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Michael Thompson received a B.S. in Civil Engineering from Lafayette 
College, an M.S.C.E. from the University of Notre Dame, and is a 
licensed professional engineer in Pennsylvania. He spent five years 
as a consulting engineer in the field of environmental remediation, in 
2018 began working for the Delaware River Basin Commission, and is 
currently a Senior Water Resource Engineer. His work is focused on 
sustainable water use planning for the Basin, which includes but is not 
limited to hydrology, groundwater and surface water availability 
modelling, withdrawal data analysis, as well as water audits and water 
loss conservation.



Basin highlights…
330 miles long

interstate boundary

un-dammed 

13,539 square miles 

8.6 million people live here

½ of New York City’s water supply

6.4 billion gallons/day withdrawn

$21B in economic value

Cools 101 TWh of energy in 2023
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Delaware River Basin

13,500 square miles

8.6 million people
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Over 14 million 
people rely on the 
Delaware River Basin 
for drinking water

For reference, the US 2020 census 
reported the country’s 5th largest state 
population as about 13 million people 
(Pennsylvania). 



7.366 million people 
live inside public water 

supply service areas
~ 85% of the population

8.629 million people 
live in Delaware River 
Basin  (2020 Census)

Most people in the Basin 
rely on public water 

supply
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2007-2009
DRBC undergoes rulemaking process
Adopted Res 2009-1 to amend the Water Code
Applies to systems which:
“distribute water supplies in excess of an average of 
100,000 gallons per day (gpd) during any 30-day period”

2000
International Water Association 
publishes research standardizing 
methods to quantify water loss

2006
DRBC staff participate on the American 
Water Works Association (AWWA) 
Water Loss Control Committee (WLCC) 
and help publish the first AWWA Free 
Water Audit Software (FWAS)

2013
The first mandatory water 
audits are due for CY2012

The DRBC 
“Water Audit Program” 
applies to around 300 

water systems

29,000 miles of water main 
(enough to circle the Earth)

2.5 million service connections 
(active and inactive)
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The regulation is to submit a report, 
not to meet a target loss rate



https://www.nj.gov/drbc/programs/supply/water-audit-program.html
Visit the website:A Comprehensive 

Assessment of the 
Delaware River Basin 

Commission’s Water Audit 
Program (2012-2021)

“ “
DRBC audit program
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https://www.nj.gov/drbc/programs/supply/water-audit-program.html
https://www.nj.gov/drbc/programs/supply/water-audit-program.html
https://www.nj.gov/drbc/programs/supply/water-audit-program.html
https://www.nj.gov/drbc/programs/supply/water-audit-program.html
https://www.nj.gov/drbc/programs/supply/water-audit-program.html


Why is 
understanding 

water loss 
important?
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2024
(“Normal” flow)

1963
(Drought of Record)

Drought of Record
(1961-1967)

Delaware River near Trenton, New Jersey
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DRBC Water Code (18 CFR Part 410 §2.400.1) 
“The Drought of Record (DOR), which occurred in the period 
1961-1967, shall be the basis for determination and planning of 
dependable Basin water supply.” 

https://www.nj.gov/drbc/library/documents/watercode.pdf


I need water now.
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The
Salt 

Front



Data management 
and review
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Statistics for the DRBC’s Water Audit Program (2012-2024)

Data backfill example…Filtering Criteria
1. Cannot be backfilled report data
2. Losses >= 0
3. CMI < 25% of Total Water Loss
4. ILI 1 < ILI <20
5. BMAC > 1,000 gal/connection/month

What does the 
dataset look like?
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Water 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:

• Quebec (Canada) 
• California
• Georgia

Real Loss on y-axis in all plots

“Filtered” data from the Delaware 
River Basin aligns with Level 1 
validated data fairly well 

Comparison (2021)
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“Are you sure?”

There is room for improvement here… 

We can look at the Interactive Data Grading response for…

CY2024 data “sureness”
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A Guesstimated

B Loose estimate inferred from field measurements but no analysis nor calculations performed 

C Calculated from field data as a simple average

D Calculated from field data as a weighted average compliant with methods described in the M36 Manual

E Derived from hydraulic model where model has not been field calibrated in the last 5 years

F Derived from hydraulic model where model has been field calibrated in the last 5 years

Pressure!
This is down from 
18 responses in 
CY2021!

(CY2024)
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Water Audit Analysis 
(2024) 

&
 Trends 

(2012-2024)
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Basin wide, 2024
• Aggregate data for 294 reports

• Net “Import-Export” = 18 MGD

• Water supplied = 817 MGD

• Not all real losses can be resolved

• Addition of UARL to the water 
balance adds some context to 
Real Loss volume

• The word “avoidable” used here 
as the antonym to “unavoidable”, 
but perhaps there is better 
terminology …

CY2024 aggregate water balance from 294 reports submitted by systems within the Delaware River 
Basin. Note that the UARL=42 MGD summation is based on standard UARL calculations performed 
for all systems regardless of operating pressure or number of connections (if ILI<1, UARL was 
replaced with the observed real loss value). 
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Class Max Nc Count
Very Small 1,000 89
Small 5,000 123
Medium 10,000 30
Large 20,000 36
Very Large > 20,000 16
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The volume of real losses has 
remained relatively constant, 
with increases in the last two 

years (2020, 2021). 

“ “

Real losses

Quoting the 2023 report…

Looking at data through 2024…

???“

“
*

* The count is the number of 

systems in each class, based 

on CY2024 reports

Primarily GW 

~1/3 rely on SW
14/16 rely on SW

Recall planning objectives related 

to a repeated DOR:

(1) will the water be there for 

taking on the day its needed

(2) could mitigating losses today 

help prevent future shortfalls 

(if any)
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* Scales are different, but Δy is the same (100 MG)

CY2024: 0.1 MGD / System CY2024: 0.6 MGD / System CY2024: 2.0 MGD / System CY2024: 4.0 MGD / System CY2024: 32.8 MGD / System 

Class Max Nc

Very Small 1,000

Small 5,000

Medium 10,000

Large 20,000

Very Large > 20,000



Key Performance Indicators

20

Class Max Nc

Very Small 1,000

Small 5,000

Medium 10,000

Large 20,000

Very Large > 20,000

1 Not considering connection density, 

which may suggest using an alternate 

KPI of (gal / mi main / day) would be 

more suitable. 

RL = 181 gpcd

Nc = ~66,000

DVT: Tier II
@ 150 gpcd: 2.046 MGD 

stays in the Delaware River 

(~3.166 CFS) 

RL = 208 gpcd

Nc = ~143

DVT: Tier II
@ 150 gpcd: 0.008 MGD 

stays in GW aquifer

RL = 98 gpcd

Nc = ~16,000

DVT: Tier II

2 WARD 2018 (FWAS V6 speedometer) 

 90th percentile is about 115 gpcd

Yes, there are different levels of 

effort for each system to reach 

150 gpcd. This is a hypothetical 

scenario for illustrative purposes.

3 Similar leakage rates ≠ Similar performance

(see slide #25)



Some notes to remember…

21

* Scales are different, but Δy is the same (100 MG)

When it comes to Basin-scale picture: 

• A few systems can drive volumetric trends

• Who is looking at the data, and what are their goals

• Consider water resource benefit per unit effort

Ultimately…

• People = People

• All systems can face drought

• All systems have rate payers  equity



Another system which 
in the last 2 years has 
gone from <100 gcd to 
~140-150 gcd

An example system 
reporting gradual 
decreases in real loss KPI 
from about 130 100 gcd

An example of a system 
which has apparently had 
issues with reporting 
consistency.  Known staff 
turnovers in recent years 

One of the largest 
systems reporting a 
steady increase in 
normalized real losses 
from about 110150+ 
gcd over 13 years

Urban centers with older infrastructure have 
unique challenges to overcome

Look at Key Performance Indicators (KPIs)
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An example of a private 
water system which has 
remained relatively 
constant at a real loss 
metric of about 40-50 
gcd for 10 years. 

Another private system 
which has helped with 
conjunctive use to 
alleviate dependance on 
groundwater in 
suburban areas

A private system operating 
around 80-90 gcd since 
2018, possibly trending 
down to a reported ~60 
gcd in 2024. 

One of the largest 
privately owned and 
operated systems 
reporting slight gradual 
increases in normalized 
real losses. 

Many of these systems serve suburban areas
and likely also have newer infrastructure

Look at Key Performance Indicators (KPIs)
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Real Loss Reduction 
Potential (RLRP)
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Pressure management←
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Musing on PAO and ILI

Real Loss Reduction Potential

Similar leakage rates ≠ 
similar performance

Medium system #1 
Real losses ~86 gcd
ILI~8.6
Nc = 6,616
Lm = 21 mi
Lp = 0 ft.
PAO = 60 psi

Medium system #2 
Real losses ~96 gcd
ILI~5.6
Nc = 5,683
Lm = 129 mi
Lp = 60 ft.
PAO = 48 psi
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• Cross-plot: Real Loss vs. UARL (unit rates)

• All above ILI=_ reduce to ILI=_  water savings

• Economic Level of Leakage (ELL) would greatly 
improve overall estimates – all systems 
decreasing to ILI=1 is not realistic

• Similar leakage rates do not necessarily mean 
similar performance

Pressure and leakage are directly related 
(i.e., orifice equation) – decreases in PAO should 
be reflected in leakage, adjusting ILI accordingly

Recall:
UARL =(18*Lm + 0.80*Nc + 25*Lp) * P
ILI = CARL / UARL



* Note that CY2023 & 2024 water 
use data from states have not been 
incorporated into this plot yet 
(grey bars)

RLRP: So what?

The decrease in projected withdrawals 
(based on current operational trends) 
is equivalent in magnitude to systems 
above ILI=7 reducing to ILI≈7

“ “
• There is room for improvement e.g. ELL are not 

included in assessment. ILI=1 not a realistic 
scenario and ELL analyses may help improve 
understanding.

• Is it possible the projection may reach an inflection 
point? Continued population growth outweighs 
reductions? 
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Michael Thompson, P.E.
Senior Water Resource Engineer
---
Delaware River Basin Commission
E: Michael.Thompson@drbc.gov 
P: (609) 883-9500 ext. 226

DRBC website DRBC audit program

We never know the 
Worth of Water, 
till the Well is dry. 

mailto:Michael.Thompson@drbc.gov
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