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CITY OF PHILADELPHIA
Philadeiphia Water Department - Water Revenue Bureau

WATER AUDIT FOR FISCAL YEAR 2007
July 1, 2006 - June 30, 2007

Introduction

For the 10th consecutive year Philadelphia's Water Accountability Committee compiled a detailed water audit of the water
supply and billing operations of the City of Philadelphia. As given in this report and related worksheets, the audi format
uses the best practice method published in 2000 by the intemational Water Association (IWA), an effort assisted by the
American Water Works Association (AWWA). This format requires that a water supplier determine the amount of water
that went to bilied consumption, other authorized consumption, and losses. Losses represent inefficiencies and are
categorized as Apparent Losses, or non-physical losses, due to customer meter inaccuracies, data/biling error and
unauthorized consumption; and Real Losses, or actual physical losses. Leakage is the largest component of real and
total losses for many water systems, and causes excess treatment and delivery costs. Apparent losses are significant
since they are typically valued at higher costs than leakage, and can have a substantial financial impact in terms of lost
revenue for utilities that bill customers based upon metered consumption.

Non-revenue Water (unbilled authorized consumption plus apparent losses pius real losses) rose notably in Fiscal Year
2007 (FY2007); likely due to billing distortions rather than actual physical losses. Despite this indication of rising losses,
significant progress was achieved on several major water loss initiatives. The Philadeiphia Water Department (PWD) and
Water Revenue Bureau (WRB) reported increased losses of 3.2 billion gallons, or 8.8 Million Galions per day (MGD);
going from 27,139 million gallons (MG), or a daily average of 74.4 MGD, in FY2006 to 30,370 MG (83.2 MGD) in FY2007.
Still, as of the close of FY2007, water losses remain roughly 40% lower than the level experienced prior to the
reinstatement of the Water Accountability Committee in 1992. Annual losses routinely registered between 43,800 -
51,100 MG (120-140 MGD) in years prior to 1992. Figure 1 illustrates the long-term decline in Non-revenue water.

During FY2007 the PWD and WRB continued a number of successful loss reduction activities including the American
Water Works Association Research Foundation (AWWARF) project "Leakage Management Technologies* (AWWARF
Project #2928) and launching of the SAHARA inline transmission main leak detection service. As pan of Project 2928,
PWD completed installation of permanent equipment in a small area of the water distribution system to monitor leakage
and test innovative leakage control techniques, including pressure management. During FY2007 PWD continued to
investigate the feasbility of installing fixed network Automatic Meter Reading (AMR) equipment in this pilot District Metered
Area (DMA). This upgrade would serve to enhance the capabilities of new leakage management controls and fo preview
next-generation AMR equipment. SAHARA is a highly accurate inline large-diameter water main leak detection
technology that PWD contracted for use starting in FY2007.

The Water Accountability Committee's Working Group continued to meet regularly to monitor water auditing and loss
control activities. The two WRB representatives on the Working Group roster both retired and new appointments are
expected. Dennis Blair of the Steering Group retired and Chris Crockett was appointed to Mr. Blair's former position of
head of Planning & Research. Several members continued active participation in water industry endeavors during the
year. Michael Hogan continued in a leadership role in the Eastem Meter Management Association. George Kunkel
continued serving as trustee in AWWA's Distribution & Plant Operations Division and was active in promoting new water
auditing and loss control methods on a number of fronts.

During FY2007 Mr. Kunkel neared completion of editing the draft of the revised AWWA M36 publication Water Audits and
Leak Detaction. Mr. Kunkel was also active in promoting the use of the IWA/AWWA water audit method to officials in the
Delaware River Basin Commission, Pennsyivania Department of Environmental Protection and similar agencies in Texas
and Georgia. Mr. Kunkel is also an altemate member of the Delaware Water Resources Regional Committee established
by Pennsylvania's Water Resources Planning Act (Act 220). This act set forth a process 1o update the state water plan,
which is being assisted by six regional committees across the commonwealth. During FY2007 AWWARF published the
formal report for Project 2928 and the project "Evaluating Water Loss and Planning Loss Reduction Strategies". Mr.
Kunkel served on the project advisory committee for the latter project.

in April 2006 AWWA issued a basic water audit software package, making it available for free from its website. The
software features the IWA/AWWA method and has drawn great interest from water utilities across North America. The
software was created by a sub-committee of the AWWA Water Loss Control Committee and included G. Kunkel of PWD
and David Sayers of DRBC. Mr. Sayers served as the primary programmer of the software. During FY2007 the same
AWWA sub-committee upgraded the software by adding several other capabilities. The DRBC has taken a keen interest
in improved water accountabilty and supported the software development. Mr. Kunkel assisted DRBC's Water
Management Advisory Committee in drafting revision to the DRBC Water Code to update it with the terminology and
methods of the IWA/AWWA approach. The DRBC Commissioners are scheduled to vote on these changes before the
close of calendar 2007. PWD and DRBC have successfully parinered to promote improved water accountability both in
Philadelphia and in the Delaware River Basin.
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Water Loss in Fiscal Year 2007

Distribution system input in FY2007 was 93,167 MG (255.3 MGD) of treated water, with 86,258 MG (236.3 MGD) - near
the record low - distributed to the city and 6,910 MG (18.8 MGD) exported to the Bucks County Water & Sewer Authority
(BCWSA) and Aqua America's two interconnections. BCWSA registered 5,329 MG (14.6 MGD) while Aqua America drew
876 MG (2.4 MGD) and 694 MG (1.9 MGD) at its Tinicum and Cheltenham connections. Export sales represented 7.4%
of total water supply in FY2007, partially offsetting declining city delivery. The WRB registered customer billed
consumption averaging 61,868 MG (169.5 MGD), a significant drop from 177.0 MGD in FY2006. This drop in billings is
believed to have played the majority role in the rise in Non-revenue Water for FY2007. Billing adjustments are known to
distort overall billing totals. Fortunately the city is poised to launch a new customer billing system in FY2008 and it is
hoped that processes will be better managed. Customer billed consumption is derived largely from automatic meter
readings; with a small portion of the data based upon manual meter readings, estimates and adjustments.

Philadelphia Water Department Water System Input, Consumption and Non-
Revenue Water
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Fiscal Year

Fiscal Year 1994 featured a severely cold winter with high distribution system leakage losses and high NR water
During Fiscal Years 1999 and 2000 NR water peaked due to billing adjustrnents during the primary AMR installation phase

FIGURE 1

After subtracting unbilled authorized consumption for firefighting, street cleaning and other needs, water losses totaled
30,370 MG (83.2 MGD), a notable jump from 27,139 MG (74.4 MGD) in FY2006. Due to perceived significant variations
in billing amounts between FY2006 and FY2007, apparent losses rose to 7,957 MG (21.8 MGD) in FY2007 compared to
5,520 MG (15.1 MGD) in FY2006. Real losses also rose from 21,619 MG (59.2 MGD) in FY2006 to 22,412 MG (61.4
MGD) in FY2007. Mild winter weather in FY2006 resulted in fewer leaks, but more typical cold weather, and leakage
levels, retumed in FY2007. Apparent loss costs rose by over 50% to $30.9 million. Since the rise in apparent losses is
largely attributed to billing adjustment error, not all of this cost is assumed to be recoverable as revenue. Real loss costs
are $5.1 million vs. $4.3 million in FY2006. Real loss costs increased in part due to the rising variable cost of water, which
jumped from $160.48/MG in FY2006 to $193.82/MG in FY2007. This cost has risen 50% in the past two years largely due
to rising water treatment chemical costs.

System Input for FY2007 was the second lowest on record, only higher than the FY2006 level of 92,637 MG (253.8 MGD).
This continues a decades-old pattern of decreasing water withdrawals, treatment and distribution. The average supply of
the past eleven years is 19.8% lower than the period of 1987-1996 and over 27% lower than the city's highest registered
amount of 135,087 MG (370.1 MGD) in 1955. The city-only system input of 86,286 MG (236.4 MGD) is 36.1% below the
1955 level, when no wholesale accounts existed. This downward trend, attributed to declining population, reduced
leakage and reduced average consumption, continues tc exert a growing impact on the city's water supply operations and
long-term pilanning as its water supply infrastructure is operating at the low end of its design range. The PWD has been
gradually downsizing parts of its water supply infrastructure (pumping capacity) but additionai reduction is needed.

City of Philadelphia
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Residentia! (small meter) accounts registered consumption of 28,433 MG (77.9 MGD), while industrialcommercial (large
meter) accounts were billed at 23,944 MG (65.6 MGD) for the year. The method to tabulate these totals was changed
starting in FY2006. As shown in the “"Accountability Trend" worksheet from FY1997-2005, large meter consumption
declined steadily. This did not display the actual drop in large meter consumption, instead reflecting that large meter
accounts were being transferred to small meter control days (meter reading routes). Consumption is traditionally reported
by control day, but, starting in FY2008, the actual registered consumption on large vs. small meters is used, showing a
more realistic breakdown of 46% large meter billed consumption vs. 54% small meter billed consumption. This proportion
was verified in billing systern data mining analysis performed by Water Systems Optimization, Inc. (WSO) in FY2006. The
number of billed accounts in the city, both large and small, continues to drop due to the city's population reduction and
gradual completion of Automatic Meter Reading (AMR) devices on the final remaining accounts not yet AMR capabie.

Philadelphia's Water Audit

Philadelphia‘'s Water Accountability Committee issued its first comprehensive water audit in FY1998. Starting in FY2000,
the committee employed the intemnational standard method now known as the IWA/AWWA Method. This method was
published in 2000 after three years of detailed effort by the IWA Water Loss Task Force to identify appropriate
performance measures for water supply systems. This format is given in the IWA publication Performance Indicators for
Water Supply Services - Manual of Best Practices. The method includes a set of rational definitions for water
consumption and losses and a set of performance indicators to assist target-setting and benchmarking with other water
utiiies. The method is advocated by AWWA in its August 2003 Committee Report "Applying World-wide Best
Management Practices in Water Loss Control". AWWA is moving forward to rewrite its manual publication *Water Audits
and Leak Detection® based upon this method.

The PWD is one of a growing number of North American water utilities empioying the IWA/AWWA method. Water loss
has become a major water supply issue in many parts of the world and this method has been grasped in whole, or in part,
in the United Kingdom, South Africa, Brazil, Malaysia, Australia and New Zealand. Likewise it is being embraced in the
United States by the Delaware River Basin Commission, the Texas Water Development Board, Metropolitan North
Georgia Water Planning District, the state of Washington and the California Urban Water Conservation Council. in
January 2003 the State of Texas passed legislation requiring water utilities to routinely submit water audits starting in
2006. The Texas Water Development Board incorporated the IWA/AWWA water audit method into its process and
collected water audits for the 2005 calendar year from over 2,000 water utilities. The PWD is taking a progressive posture
in applying these new methods, improving its water loss standing and gaining recognition as a model for North American
water suppliers.

The work that water utility managers undertake to develop an accurate water audit is an evolutionary process. Once the
water auditing process is launched, additional auditing and procedural refinements can be incorporated over time to make
the audit an accurate and reliable tool. During FY2007 the Water Accountability Committee continued work to further
refine its water audit using methods that have been developed for the drinking water industry. During the latter parnt of
FY2003, the PWD contracted with WSO to provide guidance on auditing improvements and loss control interventions.
The work performed by WSO built upon the foundation work conducted under Philadeiphia's L.eakage Management
Assessment project conducted in 2001. The major items conducted during FY2007 included:

- Data Mining and Analysis of the Customer Billing System: Work was conducted in recent years
using data mining software to analyze billing systemn data for fiscal years 2003 to 2005. During early
FY2007, WSO completed analysis of FY2006 data and the results are included in this water audit report.
The effort gauged the extent of difference existing between the aggregate customer billed consumption
in the water audit and the value calculated from the raw biling data. Consistently, for the four years
analyzed, the total volumes tabulated from the data mining work compared favorably with the billing
totals routinely reported to PWD, with variances of only 1-2% each year. However, on a month-to-month
basis or by segregating meter sizes, considerable variance is seem throughout the business year. WSO
also analyzed anomalies existing in the billing records such as negative consumption occuring due to
billing adjustments.

- District Metered Area #5 Field Testing and Startup: in addition to its contract with PWD, WSO also
provided PWD with assistance in its role as the primary researcher on AWWARF Project 2928. The
PWD was able to benefit from WSO's dual role to continue design, procurement, installation and testing
work on the first permanent DMA installation in the PWD. During the fall of 2006 and the spring of 2007
WSO guided PWD in field testing and calibration of the new equipment (pressure reducing valves,
fiowmeter and electronic controlier) used in DMAS5 fo provide continuous flow monitoring and
demonstrate pressure management technology. After testing, the initial control settings were identified
and the DMA5 was launched into continuous operation. DMA5 has been dubbed PWD's “field
laboratory” and leakage and main break rates will be carefully monitored over time.

Philadeiphia’s water audit has evolved over ten years to become a highly effective tool to gauge water supply efficiency in
the city. The water audit is widely circulated both within the city and the water industry at large. It has become a
recognized format that @ number of other water utilities have pattemed in their water accountabilty efforts. With the
assistance of WSO, the WAC envisions further improvements in the water audit and greater usefulness in its ability to help
set loss reduction priorities.

City of Philadelphia
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Initiatives to Econgmicall ntrol Water and Revenue Losses

Reducing Apparent Losses

Due to the need to shift personnel to severai other priorities the Revenue Protection Program realized relatively modest
water and revenue recoveries in FY2007. Table 1 reveals FY2007 recoveries of 0.36 MGD and $531,400 on 449
accounts. While results for FY2007 were lower than previous years, it is expected that additional significant recoveries are
still possible. The Mstering Unit provides staff to investigate suspect accounts, but in FY2007, focused upon AMR ERT
installations in the remaining "hard-to-instal” population. Metering was successful in reducing the backlog of hard-to-
install accounts from 9,232 in FY2006 to 5,008 in FY2007. These accounts usually require several visits to successfully
address, thus much resource time was dedicated 1o this important function. The Metering Unit also dedicated time in
preparation for the startup of the Service-Link work order management system and the coming of the new Basis2
Customer Billing System.

The Revenue Protection Program pursues targeted groups of water-using accounts suspected to be unbilled. In FY2007,
most recoveries occurred in the NB9 (vacant properties) and NB3 (shutoff accounts). Many NB3 customers manage to
fllegally operate their curbstop valves to restore water service. The WRB's Reinspection Program, which inspects shutoff
accounts, checked 15,199 accounts and, upon threatening shutoff again, obtained payment to restore 2,984 accounts
that had illegally reactivated their service at the curbstop. This resuited in recoveries of additional revenue of $340,380.
The rate of accounts found illegally restored was 19.6% in FY2007, just slightly less than rates of over 20% during the
initial years of this program.

PW’D WRB’Revanmsﬂmm History

R : WRB ! 5

e PWD Revenue Protection -Pfograng_. ' { Reinspection | Total

Fiscal | A=owis | Water | Revenue Catogories of Groatest | Fenepeciors| Femspech " Total

Year | ™ Recovered,| Recovered Recovery™ Bcougred Recovery Recovered

Mao Revenue |

NB9 (Vacant properties) & NB3

2007 | 449 0.36 $531,400  |(Shutoff for non-payment) 2984 | $340,380 | $871,780
Estimated Accounts (#1), Non-billed

2006 1,436 1.01 $1,413,000 |Accounts (#3,#9) and Zero 2,513 $209,768 $1,622,768

Consumption Accounts

2005 2,397 1.74 $2,835,000 [NB3 & Zero consumption accounts | 2,553 $249,261 $3,084,261

Zero consumption accounts 0.74
2004 1,941 1.67 $2,003,000 |MGD; tampering is most common 1,991 $446,327 $2,449,327
cause of Jost water in this group

2003 1,360 1.14 $1,782,000 |Zero Consumption Accounts 2,221 $604,379 $2,386,379
2002 932 0.69 $1,037,000 |Zero Consumption Accounts 2,721 $668,932 $1,705,932
2001 711 5.81 $2,900,000 Missing Accounts, Hand Estimates,

3,261 $498,952 | $3,398,952

NB6 accounts
2000 716 1.39 $2,100,000 |NB6 accounts 2,737 $393,949 $2,493,949
Total | 9962 | 138 [suEor400] 20851 83,411,048 $18,013.348

*The Reinspection Program inspects cusmmeraervice connections on accounts that have been shcmﬂ' for payment delinquency.
**EC-1 & NB-9 accounts are vacant properties, NB-3 accounts are shutoft for payment delinquency, NB-6 new accounts awaiting occupancy
**Zero Consumption accounts are investigated after registering zero consumption (unchanged meter readings) for 4 consecutive months

TABLE 1

In recent years the Revenue Protection Program has focused heavily on zero consumption accounts, which are accounts
that have valid, unchanged meter readings for at least four consecutive months. While 1,915 such accounts were
investigated in FY2006, only 27 such accounts were investigated in FY2007. Typically only 30-35% of zero consumption
accounts in the City are found to be vacant properties, while 40-50% are found to have unchanged consumption due to
some form of unauthorized consumption: meter or AMR ERT (reading device) tampering. The other common cause of
zero consumption is ERT fallure. In 2008 ITRON added staff to address ERT failures and the incidence of ERT failures in
zero consumption cases has dropped in recent years. It is believed that unauthorized consumption is still a large
component of apparent loss in the city and a significant volume has been estimated in the FY2007 water audit.

City of Philadelphia
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After the successful two-year instaliation of AMR devices at over 400,000 residential properties from 1997-1998, the AMR
program has steadily continued in its second phase of installations. Phase Il includes residential properties not accessible
in the first phase (hard-to-install population) as well as large (commercial, industrial) accounts and city properties. Due to
the complexities of properties with persistent access difficulty, staffing shortages and a variety of existing large meter
types, this phase is proceeding at a gradual pace. As of the end of FY2007 almost 93% of large meter accounts are AMR
capable. These include the majority of large meters up to size 8-inch. The implementation of AMR was not envisioned 1o
directly improve water loss indicators. Oddly, heavy adjustment activity during the initial AMR installation phase from 1997
1999 likely caused temporary billing reductions. However, as the AMR installation moves into the remaining customer
accounts that still lack this capability, the success of the program is well documented in providing multiple benefits, most
notably stable billings.

Revenue Protection innovated the use of nightime AMR System meter readings to assist leakage investigations in DMAs.
Initially performed in the temporary DMA4 in 2003, night readings have been conducted in DMAS on three occasions as
part of AWWARF Project 2928. Revenue Protection arranges for separate rounds of special night AMR readings, one
around 2:00 AM and one around 4:00 AM of designated flow measurement days. Subtracting the calculated customer
consumption from the DMA system input quantifies the leakage in the DMA. Philadeiphia is the first known water utility to
use an AMR system in conjunction with a DMA; an innovation noted by a number of industry stakeholders. During
FY2005 AMR night readings were gathered in DMAS and indicated a large difference between customer consumption and
the water supply input, inferring a high leakage rate. Leak repair work was conducted in FY2006 and this difference was
reduced by roughly two thirds, from a night flow rate of 1.7 MGD to 0.6 MGD. Night readings were again gathered in
FY2007 and showed similar consumption levels of 0.225 MGD as the previous two rounds of readings.

The success of the AMR System in improving customer meter reading and assisting leakage management in the DMA
structure is leading PWD to plan for the next generation AMR technology by piloting fixed network capability in DMAS. The
AMR System will be undergoing widespread battery changeout by 2010, and contracted meter readings by {TRON will
occur until 2017. Fixed network AMR allows for meter reading data to be automatically gathered at frequent intervals, as
short as every 15 minutes, better assisting DMA leakage assessments as well as billing complaints such as high bill
questions. Diumal consumption pattems can be assessed to calibrate PWD's hydraulic model. During FY2006 and
FY2007 PWD heid discussions with ITRON, Inc. and Badger Meter on their fixed network capabilities. By evaluating the
performance of the system that is piloted in DMAS, the PWD wili be well situated to determine the long-term evolution of
AMR throughout the city. Pending resource availability around the Service-Link and new Basis2 Customer Billing System
projects, this initiative will be pursued further in FY2008.

While the Revenue Protection Program has been highly successful in recovering over $18 million during its existence, it is
believed that considerable revenue recovery potential remains in the customer population. Non-billed accounts again
rose notably in FY2007 by more than 1,700 accounts to 97,744. Many NB accounts, which qualify for this status by their
non-water using status, have been found to be consuming water. With the growing number of NB accounts, apparent
losses of 855 MG and over $4 million revenue impact are estimated for this component.

Apparent loss also occurs from billing adjustments when the biling system modifies consumption values to create
monetary credits. Data mining analysis quantified volumes of "negative consumption” in billing records, which cause
collective customer consumption to be under-stated. Due to the timing of the adjustments during the year, not all of the
negative consumption is an apparent loss since some of the negative volume is offset by over-estimation earlier in the
year. The adjustment estimate rose from 1,601 MG in FY2006 to 3,426 MG in FY2007, with a final cost impact of over
$16 million. 1,825 MG of this volume accounts for the data anomaly that led to the notable reduction in Non-revenue
Water in FY2006, and the reverse of this trend in FY2007. Since a large portion of this volume is believed to be due to
data error, it is not reasonable 1o view this entire cost as recoverable revenue. Still, recovery of a portion of this amount is
still significant. It is hoped that the structure of the new Basis2 Customer Billing System will prevent the unusual data
adjustment activity that the city has experienced for many years.

Stephen Junod leads the Revenue Protection Program. Jack Meade leads the Metering Unit, who performs the field
inspections for the program and corrects metering problems as they are uncovered. The Metering Unit has suffered with
one of the lowest staffing levels in the PWD in recent years, but hiring has improved in the past two years. It is believed
that the city could benefit greatly by focusing effort to restore full staffing of this unit, since their work frequently results in
direct revenue enhancement.

The city launched its new Basis2 Customer Billing System on January 2, 2008. Basis2 is a software system developed by
Prophecy Intemnational, @ company from Australia in partnership with Oracle, who is under contract to the city. Work on
this system, including testing and training, occurred steadily and the startup occurred on target. The former legacy billing
system worked reliably for several decades to generate monthly water bills, but became very outdated with significant
functionality limitations. In recent years the PWD has identified several new needs for customer consumption information
including use in leakage nightfiow analysis, meter rightsizing and to assign demand loadings in hydraulic modeis. The
new system will also bring improved functionality to billing data management. Certain biling shortcomings, such as
negative consumption values due to billing adjustments, can be addressed once the new customer billing system is fully
implemented and proven.

Ciy of Philadelphia
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The battle to thwart unauthorized consumption continues, with both successes and challenges experienced in FY2007.
Unauthorized fire hydrant openings have been successfully minimized due to the effectiveness of the hydrant Center
Compression Lock (CCL). This has been confirmed during heat waves of recent years when peak flows were contained
such that no additional peak hour pumping was required. Hot weather fire hydrant abuse, which caused great system
stress for many years, is now only a relatively mild incident each summer. Considerable water is still taken sporadically
from fire hydrants, both flegally and legally through a cumbersome permitting process. Hydrant policy and enforcement
practices could benefit from a comprehensive review and possible overhaul.

Unauthorized consumption at the customer connection also continues to be a concem, as missing and tampered meters
and meter reading equipment and the illegal restoration of shutoff services lines continue to occur in high numbers. Itis
also suspected that fire connections, which should only be used during fire and testing situations, are being exploited for
standard water supply. Investigations into zero consumption accounts in recent years always found a high percentage of
accounts that had witnessed unauthorized consumption. Unfortunately, only 27 zero consumption accounts were
investigated in FY2007 due to the need to dedicate staff to the hard-to-instali population. Given the size and
demographics of the city, the PWD and WRB will likely always need to dedicate a significant effort into suspect
consumption pattemns. The strong potential for unauthorized consumption is always there.

Reducing Real Losses

The PWD has a reputation as a United States water industry leader in instituting innovative leakage control techniques.
The PWD has operated a leak detection program for over 25 years. The Squad uses state-of-the-art leak correlators and
leak noise loggers and surveyed 1,024 miles of pipeline, or approximately one-third of the distribution system in FY2007.
Under AWWARF Project #2928 the PWD designed and constructed DMAS5 fo demonstrate the benefits of continuous
teakage monitoring and pressure reduction techniques. The FY2007 Water Audit indicates real (leakage) losses of
22,413 MG (61.4 MGD); a modest increase compared to FY2006's level of 21,620 MG (59.2 MGD). The infrastructure
Leakage Index (ILI) notched higher to 10.3 in FY2007 compared to 9.9 in FY2006; still much lower than the high value of
13.1 in FY2002. The IL! represents the ratio of current leakage to the theoretical level of Unavoidable Annual Real Losses
(UARL). Typical cold winter conditions likely resufted in slightly higher leakage than FY2006, but some of the increased
leakage volume in FY2007 is atiributed to the accounting effects of the increase in Non-revenue Water during the year.

The PWD has instituted many leakage control interventions and has achieved notable success in stemming leakage
losses. Still, significant leakage exists in the system and the PWD is challenged to maintain arguably the oldest water
distribution system in the United States. The PWD must therefore continue to pursue progressive leakage management
techniques to the extent that they prove practical and successful in the Philadelphia service area. Additionally, a major
policy shift Is needed to shorten repair response time for leaks on customer service lines. Cument policy requires
customers to arrange leak repairs, a practice that has proven to be an inefficient leakage control policy. Also, improved
work order management is needed to better deploy leak detection and repair personnel, track results and analyze trends.
The current system is not sufficiently robust to adequately track leak categories and repair imes. These issues must be
addressed if the city is to bring its leakage levels closer to economic levels.

During PWD's Leakage Management Assessment (LMA) Project in FY2001 Bristol Water Services (BWS) consultants
provided information on progressive leakage management techniques pioneered in the United Kingdom since the 1990's.
The project team aiso included independent consuftant Allan Lambert, perhaps the world's foremost authority on water
system leakage. BWS later launched its American affiliate, WSO. PWD has retained the services of WSO since 2003. In
2005 WSO became an independent consulting group.

The consultant team guided the PWD-WRB in assembfing the Philadelphia water audit via the INAAWWA method and
compared its water loss performance indicators with water systems from around the world. Four temporary DMAs were
operated in 2001 and the PWD was instructed in creating spreadsheets to perform nightfiow analysis for measured flows
into these small areas of the water distribution system. High leakage was indicated in only one of the four DMAs,
suggesting that leakage is not evenly spread across the PWD system and detailed nightfiow analysis has good potential
to strategically guide leakage management efforts.

The project highfighted the impact of leaks on customer service lines, which are often the greatest source of leakage
losses in utilities. Most drinking water utilities in the United States require that their customers hoid the responsibiiity to
arrange for leak repairs on at least a portion of their service lines. Philadelphia is one of a minority of utiiities that assign
customers responsibiiity for the entfire service connection length. However, customer managed repair policies have been
found to be very inefficient water loss control practices. The PWD should consider policy and/or program changes that will
reduce the run time of customer service line leaks. The average time for customers to address known service leaks is
believed to be 4-5 weeks, whereas efficient practices target the completion of such repairs in 1-4 days. In FY2004 the
PWD proposed a wamranty program for water service line and sewer lateral maintenance as part of the FY2005 water rate
increase, however this proposal did not receive sufficient political support. Stil, ways to improve the response to setvice
line Jeaks should be pursued.
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Water Accountability Committee 6 February 15, 2008



An important concept in effective leakage management is the influence of time and pressure on leakage losses. It is
believed that Philadelphia’s leak repair efforts do not keep pace with the number of leaks identified in its leak detection
program, although this assessment is hampered by limitations in the PWD's current leak repair tracking process. Since
the amount of water lost from a leak is dependent upon the duration that it runs, the effectiveness of a water supplier in
promptly pinpointing leak sources and completing repairs is critical. PWD's information tracking process for non-
emergency leak repairs is not sufficiently robust to fully capture leak durations and results. The PWD's potential to
improve its leakage management will depend not only on applying effective leakage control techniques, but also its ability
{o better manage the complex information that accompanies these activities. In FY2006 and FY2007 PWD has been
actively planning for a new work order management system that will provide these needed capabilities.

Research and many successful case studies woridwide have confimed the strong influence that excessive water
pressure has on leakage rates, particularly for small *background" leaks, on infrastructure in poor condition. Closely
controlling water pressure has been found to economically reduce leakage losses in areas of high pressure. The PWD
designed a pressure contro! application in DMAS as part of the AWWARF project. Data is now continuously gathered
from the DMA and leakage and main break rates are being carefully observed over the early iife of the DMA in order to
discem the benefits of the DMA structure.

In FY2002 the PWD launched a pilot study to closely monitor flows and leakage in the perceived high leakage DMA4 in
West Philadelphia. This work continued periodically through FY2004 and the AMR System was employed to measure
customer consumption during night hours; an innovative technique to enhance the minimum hour analysis technique of
quantifying leakage rates. This method found that a significantly larger portion of the high nightflow was actually high
consumption in & number of customer properties. Therefore less leakage than originally believed existed. As the project
team needed to redirect its efforts to the startup of the AWWARF project, work in DMA4 was suspended.

The initial fieki measurements and data gathering for AWWARF Project 2928 began in FY2005 with the selection of the
area boundaries and configuration to meet the goals of quantifying leakage rates and managing pressures in a high
leakage area of the city. DMAS was sited in the city's Germantown section to assess an area of older infrastructure and
high water pressure; the latter characteristic was important in demonstrating new pressure management technologies.
Also, the newly created Geographical information System and hydraulic model could be employed in this area. After
replacing a number of defective valves, a trail boundary configuration was established to create a temporary DMA. it was
determined to include two separate supply main feeds in the design of the permanent DMA; one that wouid serve as the
primary supply for routine flows and the second in closed standby mode, ready to automatically open 1o supply a large
fiow in event of emergency such as a fire flow, main break or similar event.

Baseline data was gathered, including flow measurements and pressure data taken from fire hydrant datalogging devices.
Water quality sampling found that acceptable water quality conditions are maintained when the DMA is in place. Fire flow
tests were conducted, with and without the DMA in place. Night AMR readings quantified customer consumption
occuning during the minimum night hours. In total, this small distribution grid withessed unprecedented assessment and
analysis in a manner keying on the operational efficiency in a discrete section of the water distribution system.

Data gathering in DMAS in FY2005 found initial minimum hour nightfiows registering 1.7 MGD, greatly in excess of the
0.225 MGD of customer consumption registered by the night AMR readings. The stark difference between water flowing
into the DMA as supply and leaving the DMA as customer consumption suggested very high leakage. During early
FY2006 leak detection and repair activites were conducted and abated four main breaks and ten service
connection/miscelianeous leaks in the DMA, bringing minimum night flowrates down to approximately 0.6 MGD.
Construction of the primary inflow site at Chew Ave. and Walnut Lane was completed in October 2006 and the standby
site at Greene & Johnson Sts. in January 2007. DMAS was commissioned into permanent service on February €, 2007.

Cily of Philadelphia
Water Accountability Committee 7 February 15, 2008



Philadelphia Water De partmont - District Metered Area §
Consumption & Leakage Components Before Leak Detoction and Pressure Managoement
intervention Data Gatherod on April 5, 2006
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Figure 2 - Hydraulic trend from initial testing in Philadelphia's District Metered Area 5 showing high
leakage rates prior to leak detection work and DMA equipment instaliation

DMAS has been operating reliably since its commissioning. Flows and pressures are continuously monitored and
archived by the PWD's SCADA System at the Load Control Center. A flow-modulated pressure control mode is employed
in the DMA. In most water distribution systems, pressure drops during periods of high demand, and rises when
consumption is low. A distinct pressure range was established for DMAS and pressures fluctuate across this range during
the diumal cycle; with pressures at the higher end of the range delivered when consumption is high and lower pressure
delivered when consumption is low and leakage is at its greatest proportion of the entire flow. Leakage and main break
rates are being watched to determine if rates are lower in the DMA, and response times are reduced due to the
continuous availability of data. Warm weather water quality samples were taken and found to reflect typical water quality
for the PWD distribution system. City fire protection regulations and building conditions in the DMA are being reviewed in
order to asceriain that adequate flows and pressures continue to provide for fire protection in the DMA.

The final report for AWWARF Project 2928 was published in July 2007. Ten water utilities from across the United States
and Canada participated in this research; with six of the ten installing permanent equipment for improved leakage control.
The conclusions of the project find that, with some adjustment for North American conditions, the successful leakage
control methods pioneered intemationally in the past twenty years are applicable for water utilities here. The findings of
this research are expected to have strong bearing on new methods that are utilized by North American drinking water
utilities in coming years. As water utilities become increasingly pressured from the impact of drought, infrastructure needs
and funding shortfalls, water efficient technologies will attract ever greater attention. The PWD again stands to benefit
from both the new technology studied in this research and the exposure of being one of the participating utilities in a high
profile undertaking.

City of Philadelphia
Water Accountability Commiftee 8 February 15, 2008



Philadelphia Water Department - District Meterod Area 5

[ C ption and Leakage Components After Initial Leak Detection & Repair and
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Figure 3 - Hydraulic trend from in Philadelphia's District Metered Area 5 showing reduced leakage rates
and pressures after leak detection work and DMA equipment installation

While much effort was dedicated to investigate progressive new methods of ieakage management, traditional leak
detection and repair efforts aiso continued during FY2007. Leak Detection crews surveyed 1,024 miles of the system’s
3,014 miles of pipeline for leaks; utilizing state-of-the-art technology, including leak correlators and correlating leak loggers.
PWD's Distribution Unit repaired 832 main breaks and over 3,000 leaks; up from 660 and 1,600 such events in FY2006.
During FY2007 441 customers took advantage of the PWD's assistance program to have repairs conducted on their
leaking water service lines. During FY2007 the PWD continued to provide an improving level of leakage management
despite the great challenges of a large, aging water distribution system.

FY2007 also featured the initial use of the SAHARA inline transmission main ieak detection technology offered by the
Pressure Pipe Inspection Company (PPIC). Large diameter transmission pipelines have historically been difficult to
survey for leaks using above-ground acoustic leak detection technology. Leak detection has been particularly limited in
detecting small leaks occurring at pipe joints on these mains. The SAHARA system employs & highly accurate acoustic
sensor attached to a tether and inserted into an active water main. It travels through the main with the flow of water and,
being inside the pipeline, is very accurate in pinpointing even extremely small leaks. Like most water utiliies, PWD's leak
detection program has encountered limitations in detecting leaks on large piping and the SAHARA technology offers the
capability to provide this needed leak detection service.

GnDmrfoctaaBary . tecumpTosiSuneh

Figure 4 - Schematic of SAHARA inline transmission pipeline leak detection technology

City of Philadelphia
Water Accountability Committee 9 February 15, 2008



During June 2007, PPIC provided scans using the SAHARA service on a total of 3.70 miles of 48-inch diameter pipeline in
Philadelphia. Scans were performed on the West Philadelphia truck main from the former Georges Hill Reservoir site to
57th and Christian Sts., a total of 3.0 miles of pipe. The four Queen Lane Gravity Mains leaving the Queen Lane Water
Treatment Plant were also scanned. Each run was about 800 ft for a total of 0.70 miles. The scans found three leaks, all
of which were classified as "small” by PPIC. Al of the leaks were quickly repaired by the Distribution Unit. The first leak, in
53rd St, north of Media St, actually was discovered on a paralle!l 6-inch main. The experience of these initial scans in the
PWD network confirms that this technology has strong potential to better assess leakage conditions on the most critical
supply mains in the city.

Figure 5 - SAHARA inline transmission pipeline leak detection technology in use in
Philadelphia at 53rd Street, south of Warren St. June, 2007

Looking Ahead

The City of Philadelphia has made significant improvements in its accountability and has witnessed its non-revenue water
drop by more than 40% over the last fifteen years. Still, significant loss reduction potential exists and the PWD remains
challenged to optimize its water supply and revenue capture functions. It is believed that the next level of significant loss
reduction will only come about if certain new loss control interventions are implemented. The following recommendations
are viewed as the necessary steps to take the city's loss reduction to the next level:

1. Implement the new Basis2 Customer Billing System in FY2008. The city's customer meter population is highly
accurate and the Automatic Meter Reading (AMR) System provides reliable, accurate meter readings to calculate
customer consumption for monthly water bills. Additional needs for customer consumption data have come about in
recent years including assessments of leakage using minimum hour flow analysis, customer meter rightsizing analysis
and to assign demands in hydraulic models. The former legacy Customer Biling System, while reliable in generating
monthly bills, had great fimitations and shortcomings, such as adjustments that result in negative consumption data. in
order to enhance the City's business process to provide refiable biling and customer consumption management, it is
critical that the new Basis2 Billing System be implemented in FY2008. H was launched on schedule on January 2, 2008
but must be fully implemented. The new system will provide much higher functionality than the former system and serve
as the foundation for improvement in accountability and apparent loss control.

2. Pursue fixed network Automatic Meter Reading (AMR) capabilities in DMAS. Philadelphia has gained distinction as
perhaps the first water utility in the world to utilize AMR in conjunction with a DMA. On a number of occasions PWD has
arranged for ITRON to gather night customer meter readings at 2:00 AM and 4:00 AM, allowing customer consumption to
be segregated from DMA input flows to determine distribution system leakage rates. In these cases, meter readings were
gathered in the traditional driveby manner. Fixed network capabilities provide customer meter readings on demand at
small time increments with data continuously transmitted, and without the need for driveby meter reading. Establishing
fixed network capabilities here will efficiently provide customer consumption data for leakage analysis, hydraulic modeling
and other needs, and will also serve as a pilot for the next generation of AMR equipment that the PWD-WRB will
eventually install throughout the city.

City of Philadeiphia
Water Accountability Committee 10 February 15, 2008



3. Expand the Workscope and Staffing of the Revenue Protection Program: while this eight-year program has been
highly successful in recovering missed revenues it is believed that significant recovery potential still exists in the city. The
FY2007 Water Audit reflects a second consecutive year of significant increase in the estimate of apparent losses, now
valued at more than $30 miliion per year. The number of Revenue Protection investigations and recoveries is limited by
the staffing in the PWD Metering Unit. While hiring resumed in FY2006, it is believed that full, or even expanded staffing,
is cost justified. Likewise, an expanded workload is envisioned to investigate a wide number of potential apparent loss
occurrences, such as fire connections. Staffing is also needed to restore meter accuracy testing to develop a long-term
meter changeout strategy and large meter rightsizing. It is therefore recommended that hiring efforts continue in the
Metering Unit and expand the Revenue Protection Program's analytical capabilities.

4. Refine work order tracking on the water distribution system to consider progressive strategies and
terminology (ex: reported, unreported leaks) in its design. The PWD has operated a successful leak detection
program for many years, but can benefit from further refinements to its leak survey practices, repair strategies and long-
term distribution system planning criteria. Rational strategies can only be developed if reliable information on leakage
occurrences and repairs is available. Current work order tracking and information systems could benefit from
improvements in terminology, information capture and distribution. Investigations into street-side work order management
systems have been conducted over the past two years and it is hoped that a new system can be launched in the near
future.

5. Monitor District Metered Area (DMA) 5 and implement operational refinements in order to optimize water supply
efficiency in this area. PWD's cumrent leak survey policy, which is typical of the US water industry, surveys areas of the
distribution system on an average of once every three years. But new leaks occur between surveys and, for those leaks
that go unreported, the infrequent leak survey interval allows them to run at length. Water supplied to DMAS is monitored
continuously and emerging leakage is evidenced in high night flowrates; which allows leak detection and repair to be
implemented quickly and efficiently. DMAS also features a flow modulated pressure control scheme that lowers pressure
when water demand is small and leakage predominate. Data is being gathered and analyzed in attempt to determine
when a level of optimization is achieved. Additional refinements in pressure levels might be considered here, as long as
service level requirements (including fire protection) can be met. The long-term performance of DMAS will have bearing
on the planning of additional DMAs in Philadelphia’s water distribution system.

6. Pursue improvements to the current policy regarding maintenance of customer service line leakage repairs. A
majority of the city's unreported leakage occurs on customer service lines. Current policy places the burden of repair on
customers and - even with the city's HELP Loan Program - results in an average leak response time in the order of
weeks. Best practice response times for repairs are 1-4 days. Previous efforts to investigate a warranty program
confirmed that an improved approach must be both technically and politically viable. it is believed that an improved
program that can reduce average leak repair response time from the current 5-6 weeks down to one week or less will
significantly reduce the current service line leakage rate of 10,769 MG (29.5 MGD) estimated in the FY2007 Water Audit
at a cost impact of $2.1 milion. New programs have been developed in the water industry to address customer service
line management and these should be further investigated. This is likely the single most important action that can be
taken to gain further, significant leakage reductions in the city.

The City of Philadelphia’s Water Department and Water Revenue Bureau have taken highly progressive steps to assess
their water loss status on a world scale. Philadeiphia has developed a national reputation as a pioneer in this field. It
operates the largest water utility Automatic Meter Reading System in the United States and is pursuing upgraded AMR
technology. It has improved its accountability by compiling annual water audits, cut its non-revenue water significantly and
recovered considerable additional revenue in a manner that is cost-effective and fair to rate-payers. By participating in the
American Water Works Association Research Foundation Project "Leakage Management Technologies® the city
remained on the cutting edge of new leakage management technology. Philadelphia's Water Accountability Committee
will continue its efforts to address water loss by compiling this annual water audit and coordinate improvements at the
local, regional, national and intemational levels.

Philadelphia Water Department - Water Revenue Bureau
Water Accountability Committee - Fiscal Year 2007

Steering Group Working Group
Bemard Brunwasser, Water Commissioner George Kunkel, Chair
Marieen Duley, WRB Deputy Revenue Commissioner James Aleo
Debra McCarty, Deputy Commissioner Thomas Barr
Joseph Clare, Deputy Commissioner Joseph Galante
Stephen Furtek Michael Hogan
Charles Zitomer Stephen Junod
Dennis Blair John Meade
Roy Romano
Jeffrey Simmet

City of Philadeiphia
Water Accountability Commitlee 11 February 15, 2008
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woiz SOURCES. the volume of water input to a water distribution system from the water supplier's own sources
IWATER IMPORTED OR EXPORTED: the volumes of bulk transfers across operational boundaries

| ISYSTEM INPUT : the volume input to that part of the water supply system to which the water balance calcuiation relates, aliowing for Known eryors.
_macm, to OWN SOURCES + WATER IMPORTED +/- CORRECTION for production meter error

_ ATER SURPLIED: SYSTEM INPUT minus WATER EXPORTED
_

AUTHORIZED CONSUMPTION: volume of metered and/or unmstered water taken by registered customers, the water supplier and others who arej
limplicitly or explicitly authorized to do so by the water supplier, for residential, commercial and industrial purposes,
| Note: Authorized consumption may inciude items such as e fighting and training, fushing of mains end sewers, strest cleaning, watering of municipal garders,
| pubiic fountains, frast protection, huiiding water, etc. Thesa may be bified or unbifled, metered or upmetered

|
_ ATER LOSSES: the difference between SYSTEM INPUT and AUTHORIZED CONSUMPTION. Water losses can be considered as a totai volume 8
lthe whole system, or for partial systems such as rew water mains, transmission or distribution systems, or individual zones

%ﬂbmmz_w LOSSES: inciudes all types of inaccuracies associated with customer metering, systematic error or manipulation of consumption data i m

__aa_:m and accounting systems, plus unauthorized consumption Eﬁn or lllegal consumption), _

Note: Over-registration of custormar metars, lpads to undar-estimation of REAL LOSSES. Under-registration of customer mefers, feads to over-estimation of REAL §
LOSSES, _

__M_ms.r LOSSES: physical water iosses from the pressurizéd system, up to the point of measurement of customer consumption. The annual volurme fosf _
rough all types of ieaks, breaks and overflows depends on frequencies, flow rates, and average duration of individual leaks, breaks and overflows _,
Nota: Although physical losses after the point of customer flow measurament o assumed consumplion are exciuded from the assessment of REAL LOSSES, g |

doas not necessanily mean thet they are insignificant or unwarihy of afiention for dermand Management pUrposes i

__-m<mzcm WATER: those components of SYSTEM INPUT which are billed and produce revenue (also known as BILLED AUTHORIZED|
CONSUMPTION). Equal to BILLED WATER EXPORTED, BILLED METERED CONSUMPTION and BILLED UNMETERED CONSUMPTION i

zoz. REVENUE WATER: those components of SYSTEM INPUT which are not billed and do not produce revenue. Equal to UNBILLED ,rc.qxomﬁma
ICONSUMPTION, APPARENT LOSSES and REAL LOSSES

czw.gmo AUTHORIZED CONSUMPTION: those components of AUTHORIZED CONSUMPTION which are not billed and do not produce 8<o=:m.
iEqual to UNBILLED METERED CONSUMPTION and UNBILLED UNMETERED CONSUMPTION .

City of Philadelphia
Water Accountability Committee 23 February 15, 2008
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A. Electrical Costs

Total Water Produced (MG)
Average Kwh per MG

Cost per Kwh: 3rd block of
PECO Energy's High Tension
Rate (service, demand & other
charges excluded)

1. REAL LOSSES (EXCESS PRODUCTION COST)

Totals are derived from the marginal cost of the excess water incurred due to real losses

93,167 MG
1,421 MG (Average of Fiscal Years 2000-2003)
$ 0.02591 (the PECO Energy rate for FY2007 with 14.5% discount)

Total Annual Power Consumption for Water Supply Operations
{excluding BLS and 28th Street) - Not available after Fiscal Year 2003

Average Electrical Cost Per MG = $0.02581 x 1,421 Kwh

Avg. Electric Cost /MG $ 36.82§
B. Chemical Costs
Baxter Treatment Plant $ 5,688,115
Queen Lane Treat. Plant $ 3,036,292
Belmont Treatment Plant $ 2,200,729
Total Costs $ 10,826,136
{Chemical Costs/ MG $ 146.20 E

C. Treatment Costs of Water Treatment Plant Sludge
Ratio of Water Treatment Piant to Wastewater Piant Sludge Production

Water Treatment Plant  |Water Treatment |Wastewater Plant | Wastewater
Plant Sludge #  [Sludge Production Plant Ratio
Baxter 7471 28,247 |Northeast
Queen Lane & Belmont 11,557 45,084 |Southwest
Total 18.028 73,331 25'95%

Biosolids Recycling Center (BRC) Siudge Cake
Production - Afiributable to Wastewatsr Plants®

Northeast W Poll. Contro! Plant 26,358
Southwest W Poll. Control Plant 42,399
Total 88,757

# Sludge production calculated in dry tons; figures are from the Residuals Management Report

*Source: Residuals Management Report

25.95% * 68,757

17842/ 93167

Allocation of Waier Treatment Plants’ Share of Siudge Gake (ary tons)
Water Plant's % of sludge production applied to Siudge Cake Total

17,842 tons attributable to water treatment

Dry Ton Siudge.Cake Prodiited Per-Million Gallons
Water Treatment Plant Siudge Cake/ Total Water Produced

0.19151

dry tons per MG

City of Philadelphig
Waier Accountability Committee (J. Aleo)

25

February 15, 2008



Cosis Per' Dry Ton of Sludge Processing

Annual Production Costs

Wood chips $ 716,230
Polymer 1,165,033
Total $ 1,881,263 Annual Dry Ton Production - 68,757 |
Electrical CSEtCalculation
Annual electrical consumption at Biosolids Recyciing 6,568,000 Kwh"
Avg. Kwh/ dry ton of sludge = 9,662,000/ 68,757 = 138.17 Kwh/ton
Eiec. Cost/ Ton = 132.17 @ $0.02581/Kwh  $ 3.61 /dryton
* For the year ending 2/28/2007 (the latest data that was available)
Polymer & Wood Chip Costs - $1,881,263/ 68,757 tons $ 27.36 per dry ton
Electrical Costs - 3.61 "
Total § 30.97
Number of dry tons per MG x cost per dry ton - 0.19151 X $30.870 $ 5.93
Cost of Sludge Processing per Million Gallons  $ 5.93 |
D. Sludge Digposal Costs
Estimated Water Treatment Sludge in Dry Tons- 17,842

Average Disposal Fee Per Dry Ton -

Costs of Disposal - $ 9,940,911
Annual Dry Tons Utilized- 68,221
Average CostPer OryTon __ § 14672 iton ]

Dry Tons Of Sludge Per Million Gallons of Water Produced
17,842 tons / 93,148 million gallons = 0.19151 dry tons/ MG
Sludge Disposal Costs Per Million Gallons of Water

$145.72 * 0.19151 tons
sai Costa/Miilion Galtons of TR

E. Wastewater Treatment Plant Costs of Water Treatment Plant
Direct Discharges Into The Sewer System :

Assumption: 25% of real losses reach the collector system and proceed through wastewater treatment

Wastewater Treatment Marginal Costs

Average Electrical Cost Per Million Gallons of Treated Wastewater -

Total Annual Approx. Wastewater System Electrical Consumption - Not availabie for FY2007

Total Annual Wastewater Treated - 169,024 MG

Average kwh/ million gal. based on the ave. for FY2000-2003 821 kwh/ MG
Average electrical cost per MG - 821 * $0.02591 $ 2127 /MG

Average Chemical Cost Per Million Gallons of Treated Wastewater-
Annual Chemical Costs * - $ 1,115,343
Average chemical cost per MG $ 1115343/ 168024 $ 6.60 MG
* Does not inciude phosphoric acid
TotalElectrical and Chemicdl Costs Per MG- 3 27&;}

City of Philadelphia
Water Accountability Committee (J. Aleo) 26

February 15, 2008



F. Total of all Marginal Production Costs for Real Losses

Costs Per Millioh Galions Of Water Produced
Electrical $ 3682
Chemical $ 116.20
Treated Water Sludge Processing | $ 5.83
Treated Water Siudge Disposal $ 27.91
$
$

Total 186.86
Wastewater Treatment 27.87
Total Production Cost = $186.86 + (0.25"$27.87) =$193.82
$ 193.82 }

INDEMNITIES- WATER MAIN RELATED - Fiscal Year 2005 Data
{Add to total Real Loss cost total in Water Audit)

Water Customer Sevice Claims

Payments (estimated) $ 55,364
Risk Management Payments $ 703,834
(inciudes lawsuits) Total $ 758,188

1. APPARENT LOSSES (LOST REVENUE)

Totals are derived from the various retail rates chérged to consumers
Small Meter Customers (5/8" and 3/4" meter size) Mcf = 1,000 cubic feet

MG = million gallons

Usage Charge - $21.14 + $17.02 = $38.16/ Mcf
133,690 cf = 1,000,000 galions;

133.69 Mcf * $38.16 $ 5,102 /MG

1" and Larger (water usage) Rate- Usage Charge - $15.99 + $17.02 = $33.01/ Mcf
133.69 Mcf * $33.01 = $ 4,413 /MG
City Accounts - Usage Charge - $15.52 + $17.02 = $32.54/ Mcf
133.69 Mcf * $32.54 $ 4,350 /MG
Overall Average Customer Rates - Usage Charge - $18.88 + $17.02 = $35.90 / Mcf
133.69 Mcf * $35.90 = $ 4,798 /MG

City of Philadelphia

Water Accountability Committee (J. Aleo) 27 February 15, 2008
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PHILADELPHIA WATER DEPARTMENT - OPERATIONS DIVISION

WATER CONVEYANCE SECTION - LOAD CONTROL UNIT

HYDRAULIC INVESTIGATIONS SQUAD

3 & Spring Gardon Rale

Bmmmmmm
Belmont WT Plant East Gravity Rate
Betmant WT Piant VWes! Gravity Rete
Beimont High Service East Pump Rate
Tselmont High Senace West Pump Rate

Belmont High Service Monument Pump Rate
Belmont Rew Water PE North Pump Rade

Belmont Raw Water PS South Pump Rate
mmcmwu&&wkwnyfm Supply
Meter

Aqua PA, Chellennam Interconnection Export Supply
Meter

Chesinud Hit Bocster P§ Pumnp Rals
Chew & Walnut: DMAS Inflow

Fast Park Reservor #12 Vaive Rata Out |
East Oak Lane PS Pump Rate A (NW)
East Oak Lane F5S Pump Rate B (SE)
East Oak Lane PS Pump Rate C (SW)
East Park Resaovou North Rate in
East Park Reservoir South Rate In
East Park Boodtai PS Esst Pirnp Raié
East Park Booster PS Wast Pump Rate
East Patk Reservor #11 Vaive Rete Oud
chnmampswwmnpmu{m
Fox Chase Boosiér PS Easl Pump Rate (5)
FmChmTar*Rohh

mmpanmwmm

Lardners Point PS Header A Rate
|Lardners Painl PS Header B Rats
LWMPMPSMCR&N

Osk Lane ﬂmréw South Basn Infuent Rate
Philadeiphia Naval Business Ce_mr_ R;pq__ )

Qmemeﬁxmﬂ

Queen Lane Gravity Rate # 3

[Queen Lane Gravily Rete # 4 :
Queen Lane High Service Pump Rate
Queen Lane Rew yeter P§ Nordh Pump Rats
Queen Lane Raw Water PS South Pump Rate
QuenLuRuMuPsumRm
|Roxborough Express Pump
mwﬂwwpamnm-e'qm
Roxborough HmSMFSP.mRm"A'{S)
FGVIHW\SMWRMM

Somarion Standpipes Rate Out

Tarestela High Duty PS Bump Rale £ (#3A}Penny)
Tomesdale High Duty PS Pump Rate 36" (#13)
Tmmmwpsnmmuwmxmj

West Oak Lane PS Pump Rate

Aquae PA, Tinicurr: itterconnections Export Supply Meter

CHE-PSW-R

TINPSWR

CHVPR
CAW-DMA-R
CVi2R
EOL-NVP-R

EOCL-SEVPR

EOL-SWVP-R
EPRNIV-RIN
EPR-SIV-RIN

QLRW-SMP-R
QLRWAVPR
QLRX-P-R

RHSNVPR

Mogretc  Lerge Customer o

Magnstic  Large Customer . 16

Magnetic  Distribution System &
Vel Distribution i
Venturi Distribution System 24
Venhai Digiribution Sysiem LN

Cells shown in dotied shading Identify fI ters that

Ically verified via pitot rod instrumentation

—

X euEaszssnns288s8823Y

BRG

o 8i3172008

12/5/2006
6/26/2007

11012642003
03  12/12/2008
0.3 12712008
06  12/8/2006

o2 " 2iTEont

04 272712007
te o amrmooy

-1%
%
5%

~ L8 Not performed in FY2007
0%
2%

7%
-1%
A%
3%
.1*_
-3%

City of Philadelphia
Water Accountability Committee (J. Brady)

February 15, 2008



5 Phlladelphla Water Department ;
Composite Water System lnput Adjustments F;scai Year 2007
Moﬁth- Ndmber]  Original ~ | Monthly tofl Average daily |- “MBnthiy total -szfer_ent'ie
{ofdays| SCADA | systeminput |systeminput| systeminpat |
| Systemdata. | valtzme _' d [volume based| Vvolume based A

_unedited daily | | onedited | o s

avera SCABAB |
July'06 31| 2742 8500.9 2747 8514.2 0.4
Aug'06 31 273.7 8484.4 276.6 8575.1 2.9
Sep'06 30 253.5 7603.6 254.0 7619.8 0.5
Oct'06 31 253.0 7843.8 252.0 7811.1 -1.1
Nov'06 30 247.6 7428.3 245.6 7366.9 -2.0
Dec'06 31 246.8 7649.3 243.2 7540.2 -3.5
Jan'07 31 2457 7616.3 2414 7484.5 4.3
Feb'07 28 273.9 7669.8 268.3 7513.7 -5.6
Mar'07 31 261.0 8090.3 255.1 7907.9 -5.9
Apr'07 30 248.8 7464.3 2440 7321.0 -4.8
May'07 31 251.6 7800.9 247.9 7684.8 -3.7
Jun'07 30 265.6 7967.9 260.9 7827.8 -4.7
Sum 365 94119.8 93167 0 9528
Average 257.9 255.3 26
*Adjustments are based upon several factors including reguiar master meter verification testing,
mass balance comparisons of flows into and out of water treatment plants, operational histories at
facilities and instrumentation history.

City of Philadelphia
Water Accountability Committee (B. Reilly)
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City of Philadelphia Water Billing Account Codes

Codes
4 Regular R 518
W Well Z 3/4
A PHA Q 1
G Federal Government Y 1-1/4
E Board of Education P 1-1/2
P Commonwealth of PA X 2
Y Fire Meter 0 3
Y4 City of Philadelphia W 4
H Special Handling N 6
S Schedule vV 8
C Charity E 110
D Senior Citizen T 12
N Hospitals and Universities H 14
1|Water and Sewer
2{Water Only
4|Sewer Only
5|wWater Only Bill Outside of City
Account Codes
Account Type Account Description Type
41N Regular Water and Sewer 6 inch meter Commercial
410 Regular Water and Sewer 3 inch meter Residential
41P Reguldr Water and Sewer 1-1/2 inch meter Residential
41Q Regular Water and Sewer 1 inch meter Residential
41R Regular Water and Sewer 5/8 inch meter Residential
41V Regular Water and Sewer 8 inch meter Commercial
41W Regular Water and Sewer 4linch meter Commercial
41X Regular Water and Sewer 2 inch meter Residential
412 Regular Water and Sewer 3/4 inch meter Residential
420 Regular Water Only 3 inch meter Residential
42P Regular Water Only 1-1/2 inch meter Residential
42Q Regular Water Only 1 inch meter Residential
42R Regular Water Only 5/8 inch meter Residential
42X Regular Water Only 2 inch meter Residential
427 Reguiar Water Only 3/4 inch meter Residential
45Q Regular Water Only Bill Outside of City 1 inch meter Residential
45R Reguler Water Only Bill Ouiside of City 5/8/inch meter Residential
457 Regular Water Only Bill Outside of City 3/4 inch meter Residential
A1Q Philadelphia Housing Authority Water and Sewer 1 inch meter Residential
A1R Philadelphia Housing Authority Water and Sewer 5/8 inch meter Residential
ATW Philadelphia Housing Authority Water and Sewer 4 inch meter Residential
A1X Philadelphia Housing Authority Water and Sewer 2 inch meter Residential
CiIN Charity Water and Sewer 6 inch meter Commercial
C10 Charity Water and Sewer 3 inch meter Commercial
C1P Charity Water and Sewer 1-1/2 inch meter Commercial
c1Q Charity Water and Sewer 1 inch meter Commercial
C1iR Charity Water and Sewer 5/8 inch meter Commercial
C1W Charity Water and Sewer 4 inch meter Commercial
CiX Charity Water and Sewer 2 inch meter Commercial
C1Z Charity Water and Sewer 3/4 inch meter Commercial
City of Philadelphia
Water Accountability Committee 32 February 15, 2008




City of Philadelphia Water Billing Account Codes

C20 1Charity Water Only:3 inch meter Commercial
C2Q Charity Water Only 1 inch meter Commercial
C2R Charity Water Only 5/8 inch meter Commercial
C2X Charity Water Only 2 inch meter Commercial
D1Q Senior CitizerjWater and Sewer 1 inch meter Residential

D1R Senior Citizen Water and Sewer 5/8 inch meter Residential

D1Z Senior Citizen Water and Sewer 3/4 inch meter Residential

D2Q Senior Citizen Water Only 1 inch meter Residential

D2R Senior Citizen Water Only 5/8 inch meter Residential

E1N Board of Education Water and Sewer 6 inch meter Commercial
E10 Board of Education Water and Sewer 3 inch meter Commercial
E1W Board of Education Water and Sewer 4 inch meter Commercial
E1X Board of Education Water andiSewer 2 inch meter Commercial
H10 Special Handling Water and Sewer 3 inch meter Commercial
H1X Special Handling Water and Sewer 2 inch meter Commercial
H2B Special Handling Water Only - Bucks Co. Water/Sewer Authority Commercial
NiN Hospitals and Universities Water and Sewer 6 inch meter Commercial
N1W Hospitals and Universities Water and Sewer 4 inch meter Commercial
N2R Hospitals and Universities WaterOnly 5/8 inch meter Commercial
Y1IN Fire Meter Water and Sewer 6 inch meter Commercial
Y1iv Fire Meter Water and Sewer 8 inch meter Commercial
Y2N Fire Meter Water Only 6 inch meter Commercial
Y2V Fire Meter Water Only 8 inch mefer Commercial
Y2W Fire Meter Water Only 4 inch meter Commercial
Y2X Fire Meter Water Only 2Zinch meter Commercial
Z10 City of Philadelphia Water and Sewer 3 inch meter Commercial
Z1P City of Philadelphia WatE?{iﬁ"dkSewer 1-1/2.inch meter Commercial
Z21Q City of Philadelphia Water and Sewer 1 inch meter Commercial
Z1R City of Philadelphia Water andiSewer 5/8'inch meter Commercial
Z1W City of Philadelphia Water and Sewer 4 inch meter Commercial
Z1X City ofiPhiladelphia Water and Sewer 2 inch meter Commergial
Z2R City of Philadelphia Water Only 5/8 inch meter Commercial

City of Philadelphia
Water Accountability Committee 33 February 15, 2008
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CITY OF PHILADELPHIA - BILLED WATER CONSUMPTION FOR FISCAL YEAR 2007
July 1, 2006 - June 30, 2007

(]
{Number . CCE__ Number
332 634,125 70
331 616,890 70
329 602,979 70
325 543,106 70
327 589,722 68
327 488,982 69
324 463,566 67
324 446,458 85
324 406,656 64
326 386,676 64
325 462,096 64
322 § u: 63
L 3916 SRS
ﬁmw 2,925
66,781,813 69,133,894
B.07% 3.10%
88.04% 91.14%
20.04% 11.96%
326 67

30
3c
30
28
28
28
28
28
27
28
28
28

Number|

CCF
379,605
363,859
392,296
400,234
343,289
383,878
301,455
324,878
563,402
372,140
318,577

13,289
73,665,337
5.97%
97.11%
8.86%

28

____({ccf = 100 cubic. feet)

e ey

s
3
R

80,812
75,858,159
2.80%
100.00%
2.89%

3

Lolel 1..?._&.&!

292,239 470,637
3 241189 471112
3 177,328 469,421
3 168,408 488,736
3 138,805 469,218
3 192,983 488,113
3 141,081 469,053
37 158,907 470,533
3 144,784 471,512
37 137814 472288
3 183428 471,686
3 215758

470,101

thiy %

..ﬂpﬁ@ﬁnm ?_a CeF e« f Yonr.
7,885,934 17 10.4%
6,694,098 14 B.8%
6,708,207 14 8.8%
7,065,736 15 83%
6,097,795 13 8.0%
5.854,393 13 7.7%
6,566,100 14 8.7%
5,959,733 13 7.9%
6,062,088 13 8.0%
5.514.977 12 7.3%
5,599,044 12 7.4%

7.7%

% of totat

= Does not include adjustment for sewer only accounts. See "Accountability Trend" worksheet, cell AA32 for average daily value.

AVERAGE BILLED WATER CONSUMPTION PER CUSTOMER ACCOUNT (CCF PER ACCOUNT)

1,910
1,864
1,833
1,671
1,803
1,495
1,431
1,378
1,256
1,186

1,422

1,662

1,910
3,186
236.4

14,

464.6

Average Large Meter Consumption

12,654
12,129
13,077
14,294
12,260
13,710
10,766
11,603
20,867
13,291
11,378

o 13551

13,323
20,867
10,766
2,493.8

97,413
80,396
59,109
56,135
46,268
64,328
47,027
52,969
48,261
45,971
61,143
71,920

60,812
97,413
45,971
15,067.9

227 ccf

equals

17
2
14

5,662 galiday

_._mn.:n 8.8: from Monthly Billin w:_::_m Report

Month
Jul-06

Aug-06

Sep-06

Oct-06

Nov-06
Deci08
Jan-07
Feb-07
Mar-07
Apr-07
May-07
Jun-07

12,801
12,787
12756
12,717
12,718
12,689
12,678
12,675
12,654
12,686
12,844

3,537,184
3,140,478
3,269,845
3,272,785
2,828,543
2,865,591
2,964,066
2,604,307,
N..GA. 1 mm
2441652
2,532,494
2,854 468

uaghmm_

227
45.70%

12,738]

Mol

Note: Billed Consumption represents data that is output from the Customer Billing System and, due to billing adjustment activities, may differ from Customer Metered Usage, which is the
input data to the Customer Billing System. Data from the "Accountability Trend" worksheet through FY2005 includes adjustments.

City of Phifadelphia - Water Accountability Committee
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City of Philadelphia-Summary of Billed Water Consumption Trends For Fiscal
Years 1998-2007

Fiscal Year 2003 | 459,236 377 6,617 2,136 2,538 1,158 968 403 b 29 3 473.973
Fiscal Year 2004 | 458,639 322 6,261 2,111 2,535 1,134 959 390 67 30 5 472,453
Fiscal Year 2005 | 457,944 254 5,990 2.098 2,519 1,154 953 361 66 30 4 471,373
Fiscal Year 2006 | 457,845 197 5,787 2,073 2,517 1,166 955 338 69 30 3 470,980
Fiscal Year 2007 | 457,246 137 5 Wmcw 2,044 2,533 1,185 930 326 67 28 3 470,104
Percent Of Total Billed Water Consumption
Meter Size, In. s e
Fiscal Year 1998 | 56.72% 1.34% u..wu.x. 0.02% 2.50% 5.32% 5.87% 8.81% 9.46% 3.10% 2.92%
Fiscal Year 19993 56.89% 0.73% 3.62% 0.02% 2.49% 5.64% 5.48% 8.46% 9.65% 2.91% 1.51% 0.16%
Fiscal Year 2000 | 54.49% 0.31% 3.67% 0% 2.77% 5.23% 5.51% 9.47% 9.87% 3.20% 3.92% 0.00%
Fiscal Year 2001 | 53.08% 0.21% 3.63% % 2.55% 527% 4.88% 8.19% 10.77% 2.52% 3.97% 0.09%
Fiscal Year 2002 | 57.09% 0.16% 3.77% 0% 2.69% m.a.o.x. 4.62% 8.14% 9.87% 2.76% 5.22% 0.01%
Ciscal Year 2003 | 55.67% 0.07% 331% 0% 2.47% 5.48% 4.62% 7.92% 9.36% 2.90% 54 3» 2.89%
Fiscal Year 2004 | 55.80% 0.07% 3.16% 0% 2.45% 5.27% 5.43% 7.90% 9.25% 2.61% 5.09% 2.96%
Fiscal Year 2005 | 55.65% | 0.06% 3.02% % 2.40% 5.48% 5.28% 7:64% B.37% 3.28% 6.27% 2.55%
Fiscal Year 2006 | 53.42% 0.04% 291% 0% 2.36% 5.78% 6.03% 8.52% 8.95% 3.80% 5.75% 243%
Fiscal Year 2006 | 54.27% 0.03% 2.81% 0% N‘AWM& 5.62% m.wm %% 8.58% 8.07% 3.10% 5.97% 2.89%

Fiscal Year: July 1 of the previous year-June 30th of the current year

City of Philadelphia - Water Accountability Committee

*Does not include adjustment for sewer only accounts - see ACCOUNTABILITY TREND worksheet
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Automat;c Meter Readmg Deptoyment - Fiscal Year 2007
| TolAMR | TotlAMR | i Dipbenct HORIAGOUIE L o AR
Meter e Ehange in ' non-AMR {AMR +
> Meter | units installed | units instalied v W : Complete as
Size | 'sie las of June 30 | as of June 30, number of | (conventionalji Conventional) | © ) o an
Code : 2006 L 2007 ‘1 AMR units -acecounts as of June 30, 2007 :
LA O remaining 2006
R 5/8" 468,251 474,563 6,312 3,947 478,510 99.18%
y4 3/4° 0 0 0 g9 99
Q 1" 5,676 5,625 -51 209 5,834 96.42%
P 1-112" 2,027 2,036 9 83 2,118 96.08%
X 2" 2,442 2,502 60 142 2,644 94.63%
(0] 3" 823 1,068 246 184 1,253 85.32%
W 4" 389 774 385 174 948 81.65%
N 6" 177 229 62 115 344 66.57%
\' 8" 26 36 10 32 68 52.94%
E 10" 2 8 6 24 32 25.00%
T 12" 2 2 0 2 4 50.00%
Small Meters 468,251 | 4'7;5'63 6.312 4,046 478,609 99.18%
Large Meters | 11, 564 12,2841 737 - 965 13,246 92.71%
{3-inch to 125nch) e : :
Al Meters 4798150 486,844] 7.028 491,855 08.98%
Non-Biled AMR R I D | smmau ?:tt: '
oy 19,755| 23,080 3,305] withoutAMR | 4,046
Billed AMR AR s R Srage velar) _
R ey i Accounts' | 1%
e 4888441 _' ‘without-AMR 965
| T ~Tofi) ]
Total AMR Accounts} et Accounts | _
' 509,904 without AMR 5,011
The nital major phase of the AMR Installation ocourTed in 1907~
residential (5/8-inch) accounts with new meters and meter readmg_dewces :
Since 1999 irnstallation has focused on Hard-{o-Access residential accounts not picked up in the initiai phase
along with targa meters and city properﬁe& Meter readmg devu;es must be fitto a vanety of dlfferent iarge metet
makes and models. _
For Fiscal Year 2007 the meter reading aucoess rate was 97.60% for all AM'R acoounts The overail rate (AMR
and manual reads) was 86.23%. '

City of Philadelphia

Water Accountability Committee 43 February 15, 2008



bir (10U "1 ) 8o ApHqejuncody 4918/

800¢ ‘4 Atenige eyydiapeiyd jo Ao
speay LUBO LT SEND IS8y OND Speed © PRABLUUGLIE POUSIA =
:em)/z
sBujpeey peuiquod uopoodsuie)y
*0}@ Pepo0| ‘$$8I08 OU 'pex00|q 'Pe|jig-UoN peoy jued
jenuBw g [BoUeWLOD sBuipeel |Bj0] sBuipsey [BIOL
10 Ad 1oy peje|dwiod sejnoy pejajdwod
20 A4 0} pejnpetyos seinoy peinpeyds
10 A4 pajejduico jou sajnol §o Jaguinu j8jo ] Boproeg
[96c'tb2’e | %99z | 89072sh | %200 | 000'F% [ %ei't | 9tz'pe [ _%bL'9¢ [ ezo'i6v’s | |enueiy @ uosy
$]830] peujquoe)
SIUNOd0Y uedied Juediad peay jusdlad dsoy ON Jusdiad — sbuipeay _
{gjoL N alig-UON| pesy jued e dsey ON {Bj0). peay |ejoL
[ 966'969'9 %297 | 890281 | %901 | 99’09 [ %bzoe [ze9eey's | speay uosy
SJUNO2DY jusdied edied asuodsey jueoleq
jejot (N pa| I.mh:oz dsay oN ON peay spesy
3 2 2 197EE'8Z9'LS]|  %¥Y6Z LLS'ST 106'98
2 % X4 popejio) § | dwod % | peiaiduwio] #] pealedey # e winoy
KR 111e8'vhZ i8] v0'08E0VES %9'6} ¥86'¢ 661'GE B
930 Ui jejo) | Peiajiod § ‘uuey o  [pejBuLLB] B POUSIA # suopoedsujey
mopuim Buiijiq
0 BPIS|N0 PAAIBV6S SPBEY 0 | 0 QAR RRLEXEXLRRXRLRXERHKERES o QR RIRIIRED %00 0 teteretetetet 0 0 ] sbuipeey vy euoyd
R RS R R R R R % 222
0 00¥'YL 3%0°0 - %8'L 000y | %06z oy'e 0 008 009 1930 poujquiod
0 00¥'v1 %0°0 0 %8 L 000'% .xr. %052 yop'S 0 009 008 0 fenuepy |PI90WW0Y
R R R R R R SR R X
| 0 | 0 %0'0 0 | w00 0 | %00 0 0 1 0 0 i 0 (0c8) Uosy jeosoWWOD
swajl Sopjoeq e uiejdxy | Bopioeq S)UNOOY uedIad juediad peey juedsed dsey oN juasied sBuipeey peojejeq pejejdwoy) (psinpetos Bopjoeg
pajejdwio) je10) jueoep jueoep | peeyiue) bRV -0} dsay oN |ejol peey 1BjoL sepnoy sajnoy senoy Jee) |eosiy

1002 10} poday Iea  |eos)q suonjesadQ [ed1uyosa] - neaing anuaAay Jajep

suofisled( [edtlLoe] jO Jojoelig
uoisialg uoneBiseaul g Buipaay telep 'suonelsdQ jediuoe |



Philadelphia Water Department - Water Revenue Bureau

Revenue Protection Program Fiscal Year 2007

In Fiscal Year 2007 the Revenue Protection Program was able to dedicate only a fraction of the staff time to
investigations as compared to recent years. This was due to the need for the program to focus on the
development of the new SERVICELINK work order management system and training and preparation for the new
Customer Billing System,

**Billed Service Charge Only
Non-billed Accounts (NB)

Noof Accounts on 6/30/2007.

SEFSERSAE L

2 $2,680.00 $0.00|
13.78 0.04 $61,166.49 $0.00
0.00 0.00 $0.00 $0.00
0.00 0.00 $0.00{ $0.00
0.00 0.00] $0.00 $0.00
0.00 0.00 $0.00 $0.00
16.89 0.05 $74,151.00 $41,101.00
0.00 0.00 $0.00 $0.00
4.66 0.614 ~ $2,573.30 1 $17,19252
0.19 0.00§ $868.29 $29,955.52
0.00] 0.00 $0.00 $0.00
11.15 0.03 $45,397.00 $35,266.00
Active accounts
rejected in RWMI(1) 0 0 . Of 0.00 $0.00 $6.00
No accounts and/or
permit problems(2) 11 1,837 20.04 0.05 $5,019.05 $13,546.00
Wrong Control Day(3 0 0 0.00 0.00 $0.00 $0.00
Wrong Service Code| 2 0 0.00 0.00 $0.00 $642.75
Zero Consumption 27 38,408 28.73 0.08 $11,562.00 $0.00
Subfiotals| 449 174,749 130.71] 0.36 $393664.13 |  $137,70379
Total Recovered Billed Revenue $531,387.92
CCF = 100 Cubic Feet MG = Million Gallons Total Recovered Billable Water, MGD 0.368
(1) Accounts rejected in RWMI: Meter rotates that are rejected by the biiling system, WRB must correct.
(2) No accounts and/or Permit problems: Accounts that were rejected by billing and never established.
(3) Wrong Control Day(Meter Reading Route): Accounts billed to the wrong party due to Control Day error
(4) Wrong Service Code: Accounts billed for the wrong service /meter size.
Estimated Accounts (EC) [No ol Accounts7ante/3nzaoey
|EC-0: No Response - does not apply with AMR accounts 5,008
EC-1: Vacant - reported as such by a Meter Reader™ 535
EC-2' Tor Down - reported as such by a Meter Reader** 70
EC-3: Hand Estimate - May be used if AMR not yet installed 6,785
EC-4: Non-registering Meter 20
EC-5: Missing Meter 2
EC-6:0Off Line 0
EC-7: Meter Problem 0
EC-8: Seal Broken (shutoff) 1
EC-9: Blocked (no access to water meter) 3
Estimate code € 4282
Estimate code p 13

NB1. Discontinuance Permiti& Qutstanding Balance 16
NB2: Transferred to a Different Account 908
NB3 Shutoff for Non ayment 18,790
NB4: Water from Another Source 0
NBS: No Water Service (Discontinued:Property) 42,321
NB6: Service & Meter Permit (New property to be billed when occupied) 4,738
NB8 Suspended Billing 1,038
NB9: Vacant property with no activity for one year. . 29,833
TotaliNon:Bllled Accounts =~ 97744
City of Philadelphia
Water Accountability Committee (S. Junod) 45 February 15, 2008
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Apparent Loss Due to Mlssing or Malfunctioning Customer Meters Durmg Fiscal
Year 2007

Water Lost ‘ﬁhrou h Missing Meters Uncovared duting Isca&Year-zoo'l

Meter Sizel ~ # [ T¥pical Use per | Unmeiered Water, | Average Daily Unmetered

- i 'Identiﬁéd Slze. a{lday - gallons ~ Water, mgd
Small Meters  |5/8" 2253 187 153,850,900 0.422
Large Meters  |1" 25 790 7,205,540 0.020
1-1/2" 6 1,875 4,105,252 0.011
2" 5 3,495 6,378,030 0.017
3" 1 8,283 3,023,345 0.008
4" 1 14,541 5,307,568 0.015
Large Meters Total 26,019,735 0.071
Total 2291 179,870,635 0,493

) Meters Uncovered during Eiscal Year 2007
Small Meters  {5/8" 548 187| 37,421,348 0.103
Large Meters 1" 14 790 4,035,102 0.011
1-1/2" 6 1,875 4,105,252 0.011
2" 7 3,495 8,929,242 0.024
4" 3 14,541 15,922,704 0.044
6" 2 38,944 28,428,840 0.078
Large Meters Total 32,892,300 0,090
Total 580 70,413,646 0.193
' Wateérilfost Thro Year 007_* ;
SEe Watar Under»ragtstereﬁ
Under{5% of accounts multiplied
2 i ' TR e R o T n as|by the 2% error amount,
Meter Size . | galiday | _{ Ave. # of Accounts. 5% exoept for 12" galiday

1 790 16 5,602 280 4,423
1-1/2" 1,875 37 2,044 102 3,831
2" 3,495 70 2,633 127 8,852
3" 8,283 166 1,185 59 9,815
4" 14,541 291 830 46 13,520
6" 38,944 779 326 16 12,709
8" 72,564 1,451 67 3 4 862
10" 332,192 6,644 28 1 9,440
12" 1,518,732}y 30,375 3 1 30,375
12,718 Gallons per day 97,826
Gallons per year 35,706,656
Mgd 0.098

e ———————————— e
*Under-registration of small meters is taken as a nominal 0.1% of small meter control day consumption since
the most of the small meter population was replaced with new meters as part of the AMR installation from
1897-1999. Random testing of 30 small meters in FY2005 confirmed high accuracy.

City of Philadelphia

Water Accountability Committee

48

February 15, 2008
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ESTIMATE OF PIPELINE WATER LOSSES DUE TO WATER MAIN BREAKS - FISCAL YEAR 2007
REPORTED MAIN BREAKS AND TRANSMISSION LEAKS

MAIN BREAK OCCURRENCES. | |  WATER LOSS  AWARENESS, LOCATION & RESPONSE ASSESSMENTS
: abons)}
3 | _JointHole | 0 0 0 0 0 0
3 el 1,800 1,800 18,000 188 2250 4,238
3 | Long/sB/BO | 1 0 0 o | 0 0
4 | JointHole 0 1,800 0 18,000 0 _ 0 0
4 | o 5 8,800 44,500 89,000 4635 | 55625 104,760
4 | Long/SB/BC | 4 8.600 35,800 89,000 3708 | 44500 83,808
6 Join/Hole | 32 1,300 41,600 13,000 4333 | 52000 97,833
e | o 38 14,200 4515600 | 142000 | 470375 | 5844500 | 10630475 |
6 | Long/SB/BO [ 175 17,700 3,097,500 © 177,000 322656 | 3871875 | 7,202,081
8 | JontHole & 2,200 11,000 22,000 1,146 13,750 25,898
8 ! o | o 19,500 1,891,500 | 195,000 197,031 2,364,375 4,452,906
8 | Long/SB/BO | 96 23,900 2204400 | 239,000 239,000 2,868,000 5.401 400
10 | Joint/Hole 3 3,500 10500 35,000 1084 | 13,125 24719
10 (e L e 23,800 47,800 239,000 4878 | 50750 112,526
10 Long/SB/BO | 15 28,300 424,500 283,000 44,219 530,625 999,344
| 12 | JointHole . O 3500 ] 55,000 0 . 0 0
12 circ. 17 28,300 481,100 i 283,000 50115 | 601,375 1,132,590
12 Long/SB/BO | 45 35,400 1,683,000 | 354,000 165938 1991250 3750188
Distribution Main i |
Total | | 818 14,490,400 1,509,417 | 18113000 | 34,112,817
Avermge MGD| . 0003
18 JointHole . | 0 3,500 o 35,000 0 B 0
16 crc. | 1 | 33000 33,000 330,000 3,438 41,250 77,688
18| Long/SB/BO 3 45,000 135,000 450,000 14,083 168,750 317,813
20  Join/Hole 0 3,500 0 35,000 0 0 0
20 e oy fos e 4] 39,000 36,000 $90,000 4063 | 48750 91813
20 | Long/s/BO | 1 49,000 49,000 490,000 5104 | 61250 115354
_____ 2 Joint/Hale 1 3,500 3,500 35,000 385 4315 8,240
2 | cire. 0 46,000 0 460,000 o | 0 0
REEE Long/SB/BO . O 54,000 0 540,000 Db 0 g
| 30 JoinHole | 0 3,500 0 35,000 0 j o o
30 Cire. e 1 £4,000 54,000 540,000 5625 | 67.500 127,125
30 Long/SB/BO 3 61,000 183,000 | 610,000 i 19,063 228,750 430,813
36 | JoinyHole. | 0 3,500 g 35.000 0 g BRSO |
36 | cir. 0 54,000 o 630,000 o | o 0
26 | LongSBBO 0 81,000 o 730,000 o o o
42 Joint/Hole 0 3,500 0 35,000 0 0 0
48 Joint/Hole 1 3,500 3,500 35,000 366 4375 8,240
48 Circ. 0 54,000 0 750,000 0o 0 0
 w Long/SB/BO 4 61,000 244,000 1:000,000 41,867 500.000 785,867
54 0 0 o i o 0 | o 0
50 0 0 g 0 9 ’ o 0
Transmission
Main Total 16 744,000 93,750
.
TOTAL | 832 15,234,400 1,603,167 | 19,238,000 | 36,075,567
e B T
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ESTIMATE OF PIPELINE WATER LOSSES DUE TO WATER MAIN BREAKS - FISCAL YEAR 2007
REPORTED MAIN BREAKS AND TRANSMISSION LEAKS

16 JonyHole Bl 3,500 245,000 3,500 182 2,188 2472370
16 Circ, | [} 33,000 0 33,000 o 0 0o
16 | Long/SB/BC | 1 48,000 630,000 45,000 488 | 5,625 636,084
20 | JointHole | 4 3,500 186,000 3,500 146 1,750 197,896
L 2D Cic. 1 30,000 548,000 39,000 408 1 4875 551.281
20 | Long/SB/BO | 0 49,000 0 48,000 0 . 0 0
24 JombHole 2 3,500 98,000 3,500 73 { 875 88848 |
24 | Cire. | 0 46,000 [} 46,000 0 1 0 0
24 | Long/SB/BO | 0 £4,000 [ 54,000 o i & o
30 | Joint/Hole | 5 3,500 245,000 3,500 182 | 2188 247,370
i S s S Gire s R O 54,000 [ 54,000 0 [ [i [}
30 | Long/SB/BO | 1 61,000 854,000 61,000 635 | 7,625 862,260
T s JmmlHo!e D 3,500 (] 3,500 @ : 0 [
36 | . 0 54,000 0 54,000 0 | (] 0
R '_WSBIBO ) 61,000 0 61,000 [ ! (] (]
42 | JointHole | 0 3,500 0 3,500 0 0 0
48 JointHole 5 31500 245,000 3,500 182 2,188 247 370
48 ~__Cire. | 0 54,000 0 54,000 [ 0 0 |
48 Long/SB/BO 1 61,000 854,000 61,000 635 76k 862,260
54 Joint/Hole [} 3,500 [} 3,500 0 0 | o il
60 JoinlHole o 73,500 ()] 3,500 [} g
Transmission Leaks Total 25 3,913,000 2,911
1

s Eéscal i Year 2007 Transmission Main Leak Repalr Locations (16-inch diameter S_Q_rgor)

e

T Compieted. | TE AliELocation Repair Action] T
1 1/2006] FRONT & GODFREY Recaulked joint 30 Joint/Hole
2 a/. /2006|200 N. 218t S Repaired hole 48 Joint/Hole
3| 10/10/2006]1300 BAINBRIDGE ST Repair clamp 30 Long/SB/Hole
4| 10/16/2006|LOMBARD ST & 5 BROAD ST Re ng 48 Joint/Hole
5( 10/26/2006|CHEW AV AND | E WALNUT LA Replaced valve 16 IJoinUHole
8] 11717/2006|8400 GREENE ST Repaired joint 20 {Joint/Hole
7] _11/30/2008{1400 ARCH ST - Repaired joint 30 Joint/Hole
8] 11/30/2008| GERMANTOWN AV & E COULTER ST {Renewedibonnet 20 JoinHole
9 12/4/200818000 TORRESDALE Recauiked joint 24 Joint/Hole
10| 12/22/2006]3500 FOX ST iredfs, 48 |L_o_ngifSBn~lole
11]  12/23/2006]33RD ST & MARKET Repaired hole 24 Joint/Hole
12]  12/23/2006[TASKER:!ST & S:33RD.ST Replaced bell 18 [Long/SB/BO
13 113_I2007fE. Side RIDGE AV, 521' N. of SCOTTS LA Replaced hacensack sieeve 16 Joint/Hole
14 1122/2007 |COTTMAN AV & RISING SUN AV Recatilked joint 20 Yoint/Hole
15 1/25/2007|EMLEN ST AND W ALLENS LA Replaced vaive 16 Joint/Hole
18] 1i26/7007 |EMLEN 67 & W ALLENSITA Replaced coupling 18 Joint/Hole
17 21 0/2007!24 W GIRARD AV circumferential 20 Circumfrential
18] 3#/9/2007 6000 WISSAHICKON AV Recaulked joint 20 JointHote
19 4/7/2007{1400 ARCH ST Replaced coupling 30 Joint/Hole
20 471272007 |N FRONT ST AND W GIRARD AV iRecaulked oin 30 jJointHole
21 5/2/20_07 N FRONT ST & W GIRARD AV Recaulked join 30 Joint/Hole
22 8/41200711300 W GLENWOOD AV Recaulied join 48 JointHole
23 6/14/2007| 5700 CEDAR AV Recautked join 48 Joint/Hole
24 6/15/200754TH & CHESTER Replaced vaive 16 Joint/Hole
25 6/27/2007 |CHRISTIAN ST & S 57TH ST Recaulked joint 48 Joint/Hole

City of Philadelphia - Water Accountability Committee
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Water Main Break Repairs by Month Breaks per
R ST S : % 1000 miles
Jul | Aug | Sept | Oct | Nov | Dec | Jan | Feb | Mar | Apr | May | Jun | Avg. | Total of pipe

1865| 49 37 20 | 35 41 96 | 188 | 119 | 43 43 36 33 [ 25| 750 2373
1966| 29 29 29 33 53 78 174 | 188 | 65 43 27 40 | 657 | 788 249.4
1967] 49 33 34 29 35 | 123 | 127 | 64 58 40 23 64 | 566 | 679 2148
1968 31 44 22 41 59 98 | 338 | 139 | 68 36 36 46 | 798 | 958 303.2
1969| 58 54 ag 45 68 | 188 | 170 | 62 48 53 34 51 | 726 | 871 2756
1970, 49 33 42 36 28 174 | 287 | 163 | 59 48 71 42 | 86.0 | 1,032 326.6
1871 61 36 27 44 64 88 | 168 | 146 | 56 44 40 54 | 69.0 | 828 262.0
1972| 49 49 30 53 63 87 71 112 | 51 33 33 26 | 548 | 657 207.9
1973| 55 41 29 46 73 95 165 | 719 36 28 32 71 | 625 | 750 237.3
1974| 51 52 56 35 57 105 | 120 | 73 36 34 33 46 | 582 | 698 220.9
1975| 59 43 44 62 72 81 93 g1 42 49 50 77 | 638 | 763 2415
1976| 47 43 30 47 49 | 135 | 289 | 106 | 81 41 27 69 | 803 | 964 305.1
1977 26 44 34 45 | 105 | 184 | 438 | 435 | 149 | 69 64 68 | 136 | 1,632 5165
1978| 55 57 37 68 83 | 211 | 169 | 181 | 127 | 36 65 | 69 97 | 1,158 366.5
1979| 42 56 40 55 58 95 164 | 184 | 172 | 87 71 48 89 | 1,070 3386
1980| 55 62 49 63 43 98 85 | 148 | 74 42 37 46 67 802 253.8
1981| 59 54 69 51 61 180 | 273 | 160 | 77 33 54 59 g4 | 1,130 357.6
1982| 67 36 37 35 63 | 189 | 154 | 178 | 83 75 46 37 83 | 1,000 316.5
1983| 66 65 58 53 64 86 140 | 84 50 52 38 68 70 | 834 263.9
1984| 78 55 35 67 56 150 | 259 | 109 | 49 27 49 56 83 990 313.3
1985 45 33 33 39 63 66 | 221 | 153 | 56 33 27 47 68 816 258.2
1986/ 40 39 29 50 69 139 | 147 | 64 43 31 14 22 57 | 687 217.4
1987 22 38 37 36 55 77 92 | 108 | 45 26 24 37 50 505 188.3
1988| 39 40 41 46 57 84 | 253 | 121 67 40 43 65 75 896 283.5
1989| 75 77 18 56 37 | 111 98 5 | 37 33 35 55 57 | 682 215.8
1990| 43 44 38 53 74 | 245 | 227 | 90 85 43 31 51 85 | 1,024 324.1
1991] 51 50 32 29 79 61 134 | 44 | 35 39 51 44 54 | 649 205.4
1992| 35 37 25 42 46 87 139 | 84 29 34 28 34 52 620 196.2
1993| 51 | 16 15 24 44 70 74 86 62 47 34 54 48 577 182.6
1994| 58 37 32 43 49 112 | 419 | 229 | 117 | 61 76 84 | 110 | 1,317 416.8
1995| 65 65 30 50 57 04 134 | 143 | 75 38 30 48 68 | 829 262.3
1996| 70 66 47 30 75 | 199 | 218 | 96 48 41 37 42 81 969 306.6
1997 41 | 35 29 | 42 82 61 180 | 46 33 39 26 44 55 | 658 2082
1998| 40 18 22 27 54 66 50 26 | 37 30 31 38 37 | 439 138.9
1999| 48 33 | 32 27 48 66 | 226 | 38 39 32 | 22 | 27 53 | 636 201.3
2000| 55 38 27 32 49 95 | 202 | 191 64 22 47 27 | 7T 849 268.7
2001} 32 25 23 33 61 | 165 | 178 | 43 | 47 38 | 30 30 59 | 706 2234
2002| 54 43 30 41 52 36 128 | 38 31 24 13 35 44 525 166.1
2003 &0 50 19 47 50 | 160 | 217 | 172 | 84 | 42 26 39 80 | 956 302.5
2004| 50 27 27 41 35 91 200 | 178 | 62 36 34 36 68 817 258.5
2005 33 26 32 39 54 107 | 128 | 119 | 82 36 41 42 60 720 2278
2006 60 61 40 47 54 | 127 | 67 47 46 28 46 37 55 660 219.0
2007 32 54 KY4 35 67 81 g0 | 231 58 49 49 49 69 | 832 276.0

Min 22 16 15 24 28 36 50 26 29 22 13 22 37 | 439

Max 78 77 69 68 105 | 245 | 439 | 435 | 172 | 87 76 84 | 136 | 1,632

Avg. 50 43 34 43 58 145 | 181 | 119 | 63 41 38 48 69 | 833

Avg. %

of Total| 6.0%| 52%| 4.1%| 52%| 7.0%| 13.8%| 21.8%| 14.3%| 7.5%| 4.9%| 4.6%| 57% 100.0%
City of Philadelphia
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CITY OF PHILADELPHIA - WATER DEPARTMENT
WATER MAIN BREAKS & CAPITAL PROGRAM MAIN REPLACEMENT DATA
Water Main Breaks* " Miles of Pipeline Replaced
Fiscal : e '
~ Year  Total Leadite™ %leadite ~  Funding™ Total Leadite
1980 861 102 11.8% $6,557,000 13.14 0.41
1981 1,086 101 9.3% $6,625,000 13.83 0.00
1982 932 108 - 11.6% $7,243,000 12.06 0.61
1983 778 146 18.8% $9,945,000 9.00 0.61
1084 798 105 13.2% $6,500,000 18.89 0.65
1985 816 115 14.1% $9,975,000 16.09 1.34
1986 685 121 17.7% $7,100,000 13.97 2.02
1987 590 119 20.2% $8,400,000 14.22 2.22
1988 892 105 11.8% $13,900,000 17.58 4.59
1989 680 90 13.2% $13,700,000 20.24 413
1990 1,018 76 7.5% $13,000,000 18.67 6.25
1991 648 62 9.6% $3,800,000 4.74 0.00
1992 617 59 9.6% $15,600,000 18.07 3.86
1993 577 60 10.4% $18,200,000 16.88 1.06
1994 1,316 105 8.0% $14,800,000 14.26 3.44
1995 829 74 8.9% $11,800,000 13.99 2.23
1996 968 66 6.8% $20,000,000 22.10 4.43
1997 661 50 7.6% $21,000,000 22.21 4.65
1998 440 38 8.6% $21,990,000 26.23 4.32
1999 616 55 8.9% $22,200,000 25.07 3.04
2000 848 95 11.2% $23,150,000 25.60 3.25
2001 701 59 8.4% $16,500,000 20.10 3.30
2002 521 69 13.2% $20,850,000 22.00 2.60
2003 955 88 9.2% $24,100,000 21.90 1.73
2004 802 79 9.9% $22,300,000 18.80 1.00
2005 716 67 9.4% $9,250,000 7.80 0.67
2006 660 77 11.7% $16,980,000 14.30 2.80
2007 816 79 9.7% $16,610,000 14.30 1.00
Total 21,827 21870 | i T476004 6621
Ave s a8 e sialeBhi Rl R 0906 i Uit 4710 242
*Years 1980-1984 are calendar year main break data
** Roughly 300 miles of rupture-prone leadite joint pipeline were installed from 1946-1955
=+ Funding figures include budgeted amounts for 1980-1985; expenditures for all other years

City of Philadelphia
Water Accountability Committee (J. Simmet) 55 February 15, 2008



CITY OF PHILADELPHIA

QUANTITY OF LEAKAGE ABATED THROUGH THE LEAK DETECTION PROGRAM

All quantities in Million Galions per Day, MGD

Water Accountability Committee (J. Bevan)
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Ctews Assisted bx Sevem Pitomeiar mpeame e e L e
$ervl ST, Laak Datectlon Crews _ e
 Fiscal Survey Rafem EEt Tsewee i - Survey Rsferm _’. | Grand |Lezk Survey
L_.___"!ﬁt____“_,!ﬁ’_".{e_g‘?,@@. tRapomd) . Infiltration;  Total | (Ummmdl _(Reported)  Total |  Total | Mileage*
1980 2435 2.098 0 4533 0 4533
1981 1.729 2.541 0.908 5.178 0 5.178
1982 5.628 2414 5728 13.77 : 0 13.77)
1983 16.047 1.922 0.013 17.982 0.833 0.585 1.418 19.4
1984 4.474 2.241 0 6715 2.59 0.51 3.1} 9815
1985 8.54 3.954 0 12494 1.86 0.64 2.5 14.994
1986 7.393 6.639 0 14.032 6.421 1.684 8.105] 22.137
1987 3.013 5.01 0 8.023 5.03 0.47 5.5 13.523
1988 6.123 8.137 0 1426 4.345 1.665 6.01 20.27
1989 9.232 4.012 0 13.244 5.66 8.245 13.905| 27.149 1,240
1990 3.935 2.865 0 6.8 7.835 9.115 16.95 23.75 1,204
1991 5.594 1.338 0 6.932 10.42 12.705 23.125| 30.057 1,106
1992 4614 1.53 0 6.144 - 8.27 13.705 19.975] 26.119 977
1993 3.883 1.333 0 5216 7.56 10.91 18.47| 23.686 1,003
1994 1.643 2.363 0 4006 4.93 14.146  19.076| 23.082 616
1995 1.02 2.236 0 3.256 13.93 24.96 38.89| 42.146 1,126
1996 1.233 1.082 0 2315 9.52 9605 19.125 21.44 1,146
1997 1.371 1.983 0 3354 4.71 5.135 9.845 13.199 1,402
1998 0.912 0.812 0 1724 3.68 7.295 10.975 12.699 1,072
1999 1.07 0 0 1.07 3.145 16.535 19.68 20.75 1,396
2000 0.04 0 0 0.04 6.075 19.35 25425| 25.465 1,371
2001 0 0 0 0 9.175 17.945 27.12 27.12 1,690
2002 0 0 0 0 4.616 23.055 27.671 27.871 1,313
2003 0 0 0 0 6.023 32.413 38.436| 38.436 1,421
2004 0 0 0 0 8.167 27.766 35.933| 35.933 1,160
2005 0 0 0 0 10.913 25171 36.084| 36.084 1,278
2006 0 0 0 0 5.031 24121 29.152| 29.152 1,113
2007 0 0 0 0 2.011 25.653 27.664| 27.664 1,024
Approximately 3,014 miles of pipeline exist in the PWD water distribution system
City of Philadelphia
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PROACTIVE LEAKAGE SURVEY INVESTIGATIONS
PIPELINE MILEAGE & NUMBER OF UNREPORTED (SURVEY) LEAKS REPAIRED**

Fiscal || Customer  Abandoned  Water A :
Year Mileage*  lIService Lines Service Lines. Mains  Fire Hydrants  Valves | Total
1987 N/A 198 109 37 36 22 402
1988 N/A 234 B4 47 81 16 462
1989 1240 412 146 47 78 29 712
1980 1204 243 108 38 163 9 561
1991 1106 327 228 27 41 12 635
1992 977 237 137 27 52 9 462
1993 1003 400 60 20 40 6 526
1994 616 1398 60 25 34 9 267
1995 1126 169 90 84 162 20 525
1996 1146 132 80 72 5 5 294
1997 1402 117 32 34 12 0 195
1998 1072 98 26 19 14 2| 159
1999 1396 78 47 17 35 12 189
2000 1371 92 32 37 105 21 287
2001 1690 109 40 57 146 15 367
2002 1313 86 31 28 117 20 282
2003 1421 64 25 64 39 16 208
2004 1160 83 24 54 48 71 216
2005 1278 70 25 61 143 17 316
2006 1113 82 28 31 76 11 228
2007 1024 83 10 17 52 11 173
*The entire distribution system of Philadelphia consists of roughly 3,014 miles of pipeline
REPORTED (REFERRAL) LEAKS: DEPLOYMENT & REPAIRS™
— — s R , e 3
Fiscal Deployment, || Customer Abandoned ~Water S bhsra v
| Year  days  [Service Lines ServiceLines. Mains  Fire Hydrants  Valves | Total
1987 145.3 59 57 43 3 0 162
1988 300.3 71 93 84 5 2 255
1989 407.8 80 125 103 3 4 315
1990 393 66 130 73 17 231 309
1991 389.8 87 145 73 8 23 336
1992 538.2 122 132 85 9 14 362
1993 578.5 168 104 69 22 11 374
1994 686.3 118 85 147 26 17 393
1995 774.3 218 129 211 88 11 657
1996 648.5 114 69 76 6 3 268
1997 4257 92 31 38 20 2 183
1998 3701 65 78 64 16 2 225
1999 4131 112 141 133 21 14 421
2000 414 160 73 180 46 19 448
2001 452.5 148 77 147 36 12 420
2002 606.7 136 82 134 32 18] 400
2003 752.4 152 78 199 32 20 481
2004 844.2 208 78 151 33 11| 481
2005 755.6 231 59 161 52 11 514
2006 701.2 197 29 124 39 3 392
2007 729.1 219 33 168 31 10 461

oes not represent all leaks repaired by the Philadelphia Water Department
City of Philadelphia

Water Accountability Committee (J. Bevan)
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City of Philadelphia Water Audit
Fiscal Year 2007 - July 1, 2006 to June 30, 2007
Estimated Water Loss Due to Leakage Incidents

Section 1: The Nature of Leaks and Leak Repairs in Philadelphia

A. Leaks in Philadelphia's water distribution network ccour prmarily on customer service piping {over 60% of all jeak
incidents oceur on these lines), water main joints and points of cotrosion, valves and fire hydrants

Since many vacant andfor abandoned properlies exist in the city, customer service pipe leaks are usually categorized as
“active® or "abandoned”  The term Vacant Braken Pipe, or VBP, is aiso used casually to define leaks on customer service
piping on an apparently unoccupied residence. VBPs are considered partiof the "abandoned" customer service pipe leaks

B. Leaks in the city garner a response from PWD personnel in two prmary manners: Reported Leaks originate via reports or
complaints of leakage or leak-related symptoms, usually by customers. Unreported Leaks are those discovered by.the PWD
in their routine Leak De@gq_tion Surveys,

The Leak Detection Squad performs leak surveys or searches for unreported leaks. While the Leak Detection Squad
identifies leaks they do not repair them. The refer virtually all of their findings to designated PWD repair crews or customers
{via violation notices) for action to effect repairs.

The Leak Detection Squad also performs work fo pinpoint certain Reporfed Leaks which have been referred 1o them
{refervals} by repair crews wha encounter difficulty in making repairs. By using leak correiators, the Leak Detection Squad
can usually pinpoint the exact leak location for the repair crew

C. Leakage Repair Daia is gathered from complaint and work order tracking systems. Leak Repairs are conducted by
Customers - who arrange for repairs conducted by private plumbers on service pipes that have been identified as leaking by
the PWD, and the PWD - wha handle aif other leaks and intercede on customer service pipe ieaks if customers are not
timely or an emergency condition occurs

Customers can apply for funding assistance via loans or grants to pay for repairs and the PWD operates an assistance
program o this end. While providing a reasonabie estimate of the number. of leak repairs occurring in the city, the PWD
information handling systems can benefit from improvements that might eventually be underiaken to provide better
functionality and accountsbility {6 this tracking,

Section 2: Summary Data on Repaired Leaks - FY2007*

: | Trans
Dist Main | Main

[Vaive Leaks ﬁ'%m&'aékg lesks | leaks | Total

—

Service Leaks Repaired
via arrangements of
jcustomers™” 850 850
Service leaks Repaired by,
customers via funding
assistance of Piumbing
Repair Program (HELP)
Loans) 441

Leak repairs by the

Distribution Unit, with o
Leak Detection Squad :
involvement* 990 0 106 28 230 27 1381

441

Other Distribution Unit
repairs - referred from LD
Squad 782 465 10 31 168 1456
Un@azted‘teﬁ Repairs’_
Leaks repaired by the
Distribution Unit as
reported’and pinpointed by
jthe Leak Detection Squad
{inciuded in above data -
excess numbers added 10
below total)

83 10

25 i =

1 52 A7[EEa ol

g L

Tommii ot RS Lt sas il S arsl A D s S e 5[ TRIT a7 | 4301
*The breakdown between active and abandoned customer service line leaks is not known for this category
**|Jsed same number as FY2006; FY2007 data is not available

City of Philadelphia
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ESTIMATE OF DELIVERED WATER LOST DUE TO UNAUTHORIZED FIRE HYDRANT USE
FOR HEAT RELIEF DURING THE SUMMER PERIOD FISCAL YEAR 2007

METHOD

Philadelphia allows certain uses ot water taken trom tire hydrants (with meter and backtiow
preventor attached) but also experiences unauthorized consumption from fire hydrants. In
past years widespread openings of fire hydrants on hot summer days for heat relief was an
extremely problematic occurrence. Fortunately this situation has greatly improved.

Philadelphia has largely regained control over the problem of mass fire hydrant openings by
employing the use of Center Compression Locks (CCL). The CCL is a spring-loaded device
installed inside the bonnet of the fire hydrant. The hydrant can only be opened by use of a
special adapter, which requires the coil to be compressed. The adapter and hydrant wrench
must stay on the hydrant in order to keep the hydrant open. Even in cases where the adapter
is replicated illegally, the unauthorized user closes the hydrant when finished using the
hydrant, halting the unauthorized flow of water and limiting the event to a temporary one.

Traditionally, the Philadelphia Water Department viewed unauthorized, heat-relief fire hydrant
consumption occurring on days of peak temperature at or above 84 degrees F. Water
delivered to distribution on these days was compared to the delivery on the summer days that
were less than 84 degrees. The difference was taken as unauthorized fire hydrant
consumption. Starting in FY2003, this method was modified to use 90 degrees F as the
defining peak temperature. This reflects the better control that the CCL has exerted on this
type of unauthorized hydrant consumption and has been verified by the analysis of peak
water delivery volumes.

Because the City's fiscal year starts on July 1, an apportionment over two summer periods
must be made to obtain an estimate of hydrant losses for the fiscal year.

STEP 1

“Average +90 Degree F Day Delivery of 7/1/2006 - 9/15/2006 period" minus "Average <90
Degree F Day Delivery of 5/15/2006 - 9/15/2006 period." This equals "Average Delivery lost
on +90 Days from 7/1/2006 - 9/15/2006."

(6030.5 MG/21 Days)-((10,364+14,868.4)/(41+56))=287.167-260.128=27.039 MG for 21 days

STEP 2

"Average +90 Day Degree F Delivery of 5/15/2007 - 6/30/2007 period" minus "Average <90
Day Delivery of 5/15/2007 - 9/15/2007 period." This equals "Average Delivery lost on +90
Degree F Days from 5/15/2007 - 6/30/2007."

(1,679 MG/6 Days)-((10,403.7+15,616.6)/(41+60))=279.833-257.627=22.206 MG for 6 days

STEP 3

City of Philadelphia
Water Accountability Committee (C. Lahann) 59 February 15, 2008



ESTIMATE OF DELIVERED WATER LOST DUE TO UNAUTHORIZED FIRE HYDRANT USE
FOR HEAT RELIEF DURING THE SUMMER PERIOD FISCAL YEAR 2007

Water Delivery lost from 7/1/2006 - 9/15/2006 plus Water Delivery lost from 5/15/2007 to
6/30/2007 represents the total estimated volume of water lost to unauthorized hydrant use
due to hot weather. Dividing this amount by 365 gives it in MGD.

((27.039 MG/day x 21 days) + (22.206 MG/day x 6 days))/365 = 1.921 MGD

YEARLY PROFILE - UNAUTHORIZED HYDRANT CONSUMPTION FOR HEAT RELIEF
Less than 84 deg. F Equal or Greater

than 84 deg. F
Fiscal | Number Dgi:’:ry Number DQ.‘CZ‘W D:ge;;r;ce Fraction {Unauthorized Consumption
Year | of days Mad of days Mgd Mgd of Year | from Fire Hydrants, Mgd

2000 53 283.30 53 305.45 23.156 53/366
79 277.43 16 293.26 1 15.835 1 16/366 4.06

2001 79 277.43 29 290.09 12.66 29/365
55 265.99 18 283.58 17.59 18/365 1.873

2002 55 265.985 51 2849081 18.923 | 51/365
47 259.436 21 269.576 ¢ 10.14 21/365 3.227
Equal or Greater
G than 90 deg. F
2003 83 264.478 35 2956171 31.139 1 35/365
101 261.313 6 287.783 ! 26.470 6/365 3.421

Less than

2004 101 261.324 17 279.753 1 18.429 | 17/366
116 1 263.890 4 279.050: 15.160 4/366 1.022

2005 115 1 263.890 5 277.0203 13.130 5/365
96 262.294 5 278.960 1 16.666 5/365 0.408

2006 96 262.294 23 285.5911 23.297 : 23/365

oo 3712601288 6 1279.033% 18905 i 6/365 i . . ATI9 ...
2007 3TS7 12601281 21 1987 1671 27.039 1 2/%65 1 T
101 257.627 6 279.8331 22.206 | 6/365 1.921
City of Philadelphia
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