June 2024

WATER RESOURCES
PROGRAM

FY 2025-2027

Report No. 2024-3

Managing' PrOteCting and ImprOVing Delaware River Basin Commission
the Water Resources of the SRR LI

PENNSYLVANIA ® NEW YORK

Delaware River Basin since 1961  EAISSVERVNEEN SIS (e




2(C/3S
DRBC Water ReSOUfCGS Program FY 2025 - 2027 Delaware River Basin Commission

DELAWARE = NEW JERSEY
PENNSYLVANIA  NEW YORK
UNITED STATES OF AMERICA

Water Resources Program FY 2025-2027

Prepared by staff at the Delaware River Basin Commission

Suggested Citation

DRBC (2024). Water Resources Program FY 2025-2027. (DRBC Report No: 2024-3). West
Trenton, New Jersey. Delaware River Basin Commission.

DRBC 2024-3
Adopted June 5, 2024 i



2(C/3S
DRBC Water ReSOUfCGS Program FY 2025 - 2027 Delaware River Basin Commission

DELAWARE = NEW JERSEY
PENNSYLVANIA  NEW YORK
UNITED STATES OF AMERICA

Authorization

The Delaware River Basin (DRB) Compact states:

The commission shall annually adopt a water resources program, based upon the comprehensive
plan, consisting of the projects and facilities which the commission proposes to be undertaken by
the commission and other authorized governmental and private agencies, organizations and
persons during the ensuing six years or such other reasonably foreseeable period as the
commission may determine. (813.2 DRB Compact, 1961).

According to the Compact, "Project" shall mean any work, service or activity which is separately
planned, financed, or identified by the Commission, or any separate facility undertaken or to be
undertaken within a specified area, for the conservation, utilization, control, development or
management of water resources which can be established and utilized independently or as an
addition to an existing facility, and can be considered as a separate entity for purposes of

evaluation (§1.2.(q)).

Vision, Mission, and Values

The following vision, mission, and values of the Delaware River Basin Commission was
unanimously approved by the commissioners in a Resolution for the Minutes dated
March 9, 2022.

Vision

The Delaware River Basin Commission (DRBC or Commission) provides trusted, effective, and
coordinated management of our Basin’s shared water resources.

The vision of the Delaware River Basin Commission is built upon the Compact signed in 1961 by
the states of Delaware, New Jersey, and New York, the Commonwealth of Pennsylvania, and the
federal government. The vision as set forth in the Delaware River Basin Compact is for, “the
conservation, utilization, development, management and control of water and related resources
of the Delaware River Basin under a comprehensive multipurpose plan [to] bring the greatest
benefits and produce the most efficient service in the public welfare.”

Mission
Managing, protecting, and improving the water resources of the Delaware River Basin.

The DRBC will “develop and effectuate plans, policies and projects relating to the water resources
of the Basin” through:

* Watershed-based planning and management
« Effective, efficient, and coordinated regulatory programs
+ Policies and practices informed by science

+ Collaboration with and among our state and federal signatory partners
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Adaptive and innovative water resource management

Public education and outreach

Public and stakeholder input

Application of equitable practices and promotion of just outcomes
Dedicated and engaged staff in a high performing workplace

To accomplish this mission, the Commission will continue to lead and collaborate with the
signatory parties to protect and improve water quality; manage river flows to meet diverse and at
times conflicting Basin needs; reduce damage caused by floods; provide for the reasonable and
sustainable development and use of surface and ground water; and promote water conservation
and efficiency.

Values

The DRBC will be guided in its mission by the following core values:

Service: to the public, the regulated community and our DRBC colleagues.
Respect: for each other, the public and the Basin’s water resources.

Professionalism: defined by high ethical standards, integrity, continuous improvement,
and accountability.

Diversity and inclusion: promoted both as an employer and as a public agency.

Scope and Organization

The Water Resources Program (WRP) covers fiscal years (FY) 2024 through 2026 (July 1, 2023,
through June 30, 2026) and is an element of strategic planning for DRBC program direction over
the next three years. The architecture is based on the requirements of the Delaware River Basin
Compact (Compact) and the goals of the five Key Result Areas of the Water Resources Plan for
the Delaware River Basin (Basin Plan, 2004).

The WRP is presented in two parts:

Part I: General Statement of Conditions in the Basin summarizes water resource
conditions in the Basin, including hydrologic conditions, water use and sufficiency, overall
assessment of water quality, landscape conditions, and emergent issues that could affect
long-range water resource planning and management in the Basin.

Part Il: Work Resource Management notes the key issues that focus the Commission’s
programs and summarizes by Key Result Area the work program initiatives the
Commission plans to undertake over the next three years.
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LIST OF ACRONYMNS/ABBREVIATIONS

7Q10 the lowest 7-day average flow that occurs (on average) once every 10 years
AA Administrative Agreement

ACCC Advisory Committee on Climate Change

ACWA Association of Clean Water Administrators

AEMR Annual Effluent Monitoring Report

ANSDU Academy of Natural Sciences of Drexel University
AWRA American Water Resources Association

AWWA American Water Works Association

BLM Biotic Ligand Model

BG billion gallons

BRIC Building Resilient Infrastructure and Communities
C&D Chesapeake and Delaware (Canal)

CA2 Critical Area 2

CaCoO3 calcium carbonate

CBOD carbonaceous biochemical oxygen demand

CCMP Comprehensive Conservation and Management Plan
cfs cubic feet per second

CWMS Corps Water Management System

CcY calendar year

CzZMm Coastal Zone Management

D&R Delaware and Raritan

DGS Delaware Geological Survey

DNREC Delaware Department of Natural Resources and Environmental Control
DO dissolved oxygen

DOC dissolved organic carbon

DRB Delaware River Basin

DRB-PST Delaware River Basin Planning Support Tool

DRBC Delaware River Basin Commission

DRBRP Delaware River Basin Restoration Program
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DRWCC Delaware River Watershed Conservation Collaborative
DWCF Delaware Watershed Conservation Fund

EFDC Environmental Fluid Dynamics Code

EIC Estuary Implementation Committee

EPA United States Environmental Protection Agency
EWQ Existing Water Quality

EWS Early Warning System

FAC Flood Advisory Committee

FEMA Federal Emergency Management Agency
FFMP Flexible Flow Management Program

FY fiscal year

GIS Geographic Information System

GWPA Groundwater Protected Area

HEC-HMS Hydrologic Engineering Center - Hydrologic Modeling System
HUC Hydrologic Unit Code

IBI Index of Biological Integrity

ICWP Interstate Council of Water Policy

IPCC Intergovernmental on Climate Change

IWA International Water Association

IWAASs Integrated Water Availability Assessments

KRA Key Result Area

LNG liquefied natural gas

MACC Monitoring Advisory and Coordination Committee
mg/L milligrams per liter

MGD million gallons per day

mi mile

MLR multiple linear regression

mm millimeters

MM million

MWh megawatt hour

NBOD nitrogenous biochemical oxygen demand
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NFWF National Fish and Wildlife Foundation

NGWMN National Ground-Water Monitoring Network

NLCD National Land Cover Database

NJDEP New Jersey Department of Environmental Protection
NJWSP New Jersey Water Supply Plan

NOAA National Oceanic and Atmospheric Administration
NOAA-CSC National Oceanic and Atmospheric Administration - Coastal Services Center
NPDES National Pollutant Discharge Elimination System
NPS National Park Service

NRDA Natural Resource Damage Assessment

NWS National Weather Service

NYC New York City

NYSDEC New York State Department of Environmental Conservation
ODRM Office of the Delaware River Master

PADEP Pennsylvania Department of Environmental Protection
PAFBC Pennsylvania Fish and Boat Commission

PAS Planning Assistance to States

PBDE polybrominated diphenyl ethers

PCB polychlorinated biphenyls

PEMA Pennsylvania Emergency Management Agency
PFC perfluorinated compound

PFAS perfluoroalkyl and polyfluoroalkyl substances

PFNA perfluorononanoic acid

PFOA perfluorooctanoic acid

PFOS perfluorooctanesulfonic acid

PMP Pollution Minimization Plan

ppb parts per billion

PPL Pennsylvania Power and Light

PRM Potomac-Raritan-Magothy (aquifer system)

PWS Public Water Supply

RFAC Regulated Flow Advisory Committee
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REF-DSS Riverine Environmental Flow - Decision Support System
RFP Request for Proposal

RPP Rules of Practice & Procedure

RSM Regional Sediment Management

SAN Schuylkill Action Network

SEF Subcommittee on Ecological Flows

SEPA GWPA Southeast Pennsylvania Groundwater Protected Area
SPW Special Protection Waters

SRMP Scenic Rivers Monitoring Program

STAC Science and Technical Advisory Committee
TAC Toxics Advisory Committee

TDS total dissolved solids

TEFO Trenton Equivalent Flow Objective

TMDL Total Maximum Daily Load

TNC The Nature Conservancy

TREB Technical Report for the Delaware Estuary and Basin
TWh terawatt hour

USACE United States Army Corps of Engineers
USFWS United States Fish and Wildlife Service

USGS United States Geological Survey

UWFP Urban Waters Federal Partnership

WAUSP Water Availability and Use Science Program
WLA waste load allocation

WMAC Water Management Advisory Committee

WPF William Penn Foundation

WQAC Water Quality Advisory Committee

WQM Water Quality Management

WQX Water Quality Exchange

WRP Water Resources Program

WRRDA Water Resources Reform and Development Act
WSCC Water Supply Coordinating Council
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WSSF Water Supply Storage Fund

WTP water treatment plant
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1. GENERAL STATEMENT OF CONDITIONS IN
THE BASIN

Part | of the Water Resources Program is presented in six sections:

e Section 1.1: Hydrologic Conditions: Brief Summary is a summary of the hydrologic
conditions in the Basin from January 1, 2023, through December 31, 2023.

e Section 1.2: Water Use and Sufficiency is a summary of water and groundwater
withdrawal trends as well as surface and groundwater conditions in the Basin.

e Section 1.3: Surface Water Quality summarizes the most recent assessments of surface
water quality in the Basin.

e Section 1.4: Population and Land Use summarizes population and land use trends
based upon recent data.

e Section 1.5: Emergent Issues briefly describes emerging issues of concern.

e Section 1.6: Climate Change summarizes trends and changes in air temperature,
streamflow, precipitation, and sea level in the Basin.

e Section 1.7: Inventory of Other Dockets lists an inventory of projects approved pursuant
to Section 3.8 of the Compact, but which are not included in the Comprehensive Plan or
Water Resources Program.

1.1 HYDROLOGIC CONDITIONS

The hydrologic conditions in the Delaware River Basin for calendar year (CY) 2023 are
summarized below. Conditions alternated between wet and dry periods, with normal reservoir
storage levels, typical flows, the salt front location in the normal range, and periods of low
groundwater levels. Two notable exceptions were drought watch declarations in Pennsylvania
and minor to moderate flooding events in December due to high rainfall in December. More
detailed daily, weekly, quarterly, and annual summaries of CY 2023 hydrologic conditions? in the
Basin — including precipitation, streamflow, reservoir storage, groundwater levels, and the salt
front (river mile location of the 7-day average 250 mg/l chloride concentration) — are provided on
the DRBC website.

The total annual precipitation and the departures from normal precipitation for 2023 are shown in
Figures 1 and 2, respectively. In the upper basin, annual rainfall ranged from 45-65 inches, while
in the lower basin, rainfall ranged between 35-65 inches. In the upper basin, portions received at
least 6 inches more than the normal precipitation, while portions of the western part of the basin
experienced more than 6 inches below the average precipitation for the year (Figure 2). In

1 https://www.nj.gov/drbc/programs/flow/hydrologic-reports.html
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Pennsylvania, a statewide drought was declared in June and lifted at different times as conditions
improved. Snowfall followed a similar pattern with higher amounts in the upper basin and little
snowfall in the lower basin (Figure 3). Streamflow generally mirrored precipitation patterns. In
December, during high precipitation events, streams in Southeastern Pennsylvania and
Southwestern New Jersey experienced minor to moderate flooding.
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Figure 1. Annual precipitation in 2023.
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Figure 2. Departure from normal precipitation in 2023.
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Figure 3. Seasonal snowfall for Winter 2022 — 2023.
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Storage throughout the Basin remained normal for most of the year. The combined storage in the
New York City reservoirs — Cannonsville, Pepaction, and Neversink Reservoirs — stayed at or
above the long-term median the whole year except for a dry period from mid-May to the end of
June and a few other dry days (Figure 4). Lower basin storage stayed within normal levels, except
during high rainfall events in the spring and December. Thermal releases from the New York City
reservoirs were made for three days in July and for two days in September to offset high water
temperatures in downstream tailwaters during the summer. The amount of water used for thermal
releases was 0.15 BG (234 cfs-days).
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Figure 4. Combined storage in the New York City Reservoirs during 2023.
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The location of the salt front remained in the normal range for much of the year, with dry conditions
causing it to move below the normal range from mid-May to July (Figure 5). The most upstream
location for the salt front in 2023 was RM 71.8.
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Note: DRBC does not calculate the location of the saltfront below river mile 54.

Figure 5. Salt Front Location during 2023

Groundwater level wells were close to the normal range at the beginning of the year. Wells in
New Jersey started the year below normal and remained well below normal until December when
groundwater levels began to rebound. Beginning in March, some wells in Pennsylvania
experienced a decrease in groundwater levels through August and were either normal or below
normal for most of the year. By the end of the year, wells in Pennsylvania, New York, New Jersey,
and Delaware were within the normal range.

1.2 WATER USE AND SUFFICIENCY
1.2.1 Population Served

The Delaware River Basin (DRB) provides water to portions of the four states located in the Basin:
New York, New Jersey, Pennsylvania, and Delaware. The total population served includes those
within the Basin boundaries and populations of the Basin states located outside of the DRB that
are served through exports, and excludes populations located inside the DRB that are served
through imports (Figure 6). Estimates of population served through exports are based on daily
use by “equivalent” populations outside the Basin. Although water from the Basin is mixed with
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other sources for New York City, the “equivalent” population served for New York City is estimated
by multiplying the DRB portion of the water supply by the population.

In 2023 the DRBC estimated that the total equivalent population served by DRB water was
14.2 million (DRBC, 2023). This estimate was based upon 2020 U.S. Census Bureau data and
information obtained from state and local water resource agencies. The population in the DRB
was estimated to be 8.63 million, and the net population served by imports/exports was estimated
to be 5.56 million. A summary of these data is presented graphically in Figure 6 as detailed in
Appendix A.

POPULATION
(2020)

State

TOTAL POPULATION

Delaware 0.774 se rved by the

New Jersey 1.989 DELAWARE RIVER

New York 0.117

Pennsylvania 5.749 BASIN (2020):

Total DRB Population 8.629 14.2 million

Import/Export

NJ —D &R Diversion 1.087

Total NY Diversion 4.664

CWA Import -0.187 \ : ' Total NY

Total Import/Export 5.564 La RauE ot Jervi S2% Diversion

POPULATION SERVED 14193 ~ g

Total NY diversion includes NYC diversion
and upstate NY communities. All values
are in million people.

NJ-D &R
S3& Diversion

1.1 million

Chester Water
.. Authority

“a* Import

2.0

million

: (D

Figure 6. Population served by DRB water based on population estimates for 2020 in the Delaware River Basin by state.
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1.2.2 Water Withdrawal Annual Summary

Understanding water withdrawals, water use, and supply is integral to the management of water
resources. In recent years, our understanding of the ways in which water is withdrawn and used
has improved greatly, as have the underlying systems in place to manage the data, allowing more
timely and comprehensive assessments to be made. Figure 7 shows the Basin-wide picture of
water withdrawals, exports, and consumptive use, by sector, based on 2020 calendar year water
use data; the data shown represent daily average withdrawals on an annual basis.

Key Delaware River Basin Water Use Facts:

e Based on 2020 data, an estimated 14.2 million people rely on water from the Basin for
their daily water needs (see Part | — Section 1.2.1). Approximately 8.63 million people live
in the Basin, and the volume of exports to New York City and northeastern New Jersey is
sufficient to supply water to an additional 5.56 million people.

e Based on 2020 data, ground and surface water withdrawals from the Delaware River
Basin are estimated to total 6,390 million gallons per day (MGD), out of basin diversions
total 594 MGD, and consumptive use (including out of basin diversions) is 857 MGD.

e Approximately 95% of all water used in the Basin is obtained from surface waters.
e Three dominant use sectors account for over 68% of total water withdrawals; these sectors

are thermoelectric power

industrial (7%).

generation (49%),

public water supply (12%), and

Total Water Withdrawals
(ground and surface) from the
Delaware River Basin, 2020:
6,390 MGD

@ Thermoelectric

@ Hydroelectric

@ Other

O lrrigation

o Mining

@ Industrial

O NYC Diversion

o NJ Diversion (D&R Canal)
@ Self-Supplied Domestic

@ Public Water Supply

y Hydroelectric,
¢ 1,195

_Other, 49

_Irrigation, 55

77,,_Mining, 58

Thermoelectric,
3,128

Public Water Supply, 83

NYC Diversion, 499

_____NJ Diversion (D&R Canal), 94

— Self-Supplied Domestic, 96

Consumptive Use and Out-of-Basin Diversions: 857 MGD)|

Industrial, 18 _
Mining,7
Irrigation, 49 i\\

Oti;er,_' L \

Thermoelectric, 92

Outof Basin |
Diversions, |
594

Self-Supplied Domestic, 10—

Figure 7. Total water withdrawals and consumptive use / major exports from the Basin in 2020.
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1.2.3 Water Withdrawal Trends

In 2021 DRBC published a comprehensive report assessing historical water withdrawals and
consumptive use in the Delaware River Basin from 1990-2017, with projections provided for eight
major sectors through the year 2060 (Thompson & Pindar, 2021). The historical data and
projections for water withdrawals and consumptive use are provided in Figure 8 and Figure 9,
respectively, and have been updated with data through 2020. The standard presentation of
projection results in Thompson & Pindar, 2021 used a solid blue line to show the “projected value,”
representing either a single projection (such as the result of an Ordinary Least Squares
regression), or an aggregation of multiple projections (as shown in Figures 9 and 10). Additionally,
each individual projection had two “predictive intervals” calculated, 80% (dark grey) and 95% (light
gray), which are based largely on the distribution of residual errors from the individual projection.
Similar to the blue line representing the projected value, the 80% and 95% predictive intervals
might be aggregated for presentation (as shown in Figures 10 and 11).

Historical and projected water withdrawals from the Delaware River Basin

10000 . Projection—~
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. Public Water Supply (missing)
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70001 :\
a) ] :
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=
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= 4000
=
3000 1
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1000 1
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Figure 8. Historical and projected water withdrawals from the Delaware River Basin, initially published in Thompson
& Pindar, 2021 through 2017. The predictive interval shown represents the aggregated predictive intervals for all
sectors. The figure has been amended with complete years of data through 2020.
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Historical and projected consumptive water use in the Delaware River Basin
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Figure 9. Historical and projected consumptive use of water in the Delaware River Basin, initially published in
Thompson & Pindar, 2021 through 2017. The predictive interval shown represents the aggregated predictive intervals
for all sectors, excluding the out-of-Basin diversions which did not have a calculated predictive internal. The figure has
been amended with complete years of data through 2020.

Some key findings from these figures are that:

1. Peak water withdrawal from the Delaware River Basin has likely already occurred (in 2005
and 2006 it was estimated to be approximately 9.917 billion gallons per day). This
conclusion remains unchanged based on recent data.

2. On average, historical water withdrawals from the Basin (1990-2017) have been
comprised of about 5.4% groundwater and 94.6% surface water. In 2020 the ratio was
approximately 6.3% groundwater and 93.7% surface water.

3. Reported withdrawals in 2020 were 6,390 MGD, 7.7% lower than the projected value of
6,922 MGD. Calculated consumptive use (excluding Out-of-Basin diversions) was
263 MGD, 6.7% lower than the projected value of 282 MGD.
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Considering the data presented in Figure 8 and Figure 9, it was determined that additional
presentation of data from four of the eight sectors would be helpful in describing the Basin-wide
trends. These sectors include Thermoelectric, Industrial, Public Water Supply, and Irrigation.
Individual sector plots showing historical data and projections from Thompson & Pindar, 2021 are
provided for withdrawals (Figure 10) and consumptive use (Figure 11). From these graphics, it
is possible to conclude that:

The thermoelectric sector has displayed dramatic decreases in water withdrawals since
about 2007 (almost -2,500 MGD), which has not translated into reduced consumptive use.
The projection for withdrawals continues to decrease, whereas the projection for
consumptive use is almost constant.

The industrial sector has shown significant declines in both withdrawals and consumptive
use, related to declines in production at specific facilities (e.g., U.S. Steel Fairless Plant
stopped iron and steel production in 1991, Bethlehem Steel ceased production in 1995,
there was a temporary shutdown of Delaware City Refinery in 2010, and Philadelphia
Energy Solutions closed in 2019). Despite these historical declines, the projections for
self-supplied industrial withdrawal and consumptive use suggest a lower plateau and
continuation at a relatively constant rate.

The public water supply sector historically has shown a decrease in withdrawals of about
100 MGD over three decades (1990-2020). The projection provides a slight overestimation
but suggests that the decrease will continue despite growing in-Basin populations.

The irrigation sector is comprised of multiple uses, of which the primary is agricultural
irrigation. These withdrawals were determined to be strongly correlated with climatic
variables and were projected using Regional Climate Model data (Thompson & Pindar,
2021). Withdrawal reporting compliance and accuracy appears to be increasing.
Withdrawals and consumptive use are projected to increase in the future.
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Figure 10. Historical and projected water withdrawals for the major sectors within the Delaware River Basin. These
data used to generate these figures have been adopted from Thompson & Pindar, 2021 through 2017; however, the
historical data has been updated through 2020.

DRBC

2024-3

Adopted June 5, 2024

12


https://www.nj.gov/drbc/library/documents/water-use/DRBC_2021-4_Water2060_Final_101421.pdf

DRBC Water Resources Program FY 2025 — 2027

Delaware River Basin Commission
DELAWARE = NEW JERSEY
PENNSYLVANIA & NEW YORK
UNITED STATES OF AMERICA

1201
1104
1004

Consumptive Use (MGD)

204
10+

1

1101

904

Consumptive Use (MGD)

204

0]

90
804
704

509
404

804
70
601
504
a0q
304

Consumptive use in the Delaware River Basin

Thermoelectric Power

sod -

304

- Projection—~

980

1990 2000 2010 2020 2030 2040 2050 2060

YEAR

Public Water Supply

SPITOR I TR I I UL OO IR U 0 OO 10 0 O

- Projection—~

01, - - - - - - - -
1980 1990 2000 2010 2020 2030 2040 2050 2060

YEAR

Consumptive Use (MGD)

Consumptive Use (MGD)

Industrial
701 T Projection—
601
501
401
301
201
101
B I @0
1980 1990 2000 2010 2020 2030 2040 2050 2060
YEAR
Irrigation
1504 - Projection—
1251
100 1 i
" :W
50 :
251
0-.D - - - - - - - -
1980 1990 2000 2010 2020 2030 2040 2050 2060

YEAR

Figure 11. Historical and projected consumptive use for the major sectors within the Delaware River Basin. These
data used to generate these figures have been adopted from Thompson & Pindar, 2021 through 2017; however, the

historical data has been updated through 2020.
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1.2.3.1 THERMOELECTRIC

An evaluation presented in Thompson & Pindar, 2021 compiled a historical timeseries of net
energy generation by primary fuel type for the Delaware River Basin through 2017 and has been
updated through 2020 (Figure 12). The study broadly showed that electrical energy production
by facilities within the Delaware River Basin is nationally significant, with the Lower Delaware
portion of the Basin ranking second in the country for total net generation in terawatt hours (TWh)
in multiple years. The trends observed with the addition of more recent data are still largely
reflected by the discussion provided in Thompson & Pindar, 2021.

Water withdrawals for thermoelectric power generation are primarily used for cooling purposes.
The cooling process is typically achieved by either highly evaporative cooling towers or a once-
through cooling (OTC) process that uses a condenser to absorb heat. The two types of cooling
use water in different ways. Evaporative cooling towers require a smaller volume of withdrawal
but consume most of the water (typically >90% consumptive use). Once-through cooling requires
much greater volumes of water at the intake, but the rate of loss to evaporation is very small
(typically <1%). An analysis presented in Thompson & Pindar, 2021 allowed withdrawal and
consumptive use data by thermoelectric facilities to be classified by cooling technology, as shown
in Figure 13. Presenting data in this way highlights that although overall withdrawals have
decreased, the resulting consistent trend in consumptive use can be attributed to increased
proportions of withdrawals by facilities with recirculating evaporative cooling.

Power Facility Net Generation in the Delaware River Basin
Categorized by AER Fuel Type

All power generation facilities
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Figure 12. Historical net electrical energy generation by facilities within the Delaware River Basin.
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Figure 13. Water withdrawals and
consumptive use by power generation
facilities within the Delaware River
Basin, categorized by the type of cooling
system at the facility.
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1.2.3.2 PUBLIC WATER SUPPLY

Historical data for public water supply (PWS) withdrawals show a decreasing trend (Figure 14)
largely driven by water conservation measures in the form of changes in plumbing codes, enacted
in the early 1990s, which require use of more efficient plumbing fixtures and fittings. In addition,
education and awareness of water conservation practices have played a role in decreasing water
use for this sector despite increases in population (shown by the red line in Figure 14). While
decreasing in the aggregate, withdrawals have increased in several systems where there are
population growth regions (i.e., where water conservation practices cannot offset the more rapid
increase in population). Over the past 30 years, DRBC has been a leader in enacting regulations
to promote water conservation in the areas of source and service metering, leak detection and
repair, plumbing fixtures and fittings, and water rate structures. The withdrawal trend shown in
Figure 14 indicates that these regulations have been successful and have contributed to the trend
in PWS water withdrawals.

Public water supply withdrawals from the Delaware River Basin
with comparison to the in-Basin population
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Figure 14. Withdrawals by public water supply systems in the Delaware River Basin 1990-2020. There are known
data gaps present for 2001, 2002 and 2004. The population values projected from 2010 through 2060 are reflective of
the population residing within the Basin boundary as presented in Figure 17. The historical estimates are from U.S.
Census Bureau data from 1980 through 2020, as well as the 2016 estimate described in Section 1.2.1 based upon
2012-2016 ACS data.
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1.2.3.2.1 Population and Public Water Supply Withdrawals

In evaluating trends in PWS withdrawals, the population which resides within the Basin is of
interest, as well as the percentage of that population which may live within public water supply
service areas. Understanding these dynamics, especially in relation to water demands, can play
a key role in sustainable water resource planning for the Delaware River Basin.

The Thompson & Pindar, 2021 study leveraged spatial population data available from the EPA
and performed an analysis which allowed a dynamic estimate and projection of in-Basin
population, including estimated percentages of the population residing within and outside of public
water supply service areas. The estimated 2010 population is based on U.S. Census Bureau data
adjusted to the Basin boundary, and was projected through 2060 using a model scenario termed
SSP-2 (Shared Socioeconomic Pathway), which represents a “middle of the road” scenario
(M. E. Hauer, 2019; M. Hauer & CIESIN, 2021; O’'Neill et al., 2014). The results from the 2021
study estimated a 2010 in-Basin population estimate for the Delaware River Basin of
approximately 8.252 million (MM) people, of which approximately 86% reside within public water
supply service areas (7.106 MM) and approximately 14% reside outside of public water supply
service areas (1.146 MM), as shown in Figure 15. The total in-Basin population in the 2021 study
was projected to increase to 8.907 million people by 2060, of which the percentage of people
residing with public water supply service areas is projected to increase to 87.6% (~7.803 MM).
The figure has been updated with an in-Basin population estimate based on 2020 U.S. Census
Bureau information (8.629 MM), as presented in Part | — Section 1.4.1.

Delaware River Basin population estimate (2010) and projections
based on Hauer & CIESIN, 2021 (scenario SSP2)
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Figure 15. In-Basin population
estimates for the Delaware River
Basin, categorized by relationship to
public water supply service areas,
projected under model scenario
SSP-2 through 2060. Note that
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1.2.3.2.2 Public Water Supply Water Audit Data

In 2009, as part of DRBC'’s effort to ensure its regulations reflect the latest thinking in the field of
water efficiency, the Commission amended its Comprehensive Plan and Water Code to
implement an updated water audit approach to identify and manage water loss in the Basin, in
partnership with Basin water purveyors. The approach is consistent with the International Water
Association (IWA) and American Water Works Association (AWWA) Water Audit Methodology
and is considered a best management practice in water loss control. The revised regulations
require PWS systems to conduct an annual water audit to help identify water losses, particularly
water lost due to leaky infrastructure. DRBC performed multiple outreach efforts, and the audit
became a mandatory requirement in 2012.

In Calendar Year (CY) 2021, there were 282 water audits received by the Commission. Reports
from 18 systems were not received, and therefore those data were back-filled with the most recent
data available. A “water balance” for all 300 systems subject to audit requirements is presented
in Figure 16, indicating that approximately 795 MGD of water was put into distribution systems in
the Delaware River Basin (termed Water Supplied). A key term used in the AWWA water audit
methodology to quantify water losses and unbilled water consumption is Non-revenue water. Non-
revenue water is that which has been treated, pressurized, and enters the distribution system but
generates no revenue for the water purveyor (i.e., water losses or unbilled water). Water losses
can be real losses (through leaks, also referred to as physical losses) or apparent losses (for
example, through theft or metering inaccuracies). Based on the CY 2021 reported data, an

Water Exported Water Exported Water Exported
(60 MGD) (60 MGD) (60 MGD)
Billed
Authorized Authorized
Volume from Consumption Consumption
Own Sources (585 MGD) (563 MGD) Unbilled
(779 MGD) Water Supplied Authorized
(795 MGD) Consumption
/ (22 MGD)
Avoidable
Water Losses Real Losses Real Losses
(209 MGD) (141 MGD) ~ (182 MGD)
Water Imported
(76 MGD) UARL (41 MGD) 1

Figure 16. Aggregate water balance for 300 systems reporting water audit data to DRBC for CY2021. Note that
the totals in the 3rd and 4th columns are 1 MGD less than the 1st and 2nd due to rounding when the data is

disaggregated.
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estimated 182 MGD were reported as physically lost from distribution systems in the Basin along
with an estimated 27 MGD reported as apparent losses and 22 MGD of unbilled authorized
consumption for a total of 231 MGD of non-revenue water reported in CY 2021.

Notably, data from CY 2021 marked the tenth year of mandatory reporting via the DRBC Water
Audit Program. An analysis of the complete ten-year dataset was prepared and published in 2023,
titted A Comprehensive Assessment of the Delaware River Basin Commission’s Water Audit
Program (2012-2021) (Thompson et. al, 2023). Figure 16 has been adapted from that report and
presents the term UARL (Unavoidable Annual Real Losses), which is calculated at the system
level to determine the portion of all real losses that is likely to never be eliminated no matter how
hard a purveyor tries. This is a deviation from the way AWWA presents the water balance but
determined to be an important component to remind readers that not all leaks can be prevented.
Consequently, it suggests that the other portion of real losses (141 MGD) might be termed
something like Avoidable Real Losses. Within the Basin, the recent report even shows how
different levels of reduction in real losses compares to projections of water withdrawals by
purveyors (Figure 17). The full report not only provides extensive analysis of the program (such
as Figure 17), but provides recommendations to help shape the program moving forwards.

Public water supply withdrawals from the Delaware River Basin
with comparison to the in-Basin population
1100 » Projection— F10.0

Offset Projection

: __ (2017-2060)
1000 1 . Thompson & Pindar, 2021

ILI RLRP based on
CY2021 water audit data

ILI=10
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ILI=8
ILI=7
— ILI=6
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— ILI=4
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Figure 17. The projections from Thompson & Pindar, 2021 have been offset by about 33 MGD, equal to the error
between the model and reported withdrawals in CY 2017. Horizontal lines representing the different levels of possible
real loss reduction have been calculated for each ILI (Infrastructure Leakage Index) based on applying the real loss
reduction potential (RLRP) to the CY 2021 Volume from Own Sources.
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Data collection under the DRBC’s water audit program marks a significant step in a long-term
effort to improve water efficiency and promote best practices in water loss control for Basin water
purveyors. As the program progresses, continued emphasis will be placed on ensuring that water
purveyors build confidence in the data submitted in the water audit (for example, data validation).
Developing and providing accurate data for the water audit process will result in a clearer
understanding of the causes of water loss and is a vital first step in the process.

1.2.3.3 INDUSTRIAL

Historical data for industrial withdrawals show a decline from levels in the early 1990s (Figure 10).
The closing of the Bethlehem Steel plant in Bethlehem, Pa., in 1995 contributed significantly to
the overall decline in water use for this sector as it was the Basin’s largest industrial water user.
Over the past decade, industrial water use has declined slightly despite humerous facilities
changing hands. Several large refineries in the Basin have experienced ownership turnover in
recent years. Refineries that were idle are once again in production and have returned to more
normal operations with water withdrawal data returning to previous levels. As an example, the
large drop in water use observed near 2010 is primarily attributed to a period of temporary closure
of a major refinery.

1.2.4 Seasonal Variation in Withdrawals and Consumptive Use

The data shown in Figures 8 through 14 are annual average rates of withdrawal and consumptive
use; however, most sectors experience seasonal and even daily fluctuations. Thermoelectric
power generation experiences peaks in the summer months as a consequence of increased
power demand for residential and commercial cooling. Simultaneously, public water suppliers
experience peak demands in the summer months when lawn-watering and other outside uses are
greatest. Compared to an average annual withdrawal rate, irrigation withdrawals during the
growing season have some of the highest median peaking factors. This highlights the need for
including accurate seasonal (peak) considerations—including ecological (instream) needs—in
long-range supply sufficiency assessments.

1.2.5 Groundwater Availability

Two areas of the Basin are included in special management programs to mitigate historical
groundwater supply issues and prevent future stress. The Commission manages the Southeast
Pennsylvania Groundwater Protected Area (SEPA GWPA) on behalf of the Commonwealth of
Pennsylvania, and New Jersey manages Critical Area 2 in the Potomac-Raritan-Magothy (PRM)
aquifer system in southwestern New Jersey (Figure 18).
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Figure 18. Groundwater Management Areas in the Delaware River Basin.
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1.25.1 BASIN-WIDE

A study in partnership with USGS was commissioned in 2006 to assess baseflows in
147 subbasins of the DRB (Sloto & Buxton, 2006). Groundwater availability was determined
using two separate but similar methods appropriate for (1) subbasins underlain by fractured rocks
and (2) subbasins with unconsolidated sediments in the Coastal Plain. At a high level, the
methods compare net groundwater withdrawals from each subbasin against the available natural
resources (groundwater baseflows calculated for each subbasin based on geology). One
particularly important limitation of this method is that groundwater withdrawals from confined
aquifers in the Coastal Plain subbasins are not evaluated, as withdrawals from confined aquifer
networks may have regional influences which extend beyond subbasin boundaries. DRBC
investigated this concept further while assessing groundwater withdrawal data and concluded that
the method is not suited for the 26 subbasins which are greyed out on Figure 19 (Thompson et.
al, 2022).

DRBC has used the Sloto & Buxton, 2006 methodology in the remaining 121 subbasins to
calculate groundwater availability in the Delaware River Basin based on withdrawal data from
2020 (Figure 19). Withdrawal data was adjusted to represent “net” groundwater withdrawals,
which is assumed to be the difference between the total groundwater withdrawal from a subbasin
and water recharge occurring within the same subbasin. Examples of groundwater recharge
include water returned to the subsurface from septic fields or infiltration during irrigation. An
example of surface water recharge is mine dewatering below a water table which pumps to a
stream. The results indicate that one subbasin is currently between 50.1% and 75% of its 25-year
annual baseflow, and two subbasins are between 25.1% and 50% of their 25-year annual
baseflow. A historical timeseries of net groundwater withdrawals can be compiled from the work
performed by Thompson & Pindar, 2021 through 2017, and updated through the year 2020, as
presented in Figure 20.
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Figure 19. Net groundwater withdrawals basin wide for CY 2020. One (blue) basin is currently
between 50.1% and 75% of its 25-year annual baseflow. Greyed out basins denote areas where
the Commission’s screening tool was determined to not be a suitable method for analysis based
upon geologic conditions.
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Figure 20. Net groundwater withdrawals from the Delaware River Basin, calculated from the data
initially published in Thompson & Pindar, 2021 through 2017. The figure has been amended with
complete years of data through 2020.

1.2.5.2 SOUTHEAST PENNSYLVANIA GROUNDWATER PROTECTED
AREA

The SEPA GWPA is an area of 1,200 square miles that includes 76 basins closely managed by
DRBC regarding groundwater withdrawals, well interferences, and municipal water supply
planning. Withdrawal limits have been established for each of the basins. The following summary
of conditions is based on an analysis by DRBC using groundwater withdrawal data reported to
the PADEP, adjusted to represent net groundwater withdrawals.

The Commission will continue to update basin usage with current PADEP water withdrawal data.
As highlighted in Figure 21, the net groundwater withdrawal in three basins is currently between
50.1% and 75% of their subbasin withdrawal limits. One basin is above its withdrawal limit, that
is greater than 100.1%. This basin, Basin 29 (Schuylkill-Crow Creek), has historically been above
its withdrawal limit because a major withdrawal from a quarry reservoir is counted as a
groundwater withdrawal by PADEP as are all quarries as a matter of PADEP policy.
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Figure 21. Net groundwater withdrawals in the Southeastern Pennsylvania Groundwater Protected Area for CY 2020.
Three (blue) basins are currently between 50.1% and 75% of their annual withdrawal limits and one basin (red) is
greater than 100.1% of its withdrawal limit.

A historical timeseries of net groundwater withdrawals from SEPA GWPA was compiled from the
work performed by Thompson & Pindar, 2021 and updated through the year 2020, as presented
in Figure 22. Over the period from 2000 to 2020, cumulative net groundwater withdrawal in the
SEPA GWPA has decreased. This is likely partially attributable to improved water conservation,
as noted above, and due to infrastructure changes (such as the diversion of surface water from
the Delaware River near Point Pleasant, Pa., which helps to offset groundwater use by
communities in Bucks and Montgomery counties).
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Figure 22. Net groundwater withdrawals from the Southeastern Groundwater Protected Area,
calculated from the data initially published in Thompson & Pindar, 2021 through 2017. The figure has
been amended with complete years of data through 2020.

DRBC has an automated dashboard of groundwater surface elevations in the SEPA GWPA?2
which is available on the DRBC website.

2 https://www.drbc.net/Sky/sepagwpa.htm
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1.2.5.3 NEW JERSEY CRITICAL AREA 2

The New Jersey Department of Environmental Protection (NJDEP) and USGS regularly monitor
groundwater levels in the affected aquifers of Critical Area 2 (CA2) in southern New Jersey, and
assessments indicate that withdrawals have significantly decreased beginning with the program’s
inception in 1996 (Figure 23A), resulting in concurrent rebounding of groundwater levels in most
monitoring wells (Figure 23B).2 The surface water diversion/treatment facility on the Delaware
River in Delran, Burlington County, N.J., owned and operated by the New Jersey American Water
Company, was chosen as the regional water supply alternative for Critical Area 2. The Tri-County
Water Supply Project remains the primary water source to meet growing water demands in the
region. The downward trend that is visible in Figure 23A is primarily the result of major
infrastructure improvements to allow areas that were previously solely reliable on local Potomac-
Raritan-Magothy (PRM) withdrawals to tap into the regional solution of the Delaware River Tri-
County project, which is primarily a surface water withdrawal. In addition, water conservation and
indoor plumbing efficiencies, as well as economic and business trends, add to the overall
downward trend in water withdrawals.

DRBC has an automated dashboard of groundwater surface elevations in Critical Area 2* which
is available on the DRBC website.

3 Critical Area 2 was designated on July 20, 1993, by administrative order (NJAC 7:19-8.5).
4 https://www.drbc.net/Sky/nj2.htm
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Figure 23 (A). Withdrawals from the PRM from 1990-2020 show significant reductions since the inception
of Critical Area 2 management in 1996. Source: I. Snook, NJDEP, February 2023. (B) Example of
rebounding groundwater levels in the upper PRM of NJ Critical Area 2 since program inception in 1996. EIm

Tree 3 observation well Burlington Co., NJ.

presented as an annual average of measurements. Source:
(https://groundwaterwatch.usgs.gov/awlSites.asp?S=394922074563302)

USGS,

Period of record shown (02/22/1963 — 12/31/2020), data
February 2023.
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1.2.6 Areas of Concern: PRM and Bayshore Watersheds

The 2007 report of a multi-year investigation by the U.S. Army Corps of Engineers (USACE or
Corps) concluded that groundwater withdrawals in northern New Castle County, Del., were
reducing local stream base flows and forming cones of depression. Pumping in Delaware is
increasing groundwater flow from Maryland and decreasing flow into New Jersey by about 10%
each, and regional pumping has created overlapping cones of depression across the study area
of the three states (USACE, 2007).

1.2.6.1 DELAWARE

Critical water resource issues in the Rancocas, Piney Point, Cheswold, Federalsburg, Frederica,
and Columbia aquifers of Kent County, Del., have driven state capital funding for a multi-year
program in Delaware. The program’s goal is to improve groundwater monitoring and includes the
collection of detailed, baseline hydrologic information to inform near-term (e.g., 10 year)
management options (see Figure 24). Monitoring wells were installed and equipped with water
level sensors in multiple aquifers at 10 sites, and two rounds of groundwater quality sampling of
these wells have been completed. Two USGS stream gaging stations have been re-activated.
In 2019 initial results of this effort were published by the Delaware Geological Survey
(DGS, 2019). A focused monitoring effort is underway to study the Columbia aquifer in the east
Dover area where increased pumping for irrigation and the City of Dover are causing concerns
for increased drawdown and saltwater intrusion. In this area, salinity sensors were installed in
14 wells, five streams, and two groundwater fed irrigation ponds and are providing information on
the duration, intensity, and frequency of saline water incursion. The project is a collaborative effort
of the DGS, Delaware Department of Natural Resources and Environmental Control (DNREC),
the Governor’'s Water Supply Coordinating Council (WSCC), and the USGS. It provides critical
information on salt-water intrusion and groundwater quality conditions, yields, and pumping
interactions to improve planning and provide options for managing growing water demand and
sea-level rise in this region.
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