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Presentation Outline 



DEP employs Unaccounted-For Water reporting in several reports. 
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Current State of NRW Assessments in DEP 

20% UFW, or a 
Metered Water Ratio 
< 80% (billed water), is 
DEP’s threshold for 
utility action 



“Unaccounted-for” water percentage is  52.8% 

– What actions should be taken? 

‒ 1. 

‒ 2. 

‒ 3.  

• Will these actions be successful in reducing losses?  Will 

they be cost-effective?  How will you know? 
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The Problem with “UFW” – Example from a DEP OAP Water Audit 



Why water loss percentages just don’t work! 

“unaccounted-for” percentages exist in the form of:  

(Volume of Water Supplied minus Volume of Customer Billed 
Water) / (Volume of Water Supplied) 

Or 

Metered water ratio = Volume of Customer Billed 
Water/Volume of Water Supplied 

Percentages are misleading because:  

• They are mathematically skewed by variations in 
customer consumption 

• They don’t reveal the individual components of NRW: 
apparent (customer) losses and real (leakage) losses 

• They reveal nothing about water volumes and costs 



Water loss volumes are 

dropping over time, but then a 

major industry 

leaves………….. 

Why water loss percentages just don’t work! 



The percentage indicator 

increases despite declining 

water loss volumes  

Why water loss percentages just don’t work! 



AWWA Water Audit Method – provides better information 
for utilities to make more informed decisions and stretch 
limited resources 





Water Audit Report for: County Water Company

Reporting Year:

System Attributes:

Apparent Losses: 208.225                              MG/Yr

+              Real Losses: 736.495                              MG/Yr

=            Water Losses: 944.720                              MG/Yr

Unavoidable Annual Real Losses (UARL): 83.69 MG/Yr

Annual cost of Apparent Losses: $821,449

Annual cost of Real Losses: $139,934 Valued at Variable Production Cost

Performance Indicators:

Non-revenue water as percent by volume of Water Supplied: 26.0%

Non-revenue water as percent by cost of operating system: 10.4%  Real Losses valued at Variable Production Cost

Apparent Losses per service connection per day: 46.78 gallons/connection/day

Real Losses per service connection per day: 165.45 gallons/connection/day

Real Losses per length of main per day*: N/A

Real Losses per service connection per day per psi pressure: 2.55 gallons/connection/day/psi

From Above, Real Losses = Current Annual Real Losses (CARL): 736.49 million gallons/year

8.80

* This performance indicator applies for systems with a low service connection density of less than 32 service connections/mile of pipeline

 AWWA Free Water Audit Software:

 System Attributes and Performance Indicators

*** YOUR WATER AUDIT DATA VALIDITY SCORE IS: 62 out of 100 ***

Infrastructure Leakage Index (ILI) [CARL/UARL]:

2013 1/2013 - 12/2013

Return to Reporting Worksheet to change this assumpiton

?

?

American Water Works Association.

Copyright © 2014, All Rights Reserved.

WAS v5.0

Financial:

Operational Efficiency:

This worksheet includes: 

• System Attributes 

• Performance Indicators 

‒ Financial 

‒ Operational Efficiency 

Two primary uses: 

‒ Performance Tracking 
– measuring the 
performance of a utility 
year-by-year 

‒ Benchmarking – 
comparing with other 
water utilities and 
defining levels of best 
practice  
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Three Vs… 
MG per Year 
Gal/connection/day 

$ per Year 
Economic Loss 
Real and Apparent  

Data Input Grading 
Water Audit Data Validity Score 

Volume 

Value 

Validity 

Volume 

Value 

Validity 

AWWA Advices to Assess Water Loss Via the…… 



AWWA Compiler Software    

Charts can reveal notable trends 

AWWA Compiler Software – Easily assembles completed audit 
reports from multiple water audits into one spreadsheet that 
generates charts 



AWWA Compiler Software 

Charting multi-year water audit data for a utility is good for 
checking for trends (good or bad) in utility data from year-to-year.  
Below the Annual Cost of Operating the System for DC Water is 
plotted over 5 years 



In 2018 DEP provided for 
optional entry of AWWA 
water audit components 
on the Annual Water 
Supply Report.    
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Current State of NRW Assessments in DEP 

In 2017 DEP launched use of AWWA 
water audit for utilities working with the 
OAP.  



AWWA Water Balance Summary 

Water supplied volume:                                  135.582 mg                                             

Authorized consumption (billed and unbilled):    66.119 mg   

Water Losses:                                                     69.463 mg 

Real (leakage) losses:                                           38.364 mg 

Apparent (customer) losses:                              31.099 mg 

– What actions should be taken? 

1. 

2. 

3. 
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Benefits of AWWA Approach – Example OAP Utility 



AWWA Performance Indicators 

‒ Apparent Loss Rate             43.86 gal/conn/day (highest in PA dataset) 

‒ Apparent Loss Costs       $533,346 

‒ Real (leakage) Loss Rate  1,401.4 gal/mile of pipeline/day (mid-range 
of PA Data) 

‒ Real (leakage) Costs         $12,929 

• History – good leakage control, many old customer meters 

• What actions should be taken? 
1. 

2. 

3. 
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Benefits of AWWA Approach – Example OAP Utility 



– Launched in January 2017 – 14 audits to date 

– Standard deliverables 
• Validated water audit (in AWWA Free Water Audit Software) 

• Detailed notes available to utility manger 

• Summarized results and recommendations for utility 
manager, board, engineers, etc 

–Growing utility interest: ~ one utility per month 

–A second DEP assistance provider in training 
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PA DEP Water Audit Program Development 

Dennis Harney, OAP Coordinator 
dharney@pa.gov 

717-705-4913 

mailto:dharney@pa.gov


• All utilities have provided an annual financial 
audit/statement. 

– Costs from the financial audit are used in the water 
audit 

– All utilities are capable of obtaining a financial audit   

• All utilities have shown strong motivation to 
assess losses and make improvements 

• The AWWA water audit method/software has 
proven useful and effective with all utilities, 
with the smallest utility at 123 customer service 
connections  18 

Some Notable Observations 



Comparing PA Water Utilities with the North American Dataset  

• How do PA Utilities stack up against systems 
across the USA and Canada? 

• The following compare PA water audit data 
(unvalidated) with a North American dataset 
(validated) 

• Data sources: 

‒ PA: DRBC and PA PUC data 

‒ North American: State of Georgia and two 
dozen US and Canadian utilities 
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DEP OAP Water Audits: Apparent Loss Rate, g/c/day   

Data Source Median (g/c/day) Max (g/c/day) 

PA DEP OAP audits 7.58 45.86 

PA Dataset 4.58 39.72 

NA Dataset 5.77 49.85 
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DEP OAP Water Audits: Customer Retail Unit Cost (CRUC), $/1,000 gal   

Data Source Median ($/1,000 gal) Max ($/1,000 gal) 

PA DEP OAP audits 7.48 17.15 

PA Dataset 7.66 37.67 

NA Dataset 4.16 13.32 
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DEP OAP Water Audits: Real Loss Rate, gal/conn/day  

Data Source Median (g/c/day) Max (g/c/day) 

PA DEP OAP audits 132.54 340.83 

PA Dataset 35.71 202.33 

NA Dataset 43.40 249.35 

These are typical 
service connection 
density systems 
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DEP OAP Water Audits: Real (leakage) Loss Rate  (gal/mile of pipeline/day)   

Data Source Median (g/mile/day) Max (g/mile/day) 

PA DEP OAP audits 1,401.42 3,042.71 

PA Dataset 2,292.20 3,823.67 

NA Dataset 1,091.50 6,992.73 

These are low 
service connection 
density utilities 
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DEP OAP Water Audits: Variable Production Cost (VPC), $/million gallons   

Data Source Median ($/mil gal) Max ($/mil gal) 

PA DEP OAP audits 419.84 1,623.00 

PA Dataset 520.00 4,712.30 

NA Dataset 425.60 5,060.90 
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Utility # of 
Connections 

General Findings 

1 202 Treatment issues, high production costs, PVC pipe is a challenge for acoustic leak detection  

2 143 Double-counting production flows, treated water reservoir overflows constantly, PVC pipe 

3 1,858 Old customer meters/high apparent loss, high water rates, high pressure but good leakage control 

4 6,169 Poor flow regulation, low costs, old customer meters, particularly large ones.  

5 160 Well problems, old customer meters, pressure level unknown 

6 2,967 Billing system challenges, high debt, old customer meters 

7 132   Source/treatment issues, unmetered customers Individual leaks stress distribution system capacity.   

8 244   Strained sources, esp. in summer; an emergency interconnection is planned.  Leaks stress the system. 

9 522   High wholesale water demand & leaks strain the system.  Planning PENNVEST customer meter 
replacement. 

10 123    Replaced customer meters & created GIS mapping.  PVC pipe defies leak detection; can try DMAs. 

11 9,318   Moderate leakage, but costly imported water.  Proactive.  Consider progressive leakage management. 

12 1,628    Very high leakage with early vintage plastic piping.  Planning pipe replacement.  DEP arranged for leak 
detection in summer 2018.  Three pressure zones can act as DMAs.  

13 1,050    65% of customers are unmetered.  Very high leakage.  A gate valve likely skews production flows.   

14 1,448 Distribution system water quality issues.  Older cast iron pipe. 



• Issues 

–Poor production flowmeter management 

–Old customer water meters 

– Some systems are unmetered 

– Lack of knowledge on piping and pressures 

–High water pressure is common  

–PVC piping is difficult for acoustic leak 
detection 
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General Findings 



• Design – flowmeters need space and most engineers don’t 
design for this   

• Utility maintenance/testing is limited 

• Many flowmeters are very old with no plan to replace  
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Poor Production Flowmeter Management 

Venturi flowmeter 

Partially 
closed 
butterfly valve 

A utility was double-counting production water 
volumes – adding readings from 2 output 
devices from the same meter. This greatly 
inflates the loss level (ghost losses!)  



• Water utility with three production flowmeters at wells   

• At two of the three sites, valves just upstream of the 
flowmeters are throttled partially closed, likely skewing the 
reading.  
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Poor Production Flowmeter Management 

Partially 
closed 
butterfly valve 

Partially closed gate valve  



• Utility maintenance/testing 
practices are limited in most cases 

• Flowmeter accuracy testing appears 
to be rarely conducted   

• Clearwell/tank drop test: low cost, 
reliable  means of testing production 
flowmeter accuracy: recommended 
for several utilities under OAP  
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Poor Production Flowmeter Management 

The storage tank/flowmeter 
configuration at this utility allows 
for a drop test 



• Most systems employ customer meters 

• One utility is unmetered, one 2/3 unmetered 

• Most systems have aging meter populations, 
but two have recently replaced their meters, 
with another soon executing replacement 
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Customer Metering 



• High leakage believed to exist in most systems 

• PVC pipe exists in half of systems.  Difficult to 
conduct acoustic leak detection on this piping. 

• Good potential exists to implement leakage 
monitoring via the District Metered Area 
(DMA) method in several systems. 

• Good potential to better manage high 
pressures in several systems. 

• None of the utilities has an ongoing leakage 
management program    
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Leakage Management 



• Opportunities 

– Water audit reveals cost impacts – may help 
convince utility Boards act to fund upgrades 

– Low cost operational improvements can be identified 

• May be able to conduct a Reservoir Drop Test as low cost 
means to test production flowmeters 

– Small size grids are good to operate as District 
Metered Areas (DMA) for leakage monitoring 

– Advanced Metering Infrastructure (AMI) could create 
dramatic operational and cost-efficiencies 
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General Findings 



‒ Fire Hydrant Flushing Form 

‒ Tank Drop Test procedure/form 

‒ Leakage tracking spreadsheets 

‒ Info on Advanced Metering Infrastructure 
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Additional DEP Resources provided to Utilities  



• Capability Enhancement Program identifies 
water utilities with specific issues that include 
perceived high water loss 

• G. Kunkel conducting water audits as 
requested 

• Mary Roland soon starting in OAP and is 
training on the water audit process 

• Opportunity to coordinate with other PA 
water programs 
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Continuation of Water Auditing 



Water Loss Control:  3-day Series presented in Erie (2016), 
Harrisburg/SRBC (2017) and Newtown (fall 2018). 

‒ Series will be presented each year:  Southwestern PA in 2019? 
35 

DEP Approved Trainings 
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PA Regulatory Agency NRW Assessments 

Agency  Collect AWWA 
Audits? 

Data Validation 
Effort 

Use UAF? 

PA DEP No N/A Yes (mixed) 

PA PUC Yes Self-reported (no 
validation) 

No 

DRBC Yes Filtered, with 
biennial summary 
analysis  

No 

SRBC No N/A Yes 

• A number of PA water utilities are seeking consistency 

in NRW assessments across all PA agencies  



• State of Georgia (best in class) 

– Conducts training, data validation 

– Pilot projects 

– Use State Revolving Fund Set-asides 

• State of California 

– Similar to Georgia – twice as many 
systems  

– First audits released in 2018 

– Setting initial loss targets by 2020 

• State of Hawaii 

– Collecting initial data in 2018  
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Progressive Regulatory Agency Developments 



• PA DEP is assisting small utilities in water loss 
control by: 

– Providing regular training 

– Compiling the standard AWWA water audit and 
providing recommendations for utilities in the OAP 

• Opportunity exists to more fully integrate the  
AWWA Water Audit methodology in PA DEP 
reporting structures 
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Summary 

George Kunkel, P.E. 

kunkelwaterefficiency@gmail.com 


