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1. Public Water Supply in the Delaware River Basin
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Population served by PWS (in-Basin)

Using 2010 population data from the USEPA 
EnviroAtlas, it is estimated that 7.157 million people 
rely on public water supply
(87% of the estimated 8.252 million Basin residents) 

Using 2020 άǇƻǇǳƭŀǘƛƻƴ ǎŜǊǾŜŘέ Řŀǘŀ ŦǊƻƳ ǘƘŜ ¦{9t! 
SDWIS, it is estimated that 7.366 million people rely on 
public water supply 
(85% of the estimated 8.629 million Basin residents) 

2010

2020

* Estimated about 900 public water supply 
service areas in the Delaware River Basin
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Å 7.336 million people within PWS service areas

Å Approximately 300 systems are required to submit 
water audits (328 PWSIDs)

Å These 300 account for most of the water 
withdrawn from the DRB for PWS (~99%) 
(Thompson & Pindar, 2021)

Å This shows that audited systems account for most 
people served by PWS (6.945 million people, ~94%)

Looking more at the 2020 data:

Population served by PWS (in-Basin)
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Extensive infrastructure

Å The 300 systems have been classified by the 
number of connections. 

Å There are 29,000 miles of water mains in the 
Basin (enough to circle the Earth)

Å There are 2.5 million service connections

Some notes:



Model error in 2018 
is about 23 MGD
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This figure:

ÅPublic water supply 
withdrawals from the DRB 
were projected by DRBC 
(Thompson & Pindar, 2021).

ÅWhile population has and is 
projected to increase, 
withdrawals have decreased. 

1. Plumbing standards
2. Fewer industrial & 

commercial customers
3. Lower per-capita rates
4. Water conservation efforts 

(e.g. leak detection & repair) 

ÅCan offset the projection by 
2018 model error
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2. Water Loss Control: Context & Background
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Standard water balance and terminology

AWWA. (2016). The State of Water Loss Control in Drinking Water Utilities. A White Paper From the American 

Water Works Association. Denver, Colorado. American Water Works Association. 

Master meter after 
treatment, i.e., what 

gets sent to customers



(1)   UARL =(18*Lm + 0.80*Nc + 25*Lp) * P(1)   UARL =(18*Lm + 0.80*Nc + 25*Lp) * P
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!ƭƭ ǎȅǎǘŜƳǎ ƭŜŀƪΧ

ά.ǳǊǎǘǎ ŀƴŘ .ŀŎƪƎǊƻǳƴŘ 9ǎǘƛƳŀǘŜέ ό.!.9ύ
Conducted as part of research project for the National 
Leakage Control Initiative (NLCI) in 1994, resulting in 
άaŀƴŀƎƛƴƎ [ŜŀƪŀƎŜέ ǊŜǇƻǊǘǎ

Real Losses  (1) Reported bursts 

 (2) Un-reported bursts,
 
 (3) background leakage

1996 IWA Operation and Maintenance 
Committee Task Force
(1) prepare a recommended basic standard 

terminology for calculation of real and 
apparent losses

(2) review and recommend preferred 
performance indicators for international 
comparison of losses

ά[ŜŀƪŀƎŜ ŎƻƳǇƻƴŜƴǘǎέ

Adopted from (Lambert et al., 1999)

+

+

+

+

+

+

=

=

=

(2)   ILI = CARL / UARL

Adopted from (Lambert, 1994)

(Algeres et al, 2000)

ñrational yet flexible basisé 

for a wide range of 
distribution systems.ò
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2009

¶ (Fi36) Volume of non-revenue water as a percentage of system input

¶ (Fi37) Valuation of non-revenue water as a percentage of the annual cost of running the system

¶ (Op23) Apparent losses (gal/connection/day)

¶ (Op24) Real losses (gal/connection/day), (gal/connection/day/psi) or (gal/mi of mains/day/psi)

¶ UARL, Unavoidable Annual Real Losses, as in 

¶ (Op25) ILI (dimensionless) = CARL / UARLCodes used in 
(Algeres et al, 2000) 

AWWA Free Water Audit 
Software & M36 adopt 
terminology and some 
recommended 
performance indicators

170 Performance Indicators

232 Variable definitions 
(Algeres et al, 2000) 

Free Water Audit Software (FWAS) & Performance Indicators

ñAWWA WLCC 2020 Positionò
Recommended performance indicators incorporated into v6.0 of the AWWA FWAS

(Jernigan et al., 2019)

ấ
άL²! ƳŜǘƘƻŘƻƭƻƎȅ ŦƻǊ ǘƘŜ ǿŀǘŜǊ 
audit (balance) and performance 

indicators should be recognized as 
the current BMP for quantitatively 

monitoring water use and water 
ƭƻǎǎ ƛƴ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ǎȅǎǘŜƳǎέ

(Kunkel, 2003)

2003
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Data validation ̩  Data validity

Self-reported auditséééé have not been subject to an in-depth review, and data 

grading has been completed by the reporting entity 

based on their best understanding.  

Filtered auditséééééé.. have been checked for technical plausibility by a 

research team based on simple, broad criteria. 

Level 1 validated auditséé. have been subject to third-party ñdesktop reviewò of data 

that is immediately available (such as supply reports, 

consumption reports and testing reports). This level of 

validation is intended to (1) confirm the accurate 

application of the AWWA M36 water audit methodology 

to the utility-specific situation, (2) identify and correct 

inaccuracies where realistic, and (3) verify the answers 

selected to the Interactive Data Grading (v6.0). 

Level 2 validated auditséé have been third-party reviewed with a deeper ñdesktopò 

analysis and may include the review of items such as a 

production database, SCADA system reports, billing 

system information, and meter test results. No field 

testing or new data gathering efforts are performed. 

Level 3 validated auditséé have been third-party reviewed using both ñdesktop 

analysisò (as described in level 2 validation) and field 

investigations.

This is where DRBC is 

currently operating, was 

defined in 1st edition but the 

2nd edition does not really 

acknowledge ñfilteredò.  

1st ed. (2016)

2nd ed. (2021)

Some states require this, and 

have ñcertified validatorsò ï 

California, Georgia, Indiana

ά[ŜǾŜƭǎέ ƻŦ Řŀǘŀ ǾŀƭƛŘŀǘƛƻƴ

(Andrews et al., 2016)

(Sturm et al., 2021)
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3. Data management and review
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Summary of reports and datasets

FILTER CRITERIA

1. Cannot be backfilled report data

2. Total Water Loss, Apparent Loss, Real Loss >= 0

3. Customer Metering Inaccuracy (CMI) < 25% of Total Water Loss

4. Infrastructure Leakage Index (ILI) 1 < ILI <20

5. Billed Metered Authorized Consumption (BMAC) > 1,000 gal/connection/month

Year First YearLast YearExpected Missing v4.1 v4.2 v5.0 v6.0 wŜŎΩŘCompliance
Filtered 
Dataset

2012 306 2 306 62 3 240 1 0 244 80% 174

2013 0 2 304 44 2 255 3 0 260 86% 182

2014 0 2 302 43 1 95 163 0 259 86% 191

2015 0 0 300 35 0 6 259 0 265 88% 192

2016 0 0 300 11 0 1 288 0 289 96% 202

2017 1 0 301 8 0 0 293 0 293 97% 202

2018 2 5 303 8 0 0 295 0 295 97% 168

2019 5 3 303 19 0 1 283 0 284 94% 187

2020 1 1 301 17 0 0 150 134 284 94% 199

2021 0 0 300 18 0 0 4 278 282 94% 209

Example data backfilling for user 

inputs ï calculations carried forward

{ǘŀǘƛǎǘƛŎǎ ŦƻǊ ǘƘŜ 5ŜƭŀǿŀǊŜ wƛǾŜǊ .ŀǎƛƴ /ƻƳƳƛǎǎƛƻƴΩǎ ²ŀǘŜǊ !ǳŘƛǘ tǊƻƎǊŀƳ όнлмн-2021)

Note: Data sets & usage
(1) Cǳƭƭ άōŀŎƪŦƛƭƭŜŘέ Řŀǘŀ ǳǎŜŘ ŦƻǊ 

volumetric trend assessments
(2) Filtered data used for assessment of 

normalized metrics (representing the 
άƳƻǎǘ ǊŜƭƛŀōƭŜέ Řŀǘŀ Ǉƻƛƴǘǎ ŦǊƻƳ ŀ 
given year)

So how does the DRBC filtered 

dataset look in comparison to 

validated data?



Average length of service line 15

Frontier AnalysisWater Audit Reference Dataset (WARD)
A product compiled by the AWWA Water Loss Control 
Committee which includes Level 1 validated water 
audits for calendar year 2018 from 1,124 utilities in:
Å Quebec (Canada) 
Å California
Å Georgia

Real Loss on y-axis in all plots

άCƛƭǘŜǊŜŘέ Řŀǘŀ ŦǊƻƳ ǘƘŜ 
Delaware River Basin aligns 
with Level 1 validated data 
fairly well 

CY2021 CY2021
Length of 
mains

CY2021
Average 
operating 
pressure

CY2021
Average 
length of 
service line

Number of connections Length of mains (miles)

Average operating pressure
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4. Water Audit Analysis (2021) and trends (2012-2021)
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CY2021 Water Audits

Aggregate water 

balance for 300 

systems reporting 

water audit data to 

DRBC in calendar 

year 2021.

UARL (41 MGD)

Unavoidable Annual 
Real Losses (UARL)
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CY2021 Water Audits

The top 15 supply 
about 65% by 
volume

90% by volume 
supplied by about 
86 systems
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CY2021 Water Audits

There is room for improvement here
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The mean 

accuracy is 97%, 

state data is higher

Zoom in on the period 
of study overlapping 
ǿƛǘƘ άƳƻƴǘƘƭȅ ǎƻǳǊŎŜ-
ƭŜǾŜƭέ Řŀǘŀ ǊŜǇƻǊǘŜŘ ǘƻ 
state agencies, 
compiled by DRBC


