 3.73% of total average annual 

water supplied from 2006-2010, as shown in Table 4-7. 

 

Table 4-7. Estimated background leakage in Sanford 

 
 
Reported breaks 

Any available data on historical main breakage and pipe replacement within Sanford would be 

invaluable for calibrating model assumptions. This data can help determine accurate pipe ages, 

as well as leakage rates vs. pipe age and material. In the absence of this data, default literature 

estimates can be used, which can then be calibrated to match total system real losses as 

determined previously. In the future, the Sanford Cityworks system can be populated with 

Value Units Data source

9.6 L/km mains/d/m pressure Lambert (1999) background leakage methodology

0.60 L/service conn./d/m pressure Lambert (1999) background leakage methodology

16.00 L/km underground service conn. pipe/d/m pressure Lambert (1999) background leakage methodology

541.39 km mains Sanford database

20,483 number of service connections Sanford database

7.50 length of service pipe per connection, m/connection Lambert (1999) background leakage methodology

153.62 total length of underground service connection pipe, km Calculated

0.26 total background leakage at 71 psi  (mgd) Calculated

3.73% Percent of average annual flow Calculated

Background leakage in Sanford 

Mar 3,829 54.97 458 57.72 
Apr 3,900 54.83 464 57.13 
May 4,268 55.55 541 57.62 
Jun 3,978 54.83 825 59.15 
Jul 3,750 54.97 706 59.60 

Aug 3,649 54.56 756 59.69 
Sep 3,647 54.73 628 59.06 
Oct 3,603 55.09 535 58.82 
Nov 3,651 54.96 601 59.06 
Dec 3,654 55.18 382 57.99 

average 3,688 54.89 637 58.91 
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historical data on pipe breaks to extract this data.  Thus, the only current option was to assemble 

the available data manually and use it as our best estimate.    

 

Sanford provided yearly totals of reported pipe breaks that are shown in Table 4-8. The annual 

break rate of 0.33 breaks / km is typical of utilities in North America. It is assumed that data 

provided reflects reported breaks only as minimal active leakage detection has currently been 

performed. However, any additional break rate data, particularly linking to pipe material, age, or 

diameter specifically would be helpful in better evaluating losses due to main breaks and 

failures. 

 

Table 4-8. Annual pipe breaks in Sanford’s water distribution system 

Year Pipe Breaks 

2007 252 

2008 209 

2009 136 

2010 174 

2011 117 

Average 178 

Total 888 

km of pipe 541 

Annual breaks/km 0.33 

 

Utilizing the total length of pipe mains from the Sanford asset database, an average of 178 

reported breaks occur in Sanford per year as shown in Table 4-8. Data on flow rates of breaks in 

Sanford was unavailable for this analysis. A value of 100 gpm was utilized for reported main 

breaks to reflect typical magnitude, based on the AWWA M36 manual (AWWA 2009). 

However, flow rates of breaks are highly variable and should be verified by field testing. 

Additionally, it is assumed that the time to repair these breaks (from onset to repair) is one day 

on average. This reflects typical response time to a known burst of large magnitude (AWWA 

2009). Given such a short response time, the relative importance of total reported breaks is 

minimal, representing 0.07 mgd or 1% of average annual flow from 2006-2010 as  shown in 

Table 4-9. Actual response time to such events can be recorded in Cityworks and utilized to 

improve current estimates.  

 

Similarly to background leakage, reported breaks were adjusted for actual pressure variability in 

Sanford based on Equation 4-1using the pressure distributions presented earlier. Pressure was 

modeled as a random variable from 2006-2010 as direct data for this entire period was 

unavailable at the time of analysis. 

 

Table 4-9. Estimated leakage from reported breaks in Sanford 

 
 

Value Units Data source

0.33 breaks/km/yr Sanford records

541.39 km mains Sanford database

178.66 breaks total/yr Calculated

100 gpm flow rate of break (71 psi) Estimated average flow of surfaced leak for 6" main (AWWA M36)

1 duration of reported break (days) Estimated average time to repair reported break (AWWA M36)

0.07 total reported breaks at 71 psi (mgd) Calculated

1.00% Percent of average annual flow Calculated

Reported breaks in Sanford 
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Unreported breaks 
Absent direct data from active leakage detection efforts, unreported leakage can be determined as 

the residual component of real losses as shown as Equation 4-2. 

 

UBt=[RLt-(BLt+RBt)]*(Pt/71 psi)
n
         (4-2) 

 

Where: UB= unreported break leakage at time t (mgd), RLt= total real losses at time t (mgd), 

BLt= background leakage at time t (mgd), RBt= reported break leakage at time t (mgd), Pt= 

average system pressure at time t, n= emitter coefficient  

 

Unreported breaks are often determined as a residual value since it results from accumulation of 

breaks over time which is a function of infrastructure age (Laven and Lambert 2012). Based on 

these assumptions, unreported leakage can be modeled based on infrastructure age according to 

Equation 4-3. This assumes that leakage is directly proportional to age, since no leaks are 

assumed to be actively repaired prior to the onset of an active leakage detection and repair 

program. Additionally, it can be assumed that unreported breaks have an average duration of 

0.5*inter-event time for inspection. This assumes that on average, a given leak will be detected 

and repaired midway through an active leakage detection and repair program. Since leaks are 

assumed to run continuously over this duration, a small number of unreported breaks could 

potentially yield significant leakage without continuous active leakage detection and repair 

efforts.  

 

UBm=RR*Lm* agem* qb,m* (Pt/71 psi)
n
        (4-3) 

 

Where: UBm = unreported leakage for main m (mgd), RR = rate of rise of unreported breaks 

(unreported breaks/km/yr of infrastructure age), Lm= length of main m (km), agem= age of main 

m, qb,m= average flow rate of unreported break (gpm/break) 

 

The rate of rise term, which indicates the rate of breakage accumulation over time, is a key 

unknown term in Equation 4-3, which can be utilized as a calibration parameter. A value of 20 

gpm was utilized to represent that of a typical unreported break, although flow rates of 

unreported breaks vary widely (Laven and Lambert 2012).  

 

Unreported break leakage was determined on a monthly time step from 2006-2010 utilizing 

Equation 4-2. An emitter coefficient of 0.5 was utilized to reflect a typical circular leak. Leakage 

was then modeled for the 91% sample (7,446 of 8,226) of pipes within the Sanford asset 

database where age could be assigned using Equation 4-3. Estimated leakage was then upscaled 

to determine total leakage for all pipes. 

 

The breakage rate of rise parameter was determined to minimize the error between average daily 

residual leakage from Equation 4-2 and average daily modeled leakage from Equation 4-3 for the 

period from 2006-2010. A summary of key unreported leakage assumptions is shown in Table 4-

10. A chart of the final component analysis is shown in Figure 4-12. The estimated rate of rise of 

0.00175 unreported breaks/km/yr of infrastructure age translates to 0.0538 unreported bursts/ km 

or roughly 29 total unreported leaks in the system with an average pipe age of 31 years and a 
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total volume of 0.73mgd. This term represents the majority of leakage, despite the small number 

of estimated leaks, due to continuous run time per month. 

 

Similarly to reported breaks, key assumptions utilized for estimation of unreported leaks can be 

refined as the Cityworks database is populated and active leakage detection takes place. One 

possible source of error is the assumed flow rate of unreported bursts. It is possible that this flow 

rate is lower than 20 gpm thus resulting in more leaks to account for the same volume of leakage, 

which would result in a higher breaks/km value which would be consistent with typical break 

rates. For example, if the average leakage flow rate was 5 gpm, then the break rate becomes 

0.215 unreported bursts / km. Additionally, actual high frequency pressure data from 2006-

present may explain some of the variability, although the causal reasons for such rapid 

fluctuation in real losses over this time frame are likely the result from several unknown factors.  

 

Table 4-10. Estimated leakage from unreported breaks in Sanford 

 
 

 
Figure 4-12. Final component breakdown of real losses in Sanford 

 

Refined Process Level Analysis of Water Usage, Water Reuse, and Demand 
Management Options  
 

An initial EZ Guide run was performed as part of Task 1 to serve as a benchmark conservation 

analysis utilizing data available statewide. One of the primary objectives of this project is to 

refine the bottom up demand estimates in EZ Guide utilizing the exceptional customer billing 

Value Units Data source

0.00175 unreported breaks/km/yr of infrastructure age Estimated value

541.39 km mains Sanford database

30.75 avg age of infrastructure from 2008-2010 Analysis of pipe database

29.13 total number of unreported breaks in system Calculated

5.38 #unreported bursts/ 100 km Calculated

20 gpm /break (71 psi)  Literature estimate for unsurfaced main break (Laven and Lambert 2011)

0.84 mgd from unreported breaks (71 psi) Calculated

0.73 mgd from unreported breaks (adjusted for pressure variation) Calculated

0.23 estimated background leakage (adjusted for pressure variation) (mgd) Previous calculation (UARL)

0.06 estimated reported break leakage (adjusted for pressure variation) (mgd) Previous calculation (Sanford data and lit. estimates)

1.00 average real losses (2008-2010) (mgd) Residual from water audit

0.71 residual unreported break leakage Calculated difference between total real loss - (background+reported)

0.02 difference between residual and modeled unreported breakage (unadjusted for pressure) Model error (unadjusted for pressure)

Unreported breaks in Sanford
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database linked to property appraisal data developed in Task 1 to calibrate the model. This 

analysis allows for a much more detailed and accurate analysis of customer demand and 

conservation potential, which can then be compared directly with water loss control options. 

 

An updated benchmark EZ Guide analysis was conducted which included several updates to EZ 

Guide including: 

 Updated 2010 U.S. census and FDOR parcel data 

 Updated fixture replacement service lives based on detailed literature review 

 Utilization of 2010 rather than 2009 as the analysis year, based on analysis of Sanford 

water loss, number of account, and climate trends 

The updated 2010 benchmark EZ Guide analysis of Sanford is shown in Figure 4-13. This 

analysis utilizes only statewide parcel and Census data, and default estimates of water usage 

coefficients based on GRU and Hillsborough County case studies. This analysis resulted in a 

model error of 15%, which represents the uncalibrated benchmark. The inclusion of updated data 

sources as well as selection of a more representative year greatly improved the benchmark error, 

as compared to the initial evaluation performed in Task 1.  

 

 
Figure 4-13. Uncalibrated EZ Guide performed in Task 3 utilizing analysis year of 2010 
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Calibration of EZ Guide using Sanford billing/parcel database 
The following defaults were calibrated utilizing utility specific data: 

1. Water loss percentage  

2. Single family residential irrigation application rates and percent of customers who 

irrigate 

3. CII water use coefficients 

4. Number of active accounts 

5. Residential fixture service lives 

 
Water loss percentage 

The default water loss percentage is 15%, which represents typical average annual water loss 

conditions. Based on extensive analysis of water loss, Sanford had an 18% water loss in 2010, 

which represents typical conditions. Previous estimates of 2010 showed 22% loss, which did not 

account for unbilled usage. Figure 4-14 shows the EZ Guide output, after changing water loss 

percentage from 15% to 18%. This change actually increases percent error in water use to 19%. 

 
Figure 4-14. EZ Guide output, updated to include measured water loss percent 

 

Single family residential irrigation application rates and percent of customers 
who irrigate 

Single family residential irrigation application rates and percent of customers who irrigate were 

determined directly from analysis of 13,035 SFR customers in Sanford with billing data linked to 

parcel data. First, indoor usage was determined utilizing a process level end use model for each 

parcel (Friedman et al. 2011). Outdoor usage can then be determined from hydrograph separation 
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of total billed usage minus indoor usage. Application rate can be calculated as total outdoor 

water usage divided by irrigable area for each parcel, which is known directly from the Seminole 

county property appraisal database (Friedman et al. 2013). Finally, all customers whose 

calculated application rate is between 1 and 100 in./yr. and whose irrigable area is between 1,000 

and 100,000 ft
2
 are defined to be potable irrigators. Based on 2010 predicted indoor usage and 

measured average consumption per residence, 4,045 of the 13,035 (31%) home sample in 

Sanford were significant irrigators as shown in Figure 4-15. The average application rate of these 

irrigators was 28.6 in./yr. in 2010 with a standard deviation of 24.38 in./yr. The average irrigable 

area was 10,602 ft
2
 with a standard deviation of 6,171 ft

2
. This analysis was utilized to update the 

percent irrigators from a default of 50% to 31% and increase the default application rate from 1.5 

in/month to 2.4 in./month. The resulting EZ Guide output, shown in Figure 4-16, shows 

improved accuracy, reducing model error from 19% to 12% from decreased irrigation. 

 

 
Figure 4-15. Irrigation application rate vs. irrigable area for 4,045 significant irrigators in 

Sanford. 
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Figure 4-16. EZ Guide output, updated to include measured water loss percentage and analysis of 

potable irrigators in Sanford 

 

CII water use coefficients 
Default CII water use coefficients, derived from analysis of seven benchmark utilities including 

Gainesville Regional Utilities, Hillsborough County Water Resources Services, City of 

Leesburg, City of Palm Bay, City of Palm Coast, St. Johns County, and City of Sanford, were 

replaced with Sanford specific coefficients based on the billing/parcel level database, shown in 

Table 4-11. Water use coefficients for each land use code were derived as the sum of potable 

water usage divided by total heated area for all Sanford parcels contained in the sector. Two sets 

of coefficients are shown, which utilize water usage over all available years (2006-2011) vs. 

using only 2010 water usage to derive CII water use coefficients. Default coefficients were 

derived using averages across all available years of billing data, which varies among utilities. 

However, using such averages to describe water usage in a selected study year can significantly 

skew results as CII water usage is highly variable from year to year. Therefore, coefficients 

based strictly on 2010 Sanford water usage were utilized. Defaults were utilized for land uses 

where direct billing data from Sanford was unavailable.  In contrast, utilizing coefficients based 

on 2006-2011 Sanford water usage would nearly double CII water usage estimates, thus greatly 

skewing overall model error.  
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Table 4-11. Comparison of default GRU/ HCWRS and Sanford CII water use coefficients 

    Seven utility benchmark dataset Sanford dataset 

FDOR 
land 
use 

code 

Water use 
sector 

Number 
of 

parcels 

Average 
heated 

area (sqft) 

Water use 
coefficient  

(gal/hsf/mo) 

Number 
of 

parcels 

Average 
heated 

area (sqft) 

Water use 
coefficient 
based on 

2006-2011 
Sanford 

water usage 
(gal/hsf/mo) 

Water use 
coefficient 
based on 

2010 
Sanford 

water usage 
only 

(gal/hsf/mo) 

11 Commercial 618 8,683 2.1 226 4,204 3.83 1.9 

12 Commercial 229 8,887 2.57 48 1,436 4.15 3.69 

13 Commercial 35 124,043 1.9 15 123,770 2.55 1.04 

14 Commercial 128 6,940 6.72 2 21,456 0.99 1.29 

15 Commercial 8 426,491 2.33 1 494,600     

16 Commercial 307 41,205 2.64 30 41,050 4.49 2.85 

17 Commercial 601 5,593 3.5 121 5,164 3.67 1.3 

18 Commercial 132 24,484 1.92 22 16,766 2.75 1.46 

19 Commercial 429 7,671 3.68 117 2,501 6.66 2.62 

20 Commercial 12 9,353 10.85 17 30,736 12.35 11.05 

21 Commercial 247 4,980 18.5 40 4,289 37.82 26.27 

22 Commercial 141 2,832 21.65 25 2,498 47.35 19.69 

23 Commercial 161 5,121 8.55 18 3,743 16.68 1.71 

24 Commercial 13 9,607 2.25 0 0     

25 Commercial 93 5,333 3.81 13 2,190 6 6.38 

26 Commercial 72 3,306 10.97 64 3,587 10.69 8.42 

27 Commercial 287 8,771 4.09 87 8,607 8.28 3.49 

29 Commercial 7 19,919 0.7         

30 Commercial 5 2,746 3.92 2 2,353 0.92 0.55 

31 Commercial               

32 Commercial 6 35,792 4.35 3 16,400 8.63 1.17 

33 Commercial 30 4,899 5.7 12 5,089 3.56 3.27 

34 Commercial 14 16,770 4.96 5 11,450 1.42 1.54 

35 Commercial 3 16,957 11.47         

36 Commercial 1 2,863 19.16         

37 Commercial 2 292,267 1.39         

38 Commercial 35 14,892 4.94 1 15,115 2.93 2.39 

39 Commercial 98 28,755 6.54 10 24,676 8.6 6.59 

41 Industrial 222 31,597 1.22 177 21,450 2 0.88 

42 Industrial 9 54,529 2.13 1 37,306     

43 Industrial 15 16,371 1.84 5 32,486     

44 Industrial 2 53,951 2.88         

45 Industrial 2 20,757 0.6         
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46 Industrial 2 57,138 6.06 1 93,612 7.16 0.92 

47 Industrial 17 54,681 5.4 4 9,829 2.28 0.39 

48 Industrial 438 26,362 1.17 174 15,012 4.18 1.7 

49 Industrial 28 3,578 5.67 26 3,707 7.17 4.95 

91 Industrial 24 20,112 0.87 112 456 1.18 1.41 

92 Industrial       1 0     

71 Institutional 489 12,506 1.59 114 8,063 3.76 1.77 

72 Institutional 148 8,291 4.46 37 6,872 14 10.28 

73 Institutional 11 161,106 3.38 1 207,244 5.64 5.79 

74 Institutional 51 40,563 3.8 10 28,458 4.17 4.05 

75 Institutional 97 11,080 4.92 8 9,754 7.5 6.3 

76 Institutional 23 5,452 4.74 10 1,931 9.88 8.17 

77 Institutional 88 10,084 5 19 4,110 2.06 1.66 

78 Institutional 5 32,939 7.81         

79 Institutional 1 2,302 3.81         

81 Institutional       1 14,196     

82 Institutional 5 6,543 7.15 49 680 1.7 1.73 

83 Institutional 81 118,582 1.91 41 15,004 4.77 7.19 

84 Institutional 16 128,965 1.04 7 0     

85 Institutional 6 65,538 2.37         

90 Institutional               

97 Institutional 3 5,055 1.41         

Commercial 3,714 13,260 3.70 879 9,324 5.88 3.42 

Industrial 759 27,765 1.45 501 13,750 2.91 1.22 

Institutional 1,024 24,949 2.44 297 8,429 5.31 4.73 

CII 5,497 17,440 2.87 1,677 10,488 4.64 2.75 

 

 

Number of active accounts 
The next step in calibrating EZ Guide was to scale results to adjust for number of active accounts 

in Sanford in 2010. The EZ Guide performs initial water use calculations based on all developed 

parcels within a provided service area boundary. An estimate of service connections analyzed is 

then derived based on the number of developed parcels in the service area. However, a critical 

assumption is that 100% of these service connections are active customers, which are currently 

served by the utility. Additionally, a one to one ratio of service connections to customers is 

assumed. Therefore, total estimated water usage must be adjusted to account for inactive 

customers. Due to the recent economic recession resulting in a significant decline in active 

customers, this can have a major impact on total consumption. The number of active customers 

in Sanford from 1999-2011, as reported in Sanford financial reports, is shown in Table 4-12. The 

number of active customers has declined since 2007, due to the economic recession. In 2010, 

Sanford reported 15,625 active accounts. The 2010 benchmark EZ Guide run analyzed water 

usage for an estimated 17,723 accounts on developed parcels in the Sanford service area, 

assuming 100% activity. In reality, only an 88% account activity was observed in 2010, which 
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served as a basis for downscaling estimated total water usage for 2010. This is accounted for in 

EZ Guide by reducing persons per home and number of CII account estimates by 12%. The EZ 

Guide output adjusted for number of active accounts is shown in Figure 4-17. Model error 

decreased significantly, to only a 3.44% over estimate.  

 

Table 4-12. Number of active customers in Sanford from 1999-2011 
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Figure 4-17. EZ Guide output, updated to include measured water loss percentage, analysis of 

potable irrigators, Sanford specific CII water use coefficients, and number of active 

accounts 

 

Residential fixture service lives 
The final calibration step is to assign remaining model error to fixture service life assumptions. 

Default service lives based on an extensive literature review (Morales et al. 2013), shown in 

Table 4-13, were adjusted to complete model calibration. Toilet service life was the only 

calibrated value due to the relative importance of toilet water usage as well as a default service 

life of 40 years. Adjusting service life assumptions allows for quicker transition of old fixtures to 

newer fixtures which utilize less water per use. A calibrated toilet service life of 26 years was 

determined to reduce overall model error from 3.44% to 0.11%, shown in Figure 4-18. This 

translates to approximately 60% of Sanford’s toilet stock being efficient 1.6 gpf toilets with the 

remaining 40% being less efficient 3.5 gpf toilets. No 5 gpf toilets would remain in Sanford 

based on a 26 year service life. A comparison of the uncalibrated and final calibrated 2010 water 

budget for Sanford is shown in Figure 4-19. 

 

Table 4-13. Default and calibrated residential fixture service lives for 2010 Sanford EZ Guide  
Fixture Default service life (years) Calibrated service life (years) 

Toilet 40 26 

Clothes washer 11 11 

Showerhead 8 8 

Faucet 15 15 
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Figure 4-18. Final calibrated EZ Guide based on 2010 conditions in Sanford 

 

a   b  

Figure 4-19. Comparison of uncalibrated (a) and final calibrated (b) EZ Guide based on 2010 

conditions in Sanford 
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5.0 EVALUATION OF ECONOMICALLY OPTIMAL LEVELS OF WATER LOSS 
CONTROL AND WATER USAGE DEMAND MANAGEMENT 

 

Overview of Methodology for Determining Economically Optimal Levels of 
Water Loss Control and Water Usage Demand Management 
 

This chapter focuses on evaluating the economically optimal level of water losses and demand 

management for Sanford which can be then utilized to develop an implementation plan of the 

recommended program which feeds into the performance tracking system to provide continuous 

feedback on the actual system performance. The first section evaluates the economic feasibility 

of water loss savings potential from active leakage detection of distribution system mains 

determined in Chapter 4. Priority pipe clusters are determined based on pipe attributes as well as 

spatial location. A marginal cost curve of water loss savings associated with active leakage 

detection is then presented.  

 

In addition to water loss reduction, cost effective strategies for demand management were 

analyzed in detail using EZ Guide. The 2010 calibrated EZ Guide, presented in Chapter 4,  

provides a realistic breakdown of customer demand by end uses, which forms the basis of 

demand management BMP analysis. EZ Guide sorts each BMP option by cost effectiveness to 

develop a marginal cost curve for water savings from demand management BMPs. These results 

are then combined with water loss management options to develop a final recommended 

combined leak detection and customer demand BMP program for Sanford. This is accomplished 

by comparing both demand management and water loss reduction strategies as a means to reduce 

existing water produced vs. the cost of providing an alternative water supply. 

 

Clustering of Water Distribution Mains for Leakage Control Prioritization  
Pipes were prioritized based on estimated unreported break leakage from 2006-2010, utilizing 

the procedures described in Chapter 4. Average estimated leakage (gpd/km) was determined for 

7,366 mains in Sanford with known pipe material, service life, and where pipe age was assigned.  

A map showing candidate priority locations for active leakage detection is shown in Figure 5-1. 

All pipes were grouped into one of four clusters, based on estimated leakage. The majority of 

mains with high leakage (orange and red) are located in the older sections of town, close to 

downtown, with a few candidate areas in the newer outlying areas.  

 

Trends in leakage rates as a function of pipe material and diameter were also analyzed to further 

develop recommended priority pipe clusters for active leakage detection, shown in Table 5-1. 

Asbestos concrete and cast iron had the largest estimated average leakage rates while newer 

materials, such as polyethylene (PE) and polyvinyl chloride (PVC) had lower average rates. 

Interestingly, ductile iron pipe (DIP) had a smaller average leakage rate than PE and PVC. 

However, this can be explained by DIPs having larger diameters than PE and PVC pipes, thus 

accounting for decreased leakage rates. The conclusions of this analysis show that asbestos 

concrete (AC), cast iron (CIPs), and galvanized (GLV) pipes in the older sections of town should 
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be targeted for leakage abatement. Additionally, smaller mains should be targeted before larger 

mains of the same material since breakage rates are higher for smaller pipes.  

 

 
Figure 5-1. Spatial clustering of mains in Sanford based on estimated unreported break leakage 

 

Table 5-1. Summary statistics of water distribution system main attributes and estimated leakage 

Pipe material 
Count of 

pipes 

Average  
diameter 
(inches) 

Average 
pipe length 

(ft) 
Service 

life 

Average 
age (in 
2010) 

Average 
estimated 

leakage (gpd/km) 

AC 100 7.32 337.18 100 50.66 2,098 

CIP 1,411 6.62 214.57 105 54.62 2,253 

DIP 414 9.34 202.82 105 34.63 1,410 

GLV 386 2.03 352.15 70 44.85 1,920 

HDPE 423 5.72 181.21 75 43.25 1,899 

PE 43 2.31 241.69 75 39.19 1,590 

PVC 4,589 6.34 212.09 55 20.80 879 

Total 7,366 6.29 219.42   31.12 1,316 

 

Marginal Cost Curve of Active leakage Detection 
A marginal cost curve of water loss savings associated with cumulative active leakage detection 

was developed to determine the economically optimal level of leakage control. The costs 

associated with active leakage detection provided here represent the cost of leak detection and 
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surveying only and do not represent any additional costs resulting from pipe repair of detected 

leaks. This framework is consistent with the AWWA M36 recommended procedures for 

evaluating the cost effectiveness of active leakage detection (AWWA 2009). As data is 

populated in Cityworks, these cost estimates can be refined, and the cost of pipe repair associated 

with active leakage detection can be included as well. The marginal cost of water saved from 

active leakage detection was determined using Equation 5-1. 

m

ald

m

m
UB

f

Lc

mc
















000,1

2/365
         (5-1) 

Where mcm = marginal cost of active leakage detection for main m ($/kgal), c= unit cost of leak 

detection ($/km), Lm= length of main m (km), fald= frequency of active leakage detection (years), 

UBm = unreported leakage for main m (mgd) 

 

A unit cost of $250/mile or $155/km was assumed which represents the typical cost of active 

leakage detection (AWWA 2009). Additionally, a leak detection frequency (fald) of three years 

was assumed, representing a typical survey interval (AWWA 2009). The average duration of 

leakage in a given pipe is assumed to be half the frequency interval in Equation 5-1. These 

parameters can be adjusted once Cityworks becomes populated. The marginal cost of water 

savings from active leakage detection was determined for 7,366 pipes for which unreported 

break leakage had been determined. The resulting marginal cost curve, shown in Figure 5-2, 

indicates a relatively low cost associated with active leakage detection, with 0.68 mgd savings 

being obtained for less than $3/kgal.  

 

The total cost of a leakage detection program for the 7,366 pipes (306 miles in total length) 

analyzed is $76,571 per three year survey or $25,506/yr. Given an average water main service 

life of 70 years in Sanford, the total undiscounted cost of leak detection over this duration is 

$1,785,391 or $1.10/ft. In comparison, the expected weighted average replacement cost of a 

water main in Sanford is $27/ft in 1998 dollars or $38/ft in 2013 dollars with a 2.4% inflation 

rate (BNi Building News 1998, US Department of Labor 2013). Thus active leak detection is 

approximately 3% of pipe replacement cost. A detailed breakdown of active leakage detection 

water savings potential and cost effectiveness by pipe material and diameter is shown in Table 5-

2. 
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Figure 5-2. Marginal cost curve for active leakage detection in Sanford 

 

Table 5-2. Water savings potential and cost effectiveness of active leakage detection in Sanford  

Pipe 
material 

and 
diameter 
(inches) 

Count 
of 

pipes 

Average 
length 

(ft) 

Average 
estimated 
year pipe 
installed 

Average 
age in 
2010 

Average 
leakage 

rate 
(gpd/km) 

Sum of 
potential 

water 
savings 
(gpd) 

Average 
marginal 
cost of 
leak 

detection 
($/kgal) 

Annual cost of 
leak 

detection($/yr) 

AC 100 337 1,959 51 2,114 22,783 0.16 532 

4 8 350 1,957 53 2,209 1,894 0.13 44 

6 62 325 1,955 55 2,290 14,561 0.13 318 

8 8 433 1,930 80 3,356 3,247 0.09 55 

12 22 332 1,984 26 1,132 3,080 0.29 115 

CIP 1,411 215 1,954 55 2,271 221,362 0.18 4,776 

1 1 37 1,956 54 2,241 25 0.13 1 

1.5 1 87 1,956 54 2,241 59 0.13 1 

2 13 177 1,957 53 2,198 1,577 0.16 36 

3 8 367 1,948 62 2,602 2,231 0.12 46 

4 27 324 1,961 49 2,038 5,099 0.16 138 

6 1,072 195 1,954 55 2,274 156,468 0.17 3,306 

8 115 284 1,958 52 2,146 21,248 0.17 515 

10 141 231 1,948 59 2,466 25,537 0.23 514 

12 20 366 1,975 35 1,416 3,556 0.30 116 

14 13 501 1,946 64 2,662 5,562 0.11 103 

DIP 414 203 1,975 35 1,422 38,133 0.28 1,325 

2 13 94 1,979 31 1,270 441 0.38 19 

4 34 201 1,984 26 1,048 2,062 0.30 108 

6 153 162 1,980 30 1,244 9,130 0.26 392 

8 58 139 1,983 27 1,143 2,531 0.33 127 

10 22 248 1,977 33 1,344 2,092 0.29 86 

12 45 258 1,975 35 1,413 4,277 0.25 183 

16 63 267 1,962 48 2,000 10,728 0.31 265 
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18 3 475 1,984 26 1,049 462 0.27 22 

20 13 277 1,956 54 2,251 3,081 0.19 57 

24 10 409 1,943 67 2,814 3,330 0.11 65 

GLV 386 352 1,952 45 1,936 80,849 0.24 2,144 

0.75 2 244 1,946 64 2,672 397 0.11 8 

1 9 302 1,953 42 1,710 1,416 0.28 43 

1.25 10 352 1,954 49 2,043 2,443 0.20 55 

1.5 7 469 1,954 56 2,315 2,426 0.12 52 

2 335 361 1,951 44 1,928 71,283 0.24 1,910 

3 10 293 1,960 43 1,780 1,714 0.36 46 

4 4 94 1,961 50 2,047 242 0.14 6 

6 3 380 1,952 34 1,393 643 0.27 18 

2.5 6 69 1,955 55 2,270 284 0.13 7 

PE 43 242 1,957 39 1,603 5,609 0.60 164 

1 4 189 1,957 54 2,220 493 0.14 12 

1.25 3 594 1,943 67 2,816 1,461 0.10 28 

1.5 1 222 1,964 46 1,896 128 0.15 4 

2 30 243 1,950 40 1,635 3,512 0.46 115 

6 5 71 2,005 5 129 14 2.19 6 

PVC 4,589 212 1,971 21 886 270,325 0.75 15,355 

0.75 70 252 1,936 24 984 5,474 0.54 278 

1 87 193 1,949 25 1,088 5,661 0.82 265 

1.25 52 323 1,935 23 946 4,778 0.50 265 

1.5 51 245 1,945 25 1,119 3,867 0.56 197 

2 695 278 1,949 24 1,042 61,100 0.58 3,049 

3 64 270 1,948 21 1,044 4,113 0.64 272 

4 200 246 1,967 19 909 14,128 0.63 777 

6 1,851 134 1,977 20 836 62,362 0.81 3,917 

8 754 243 1,987 18 751 45,608 0.89 2,895 

10 250 270 1,978 23 961 21,223 0.76 1,065 

12 337 280 1,974 20 841 24,551 0.65 1,490 

16 133 300 1,981 26 1,033 12,130 0.62 629 

18 13 583 1,994 16 607 1,251 1.27 120 

14 16 196 1,949 30 1,312 1,136 0.39 49 

24 7 597 1,972 38 1,570 2,370 0.19 66 

2.5 5 236 1,979 20 983 549 0.39 19 

0 4 24 1,979 17 894 26 0.47 2 

HDPE 423 181 1,954 43 1,914 44,642 0.29 1,209 

2 15 198 1,954 36 1,448 1,816 0.27 47 

4 73 274 1,957 46 2,008 12,390 0.18 316 

6 293 155 1,954 43 1,939 26,920 0.31 717 

8 40 181 1,947 42 1,821 3,469 0.27 114 

10 2 493 2,005 5 129 47 2.47 16 

Total or 
weighted 
average 7,366 219 1,966 31 1,316 683,703 0.55 25,506 
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Evaluation of Cost- Effective Demand Management Strategies 
The 2010 calibrated EZ Guide provides a realistic breakdown of customer demand by end uses, 

which forms the basis of demand management BMP analysis. Water savings from demand 

management BMPs are evaluated directly as the difference between current usage and usage 

with BMP implementation across all end uses. EZ Guide then sorts each BMP option by cost 

effectiveness, shown in Figure 5-3. (See Friedman et al. 2011 for more details). Based on this 

analysis, Sanford can reduce demand by 1.7 mgd or 34 gpcd for a marginal cost of under 

$3/kgal. This analysis includes BMPs covering SFR indoor, SFR outdoor, MFR, and CII sectors, 

summarized in Table 5-3. 

 

 
Figure 5-3. Demand management BMP cost effectiveness for Sanford 
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Table 5-3. Summary of cost effective demand management options for Sanford 

 

Economic Evaluation Across All Alternative Water Supply Options Including 
Both Water Supply Control And Demand Management Options 
 

A marginal cost curve of both demand management and water loss control together was 

developed to assess the combined impact and relative importance of all water saving BMPs 

analyzed as part of this project. Combined marginal cost for both demand management and 

active leakage detection in Sanford is shown in Table 5-4. The resulting marginal cost curve is 

shown in Figure 5-4. Active leakage detection is relatively less costly than demand management, 

due to the accumulation of unrepaired leaks over time in the distribution system. Active leakage 

detection represents approximately 30% of total conservation potential from both demand 

management and active leakage detection (0.68mgd/2.38mgd), although it is very cost effective 

to implement. Demand management potential is more costly due to passive replacement of older 

plumbing fixtures with more efficient models. The extensive reuse system currently in place 

reduces the the potential for additional reduction in potable irrigation.However, 1.7 mgd can be 

saved from demand management at a marginal cost of less than $3/kgal.  
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Table 5-4. Combined marginal cost for both demand management and active leakage detection  

Marginal 
cost, $/kgal 

Demand 
management, mgd 

Active leakage 
detection, mgd 

Combined, 
mgd 

0 0 0 0 

0.5 0.15 0.64 0.79 

0.75 0.35 0.65 1 

1 0.625 0.66 1.285 

1.1 1.25 0.66 1.91 

1.5 1.3 0.665 1.965 

2 1.4 0.67 2.07 

2.5 1.45 0.68 2.13 

2.6 1.46 0.68 2.14 

2.61 1.6 0.68 2.28 

3 1.7 0.68 2.38 

 

 
Figure 5-4. Combined marginal cost curve for both demand management and active leakage 

detection in Sanford 

 

Summary of Cost- Effective Water Savings Potential from Integrated Water 
Loss and Demand Management 
 

A detailed bottom up evaluation determined that 1.7mgd from demand management and 0.68 

mgd from active leakage detection could be cost effectively saved for a marginal cost of under 

$3/kgal. The total cost of implementing the full plan would be $8.5 million for demand 

management and $25,500/yr or $1,785,000 over a 70 year lifespan of a typical water main in 

Sanford. Costs for demand management shown here reflect full unit costs if Sanford paid the full 

cost of BMPs. However, these costs can be adjusted, depending on desired amount of rebate 

offered. For example, the utility may wish to provide a $100 rebate for a high efficiency toilet 

that costs $300 to replace. Realized water savings from implemented demand management and 

active leakage detection can be updated from data input into Cityworks. Additionally, an 
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estimated 0.46 mgd is estimated to be saved from the ongoing meter replacement program. 

Therefore, a total savings potential of 2.84 mgd can be obtained from combined demand 

management and water loss control. The projected cost of this project was unavailable as of 

October 2013, but can be updated as part of future work. Water savings potential from demand 

management and water loss control strategies analyzed as part of this project are summarized in 

Table 5-5 and Figure 5-5. 

 

Table 5-5. Summary of potential water savings and costs from demand management and water 

loss control 
BMP Category Cost effective water savings 

potential (mgd) 

Total cost of potential savings 

Demand management 1.70 $8,536,908 

Active leakage detection 0.68 $25,506/yr or $1,785,391 per 70 

year average pipe lifespan 

Customer meter replacement 0.46 N/A  

Total 2.84 N/A 

 

 

 
Figure 5-5. Summary of potential water savings from demand management and water loss 

control
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6.0 CONCLUSIONS AND FUTURE WORK 
 

The overall goal of this three year project was to develop an integrated methodology for water 

demand and water loss management for Sanford, FL that can also serve as a model for other 

Florida utilities. This project began in late 2010, shortly after the online version of EZ Guide was 

introduced in July 2010. EZ Guide uses a bottom up parcel level approach for evaluating 

customer water demand in detail. Water loss is dealt with in the current version of EZ Guide as a 

separate option that the user completes and reports the result into EZ Guide. Based on a detailed 

review of water loss methods, Friedman and Heaney (2009a and 2009b) recommended using the 

new AWWA (2009) water audit and water loss control method along with supporting documents 

by Fanner et al. (2007) and Thornton et al. (2009).  Throughout the course of this project, efforts 

have been made to refine existing audit approaches to allow for bottom up modeling of meter 

errors and leakage caused by pipe breaks. Likewise, numerous refinements in EZ Guide have 

been added throughout the course of this project that were applied to Sanford to provide 

improved insights into its water use patterns. Heaney et al. (2011) present an overview of EZ 

Guide as it existed as of early 2011. The 2013 online version of EZ Guide for water conservation 

is greatly improved over the previous versions.  Switt et al. (2013) describe this new version.  

Many important improvements are described in detail in papers in the literature that are listed in 

the reference section. This approach allows for integrated alternative water supply assessment 

across both water loss and demand management BMPs, and will be incorporated into future 

versions of EZ Guide in addition to enhancements currently being incorporated into EZ Guide 

related to water demand analysis. 

This report demonstrates the value added from these refinements toward better evaluating and 

managing both water losses and demands. Key results include: 

 

 

 Both water use and water loss trends were highly variable from 2006-2012 with 

downward trends observed in both in recent years 

 Although a decline in total water usage has occurred in recent years, per capita usage has 

been relatively constant over this period 

 Some causal factors for declines in total usage include a decline in number of customers 

served, increased alternative potable irrigation such as reuse, as well as declining percent 

water loss 

 The detailed data driven water audit accounted for approximately 20-25% of previous 

water loss estimates due to improved data validity, accounting for unbilled uses, and 

meter errors 

 The detailed audit showed annual percent water loss has been declining in recent years, 

from 22% in 2009, 18% in 2010, and 11% in 2011. 

 These observed declines are due, in part, to the ongoing meter replacement and 

infrastructure rehabilitation efforts by the City of Sanford to control water losses 
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 The residential meter replacement program was estimated to save 0.17 mgd based on a 

literature default estimate of 8 percent low flow. However, this volume saved may be 

larger in Sanford since a larger percent of low flows are expected as Sanford has a small 

percent of potable irrigators who use water at higher flow rates 

 Real losses were estimated to be approximately three times that of apparent losses based 

on 2008-2010 average conditions, with average annual real losses from 2008-2010 of 1 

mgd and average annual apparent losses of 0.35 mgd. 

 Background leakage which cannot be detected from current leak detection technology 

was estimated to be approximately 0.2 mgd, which represents approximately 3% of total 

flow. This represents the lower bound of water loss in Sanford, given no apparent losses 

or other types of real losses exist in the network. 

 The remaining 0.8 mgd represented detectable reported and unreported breaks of which 

only approximately 5% was estimated to be reported and fixed from 2008-2010. 

 Analysis of steady state nodal pressures indicated pressures ranging from 40 to 80psi 

with an average of 56 psi. Analysis of SCADA data confirmed the model was calibrated 

correctly to 2011 average flow conditions. This information was utilized to correct 

leakage estimates for actual system pressure conditions from reference pressure 

conditions provided in literature for leakage estimation. 

 A key missing element in determining leakage at the individual pipe level was the 

absence of pipe age. As part of this project, water main age was approximated based on 

the year parcels in close proximity were developed. Ages were then corrected for 

replacement service life to adjust for pipe replacement occurring in Sanford. Based on 

this analysis, the average main was 31 years old with ages ranging between 1 and 105 

years. Pipe replacement needs are projected to greatly increase over the next 30 years due 

to aging infrastructure, which is typical of national trends. 

 The total volume of leakage was assigned to each pipe based on pipe age. Additionally, 

pipes of smaller diameter and pipes of vintage materials such as AC and CIP have more 

leakage than newer PVC pipes, although this is partially due to correlation in pipe age. 

 Priority mapping of these leaks shows leakage rates are highest in the older historic 

district in the center of town as well as selected areas in the south of the service area. 

 A detailed analysis of customer demands was done using the parcel level customer billing 

database to update default parameters in EZ Guide to refine the initial benchmark run. 

The results showed a relatively small amount of potable irrigation and significant CII 

uses. Additionally, the model was scaled to account for the decline in number of 

customers served due to the recent recession. Based on 2010 conditions, the calibrated 

water usage was 137 gpcd with an over model error (comparing FDEP reported water 

usage with EZ Guide estimates) of only 0.11%. 

 Based on detailed water loss and demand analyses, an integrated management plan could 

be determined. A total of 1.7 mgd could be saved from demand management BMPs and a 

total of 0.68 mgd could be saved from active leakage detection under a reasonable 

marginal cost of $3/kgal. Additionally, 0.17 mgd was estimated to be saved from 

replacement of residential meters up through the end of 2011 and another 0.29 mgd is 

projected to be saved from the ongoing replacement of both small and large meters. 

 

Future work involves refining estimates made during this project to further increase the 

reliability of Sanford’s demand and water loss management initiatives as well as evaluating the 
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impact on utility revenue as a result of implementing the proposed integrated water loss and 

demand management plan. This can be accomplished with the workflows currently being 

generated in Cityworks. Recommended data to track include: 

 Meter errors/ stopped meters/ meter replacement to: 

o update expected volume of apparent losses from customer meter inaccuracies 

o  prioritize meter replacement 

 Evaluating percent low flow with high frequency AMR data to: 

o update expected volume of apparent losses from customer meter inaccuracies 

o prioritize meter replacement 

 Documenting unbilled uses such as flushing for: 

o improved estimation of unbilled uses in future audits 

 Reported pipe breaks in mains and service connections, including break flow rate, 

duration, pressure, and cost to: 

o update reported and unreported break assumptions in future audits as well as 

prioritize leak detection and pipe replacement efforts 

 Tracking active leakage detection including estimates of breakage flow rates and pressure 

at detection time to: 

o update reported and unreported break assumptions in future audits as well as 

prioritize leak detection and pipe replacement efforts 

 

The City of Sanford has begun implementing the initial phases of its leakage detection efforts 

utilizing noise correlation technology in select priority areas with high expected leakage. 

Also, the City is exploring alternative monitoring and detection technologies. Additionally, 

several pipe rehabilitation projects have been completed utilizing pipe bursting with many 

more scheduled over the next several years to address Sanford’s aging water infrastructure 

(Reiss Engineering 2011). Sanford is continuing its meter replacement and re-sizing 

program, with all residential meters projected to be done by the end of 2013 and all large 

multi-family and commercial meters to be completed within the next few years.  

 

Customer demand and water loss are complex problems which take many years and 

numerous refinements to adequately understand and manage. The detailed audit and 

component analyses presented here offer much improved insight as to the nature of customer 

demand and water loss trends in Sanford as compared to initial estimates from the start of the 

project. Sanford’s annual percent water loss has declined from 22% in 2009, 18%, in 2010, 

and 11% losses in 2011. These observed declines are due, in part, to the ongoing meter 

replacement and infrastructure rehabilitation efforts by the City of Sanford to control water 

losses.Understanding and managing the detailed nature of water losses in Sanford remains an 

ongoing effort which can utilize the analysis methodologies presented in this report as a 

template for future evaluations with improved accuracy as Cityworks becomes populated 

with system performance data such as pipe leakage and repair records. This framework to 

analyze Sanford’s customer demands and water losses can be utilized by other utilities 

seeking to accomplish similar goals.  
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