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Simulated Effects of Projected 2014—40 Withdrawals on
Groundwater Flow and Water Levels in the New Jersey

Coastal Plain

By Leon J. Kauffman

Abstract

Groundwater flow between 2014 and 2040 was simulated
in the New Jersey Coastal Plain based on three withdrawal
scenarios. Two of the scenarios were based on projected popu-
lation trends and the assumption of water conservation; the
nominal water-loss scenario projected a status quo in the effi-
ciency of water loss in the delivery systems whereas the opti-
mal water-loss scenario projected a better water-loss efficiency
resulting in less withdrawals. The third scenario assumes
that all wells will withdraw water at their full allocation level
which is generally much more than reported withdrawals in
2013 or projected under the other two scenarios.

Maps and summaries of heads and drawdowns are pre-
sented for nine confined aquifers. All the aquifers have areas
with heads below sea level by 2040. Of the three scenarios, the
drawdowns are most extreme in the full allocation scenarios;
there are large areas of head decline greater than 20 feet in 5
of the 9 confined aquifers. The exceptions are the Vincentown
aquifer, despite some areas of large drawdown in the vicin-
ity of wells, and the three Potomac-Raritan-Magothy (PRM)
aquifers where withdrawals are regulated by Critical Area
restrictions. The nominal and optimal water-loss scenarios
have some areas of head declines; most are less than 15 feet.
The simulation of these scenarios shows some extensive areas
of head recovery as well—especially in the aquifers that are
regulated by the Critical Area restrictions.

Budgets of inflow and outflow components were cal-
culated for 44 hydrologic budget areas (HBAs). The budget
analysis shows that the water movement is complex and varies
based on the aquifer geometry and location of pumping wells.
Flow components between the unconfined and confined parts
of the system were summarized by HUC11 (hydrologic unit
code 11) basins.

Introduction

The 1981 New Jersey Water Supply Management Act
directs the Department of Environmental Protection (NJDEP)
to develop and periodically revise the New Jersey Statewide
Water Supply Plan to improve the management and protection
of the State’s water supplies (NJDEP, 2017). The first New
Jersey State Water Supply Plan, adopted by NJDEP in 1982,
has been periodically updated. The latest Water Supply Plan
(NJDEP, 2017) constitutes the second complete revision of
the plan. The work described in this report is intended to help
inform a new revision of the plan.

The initial water supply plan identified two areas in the
New Jersey Coastal Plain (NJCP) where regional cones of
depression (resulting from pumping of groundwater in popu-
lated areas) were causing saltwater intrusion and threatening
the long-term reliability of the groundwater supply. These
areas are referred to as Water-Supply Critical Areas. Critical
Area 1 includes the Englishtown aquifer system, the Wenonah-
Mount Laurel aquifer, and the upper and middle Potomac-
Raritan-Magothy (PRM) aquifers in portions of Monmouth,
Ocean, and Middlesex Counties (fig. 1). In Critical Area 1,
purveyors with wells that pump 100,000 gallons per day (or
more) were required to reduce their withdrawals to 50 percent
or less of their 1983 withdrawal rate (CH2M HILL, Metcalf &
Eddy, Inc., and New Jersey First, Inc., 1992). These restric-
tions went into effect in the 1990s (NJDEP, 2017). Critical
Area 2 includes the upper, middle, and lower PRM aquifers
and is centered on Gloucester, Camden, and Burlington
Counties. Withdrawals were mandated to be reduced by
22 percent compared to those in 1988 in this area as alter-
nate water supplies became available in the 1990s (Spitz and
DePaul, 2008).

In 2018, the U.S. Geological Survey (USGS), in coop-
eration with the NJDEP, initiated a study to investigate the
potential effects of projected 20142040 withdrawals in the
confined NJCP aquifers based on analysis done by Rutgers
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University (Van Abs and others, 2018). The projected with-
drawals will be used in the revised water-supply plan to
estimate flow budgets within and outside areas of population
growth, to quantify changes in simulated water levels in the
confined aquifers, and to quantify the movement between
unconfined and confined parts of the groundwater system for
hydrologic unit code 11 (HUCI11) boundaries in NJCP.

Purpose and Scope

This report describes simulated groundwater flows and
water levels based on an extension of the most recent update
of the NJCP groundwater model described in Gordon and
Carleton (2023) using three scenarios of projected with-
drawals for the time period 2014—40. Forty-one hydrologic
budget areas (HBAs) were delineated based on hydrologic
constraints in each of the nine major confined aquifers of the
Coastal Plain as part of a similar effort to look at projected
2010 withdrawals based on the prior version of the model
(Gordon, 2007). The HBAs coincide primarily with areas of
large groundwater withdrawals, large water-level declines,
and potential saltwater intrusion. Three additional HBAs will
be considered in this report located in the Rio Grande water-
bearing zone, which was not explicitly simulated in previous
versions of the NJCP model.

The NJCP model of Gordon and Carleton (2023) was
used as the base simulation for this report using files from
the archive of Carleton and others (2023). In particular, the
final stress period, representing conditions in 2013, was used
for comparison with simulated water levels and flow budgets
based on three withdrawal scenarios in the period 201440 for
the nine confined aquifers. The three withdrawal scenarios are
used to simulate a range of projected increases or decreases
in groundwater withdrawals at existing wells. Results of
these simulations are used to quantify the effects of projected
changes in withdrawals on the groundwater flow system in
the HBAs. Results are presented in a series of maps showing
simulated water levels for 2040 and the simulated difference
between water levels at the end of scenarios (2040) and the
base simulation (2013). Flow-budget components in each of
the 44 HBAs are quantified. Simulated water movement in
the unconfined part of each HUC11 in the NJCP is quantified
based on the cell-by-cell budgets from the numerical model.

Hydrogeologic Setting

The Coastal Plain sediments of New Jersey comprise a
seaward-dipping wedge of alternating layers of gravel, sand,
silt, and clay overlying crystalline bedrock extending from the
updip limit of the coastal plain sediments to the Atlantic Ocean
(fig. 1). The confined aquifers consist predominantly of sand
but may also include interbedded silts and clays that range
from approximately 50 to more than 600 feet thick and are
separated by confining units; the confining units are composed
predominantly of silts and clays and range in thickness from

approximately 50 to 1,000 feet (Martin, 1998). The aqui-

fers are recharged by precipitation in aquifer outcrop areas.
Groundwater flows laterally downdip and (or) downward to
underlying units. Water in the confined aquifers discharges

to wells, to the Raritan or Delaware Bay, or to the Atlantic
Ocean. Detailed descriptions of the hydrogeology of the NJCP
aquifers and confining units are given in Zapecza (1989) and
Martin (1998). The aquifers and corresponding geologic units
are shown in figure 2. A generalized hydrogeologic section
through the NJCP (fig. 1) shows the conceptual model of the
aquifers and confining units in onshore areas.

Simulation of Projected 201440
Withdrawals

This study uses a recently completed groundwater model
described in Gordon and Carleton (2023) to simulate the
effects of three scenarios of projected groundwater withdraw-
als (nominal water-loss, optimal water-loss, and full alloca-
tion) over the time period from 2014-2040.

Description of Groundwater Model

The numerical groundwater model of the NJCP used in
this work is described in Gordon and Carleton (2023) and
archived in Carleton and others (2023). The NJCP model used
here as the base simulation is the third in a line of groundwa-
ter models built to simulate transient groundwater flow and
water levels in the NJCP. The first model (Martin, 1998) was
developed as part of the Regional Aquifer-System Analysis
program (Sun and Johnson, 1994) using the Trescott (1975)
model as modified by Leahy (1982). That model simulated
pre-development conditions as well as transient conditions
from 1896 to 1990. The second model (Voronin, 2004) simu-
lated transient conditions based on groundwater withdrawals
from 1981 through 1998 using the program MODFLOW-96
(Harbaugh and McDonald, 1996). In addition to the time
period, changes to the model included a finer spatial discreti-
zation and variable recharge. The most recent update (Gordon
and Carleton, 2023) simulated transient conditions from 1980
to 2013 (each calendar year is represented by a separate stress
period) using the program MODFLOW-2005 (Harbaugh,
2005). Some of the other noteworthy changes in the third ver-
sion of the model are (1) the conversion from quasi- to fully
three-dimensional, (2) the addition of annual recharge through
the use of the Soil-Water-Balance (SWB) model (Westenbroek
and others, 2010), and (3) the explicit simulation of the Rio
Grande water-bearing zone and the underlying confining layer;
these were simulated together with the Atlantic City 800-foot
sand in previous model versions.

Recharge for the scenario models was based on the
average recharge value of the last 10 years of the base simula-
tion. The last two stress periods of the base simulation have
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System Series Geologic unit Hydrogeologic unit—updip to downdip Model unit—updip to downdip
Holocene Surficial units Undifferentiated Holly Beaclh Holly Beach water-bearing
Kirkwood- water-bearing zone (layer 1)
Q Cohansey zone
uaternary .
aquifer
system . - —
Pleistocene Cape May Fm Estuarine clay Kirkwood-Cohansey Estuarlng clay confining
aquifer system and unit (layer 2)
Estuarine sand updip unconfined
Pliocene Pensauken Fm aquifers, i i
undifferentiated Est‘ugrlne s‘and aquifer,
] ) ) Kirkwood- . (layer 3) confining unit between the
Bridgeton Fm Undifferentiated Cohansey Estuatrine sand estuarine sand aquifer and
- aquifer confined Cohansey aquifer,
Beacon Hill Gravel system and confined Cohansey
Stone Harbor Fm Confining unit aquifer, undifferentiated
(layer 3)
Cohansey
Cohansey Fm .
aquifer |
F"’p‘” "Upper" Wildwood-
. Wildwood- : . .
Miocene . Belleplain confining unit
Belleplain (layer 4)
confining unit v
Kirkwood-Cohansey aquifer system Rio Grand_e Klrkwo_od—Cohansey Rio Grande water-bearing
water-bearing aquifer system
zone (layer 5)
zone (layer7)
Tertiary Kirkwood Fm Lower "Lower" Wildwood-
Wildwood- . - .
) Belleplain confining unit
Belleplain {layer 6)
confining unit v
Atlantic City Atlantic City 800-foot
800-foot sand sand (layer 7)
Basal Kirkwood confining unit Basal Kirkwood confining unit (layer 8)
Oligocene Sewell Point Fm ey Point acuif Piney Point aquifer
Absecon Inlet Fm iney Foint aquiter (layer 9)
Eocene Shark River Fm -
Manasquan Fm Manasquan-Shark River confining unit g Manasquan-Shark River confining unit (layer 10)
=]
o N .
Vincentown Fm Vincentown aquifer % Vincentown aquifer
Paleocene e (layer 11)
(=]
Horn.erstown Sand Navesink-Hornerstown confining unit %
Tinton Sand a Navesink-Hornerstown confining unit (layer 12)
Red Bank Sand Red Bank Center | =
Navesink Fm =
M Laurel F
ount Laurel Fm Wenonah-Mount Laurel aquifer Wenonah-Mount Laurel aquifer (layer 13)
Wenonah Fm
Marshalltown Fm Marshalltown-Wenonah confining unit Marshalltown-Wenonah confining unit (layer 14)
. . . Englishtown aquifer
Englishtown Fm Englishtown aquifer system system (layer 15)
Upper
Cretaceous Woodbury. Clay Merchantville-Woodbury confining unit Merchantville-Woodbury confining unit (layer 16)
Cretaceous Merchantville Fm
Magothy Fm Upper aquifer Upper Potomac-Raritan -Magothy aquifer (layer 17)
Confining unit Confining unit between the upper and middle
g Potomac-Raritan-Magothy aquifer (layer 18)
; Potomac-Raritan-
Raritan Fm i i i _Raritan- i
: Magothy aquifer Middle aquifer Middle Potomac-Raritan-Magothy aquifer (layer 19)
system Confining unit Confining unit between the middle and lower
9 Potomac-Raritan-Magothy aquifer (layer 20)
Lower Potomac Group Lower aquifer Lower Potomac-Raritan-Magothy aquifer (layer 21)
Cretaceous
Pre-Cretaceous Bedrock Bedrock confining unit

Figure 2. Stratigraphic columnar section showing hydrogeologic units and formations (Fm) for the New Jersey Coastal Plain.
Modified from Gordon (2007) and Gordon and Carleton (2023, table 2).



less than this average recharge. The consequence of using the
average recharge in the scenario models is increased simulated
heads in and near the recharge areas compared to the end of
the base simulation unless there is a corresponding increase in
withdrawals from wells nearby. In other words, small recov-
ery in heads in unconfined areas are likely due to the way the
recharge is specified and should be expected.

An archive of the model inputs and output files for
each of the simulations can be obtained from Kenefic and
Kauffman (2024).

Groundwater Withdrawal Data

The withdrawals from the base simulation are described
in Gordon and Carleton (2023). Reported annual pumping
data were used to set withdrawal rates for the wells in the base
simulation. If a well was not specified in the scenario with-
drawals, the withdrawal rate from 2013 in the base simulation
was used throughout the scenario models.

Projection of withdrawals for two of the three withdrawal
scenarios used in this study, called “nominal water-loss” and
“optimal water-loss,” were created by analysis done at Rutgers
University (Van Abs and others, 2018). The basis for these two
scenarios is summarized in the following paragraphs—further
detail can be found in the Rutgers report. To assess future
water demands, population and migration trends were used
along with per capita water demands from various types of
water users (for example, residential, commercial, industrial,
and agricultural).

The Rutgers analysis (Van Abs and others, 2018) looked
at two alternatives regarding per capita water demand. They
first considered an alternative that assumed per capita water
demand will remain the same. They also considered a second
alternative: a conservation-based approach where withdrawals
reflected reductions in demand owing to water-efficiency tech-
nology and standard water conservation behaviors. The com-
mercial demands were assumed to track residential demands
over time with a ten percent reduction used for the conserva-
tion scenario. Industrial and agricultural water demands were
assumed to be steady for both scenarios.

Van Abs and others (2018) used the conservation alter-
native for per capita water demand as the basis for two other
scenarios, nominal and optimal water-loss. These two sce-
narios, which are used in the simulations described in this
report, are differentiated by assumptions related to water loss
in public community water supply (PCWS) systems. Water
loss is defined as the difference between the water that is
delivered into PCWS systems and what is measured at the
customer meters (Van Abs and others, 2018). Case studies
were analyzed by Rutgers based on water-loss data for select
PCWS systems supplied by NJDEP and the Delaware River
Basin Commission. The water-loss scenarios were ultimately
made based on system size (large [withdrawals greater than
300 million gallons per month], medium [withdrawals 30-300
million gallons per month], and small [withdrawals less than
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30 million gallons per month]) and geology (bedrock or
coastal plain). Rates of water loss generally increase as the
system size decreases and water-loss rates were generally
higher in areas with bedrock geology compared to the NJCP
(Van Abs and others, 2018, fig. 5-7).

The nominal water-loss scenario assumes that all PCWS
systems will achieve the current median values from systems
reporting data; the optimal water-loss scenario assumes that all
systems will achieve water-loss rates roughly equivalent to the
better systems (25th percentile; Van Abs and others, 2018). In
this report, water losses in both bedrock and coastal plain sys-
tems are evaluated, however all the systems simulated for this
report are in the NJCP. The NJCP system rates of water loss
for the nominal water-loss scenario are 10 percent for large
and medium systems and 13 percent for small systems. For the
optimal water-loss scenario, the water-loss rates are assumed
to be 5 percent for all system sizes (Van Abs and others, 2018,
table 5-5).

To make the withdrawal projections used in the nominal
and optimal water-loss scenarios, Van Abs and others (2018,
table 5-2) multiplied projected population trends for munici-
palities by per capita estimates of demand. They then added
the water losses based on the percentages above to the pro-
jected demand. The resulting withdrawal projections for these
scenarios are linear over the period from 2014-2040.

The third scenario for withdrawals considered in this
report was a full allocation scenario. The withdrawal amounts
were site specific from an allocation tool calculation done by
the NJDEP Bureau of Water Allocation based on data from
May 20, 2021 (Kenefic and Kauffman, 2024). For the full allo-
cation scenario, the withdrawals were held constant through
the simulations. This means there is a step change from the
pumping used at the end of the base simulation in 2013.

Withdrawal projections for sites included in the model
are reported in a data release (Kenefic and Kauffman, 2024).
Withdrawals from the Delaware and Maryland parts of the
simulated aquifers were kept constant at the 2013 levels from
the base simulation.

The scenarios indicate that, between 2014 and 2040,
withdrawals would increase 2.9 percent in the nominal water-
loss scenario and decrease 1.3 percent in the optimal water-
loss scenario but would increase more than two-fold for the
full allocation scenario (fig. 3) compared to the withdrawals
at the end of the base simulation. The nominal and optimal
water-loss scenarios do not represent large changes in pump-
ing over the 2014-40 period, remaining within the withdrawal
variability that the base simulation reflects.

At the end of the base simulation in 2013, the largest
withdrawals are from layer three which mostly represents the
unconfined Kirkwood-Cohansey aquifer system (fig. 44). The
biggest declines in withdrawals over time are in the upper,
middle, and lower PRM aquifers and the Englishtown aquifer
system (fig. 4), reflecting restrictions in the Critical Areas.
Aquifers with increasing pumping over the time period of
the base simulation are the Atlantic City 800-foot sand, the
Wenonah-Mount Laurel aquifer, the Piney Point aquifer,
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Figure 3. Line graph showing total groundwater withdrawals from the New Jersey Coastal Plain for the base simulation
and three withdrawal scenarios: nominal water-loss, optimal water-loss, and full allocation.

and the Kirkwood-Cohansey aquifer system. Although the
Wenonah-Mount Laurel aquifer is included in the Critical
Area 1 restrictions, it is not included in Critical Area 2 yet saw
increased usage in that area to replace lower withdrawals in
the PRM aquifers. The Piney Point had a peak in withdrawals
between 2006 and 2009 with declining withdrawals since then.
Figure 5 compares total withdrawals for the aquifers from
the nominal and optimal water-loss scenarios to that of the
full allocation scenario by calculating the percent of the full
allocation that is projected to be withdrawn in the other two
scenarios. Except for the Kirkwood-Cohansey aquifer system,
the nominal and optimal water-loss scenarios indicate that
aquifers with the largest withdrawals (fig, 4A) would use the
highest percentage of the allocated withdrawals (fig. 5). The
Kirkwood-Cohansey aquifer system, along with the relatively
little used Holly Beach aquifer and Rio Grande water-bearing
zone, would use the least amount of the full allocation.

Description of Hydrologic Budget Areas

To analyze the flow budget for each of the confined
aquifers in the NJCP, each confined aquifer and its outcrop
area was divided into HBAs (table 1). The HBAs vary in
areal extent and boundaries depending on the hydrologic
conditions of the aquifer in which they were located. Apart

from pumping in the unconfined Kirkwood-Cohansey aquifer
system, the study placed almost all non-domestic groundwater
withdrawals from the NJCP aquifers within these areas. Only
the onshore freshwater portions of the confined aquifers (areas
with chloride concentrations below 250 milligrams per liter
[mg/L] as shown in Charles [2016] and Lacombe and Rosman
[2001] for the Rio Grande water-bearing zone) were included
in the HBAs, except HBA 27 in the Rio Grande water-bearing
zone, HBA 3 in the Atlantic City 800-foot sand, HBA 21 in the
middle PRM aquifer, and HBA 23 in the lower PRM aquifer.
HBAs 3 and 21 contained active wells in areas where chloride
concentrations exceed 250 mg/L. The New Jersey Secondary
Drinking Water Standard Recommended Upper Limit (RUL)
of 250 mg/L for chloride is the level above which the taste of
water may become objectionable to the consumer and may
also be associated with the presence of sodium in drinking
water (Shelton, 2005). Elevated concentrations of sodium
may have an adverse health effect on normal, healthy persons
(Shelton, 2005).

Forty-four HBAs have been designated—27 in the con-
fined part of the aquifers (HBAs 1-27) and 17 in the outcrop
arcas (HBAs 30-46). HBA designations 28 and 29 are not
assigned to any area; these numbers are available for any
budget areas that may be designated in the future. Each HBA
was delineated by various hydrologic boundaries, including
aquifer extents, outcrop areas, the 250 mg/L isochlor (line of
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Figure 4. Line graph showing withdrawals by aquifer over time for the base simulation (1980-2013) and the nominal water-loss
scenario (2014-40). A, aquifers with total withdrawals greater than 10,000 million gallons per day and, B, aquifers with total withdrawals
less than 10,000 million gallons per day. Aquifers identified by name and their model layer number.
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Figure 5. Bar chart showing the percent of the full allocation that is projected to be withdrawn in the nominal and

optimal water-loss scenarios in the year 2040 by aquifer.

equal chloride concentration), Water-Supply Critical Areas,
and groundwater divides. The HBAs and their locations are
summarized in table 1. The boundaries of the individual HBA
are described in detail in Gordon (2007).

Flow Budget Terms

For each HBA, each component of the flows in and out of
the area were totaled using the cell-by-cell budget produced by
the MODFLOW simulation. These included flows to or from
each of the adjacent budget areas. For the flow to or from parts
of the model downdip (south and east, see fig. 1), areas that
are outside (fresher water) of the 250 mg/L isochlor line are
summarized separately from the areas inside (saltier water) the

250 mg/L areas. Where the aquifers extend into the unconfined
part of the system, there are budget areas defined. For the Rio
Grande water-bearing zone and Atlantic City 800-foot sand
(which transition into the Kirkwood-Cohansey aquifer system)
and the Piney Point aquifer (which is entirely confined), the
water moving in horizontally from updip (generally from the
north and west) is labeled as lateral flow from updip. Vertical
flow leaking to or from confining units both from above and
below are summarized. Sources and sinks including wells,
river leakage (Delaware River), and drain leakage (all other
surface water features), as well as water in and out of storage,
are summarized as well. In this report, each component of

the flows in and out of a given HBA are summarized in flow
budget tables and plots. They are expressed in million gallons
per day and in percent.
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Table 1. Hydrologic budget areas (HBAs) in the confined aquifers of the New Jersey Coastal Plain.
[Modified from Gordon (2007, table 2). mg/L, milligram per liter; N, no; Y, yes; n/a; not applicable]
bty Comyarpanafcomy el o pa Mimberi et Uahioniediy s Sorired e
Rio Grande water-bearing zone
25 Burlington and Ocean n/a N N
26 Atlantic and Cape May n/a N N
27 Cape May n/a N N
Atlantic City 800-foot sand
1 Burlington and Ocean n/a N N
2 Atlantic and Cape May n/a Y N
Cape May n/a Y N
Piney Point aquifer
4 Burlington and Ocean n/a N N
Atlantic, Burlington, Camden, Cape May, n/a Y N
Cumberland, Gloucester, and Salem
Vincentown aquifer
Monmouth and Ocean 30, 31 N
Burlington, Camden, Gloucester, and Salem 32 N N
Wenonah-Mount Laurel aquifer
Monmouth and Ocean 33 N Y
9 Burlington, Monmouth, and Ocean 34 N N
10 Burlington 35 N N
11 Camden and Gloucester 36 N N
12 Gloucester and Salem 37 N N
Englishtown aquifer system
13 Monmouth and Ocean 38 N Y
14 Atlantic, Burlington, Camden, Cumberland, 39 N N
Gloucester, Monmouth, Ocean, and Salem
Upper Potomac-Raritan-Magothy aquifer
15 Mercer, Middlesex, Monmouth, and Ocean 40 N Y
16 Atlantic, Burlington, Camden, Gloucester, Mercer, 41, 42 N Y
Monmouth, and Salem
17 Gloucester and Salem 43 Y N
Middle Potomac-Raritan-Magothy aquifer
18 Mercer, Middlesex, Monmouth, and Ocean 44 Y Y
19 Burlington, Camden, Gloucester, Mercer, 45 Y Y
Monmouth, and Ocean
20 Gloucester and Salem 46 Y N
21 Cumberland and Salem n/a Y N
Lower Potomac-Raritan-Magothy aquifer
22 Burlington, Camden, and Gloucester n/a Y Y
23 Gloucester n/a Y Y
24 Gloucester and Salem n/a Y N

"Numbers 28 and 29 have not been assigned to allow for redefinition or addition of hydrologic budget areas at a later date.

2[sochlors from Lacombe and Rosman (2001, fig. 2-7) and Charles (2016, figs. 4-12).
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Simulated Effects of Projected
2014-2040 Withdrawals

For each of the nine aquifers considered, results are
presented for the changes in reported withdrawals used for
the base simulation and in the projected withdrawals used for
the scenarios, distribution of simulated heads, the simulated
change in heads, and the flow components in the HBA at the
end of the base simulation in 2040. Reported withdrawals for
2014-2020 are presented for comparison with the first seven
years of the projected withdrawals used in the scenarios.
When the change in head is referred to as drawdown, this is
the amount of decline in heads—negative values of draw-
down refer to an increase of head, or rising water levels in the
aquifers.

To help summarize the effects of withdrawals on head in
the HBA, the results from the base simulation and scenario
simulations were used to calculate statistics about head and
drawdown in the confined HBA. Plots show the median,
10th percentile, and minimum heads over time based on the
model cells. The median shows the general condition in the
HBA while the 10th percentile and minimum show the areas
with the most impact from pumping. To demonstrate how
things might change under the withdrawals projected for the
three scenarios, a table is shown with the median, 90th percen-
tile, and maximum drawdown in 2040 compared to the end of
the base simulation. The median drawdown shows generally
how the HBA will be impacted by changes in pumping where
the 90th percentile and maximum are intended to show the
areas with the most impact from pumping changes will occur.
The calculations are done using the cells from the model grid
identified to be part of the HBA of interest. Although lower
heads often correlate with higher drawdown, the heads show
more of the cumulative effect of pumping while the draw-
downs focus more on changes in the period covered by the
scenarios.

Rio Grande Water-Bearing Zone

The Rio Grande water-bearing zone was not included
as a separate aquifer in prior versions of models of the NJCP.
This study defined three budget areas within the inland part of
the aquifer. Only three wells in the Rio Grande water-bearing
zone had pumping data reported to the state in 2013 and were
included in the base simulation and the scenarios. Other wells
were included in some of the previous stress periods of the
base simulations. Two of the wells are in the northern part of
the aquifer and the other is in the south. HBA 25 was associ-
ated with the two wells in the north, HBA 27 was associated
with the well in the south, and HBA 26 was in the unused part
of the aquifer in between.

Trends of Withdrawals and Heads

The base simulation includes withdrawal data from wells
that became inactive over time. Only three wells are active in
the area at the end of the simulation; however, pumping in the
Rio Grande water-bearing zone as a whole increases slightly
between 1980 and 2013 (fig. 6). Generally, pumping increases
in HBA 27 and decreases in HBA 25 in the base simulation
(figs. 64, 6E). In both HBA 25 and HBA 27, the nominal and
optimal water-loss scenarios indicate that projected pump-
ing would be fairly steady through 2040 (figs. 6B, 6F). Under
the optimal water-loss scenario, withdrawals would decrease
slightly over time. The full allocation scenario indicates that
projected withdrawals would increase by 186 percent for
HBA 25 and 393 percent for HBA 27 (table 2) in comparison
to the reported pumping in 2013 used in the base simulation
(figs. 64, 6F).

The base simulation includes withdrawal data from wells
that became inactive over time. Only three wells are active in
the area at the end of the simulation; however, pumping in the
Rio Grande water-bearing zone as a whole increases slightly
between 1980 and 2013 (fig. 6). Generally, pumping increases
in HBA 27 and decreases in HBA 25 in the base simulation
(figs. 64, 6E). In both HBA 25 and HBA 27, the nominal and
optimal water-loss scenarios indicate that projected pump-
ing would be fairly steady through 2040 (figs. 6B, 6F). Under
the optimal water-loss scenario, withdrawals would decrease
slightly over time. The full allocation scenario indicates that
projected withdrawals would increase by 186 percent for
HBA 25 and 393 percent for HBA 27 (table 2) in comparison
to the reported pumping in 2013 used in the base simulation
(figs. 64, 6F).

For HBA 25, withdrawals decline in the first part of the
base simulation, then spike in 1989 and an increase over sev-
eral years in the mid-2000s (fig. 64). After an initial spike in
2015, the reported pumping after the end of the base simula-
tion is less than the projected pumping (fig. 64). The response
in heads shown in figure 6B reflects an inverse relation to the
pumping. The large decline in the minimum head in 1994
reflects pumping in a well that is only included in the model
for that stress period. Even though projected withdrawals
decrease slightly in the optimal water-loss scenario (fig. 64),
there is still a slight decline in the heads for all three statistics
(median, 10th percentile, and minimum) in HBA 25 (fig. 6B),
likely reflecting an increase in pumping in the underlying
Atlantic City 800-foot sand. In the full allocation scenario, the
heads immediately decline sharply in response to the increased
withdrawals and then continue to decline over time starting to
level out by the year 2040 (fig. 6B).

For HBA 26, there is a general decline of heads over time
across all three scenarios even though there are no pump-
ing wells in the area (fig. 6D). The decline in heads reflects
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increased pumping in the underlying Atlantic City 800-foot
sand and (for the full allocation scenario) in the adjacent bud-
get areas (fig. 6D).

For HBA 27, overall, the heads shown in figure 6/
decline slightly in the base simulation, despite a slight recov-
ery starting around 1998 and a two-year spike upward in the
1990s when the area had no withdrawals (fig. 6F). For the
nominal and optimal water-loss scenarios, all head statistics
slightly decline over time, corresponding with a slight increase
in pumping (fig. 6F). In the full allocation scenario, the heads,
especially the minimum, decline quickly and then more gradu-
ally over time. The decline continues through until the end of
the simulation in 2040 (fig. 6F).

Simulated Heads and Drawdown in 2040

Figure 74 shows the simulated head distribution in 2040
for the Rio Grande water-bearing zone based on the nominal
water-loss scenario. The large area with heads below —40 feet
reflects a pumping center (area where wells are clustered) in
the underlying Atlantic City 800-foot sand aquifer. The simu-
lated head map for the nominal water-loss scenario looks very
similar to that of the optimal water-loss scenario (fig. 7B). For
the full allocation scenario, a noticeable decrease in the head
surface can be seen on the map; the cone of depression around
the main pumping wells are visible with the heads lower than
—80 feet (fig. 70).

Figure 84 shows the simulated drawdown in the Rio
Grande water-bearing zone from the end of 2013 through 2040
based on the nominal water-loss scenario. The drawdowns
around the pumping wells are evident in figure 84 because the
contour interval is smaller than the interval used in figure 74.
Note that, for the well closest to the coast in HBA 25 on the
map, the head change is positive (fig. 84) because the with-
drawals from the well were projected to decrease (fig. 64) so
there is recovery rather than drawdown. The drawdown based
on the optimal water-loss scenario is smaller compared to the
nominal water-loss scenario (fig. 8B; table 3). For the full allo-
cation scenario, the drawdown is generally much larger than
the other two scenarios (fig. 8C; table 3). Most of the aquifer
ranges from 15-50 feet of drawdown (change of head from
the end of 2013 through 2040 is negative) with even larger
amounts around the two largest pumping wells. In addition to
effects from the pumping, the drawdown in the Rio Grande
water-bearing zone is also being impacted by pumping in the
Atlantic City 800-foot sand aquifer below.

Budget Analysis

Figure 9 and table 4 show the budget components for
HBA 25 and are discussed below. The outflow from HBA 25
is split between withdrawals from wells (58—83 percent)
and flow to the Atlantic City 800-foot sand aquifer below
(1628 percent). Lateral flow from offshore is the largest
inflow (61-66 percent) to HBA 25. Most of the rest of the
inflow is lateral flow from updip (1626 percent); this is water
from the unconfined part of the Kirkwood-Cohansey aqui-
fer system that flows through the confining unit updip from
where the Rio Grande water-bearing zone pinches out. There
is a small amount of inflow from HBA 26 (7-12 percent) and
flow leaking through the confining unit above (4-5 percent).
The budget components for HBA 25 are similar among the
base simulation and nominal and optimal water-loss scenarios.
For the full allocation scenario, the magnitude of outflow to
wells is more than twice the amount of the other scenarios; the
higher outflow to wells is balanced mostly by increased lateral
inflow from offshore and from the adjacent HBA 26. Although
there is likely ample freshwater offshore and there is no indi-
cation that there would be an issue on the time frame of the
scenario, pumping at the level simulated in the full allocation
scenario would eventually draw in salty water.

Most outflow from HBA 26 (85-95 percent) goes to
the confining unit below (and eventually to the Atlantic City
800-foot sand aquifer) with small amounts of water flowing
out into HBA 25 (2—4 percent) and HBA 27 (3—10 percent)
(fig. 10; table 5). Roughly half of the inflow (50—53 percent)
is from the confining unit above HBA 26. There is close to
equal amounts of inflow coming from offshore lateral flow
(19-21 percent) and the confining unit updip from where the
Rio Grande water-bearing zone pinches out (25-27 percent).
The relative amounts of the budget components are similar
among the base simulation and three scenarios although in
the full allocation scenario, the magnitude of the inflows and
outflows are generally higher.

The outflow from HBA 27 is almost entirely
(80-99 percent) to the well with only a small amount
(1-19 percent) of leakage to the Atlantic City 800-foot sand
aquifer below (fig. 11; table 6). Most of the inflow for HBA 27
is divided between lateral flow from the unconfined aquifer
updip (38-49 percent) and from the offshore boundary that
corresponds to the 250 mg/L isochlor (37-39 percent). A small
amount of flow (12—16 percent) comes from HBA 26, which
lies to the north of HBA 27. Comparing the scenarios, the rela-
tive amounts of the budget components are similar although
the magnitude of the flows are higher for the full allocation
scenario. In the full allocation scenario, there is some inflow
(6 percent) from the underlying Atlantic City 800-foot sand
in contrast to the base simulation and other two scenarios
where water flows out of HBA 27 from the underlying confin-
ing layer.



Table 2. Summary of withdrawal trends in the Rio Grande water-bearing zone, Atlantic City 800-foot sand, Piney Point aquifer, Vincentown aquifer, and Wenonah-Mount

Laurel aquifer.

[Average withdrawals and slope given in million gallons per year. NJCP, New Jersey Coastal Plain; %, percent; —, no data]

Simulated Effects of Projected 2014-2040 Withdrawals

Scenario 1: Nominal water loss

Scenario 2: Optimal water loss

Scenario 3: Full allocation

Hydrologic Average withdrawals Aver.age reported _ _ _ _
budget area from NJCP (1980-2013) withdrawals . Average Percent change’ Percent difference from _ Average Percent change’ Percent difference from _ Average Percent increase from Pertfent of full allocation
(HBA) (2014-20) withdrawals 2014-40) reported (2014-20) withdrawals 2014-40) reported (2014-20) withdrawals (2014-40) 2013 withdrawn (2009-13)
Rio Grande water-bhearing zone
25 104 67 32 3.30% 21.3% 80 -2.5% 20.3% 216 186.3% 47.0%
26 0 0 0 — — 0 — — 0 — —
27 152 214 117 -1.1% —45.1% 114 -6.1% —45.1% 503 392.7% 23.4%
Atlantic City 800-foot sand
1 1,681 1,756 1,800 9.1% —0.9% 1,745 3.0% —1.8% 2,855 80.1% 62.1%
2 5,559 5,465 6,453 0.2% 18.0% 6,275 =5.0% 17.1% 8,949 48.1% 73.5%
3 177 411 342 —34.5% -3.6% 334 -37.9% —4.1% 678 69.9% 61.8%
Piney Point aquifer
4 1,042 1,371 1,235 -20.2% —2.1% 1,201 —25.0% —2.8% 2,380 61.9% 60.0%
267 413 470 19.9% 5.9% 456 13.7% 4.9% 898 119.0% 47.4%
Vincentown aquifer
368 338 414 18.1% 14.8% 401 12.10% 13.7% 993 145.9% 35.7%
13 25 44 34.3% 55.7% 43 26.9% 54.0% 64 135.2% 59.2%
30 28 68 70 0.0% 3.1% 70 0.0% 3.1% 114 5.8% 111.5%
31 5 — — 0 — — 0 — —
32 0 — — 0 — — 86 — —
Wenonah-Mount Laurel aquifer
354 263 267 9.0% -1.8% 260 3.9% -2.5% 579 131.6% 46.1%
9 474 301 433 5.2% 41.0% 418 —1.4% 39.6% 744 101.5% 56.9%
10 448 367 518 6.1% 37.8% 506 1.8% 36.9% 814 89.4% 57.6%
11 1,048 969 1,224 11.5% 21.0% 1,191 6.3% 20.1% 2,026 121.9% 56.8%
12 254 458 448 —1.4% -1.7% 436 —6.1% —2.4% 953 107.9% 50.7%
33 0 — — 0 — — 0 — —
34 0 — — 10 — — 74 — —
35 5 0.0% 84.9% 0.0% 84.9% 74 3,697.2% 11.3%
36 13 0 0 — — — — 0 — —
37 12 22 0 0.0% 94.8% 43 0.0% 94.8% 86 284.8% 35.8%

Percent change was calculated by subtracting withdrawals simulated in 2040 from the withdrawals simulated in 2014 then dividing by the withdrawals simulated in 2014 and multiplying by 100.
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Figure 7. Maps showing hydrologic budget areas in the Rio Grande water-bearing zone and simulated potentiometric surface in
2040 for the three scenarios: A, nominal water-loss, B, optimal water-loss, and C, full allocation.
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Figure 8. Maps showing the change in simulated water levels from the end of the base simulation (2013) to the end of the scenarios
(2040) in the Rio Grande water-bearing zone and simulated potentiometric surface for the three scenarios: A, nominal water-loss, B,
optimal water-loss, and C, full allocation.
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Table 3. Statistics for simulated drawdown from the end of 2013 through 2040 for budget areas in the Rio Grande water-bearing zone.

Cells in budget area with

Hydrologic budget Simulated drawdown statistics, in feet drawdown, in percent

area (HBA) : - -
Median 90th percentile Maximum Greater than 1 foot Less than -1 foot

Nominal water-loss scenario

HBA 25 32 7.3 15.0 85
HBA 26 3.7 5.0 6.1 100
HBA 27 3.0 32 4.1 100
Optimal water-loss scenario
HBA 25 1.3 5.0 12.1 55 8
HBA 26 2.4 3.0 3.4 98
HBA 27 2.1 2.4 2.6 100
Full allocation scenario
HBA 25 28.3 35.7 52.8 100
HBA 26 19.7 24.7 27.9 100
HBA 27 29.3 39.7 73.7 100
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Figure 9. Graph showing simulated flow rates for the Rio Grande water-bearing zone, hydrologic budget area (HBA) 25.
Table 4. Flow budget of the Rio Grande water-bearing zone, hydrologic budget area (HBA) 25.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow from ovlt;;IZ:ng confining Flow from un:l:yrzing confining Lateral flow from offshore Lateral flow from updip Lateral flow from HBA 26 Wells Storage
balance Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 0.02 43 0.00 0.0 0.24 66.5 0.08 21.7 0.03 7.5 0.00 0.0 0.00 0.0
Outflow 0.00 0.0 -0.09 25.6 0.00 0.0 0.00 0.0 —0.02 7.0 -0.21 58.3 -0.03 9.2
Net 0.02 4.6 —0.09 27.5 0.24 71.5 0.08 233 0.00 0.6 -0.21 62.6 —-0.03 9.9
Nominal water-loss scenario
Inflow 0.02 4.9 0.00 0.0 0.21 60.6 0.09 24.7 0.03 8.8 0.00 0.0 0.00 1.1
Outflow 0.00 0.0 —0.10 27.7 0.00 0.0 0.00 0.0 —0.02 6.4 -0.23 65.9 0.00 0.0
Net 0.02 5.2 =0.10 29.5 0.21 64.8 0.09 26.4 0.01 2.5 -0.23 70.5 0.00 1.1
Optimal water-loss scenario
Inflow 0.02 4.9 0.00 0.0 0.20 60.5 0.08 25.7 0.03 8.7 0.00 0.0 0.00 0.2
Outflow 0.00 0.0 -0.09 26.5 0.00 0.0 0.00 0.0 —0.02 6.8 -0.22 66.7 0.00 0.1
Net 0.02 5.2 —0.09 28.4 0.20 64.9 0.08 27.6 0.01 2.0 -0.22 71.6 0.00 0.2
Full allocation scenario
Inflow 0.03 4.4 0.02 2.3 0.46 64.3 0.12 16.3 0.09 12.1 0.00 0.0 0.00 0.6
Outflow 0.00 0.0 —0.11 15.9 0.00 0.0 0.00 0.0 —0.01 0.8 —0.59 83.2 0.00 0.0
Net 0.03 4.5 -0.10 14.1 0.46 66.4 0.12 16.8 0.08 11.6 -0.59 85.9 0.00 0.6

EXPLANATION

I Base simulation

21

B Nominal water-loss scenario

Optimal water-loss scenario

H Full allocation scenario
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Figure 10. Graph showing simulated flow rates for the Rio Grande water-bearing zone, hydrologic budget area (HBA) 26.
Table 5. Flow budget of the Rio Grande water-bearing zone, hydrologic budget area (HBA) 26.
[mg/L, milligram per liter; Mgal/d, million gallons per day; %, percent of total]
Flow Flow fr_o m overlying Flow "9"! underlying Lateral ﬂ?w from 250 mg/L Lateral flow from offshore Lateral flow from updip Lateral flow from HBA 25 Lateral flow from HBA 27 Storage
bal confining layer confining layer isochlor
alance
Mgal/d % Magal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Magal/d % Mgal/d %
Base simulation
Inflow 0.80 50.6 0.00 0.0 0.01 0.4 0.31 19.4 0.40 25.0 0.03 1.6 0.00 0.1 0.05 2.9
Outflow 0.00 0.0 —1.48 93.4 0.00 0.0 0.00 0.1 0.00 0.3 —-0.03 1.8 -0.04 2.8 —-0.03 1.7
Net 0.80 52.5 —1.48 97.0 0.01 0.4 0.31 20.1 0.39 25.7 0.00 0.1 —0.04 2.9 0.02 1.3
Nominal water-loss scenario
Inflow 0.85 51.6 0.00 0.0 0.00 0.3 0.32 19.5 0.43 259 0.02 1.2 0.01 0.4 0.02 1.1
Outflow 0.00 0.0 -1.56 94.7 0.00 0.0 0.00 0.2 —0.01 0.4 —0.03 1.7 —0.05 2.9 0.00 0.0
Net 0.85 52.7 -1.56 96.9 0.00 0.3 0.32 19.7 0.42 26.1 —-0.01 0.5 -0.04 2.6 0.02 1.2
Optimal water-loss scenario
Inflow 0.83 52.5 0.00 0.0 0.00 0.2 0.30 19.0 0.42 26.6 0.02 1.3 0.01 0.4 0.00 0.1
Outflow 0.00 0.0 -1.49 94.4 0.00 0.0 0.00 0.3 -0.01 0.4 -0.03 1.7 -0.05 3.0 0.00 0.2
Net 0.83 53.8 -1.49 96.7 0.00 0.2 0.29 19.1 0.41 26.8 -0.01 0.4 -0.04 2.7 0.00 0.1
Full allocation scenario
Inflow 1.11 50.3 0.00 0.0 0.02 1.0 0.46 21.2 0.55 24.9 0.00 0.2 0.00 0.0 0.05 2.4
Outflow 0.00 0.0 -1.87 85.3 0.00 0.0 0.00 0.0 —0.01 0.6 —0.08 3.8 —0.23 10.3 0.00 0.0
Net 1.11 50.7 -1.87 86.0 0.02 1.0 0.46 21.3 0.53 24.5 —0.08 3.7 -0.23 10.3 0.05 2.5
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Figure 11. Graph showing simulated flow rates for the Rio Grande water-bearing zone, hydrologic budget area (HBA) 27.
Table 6. Flow budget of the Rio Grande water-bearing zone, hydrologic budget area (HBA) 27.
[mg/L, milligram per liter; Mgal/d, million gallons per day; %, percent of total]
Flow Flow from overlying confining Flow from underlying confining Lateral flq_Jw from 250 mg/L Lateral flow from updip Lateral flow from HBA 26 Wells Storage
bal layer layer isochlor
alance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Magal/d % Magal/d % Mgal/d %
Base simulation
Inflow 0.00 1.1 0.00 0.1 0.13 38.6 0.16 45.7 0.05 12.9 0.00 0.0 0.01 1.6
Outflow 0.00 0.0 -0.07 19.1 0.00 0.0 0.00 0.0 0.00 0.4 -0.28 80.3 0.00 0.3
Net 0.00 1.1 —0.07 19.2 0.13 38.9 0.16 46.0 0.04 12.7 —0.28 80.8 0.00 1.3
Nominal water-loss scenario
Inflow 0.00 1.2 0.00 0.2 0.14 37.7 0.18 47.8 0.05 12.5 0.00 0.0 0.00 0.6
Outflow 0.00 0.0 —-0.05 13.9 0.00 0.0 0.00 0.0 —0.01 1.5 -0.32 84.6 0.00 0.0
Net 0.00 1.3 —-0.05 14.0 0.14 38.3 0.18 48.6 0.04 11.2 -0.32 86.0 0.00 0.6
Optimal water-loss scenario
Inflow 0.00 1.2 0.00 0.2 0.13 36.7 0.17 48.6 0.05 13.2 0.00 0.0 0.00 0.0
Outflow 0.00 0.0 —-0.05 13.6 0.00 0.0 0.00 0.0 0.00 1.4 -0.30 84.5 0.00 0.5
Net 0.00 1.3 —0.05 13.6 0.13 37.3 0.17 49.4 0.04 12.0 —0.30 85.9 0.00 0.5
Full allocation scenario
Inflow 0.01 0.8 0.08 6.0 0.52 37.5 0.54 38.3 0.23 16.1 0.00 0.0 0.02 1.2
Outflow 0.00 0.0 —0.02 1.5 0.00 0.0 0.00 0.0 0.00 0.0 —1.38 98.5 0.00 0.0
Net 0.01 0.8 0.06 4.6 0.52 38.1 0.54 38.9 0.23 16.4 -1.38 100.0 0.02 1.2

EXPLANATION

I Base simulation
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B Nominal water-loss scenario

Optimal water-loss scenario

Bl Full allocation scenario
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Atlantic City 800-Foot Sand

There are three budget areas defined within the inland
part of the Atlantic City 800-foot sand. Most of the withdraw-
als are in HBA 2 in the center of Atlantic County and along
the coast with 58 wells in the area. There are 26 wells in
HBA 1, mainly concentrated in the communities along the
Atlantic Coast. HBA 3, located at the southern tip of Cape
May County, is also much smaller in area compared to the
other HBAs in the Atlantic City 800-foot sand. Only a small
amount of pumping from two wells supplying a desalination
plant occurs in HBA 3; the entire HBA lies outside of the
250 mg/L isochlor so the water quality is somewhat degraded
in that area.

Trends of Withdrawals and Heads

Figure 12 shows withdrawal trends and trends of median,
10th percentile, and minimum heads from the base simulation
and pumping scenarios for each budget area. Table 2 shows a
summary of the past and projected withdrawals in each budget
area. The well locations are shown in figure 13.

Most of the withdrawals in the Atlantic City 800-foot
sand are in HBA 2 (table 2). Some pumping occurs in HBA 1
in the north, mainly concentrated in the communities along the
Atlantic Coast.

Pumping in the base simulation increases from 1980
onwards, although pumping begins to decline in 2010
(fig. 124). The nominal water-loss scenario indicates that
pumping would increase 9-percent for HBA 1, be near steady
for HBA 2, and decrease 34-percent in HBA 3 (where water
quality is potentially an issue). The optimal water-loss sce-
nario indicates that projected withdrawals would be lower in
comparison, with a 3-percent increase in HBA 1, a 5-percent
decrease in HBA 2, and a 38-percent decrease in HBA 3
(table 2). The full allocation scenario indicates withdrawals
across all three HBAs would increase: 80 percent in HBA 1,
48 percent in HBA 2, and 70 percent in HBA 3 (table 2). When
comparing the projected pumping for the first two scenarios
to the reported pumping from 2014-2020, the actual numbers
reflect the general trend of the scenarios in HBA 1 and HBA 3;
however, the actual pumping is considerably less than the
projected withdrawals in HBA 2 (fig. 12).

In the base simulation, head is shown to generally decline
in all three budget areas in the Atlantic City 800-foot sand
aquifer (fig. 12). In HBA 1, heads appear to have nearly lev-
eled off in response to declining withdrawals at the end of the
base simulation beginning around 2005 (figs. 124, 12B). The
simulations project the decline in head continues in HBA 1 for
all three scenarios (fig. 12B). The nominal and optimal water-
loss scenarios indicate that the decline is close to linear over
time (fig. 12B). The full allocation scenario indicates that the
simulated heads drop quickly in response to the step change
in pumping and then continue declining approaching a steady
state by 2040 (fig. 12B).

In the base simulation, the head in HBA 2 is generally
in decline (fig. 12D). The nominal and optimal water-loss
scenarios indicate that the decline in head in 2040 is slight
over most of HBA 2: a median of 3.9 feet and 1.7 feet, respec-
tively (fig. 12D). However, the drawdown (minimum head in
fig. 12D) in HBA 2 continues linearly to reach a maximum of
31.1 feet in the nominal water-loss scenario and 24.3 feet in
the optimal water-loss scenario (table 7). The optimal water-
loss scenario indicates that the number of cells in HBA 2
with drawdown of at least a foot in 2040 drops to 68 percent
compared to 99 percent of the cells in the nominal water-loss
scenario (table 7). The full allocation scenario indicates that
the heads drop quickly in response to the step change in pump-
ing and then continue declining, approaching steady state
by 2040 (fig. 12D). The median drawdown across HBA 2 is
23.4 feet with the maximum reaching 69.3 feet by 2040 for the
full allocation scenario (table 7).

In HBA 3, heads are generally declining in the base simu-
lation, especially after withdrawals start in the area in 1998.
Once they start, the withdrawals are fairly consistent, and the
head declines at a fairly consistent rate (figs. 12E, 12F). There
is minimal difference in the statistics across HBA 3 (table 7),
likely because there are only two active wells during the base
simulation. The nominal and optimal water-loss scenarios
(wherein withdrawals are projected to decline [fig. 12E7)
indicate that heads continue to decline slightly before recov-
ery begins (fig. 12F). By the end of the simulations in 2040,
the simulated heads are at a similar level to simulated heads
in 2013 for both of those scenarios (table 7). The full alloca-
tion scenario indicates that simulated heads drop quickly in
response to the step change in pumping and then continue
declining at a lessening rate until 2040. The median drawdown
across HBA 3 is 18.0 feet and the maximum is 19.7 feet by
2040 for the full allocation scenario (table 7).

Simulated Heads and Drawdown in 2040

Figure 134 shows the simulated head distribution in 2040
for the Atlantic City 800-foot sand aquifer based on the nomi-
nal water-loss scenario. In the map, an area with low heads
surrounds the largest pumping well in Atlantic County. An
area of low heads can also be seen along the coast where many
of the wells are located. Moving inland to the unconfined
Kirkwood-Cohansey aquifer, heads increase. A similar pattern
is seen in figures 138 and 13C, which show the optimal water-
loss scenario and the full allocation scenario, respectively;
however the overall head is slightly higher in the optimal
water-loss scenario and lower in the full allocation scenario.

Figure 144 shows the simulated drawdown in Atlantic
City 800-foot sand aquifer from the end of 2013 through 2040
based on the nominal water-loss scenario. The largest area
of drawdown appears in central Atlantic County around the
high-capacity wells. The map shows minimal drawdown in
HBA 3 and a small part of HBA 2 in the lower part of Cape
May County. In the northeastern tip of HBA 1, water lev-
els are shown recovering in response to declining projected
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Table 7.
aquifer.

Statistics for simulated drawdown from the end of 2013 through 2040 for budget areas in the Atlantic City 800-foot sand

Hydrologic budget

Simulated drawdown statistics, in feet

Cells in budget area with
drawdown, in percent

area (HBA) - - -
Median 90th percentile Maximum Greater than 1 foot Less than --1 foot
Nominal water-loss scenario
HBA'1 4.2 6.9 15.4 85 11
HBA?2 3.9 9.6 31.1 99
HBA3 0.6 0.9 1.1 4
Optimal water-loss scenario
HBA 1 1.9 4.0 11.7 70 15
HBA 2 1.7 6.2 243 68 3
HBA 3 -0.4 -0.2 0.0 0 8
Full allocation scenario
HBA 1 26.8 323 88.4 100
HBA2 23.4 29.9 69.3 100
HBA 3 18.0 18.7 19.7 100

withdrawals. The relative pattern of drawdown for the optimal
water-loss scenario, which appears in figure 148, is similar

to the nominal water-loss scenario but with smaller values
(table 7). Additional areas of head recovery can be seen in
figure 14B in HBA 3 and an area in HBA 2 about halfway up
the coast.

For the full allocation scenario, the drawdown is gen-
erally much larger than the other two scenarios (fig. 14C;
table 7). Drawdown in most of the aquifer ranges from
20-50 feet (head change of —20 to —50 feet). All the cells in
the HBA defined in the Atlantic City 800-foot sand are simu-
lated to have at least 1 foot of drawdown in the full allocation
scenario (table 7).

Budget Analysis

Figure 15 and table 8 show the budget components for
HBA 1 and are discussed below. The outflow from the budget
area is primarily (greater than 80 percent) withdrawals from
wells. There is a small amount (7-11 percent) of outflow south
into HBA 2 where the high-capacity wells are located. About
half of the inflow to HBA 1 is lateral flow from offshore;
and then most of the rest is from the unconfined part of the
Kirkwood-Cohansey aquifer system updip. There is some
inflow coming up through the confining layer from the Piney
Point aquifer below (11—13 percent). Smaller amounts are
leaking through the confining unit above from the Rio Grande
water-bearing zone (11-13 percent) or flowing in laterally
from HBA 2 (2—4 percent). The budget components are similar

among the four runs with the exception being the full alloca-
tion scenario where the well withdrawal is higher and bal-
ances the inflow that comes mostly from lateral flow offshore
and updip.

Figure 16 and table 9 show the budget components
for HBA 2 and are discussed below. The outflow from the
budget area is almost entirely from withdrawals from wells
(95-98 percent). Minor amounts of input come from stor-
age (3 percent in the base simulation) and lateral flow from
offshore and HBA 1. The largest inflow (58—61 percent)
comes from lateral flow from offshore. The next largest inflow
(19-21 percent) is lateral flow from the unconfined part of
the Kirkwood-Cohansey aquifer system updip. There is also
inflow (10-12 percent) that leaks downward through the
confining unit from the Rio Grande water-bearing zone above.
Some minor amounts (less than 5 percent) of inflow enters
the budget area from the Piney Point aquifer below and from
the adjacent budget areas. The budget components are similar
among the four runs with the exception being the full alloca-
tion scenario where the inflows and outflows are generally
higher.

Figure 17 and table 10 show the budget components for
HBA 3 and are discussed below. The outflow from the budget
area is split between flow to wells (51-65 percent) and lateral
flow northward into HBA 2 (35—49 percent). Most of the
inflow (97-98 percent) to the budget area is lateral flow from
the 250 mg/L chloride isochlor indicating that water qual-
ity could worsen in this area (note this entire HBA is already
beyond the 250 mg/L isochlor).
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Figure 13. Maps showing hydrologic budget areas in the Atlantic City 800-foot sand aquifer and simulated potentiometric surface
in 2040 for the three scenarios: A, nominal water-loss, B, optimal water-loss, and C, full allocation.
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A. Nominal water-loss scenario
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Figure 14. Maps showing change in simulated water levels from the end of the base simulation (2013) to the end of the scenarios
(2040) in the Atlantic City 800-foot sand aquifer and simulated potentiometric surface for the three scenarios: A, nominal water-loss,
B, optimal water-loss, and C, full allocation.
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Figure 15. Graph showing simulated flow rates for the Atlantic City 800-foot sand, hydrologic budget area (HBA) 1.
Table 8. Flow budget of the Atlantic City 800-foot sand, hydrologic budget area (HBA) 1.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow from OVIZ;IZ:“Q confining Flow from un:i:yr‘leyring confining Lateral flow from offshore Lateral flow from updip Lateral flow from HBA 2 Wells Storage
balance Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 0.11 2.1 0.67 12.8 2.46 47.0 1.88 36.0 0.11 2.1 0.00 0.0 0.00 0.0
Outflow 0.00 0.0 —0.03 0.5 0.00 0.0 —0.05 1.0 —0.60 11.5 —4.34 83.0 -0.21 4.0
Net 0.11 2.2 0.64 12.7 2.46 48.8 1.83 36.3 —0.49 9.7 —4.34 86.1 -0.21 4.2
Nominal water-loss scenario
Inflow 0.14 2.3 0.77 13.0 2.81 47.4 1.93 32.6 0.27 4.5 0.00 0.0 0.01 0.2
Outflow 0.00 0.0 —0.02 0.3 —0.02 0.3 —0.04 0.6 —0.47 8.0 —5.37 90.7 0.00 0.0
Net 0.14 2.5 0.75 13.5 2.79 50.0 1.89 33.9 -0.21 3.8 -5.37 96.2 0.01 0.2
Optimal water-loss scenario
Inflow 0.12 2.2 0.75 13.3 2.64 47.0 1.86 33.1 0.24 4.4 0.00 0.0 0.00 0.0
Outflow 0.00 0.0 —0.02 0.3 —0.02 0.3 —0.04 0.7 —0.46 8.2 =5.07 90.5 0.00 0.1
Net 0.12 2.3 0.73 13.8 2.62 49.5 1.82 34.4 -0.21 4.0 =5.07 95.9 0.00 0.1
Full allocation scenario
Inflow 0.18 2.0 1.01 11.5 4.61 52.3 2.78 31.6 0.22 2.5 0.00 0.0 0.01 0.1
Outflow -0.02 0.2 -0.04 0.5 0.00 0.0 -0.07 0.8 —0.65 7.3 —8.04 91.3 0.00 0.0
Net 0.16 1.9 0.97 11.4 4.61 54.5 2.72 32.1 —0.42 5.0 -8.04 95.0 0.01 0.1
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Figure 16. Graph showing simulated flow rates for the Atlantic City 800-foot sand, hydrologic budget area (HBA) 2.

Table 9. Flow budget of the Atlantic City 800-foot sand, hydrologic budget area (HBA) 2.

[Mgal/d, million gallons per day; %, percent of total]

Flow FIO:)’:;;:ITII;‘IISVIZ:“Q Floz\;:]rftzm:;:i:yr‘leyring Lateral flow from offshore Lateral flow from updip Lateral flow from HBA 1 Lateral flow from HBA 3 Wells Storage
balance Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation

Inflow 2.00 11.5 0.45 2.6 10.08 57.8 3.61 20.7 0.62 3.5 0.60 34 0.00 0.0 0.08 0.4

Outflow 0.00 0.0 0.00 0.0 -0.24 1.4 -0.01 0.0 -0.13 0.7 0.00 0.0 —-16.55 94.9 —-0.53 3.0

Net 2.00 11.8 0.45 2.7 9.84 57.9 3.61 21.2 0.49 29 0.60 3.5 —-16.55 97.4 —0.45 2.6
Nominal water-loss scenario

Inflow 2.16 11.5 0.50 2.7 10.84 58.0 3.92 21.0 0.49 2.6 0.71 3.8 0.00 0.0 0.07 0.4

Outflow 0.00 0.0 0.00 0.0 -0.24 1.3 —-0.01 0.0 -0.28 1.5 0.00 0.0 —-18.16 97.2 0.00 0.0

Net 2.15 11.9 0.50 2.7 10.60 58.4 3.91 21.5 0.21 1.2 0.71 39 —-18.16 100.0 0.07 0.4
Optimal water-loss scenario

Inflow 2.05 11.5 0.47 2.7 10.26 57.8 3.80 21.4 0.47 2.7 0.67 3.8 0.00 0.0 0.03 0.2

Outflow 0.00 0.0 0.00 0.0 -0.23 1.3 —-0.01 0.0 -0.26 1.5 0.00 0.0 -17.22 97.0 -0.03 0.1

Net 2.05 11.9 0.47 2.7 10.03 58.2 3.79 22.0 0.21 1.2 0.67 3.9 -17.22 100.0 0.00 0.0

Full allocation scenario

Inflow 2.55 10.0 0.62 2.4 15.61 61.1 4.88 19.1 0.68 2.7 1.17 4.6 0.00 0.0 0.05 0.2

Outflow —0.07 0.3 0.00 0.0 —0.23 0.9 —0.01 0.0 —0.26 1.0 0.00 0.0 —24.98 97.8 0.00 0.0

Net 2.48 9.9 0.62 2.5 15.37 61.5 4.87 19.5 0.42 1.7 1.17 4.7 —24.98 100.0 0.05 0.2
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Figure 17. Graph showing simulated flow rates for the Atlantic City 800-foot sand, hydrologic budget area (HBA) 3.
Table 10. Flow budget of the Atlantic City 800-foot sand, hydrologic budget area (HBA) 3.
[mg/L, milligram per liter; Mgal/d, million gallons per day; %, percent of total]
Flow Flow from overlying confining Flow from underlying confining Lateral fI(_)w from 250 mg/L Lateral flow from offshore Lateral flow from HBA 2 Wells Storage
bal layer isochlor
alance
Mgal/d % Magal/d % Mgal/d % Magal/d % Mgal/d % Magal/d % Mgal/d %
Base Simulation
Inflow 0.02 1.0 0.00 0.0 1.64 97.1 0.03 1.8 0.00 0.0 0.00 0.0 0.00 0.1
Outflow 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 —0.60 35.5 -1.09 64.5 0.00 0.0
Net 0.02 1.0 0.00 0.0 1.64 97.1 0.03 1.8 —0.60 35.5 -1.09 64.5 0.00 0.1
Nominal Water-Loss Scenario
Inflow 0.01 0.8 0.00 0.0 1.42 97.6 0.02 1.6 0.00 0.0 0.00 0.0 0.00 0.0
Outflow 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 —0.71 49.0 —0.74 50.9 0.00 0.1
Net 0.01 0.8 0.00 0.0 1.42 97.6 0.02 1.6 -0.71 49.0 -0.74 50.9 0.00 0.1
Optimal Water-Loss Scenario
Inflow 0.01 0.8 0.00 0.0 1.34 97.6 0.02 1.6 0.00 0.0 0.00 0.0 0.00 0.0
Outflow 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 —0.67 48.6 —0.70 51.2 0.00 0.2
Net 0.01 0.8 0.00 0.0 1.34 97.6 0.02 1.6 —0.67 48.6 —0.70 51.2 0.00 0.2
Full Allocation Scenario
Inflow 0.00 0.0 0.00 0.0 2.99 98.3 0.05 1.6 0.00 0.0 0.00 0.0 0.00 0.1
Outflow —0.02 0.6 0.00 0.0 0.00 0.0 0.00 0.0 —1.17 384 —1.86 61.1 0.00 0.0
Net —0.02 0.6 0.00 0.0 2.99 98.3 0.05 1.6 -1.17 38.4 -1.86 61.1 0.00 0.1

EXPLANATION

Il Base simulation

35

B Nominal water-loss scenario

Optimal water-loss scenario

B Full allocation scenario
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Piney Point Aquifer

This study defined two budget areas in the Piney Point
aquifer. The Piney Point aquifer is confined throughout its
extent, so both of the HBA defined within the aquifer are
confined. There are similar numbers of wells in the HBA, 18
in HBA 4 and 16 in HBA 5. However, most of the withdraw-
als are in HBA 4 in the northeastern part of the Piney Point
aquifer in Ocean County near the coast of the Atlantic Ocean.
The pumping wells in HBA 5 are spread throughout the more
updip parts of the aquifer.

Trends of Withdrawals and Heads

Figure 18 shows withdrawal trends and trends of median,
10th percentile, and minimum heads from the base simulation
and pumping scenarios for each budget area in the Piney Point
aquifer. Table 2 shows a summary of the past and projected
withdrawals in each budget area in the Piney Point aquifer.

Over the period of the base simulation, there has been
a general increase in pumping over time in the Piney Point
aquifer, although there has been a decline in pumping since
around 2005. In HBA 4, the nominal and optimal water-loss
scenarios both indicate withdrawals would decline (fig. 184)
20 percent and 25 percent, respectively, by 2040 (table 2).

In HBA 5, the nominal and optimal water-loss scenarios

both indicate withdrawals increase (fig. 18C) 20 percent and
14 percent, respectively (table 2). For both HBA 4 and HBA 5,
the full allocation scenario indicates withdrawals increase 62
and 119 percent (table 2), respectively.

In the base simulation, both budget areas in the Piney
Point aquifer saw a slight decline in heads (figs. 188, 18D).
The head in areas near wells has fluctuated by 50 to more than
100 feet reacting to changes in pumping as reflected in the
maximum head change (figs. 18B, 18D).

In HBA 4, the base simulation shows the median and
10th percentile heads slowly declining over time with a slight
recovery after 2009 in response to declining pumping (figs.
184, 18B). The nominal and optimal water-loss scenarios,
although the total withdrawals for HBA 4 are projected to
decline, indicate the head response is generally flat although
the head continues to decrease at the model cell where simu-
lated head is minimum in HBA 4 (fig. 18B). The scenarios
show a median cell in HBA 4 recovers by 0.1 feet for both the
nominal and optimal water-loss scenarios, with the maximum
drawdown being 5.0 and 2.6 feet, respectively (table 11). The
full allocation scenario indicates that heads quickly decline but
then level out within 10 years (fig. 18B). The median draw-
down in 2040 is 7.6 feet and the maximum is 122.1 feet for the
full allocation scenario (table 11).

In HBA 5, the withdrawals are projected to increase in all
three scenarios. For the nominal and optimal water-loss sce-
narios, the simulated heads only decline slightly in response to
the additional pumping (fig. 18D). For the nominal water-loss
scenario in 2040, the median drawdown for all cells in HBA 5

is 4.9 feet and the maximum drawdown is 19.7 feet (table 11).
For the optimal water-loss scenario in 2040, the median
drawdown for all cells in HBA 5 is 3.4 feet and the maximum
drawdown is 15.3 feet (table 11). The heads do not level out
as quickly under the full allocation scenario as in HBA 4 but
are close to steady at the end of the simulation. The median
drawdown for cells in HBA 5 in the full allocation scenario is
19.8 and the maximum is 120.3 feet (table 11). The maximum
drawdown is less, however, than the maximum simulated from
2007-2009 in the base simulation.

Simulated Heads and Drawdown in 2040

The general features of the head distribution in the Piney
Point aquifer are similar for the three scenarios (fig. 19). The
highest heads are on the updip boundary. The lowest heads are
around the pumping centers in the northeast and southwest,
and in an area on the southern part of the boundary between
HBA 4 and HBA 5. This area, which has no pumping wells
and low head, is where the confining layer between the Piney
Point aquifer and the Atlantic City 800-foot sand above is rela-
tively thin (fig. 1) and there is heavy pumping in the Atlantic
City 800-foot sand (fig. 14).

The heads are in recovery over the northern part of the
aquifer, especially in the far northeast along the coast, in
response to declining withdrawals in the area (fig. 204). In the
southern part of the aquifer, the largest areas of drawdown are
around the pumping wells. The relative pattern of drawdown
for the optimal water-loss scenario, which appears in figure
20B, is similar to the nominal water-loss scenario although
the magnitude is slightly less (table 11). For the full allocation
scenario, there are large areas with greater than 20 feet of head
decline with cones of more than 50 feet of head decline in the
vicinity of some wells, including the northeast where the other
two scenarios simulate head recovery (fig. 20C). The area
around the southern part of the boundary between HBA 4 and
5 also shows substantial head decline in response to increased
pumping in the Atlantic City 800-foot sand (fig. 14). Even in
the full allocation scenario, there remains some areas of slight
head recovery. These areas have a strong connection to the
unconfined aquifer, so the recovery likely reflects the small
difference between the recharge in the last stress period of the
base simulation and that used in the scenarios.

Budget Analysis

As shown in figure 21 and table 12, the outflow from
HBA 4 is mostly to the pumping wells (45—66 percent) and
through the overlying confining layer (28—46 percent). The
inflow is mostly (85—87 percent) from the overlying confin-
ing layer with a small component of lateral flow from offshore
(5-10 percent), updip (3—5 percent), and HBA 5 (1-2 percent).
Compared to the base simulation, there is less pumping and
consequently less inflow from the overlying confining layer
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Figure 18. Line graphs showing withdrawals and median, 10th percentile, and minimum heads for model cells over time in
hydrologic budget areas (HBA) in the Piney Point aquifer: A, withdrawals in HBA 4, B, head statistics in HBA 4, C, withdrawals in
HBA 5, and D, head statistics in HBA 5.

for the nominal and optimal water-loss scenarios and more underlying confining layer (11 percent). The inflow is mostly

pumping and inflow from the overlying confining layer for the =~ from the overlying confining layer (85-86 percent) with a

full allocation scenario. small component of lateral flow from offshore (including some
Figure 22 and table 13 show the budget components from the 250 mg/L isochlor), updip, and from HBA 4. The

for HBA 5 and are discussed below. The largest component additional pumping from wells in the full allocation scenario is

(49-61 percent) of outflow in HBA 5 is flow to the overly- almost entirely offset by additional inflow from the overlying

ing confining layer. The other main components of outflow aquifer.

are withdrawals from wells (20-36 percent) and flow to the
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Table 11.  Statistics for simulated drawdown from end of 2013 through 2040 for budget areas in the Piney Point aquifer.

Cells in budget area with

Hydrologic budget Simulated drawdown statistics, in feet drawdown, in percent
area (HBA) Median 90th percentile Maximum Greater than 1 foot Less than -1 foot

Nominal water-loss scenario

HBA 4 0.1 32 5.0 25 28

HBAS5 4.9 9.1 19.7 78 0
Optimal water-loss scenario

HBA 4 —0.1 1.3 2.6 12 31

HBAS5 3.4 6.7 15.3 74 0

Full allocation scenario
HBA 4 7.6 25.0 122.1 70
HBAS5 19.8 34.4 120.3 85
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Figure 19. Maps showing hydrologic budget areas in the Piney Point aquifer and simulated potentiometric surface in 2040 for the
three scenarios: A, nominal water-loss, B, optimal water-loss, and C, full allocation.
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B. Optimal water-loss scenario
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Figure 20. Maps showing the change in simulated water levels from the end of the base simulation (2013) to the end of the
scenarios (2040) in the Piney Point aquifer and simulated potentiometric surface for the three scenarios: A, nominal water-loss, B,
optimal water-loss, and C, full allocation.
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C. Full allocation scenario
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Figure 21. Graph showing simulated flow rates for the Piney Point aquifer, hydrologic budget area (HBA) 4.
Table 12. Flow budget of the Piney Point aquifer, hydrologic budget area (HBA) 4.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow from ovlt:lrylz:ng confining Flow from un:l:yrl\:mg confining Lateral flow from offshore Lateral flow from updip Lateral flow from HBA 5 Wells Storage
balance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 6.23 86.0 0.00 0.0 0.56 7.7 0.32 4.4 0.14 1.9 0.00 0.0 0.00 0.0
Outflow —2.63 36.3 —0.01 0.1 —0.12 1.7 —0.16 2.2 —0.26 3.6 —4.03 55.6 —0.04 0.5
Net 3.60 85.8 0.00 0.1 0.44 10.4 0.16 3.8 —0.13 3.0 —4.03 96.0 —0.04 0.8
Nominal water-loss scenario
Inflow 5.64 87.2 0.00 0.0 0.37 5.7 0.32 4.9 0.14 2.1 0.00 0.0 0.00 0.0
Outflow -2.90 44.9 —0.01 0.1 —0.13 1.9 —0.16 2.5 —0.26 4.1 —3.00 46.5 —0.01 0.1
Net 2.74 87.3 —-0.01 0.2 0.24 7.7 0.16 5.1 -0.13 4.0 =3.00 95.7 —-0.01 0.2
Optimal water-loss scenario
Inflow 5.49 87.4 0.00 0.0 0.34 53 0.32 5.1 0.14 2.2 0.00 0.0 0.00 0.0
Outflow -2.90 46.2 -0.01 0.1 —0.12 2.0 —0.16 2.6 —0.26 4.2 -2.82 449 -0.01 0.1
Net 2.59 87.5 —0.01 0.2 0.21 7.1 0.16 5.3 —0.13 4.2 —2.82 953 —0.01 0.3
Full allocation scenario
Inflow 8.31 84.8 0.00 0.0 1.02 10.4 0.32 33 0.14 1.5 0.00 0.0 0.00 0.0
Outflow —2.74 27.9 —0.01 0.1 —0.11 1.1 -0.16 1.6 —0.27 2.8 —6.52 66.5 0.00 0.0
Net 5.58 83.9 0.00 0.1 0.91 13.6 0.16 2.5 -0.13 1.9 —6.52 98.0 0.00 0.0

EXPLANATION
H Base simulation
B Nominal water-loss scenario
Optimal water-loss scenario

B Full allocation scenario
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Figure 22. Graph showing simulated flow rates for the Piney Point aquifer, hydrologic budget area (HBA) 5.

Table 13. Flow budget of the Piney Point aquifer, hydrologic budget area (HBA) 5.

[mg/L, milligram per liter; Mgal/d, million gallons per day; %, percent of total]

Flow FIO:)’:;;:ITII;VI?VIZ:“Q FIO:;:E Il:::;:l:yrl\:ing Lateral ﬂ?s‘:::::::: 250 mg/L Lateral flow from offshore Lateral flow from updip Lateral flow from HBA 4 Wells Storage
balance Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation

Inflow 4.83 86.4 0.18 33 0.05 1.0 0.09 1.6 0.18 33 0.24 43 0.00 0.0 0.01 0.2

Outflow -3.42 61.1 -0.62 11.1 -0.02 0.3 -0.13 2.4 -0.09 1.5 —-0.11 2.0 -1.12 20.1 -0.09 1.6

Net 1.42 84.3 —0.44 26.0 0.04 2.3 —-0.04 2.6 0.10 5.8 0.13 7.6 -1.12 66.8 —0.08 4.5
Nominal water-loss scenario

Inflow 5.03 85.5 0.20 33 0.07 1.3 0.10 1.7 0.19 32 0.24 4.1 0.00 0.0 0.05 0.9

Outflow -3.48 59.2 —0.65 11.1 —-0.01 0.1 —-0.13 2.3 -0.09 1.5 -0.12 2.0 —1.40 23.9 0.00 0.0

Net 1.55 81.8 —-0.46 24.1 0.07 3.5 —-0.03 1.8 0.10 5.3 0.13 6.6 —-1.40 74.1 0.05 2.7
Nominal water-loss scenario

Inflow 4.98 86.0 0.18 32 0.07 1.2 0.10 1.7 0.19 32 0.24 4.1 0.00 0.0 0.04 0.6

Outflow -3.47 59.9 —0.64 11.1 -0.01 0.2 -0.14 2.4 -0.09 1.5 =0.11 2.0 —-1.33 22.9 0.00 0.0

Net 1.51 82.5 —0.46 25.1 0.06 3.2 —0.05 2.5 0.10 54 0.13 6.8 -1.33 72.5 0.04 2.0

Full allocation scenario

Inflow 5.81 84.9 0.28 4.1 0.12 1.7 0.16 2.4 0.19 2.8 0.25 3.7 0.00 0.0 0.03 0.4

Outflow —3.34 48.7 -0.77 11.2 0.00 0.0 —0.07 1.1 —0.09 1.3 —0.12 1.8 —2.46 35.9 0.00 0.0

Net 2.47 84.0 —-0.49 16.5 0.12 4.0 0.09 3.0 0.11 3.7 0.13 44 —2.46 83.5 0.03 1.0




Vincentown Aquifer

The study defined five budget areas within the
Vincentown Aquifer. Two of these (HBA 6 and HBA 7) are in
the confined part of the aquifer and the other three (HBA 30,
HBA 31, and HBA 32) are in the unconfined part of the aqui-
fer. Compared to the other aquifers in the NJCP, other than
the Rio Grande water-bearing zone, the Vincentown aqui-
fer has the least amount of withdrawals. A total of 41 wells
had reported pumping in the area of the Vincentown aquifer
where the HBA were defined. Twenty-five of these wells and
most of the volume of water withdrawn were in HBA 6. Four
wells were in HBA 7 with the remaining 12 in the uncon-
fined HBA 30. HBA 31 and HBA 32 did not have any wells
included in the simulations.

Trends of Withdrawals and Heads

The trend in withdrawals in HBA 6 is fairly constant over
the base simulation despite some variability from year to year
(fig. 234). The nominal and optimal water-loss scenarios both
project a modest increase in withdrawals into the future. The
increase is within the variability reported (and used in the base
simulation) between 1980 and 2013; it does not represent a
large change compared to historical withdrawals. Reported
pumping from 2014-2020 is mostly lower than the projected
pumping, however, it is within the historical variability simu-
lated in the base simulation.

In HBA 7, reported withdrawals in the base simulation
begin in 1999 (fig. 23C). The withdrawals are small overall
and show a lot of variability. Both the nominal and optimal
water-loss scenarios project an increase in pumping. The full
allocation scenario represents a near doubling of the current
pumping; however even that is a relatively small amount.

Most of the pumping in the three unconfined budget
areas is from HBA 30. In the nominal and optimal water-loss
scenarios, there is no change in the pumping amounts for all
the unconfined wells. The level of pumping in the full alloca-
tion scenario is higher than the other two scenarios, however it
falls within the variability of historical pumping.

In the base simulation, the heads have been fairly con-
stant over time (fig. 23B). This is due the narrow extent of
the aquifer and proximity to the outcrop area. The simulated
hydraulic conductivity is lower than some of the other aqui-
fers, so what pumping exists can locally have bigger effects
on the heads compared to aquifers with higher hydraulic
conductivity.

In HBA 6, the median head is almost constant through
the base simulation and all three scenarios (fig. 23B). The
10th percentile head is nearly constant as well, although heads
increase (or recover) in the nominal and optimal water-loss
scenarios despite the increase in total withdrawals projected
through 2040 (fig. 234). After a decline and quick recovery
from 1980 to 1994, minimum head in HBA 6 continues a
more gradual recovery in the nominal and optimal water-loss
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scenarios even though overall withdrawals increase (Figure
23B); this recovery reflects reduced pumping from wells in
the areas with the most drawdown. Considering all the model
cells, the maximum drawdown is simulated to be 12.0 feet for
the nominal water-loss scenario and 8.4 feet for the optimal
water-loss scenario (table 14). The full allocation scenario
indicates the 10th percentile and minimum heads in HBA 6 are
lower in comparison to the other scenarios (fig. 23B8) with the
maximum drawdown reaching 39.6 feet (table 14).

In HBA 7, the effects of pumping are limited to areas
in close proximity to the wells (Fig. 24). Although the areal
extent is not large, the drawdown in response to pumping
can be large in areas near the wells. This pattern can be seen
in the plots of head over time in figure 23D. The lines are
nearly flat for both the median and 10th percentile heads in
the base simulation and the scenarios, whereas the minimum
fluctuates by more than 100 feet and has a downward trend.
The maximum drawdown values are also large for all three
scenarios—135.4 feet for the nominal water-loss scenario,
121.8 feet for the optimal water-loss scenario, and 176.9 feet
for the full allocation scenario (table 14).

Simulated Heads and Drawdown in 2040

The general pattern of the simulated heads in the
Vincentown aquifer is similar in all three scenarios: higher
heads in the unconfined areas where the recharge occurs and
lower heads in the vicinity of the pumping wells (fig. 24).
There are two areas where prominent cones of depression
show up around the pumping wells: one in the southwest and
the other in the northeast. The one in the southwest is much
more defined, as the simulated hydraulic conductivity is less
there. There is a low area of head along the border of Camden
and Burlington Counties in response to pumping in the
underlying Wenonah-Mount Laurel aquifer. In the full alloca-
tion scenario, there are a few more wells with tight cones of
depression around them.

There is a large area with minimal change in head cor-
responding to the unconfined parts of the aquifer and in areas
away from the high-capacity wells (fig. 25); this largely
reflects the change from the base simulation’s recharge value
in the final stress period to the average value used in the
scenarios. The larger area of recovery along the downdip edge
in the northeast is due to reduced pumping in a well that is
located beyond the downdip limit of the aquifer. Some areas
around the wells have a large amount of head decline, indicat-
ing that the cones are not just artifacts of the historical pump-
ing but that the magnitudes of the cones of depression will
increase under these scenarios. This pattern appears in all the
scenarios, but the magnitude is greatest in the full allocation
scenario with the maximum drawdown reaching 176.9 feet
(table 14). Cones of depression can be seen in areas without
pumping in the Vincentown aquifer where the confining unit is
relatively thin and there are high-capacity wells in the underly-
ing Wenonah-Mount Laurel aquifer.
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Table 14. Statistics for simulated drawdown from the end of 2013 through 2040 for budget areas in the Vincentown aquifer.
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Hydrologic budget

Simulated drawdown statistics, in feet

Cells in budget area with
drawdown, in percent

area (HBA) - - -
Median 90th percentile Maximum Greater than 1 foot Less than -1 foot
Nominal water-loss scenario
HBA 6 —0.3 0.0 12.0 1 17
HBA7 0.3 4.9 135.4 40 2
Optimal water-loss scenario
HBA 6 —0.3 0.0 8.4 17 18
HBA 7 0.2 4.6 121.8 1 2
Full allocation scenario
HBA 6 0.0 1.3 39.6 11 3
HBA7 1.3 224 176.9 54 1
Budget Analysis

The largest component of the outflow (55-58 per-
cent) from HBA 6 is flow out to the underlying confining
layer above the Wenonah-Mount Laurel aquifer (fig. 26;
table 15). Other components of outflow include lateral flow
out to the unconfined HBA 30 (17-20 percent) and flow
to wells (10-21 percent). The main component of inflow
(99-100 percent) to HBA 6 is water leaking in from the
unconfined Kirkwood-Cohansey aquifer system above through
the confining layer.

Almost all the inflow (96-98 percent) in HBA 7 of the
Vincentown aquifer is from the overlying confining layer
and the Kirkwood-Cohansey aquifer system above (fig. 27;
table 16). Much of that flow passes down through the
Vincentown aquifer and out through the underlying confining
unit (89-92 percent). In contrast to many of the other HBAs,
only a small amount (1-2 percent) of the total outflow is
to wells.

The main budget components in the unconfined
areas of the Vincentown aquifer are inflow from recharge
(92-97 report) and outflow to streams (figs. 28, 29, and
30; tables 17, 18, and 19). There are some minor amounts
(5 percent or less) of flow between adjacent HBAs to and from
the underlying Wenonah-Mount Laurel aquifer.
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Figure 24. Maps showing hydrologic budget areas in the Vincentown aquifer and simulated potentiometric surface in 2040 for the
three scenarios: A, nominal water-loss, B, optimal water-loss, and C, full allocation.
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(2040) in the Vincentown aquifer and simulated potentiometric surface for the three scenarios: A, nominal water-loss, B, optimal

water-loss, and C, full allocation.
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Figure 26. Graph showing simulated flow rates for the Vincentown aquifer, hydrologic budget area (HBA) 6.
Table 15. Flow budget of the Vincentown aquifer, hydrologic budget area (HBA) 6.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow ".0 m overlying Flow ir(?m_ underlying Lateral flow from offshore Lateral flow from HBA 7 Lateral flow from HBA 30 Lateral flow from HBA 31 Wells Storage
bal confining layer confining layer
alance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 10.56 99.2 0.03 0.3 0.02 0.2 0.00 0.0 0.01 0.1 0.00 0.0 0.00 0.0 0.03 0.3
Outflow —0.49 4.6 —6.22 58.4 —0.07 0.7 0.00 0.0 —2.18 20.4 —0.45 4.2 —1.11 10.4 —0.13 1.2
Net 10.07 100.0 —6.19 61.5 —0.06 0.6 0.00 0.0 =2.17 21.5 —0.45 4.5 —1.11 11.0 —0.10 1.0
Nominal water-loss scenario
Inflow 10.78 99.5 0.03 0.2 0.01 0.1 0.00 0.0 0.01 0.1 0.00 0.0 0.00 0.0 0.00 0.0
Outflow -0.49 4.6 -6.33 58.4 —0.08 0.7 0.00 0.0 -2.19 20.2 —0.45 4.2 -1.23 11.3 -0.07 0.6
Net 10.29 100.0 -6.30 61.3 —0.06 0.6 0.00 0.0 -2.18 21.2 -0.45 4.4 -1.23 11.9 —0.06 0.6
Optimal water-loss scenario
Inflow 10.67 99.5 0.03 0.3 0.01 0.1 0.00 0.0 0.01 0.1 0.00 0.0 0.00 0.0 0.00 0.0
Outflow —0.50 4.7 —6.26 58.4 —0.07 0.7 0.00 0.0 -2.19 20.4 —0.45 4.2 —1.16 10.8 —0.08 0.7
Net 10.17 100.0 —6.23 61.3 —0.06 0.6 0.00 0.0 —2.18 21.5 —0.45 4.4 -1.16 11.4 —0.07 0.7
Full allocation scenario
Inflow 12.91 99.4 0.01 0.1 0.01 0.1 0.00 0.0 0.01 0.0 0.00 0.0 0.00 0.0 0.05 0.4
Outflow -0.39 3.0 =7.19 553 —0.08 0.7 0.00 0.0 -2.15 16.6 —0.45 3.5 —2.72 20.9 —0.01 0.1
Net 12.53 99.7 =7.18 57.1 -0.07 0.6 0.00 0.0 -2.14 17.1 -0.45 3.6 -2.72 21.6 0.04 0.3




8.0 T T T T T T T T
S > | | | | | | | |
o
=<5 60 | | | | | | | | 7]
E g | | | | | | | |
g 2 4.0 | | | | | | | | —
S | | | | | | | |
% = 20 | | | | | | | |
== [ [ [ [ [ [ [ [
0 L ——
0 I I I I I I I I I I I I I
S > | | | | | | | |
=8 -20 | | | | | | | | —
Es | | | | | | | |
S & 40 | | | | | | | | -
25 | | | | | | | |
€S -6.0 | | | | | | | | —
o | | | | | | | |
-8.0
Flow from overlying Flow from underlying Lateral flow Lateral flow Lateral flow Lateral flow Lateral flow Wells Storage
confining layer confining layer from offshore from updip from HBA 6 from HBA 31 from HBA 32
Figure 27. Graph showing simulated flow rates for the Vincentown aquifer, hydrologic budget area (HBA) 7.
Table 16. Flow budget of the Vincentown aquifer, hydrologic budget area (HBA) 7.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow fr_o m overlying Flow f"?"! underlying Lateral flow from offshore  Lateral flow from updip  Lateral flow from HBA6 Lateral flow from HBA31 Lateral flow from HBA 32 Wells Storage
bal confining layer confining layer
alance
Magal/d % Mgal/d % Mgal/d % Mgal/d % Magal/d % Magal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 6.57 96.5 0.1 1.5 0.00 0.0 0.00 0.0 0.01 0.1 0.00 0.0 0.01 0.1 0.00 0.0 0.12 1.7
Outflow —0.15 2.1 —06.1 89.3 —0.09 1.4 —0.01 0.1 0.00 0.0 —0.10 1.5 —0.15 2.3 —0.07 1.1 —0.15 2.2
Net 6.42 100.0 —6.0 92.9 —0.09 1.4 —0.01 0.1 0.00 0.0 —0.10 1.6 —0.15 2.3 —0.07 1.2 —0.03 0.5
Nominal water-loss scenario
Inflow 6.77 97.3 0.0 0.5 0.00 0.0 0.00 0.0 0.01 0.1 0.00 0.0 0.01 0.1 0.00 0.0 0.14 2.0
Outflow —0.13 1.9 —6.3 90.8 —0.10 1.5 —0.01 0.1 0.00 0.0 —0.10 1.4 —0.16 2.3 -0.14 2.0 0.00 0.0
Net 6.64 98.0 -6.3 92.7 —-0.10 1.5 —-0.01 0.1 0.00 0.0 -0.10 1.5 =0.15 2.2 -0.14 2.1 0.13 2.0
Optimal water-loss scenario
Inflow 6.68 97.6 0.0 0.6 0.00 0.0 0.00 0.0 0.01 0.1 0.00 0.0 0.01 0.1 0.00 0.0 0.11 1.6
Outflow -0.13 2.0 -6.2 90.8 -0.10 1.4 —-0.01 0.1 0.00 0.0 -0.10 1.5 -0.16 2.3 -0.13 1.9 0.00 0.0
Net 6.55 98.3 -6.2 92.7 -0.10 1.4 —0.01 0.1 0.00 0.0 -0.10 1.5 -0.15 2.3 -0.13 2.0 0.11 1.6
Full allocation scenario
Inflow 7.88 95.6 0.0 0.3 0.00 0.0 0.00 0.0 0.01 0.1 0.00 0.0 0.02 0.2 0.00 0.0 0.30 3.7
Outflow -0.10 1.2 =7.6 91.7 -0.15 1.8 -0.01 0.1 0.00 0.0 -0.10 1.2 —0.15 1.9 -0.17 2.1 0.00 0.0
Net 7.78 96.2 =7.5 93.0 -0.15 1.8 —0.01 0.1 0.00 0.0 -0.10 1.2 -0.14 1.7 -0.17 2.2 0.30 3.8
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EXPLANATION
H Base simulation
B Nominal water-loss scenario
Optimal water-loss scenario

B Full allocation scenario
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Figure 28. Graph showing simulated flow rates for the Vincentown aquifer, hydrologic budget area (HBA) 30.
Table 17. Flow budget of the Vincentown aquifer, hydrologic budget area (HBA) 30.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow fr_o m overlying Flow f"?m. underlying Lateral flow from offshore  Lateral flow from HBA 6 Constant head Wells Strams Recharge Storage
bal confining layer confining layer
alance
Mgal/d % Mgal/d % Magal/d % Magal/d % Magal/d % Magal/d % Mgal/d % Magal/d % Mgal/d %
Base simulation
Inflow 0.00 0.0 0.00 0.0 0.32 0.8 2.17 53 0.00 0.0 0.00 0.0 0.00 0.0 38.24 93.9 0.00 0.0
Outflow 0.00 0.0 -0.21 0.5 -0.71 1.7 0.00 0.0 -3.85 9.5 -0.29 0.7 —35.66 87.6 0.00 0.0 0.00 0.0
Net 0.00 0.0 -0.21 0.5 -0.39 1.0 2.17 54 —3.85 9.5 -0.29 0.7 —35.66 88.3 38.24 94.6 0.00 0.0
Nominal water-loss scenario
Inflow 0.00 0.0 0.00 0.0 0.34 0.8 2.18 4.9 0.00 0.0 0.00 0.0 0.00 0.0 42.30 94.4 0.00 0.0
Outflow 0.00 0.0 -0.21 0.5 —0.75 1.7 0.00 0.0 —4.08 9.1 —0.28 0.6 —39.50 88.1 0.00 0.0 0.00 0.0
Net 0.00 0.0 -0.21 0.5 -0.41 0.9 2.18 4.9 —4.08 9.2 —-0.28 0.6 —39.50 88.8 42.30 95.1 0.00 0.0
Optimal water-loss scenario
Inflow 0.00 0.0 0.00 0.0 0.34 0.8 2.18 4.9 0.00 0.0 0.00 0.0 0.00 0.0 42.30 94.4 0.00 0.0
Outflow 0.00 0.0 -0.21 0.5 —0.75 1.7 0.00 0.0 —4.08 9.1 —0.28 0.6 —39.51 88.1 0.00 0.0 0.00 0.0
Net 0.00 0.0 —0.21 0.5 —0.41 0.9 2.18 4.9 —4.08 9.2 —0.28 0.6 —39.51 88.8 42.30 95.1 0.00 0.0
Full allocation scenario
Inflow 0.00 0.0 0.00 0.0 0.34 0.8 2.15 4.8 0.00 0.0 0.00 0.0 0.00 0.0 42.30 94.5 0.00 0.0
Outflow 0.00 0.0 -0.25 0.6 -0.75 1.7 0.00 0.0 —4.08 9.1 -0.40 0.9 -39.31 87.8 0.00 0.0 0.00 0.0
Net 0.00 0.0 -0.25 0.6 —0.41 0.9 2.14 4.8 —4.08 9.2 -0.40 0.9 —39.31 88.4 42.30 95.2 0.00 0.0

EXPLANATION
B Base simulation
B Nominal water-loss scenario
Optimal water-loss scenario

B Full allocation scenario
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Figure 29. Graph showing simulated flow rates for the Vincentown aquifer, hydrologic budget area (HBA) 31.
Table 18. Flow budget of the Vincentown aquifer, hydrologic budget area (HBA) 31.
[Mgal/d, million gallons per day; %, percent of total]
Flow from overlying confining Flow from underlying confining
Flow layer layer Lateral flow from HBA 6 Lateral flow from HBA 7 Streams Recharge Storage
balance
Magal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Magal/d %
Base simulation
Inflow 0.00 0.0 0.33 3.0 0.45 4.1 0.10 0.9 0.00 0.0 10.07 91.9 0.00 0.0
Outflow 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 -10.95 100.0 0.00 0.0 0.00 0.0
Net 0.00 0.0 0.33 3.0 0.45 4.1 0.10 0.9 —10.95 100.0 10.07 91.9 0.00 0.0
Nominal water-loss scenario
Inflow 0.00 0.0 0.29 2.4 0.45 3.8 0.10 0.8 0.00 0.0 11.13 93.0 0.00 0.0
Outflow 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 -11.97 100.0 0.00 0.0 0.00 0.0
Net 0.00 0.0 0.29 2.4 0.45 3.8 0.10 0.8 -11.97 100.0 11.13 93.0 0.00 0.0
Optimal water-loss scenario
Inflow 0.00 0.0 0.29 2.5 0.45 3.8 0.10 0.8 0.00 0.0 11.13 92.9 0.00 0.0
Outflow 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 -11.97 100.0 0.00 0.0 0.00 0.0
Net 0.00 0.0 0.29 2.5 0.45 3.8 0.10 0.8 —11.97 100.0 11.13 93.0 0.00 0.0
Full allocation scenario
Inflow 0.00 0.0 0.25 2.1 0.45 3.8 0.10 0.8 0.00 0.0 11.13 93.3 0.00 0.0
Outflow 0.00 0.0 —0.03 0.3 0.00 0.0 0.00 0.0 -11.89 99.7 0.00 0.0 0.00 0.0
Net 0.00 0.0 0.22 1.8 0.45 3.8 0.10 0.8 -11.89 100.0 11.13 93.6 0.00 0.0

EXPLANATION

I Base simulation
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B Nominal water-loss scenario

Optimal water-loss scenario

B Full allocation scenario
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Figure 30. Graph showing simulated flow rates for the Vincentown aquifer, hydrologic budget area (HBA) 32.
Table 19. Flow budget of the Vincentown aquifer, hydrologic budget area (HBA) 32.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow from overlying confining layer Flow from underlying confining layer Lateral flow from HBA 7 Streams Recharge Storage
balance Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 0.00 0.0 0.53 3.1 0.15 0.9 0.00 0.0 16.28 96.0 0.00 0.0
Outflow 0.00 0.0 —-0.06 0.3 —-0.01 0.0 —16.89 99.6 0.00 0.0 0.00 0.0
Net 0.00 0.0 0.47 2.8 0.15 0.9 -16.89 100.0 16.28 96.3 0.00 0.0
Nominal water-loss scenario
Inflow 0.00 0.0 0.53 2.8 0.16 0.8 0.00 0.0 18.07 96.3 0.00 0.0
Outflow 0.00 0.0 —0.07 0.4 —0.01 0.0 —18.68 99.6 0.00 0.0 0.00 0.0
Net 0.00 0.0 0.46 2.5 0.15 0.8 —18.68 100.0 18.07 96.7 0.00 0.0
Optimal water-loss scenario
Inflow 0.00 0.0 0.54 2.9 0.16 0.8 0.00 0.0 18.07 96.3 0.00 0.0
Outflow 0.00 0.0 -0.07 0.4 —0.01 0.0 —18.68 99.6 0.00 0.0 0.00 0.0
Net 0.00 0.0 0.47 2.5 0.15 0.8 —18.68 100.0 18.07 96.7 0.00 0.0
Full allocation scenari
Inflow 0.00 0.0 0.45 2.4 0.15 0.8 0.00 0.0 18.07 96.8 0.00 0.0
Outflow 0.00 0.0 —0.13 0.7 —0.02 0.1 —18.53 99.2 0.00 0.0 0.00 0.0
Net 0.00 0.0 0.33 1.8 0.14 0.7 —18.53 100.0 18.07 97.5 0.00 0.0

EXPLANATION
B Base simulation
B Nominal water-loss scenario
[ Optimal water-loss scenario

B Full allocation scenario



Wenonah-Mount Laurel Aquifer

The study used 10 budget areas in the Wenonah Mount-
Laurel aquifer. Five of these are confined (HBA 8-12) and
the other five are unconfined (HBA 33-37). HBA 8 is partly
in Critical Area 1 where pumping was required to be reduced
in the mid-1980s—including in the Wenonah-Mount Laurel
aquifer. There are 48 wells in HBA 8. HBA 9 is partly within,
and HBA 10 and HBA 11 are entirely in Critical Area 2. There
were 40, 39, and 44 wells, respectively, for these HBAs.

The Wenonah-Mount Laurel aquifer was not included in the
Critical Area 2 restrictions. Pumping was restricted in the
deeper upper, middle, and lower PRM aquifers in this area.
The restriction of pumping in the deeper aquifers has likely
led to increased withdrawals in the Wenonah-Mount Laurel
over time. HBA 12 was defined to be to southwest of Critical
Area 2 and included 26 wells. There were seven wells in the
unconfined HBA, two in HBA 35 and five in HBA 37. The
other three unconfined HBAs did not have any wells included
in the simulations.

Trends of Withdrawals and Heads

Pumping in HBA 8 in the period of the base simulation
fluctuated by over 400 gallons per day until the mid-1990s
when restrictions from the Critical Area 1 designation took
effect (fig. 314). From that point forward, there is a slight
increase through the end of the base simulation. This increase
is projected to continue at a reduced rate in the nominal
(9 percent) and optimal (4 percent) water-loss scenarios. The
full allocation scenario represents a 132-percent increase in
withdrawals from 2013 (table 2).

Pumping in HBA 9 declines from 1990 through the end
of the base simulation (fig. 31C). In contrast, the nominal
water-loss scenario projects an increase of 5.2 percent, and the
optimal water-loss scenario projects a decrease of 1.4 percent
(fig. 31D). The actual reported withdrawals from 2014 through
2020 have continued the general trend that was seen in the
base simulation, declining by 28.6 percent over that time
period, suggesting that the nominal and optimal water-loss
scenarios may be overestimates. The full allocation scenario
indicates a 101.5 percent increase from the 2013 pumping
amount in HBA 9 (table 2).

Pumping in HBA 10 is fairly level from the mid-1980s
through the mid-1990s, after which pumping increased by
300 percent (fig. 31F). A fairly steady decrease follows and
continues through the end of the base simulation to 2020.
Rather than reflecting this decline, both the nominal and opti-
mal water-loss scenarios project a slight increase in pumping
(6.1 and 1.8 percent, respectively). The full allocation scenario
indicates an increase of 89.4 percent (table 2).

Withdrawals in HBA 11 increase until approximately
1998, at which time they level out and then start to decrease
around 2005 (fig. 31G). The withdrawals are fairly steady
from 2014 to 2020. Both the nominal and optimal water-loss
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scenarios indicate increasing withdrawals in HBA 11

(11.5 percent and 6.3 percent, respectively; table 2). The
full allocation scenario indicates that withdrawals increase
121.9-percent compared to the last stress period of the base
simulation in HBA 11 (table 2).

Withdrawals in HBA 12 increase fairly steadily through
the period of the base simulation (fig. 31/). Both the nominal
(—1.4 percent) and optimal (—6.1 percent) water-loss scenarios
indicate withdrawals would see a small decline (table 2). The
full allocation scenario indicates withdrawals would increase
107.9 percent over the last stress period of the base simulation
in HBA 12 (table 2).

There is minimal pumping in the unconfined parts of
the Wenonah Mount Laurel aquifer (table 2). This includes
HBAs 33-37.

The simulated heads from the base simulation recover in
the northeastern part (HBAs 8 and 9) likely reflecting restric-
tions in Critical Area 1. In the southwestern part (HBAs 10,
11, and 12) of the Wenonah-Mount Laurel aquifer heads
decline (fig. 31) likely reflecting increased withdrawals in
response to restrictions in the deeper aquifers in Critical Area
2. Across the aquifer, the nominal and optimal water-loss
scenarios indicate that simulated heads are relatively stable in
comparison to changes in the base simulation (fig. 31).

In HBA 8, the median head is almost constant through the
later part of the base simulation and remains nearly constant
for the nominal and optimal water-loss scenarios (figs. 314,
31B). Figure 318 shows a general recovery in 10th percentile
and minimum heads in HBA 8 since the early 1990s (with a
few spikes downward) in response to the large decrease in
withdrawals. Even with a slight increase in withdrawals, the
nominal and optimal water-loss scenarios indicate there is still
a small, continued recovery in simulated heads. The increase
in projected withdrawals leads to modest drawdown increases
of 1.3 feet for the nominal water-loss scenario, 0.1 feet for the
optimal water-loss scenario in the 90th percentile drawdown,
and 5.2 feet and 3.3 feet, respectively, for the maximum draw-
down in HBA 8 (table 20). The full allocation scenario leads
to decreasing heads and therefore increasing drawdowns to a
maximum of 42.3 feet (table 20).

The heads are fairly stable in the latter part of the base
simulation and continue to be stable for the nominal and
optimal water-loss scenarios for most of the cells in HBA 9
(fig. 31D). The minimum head in HBA 9 increases from the
early 1990s to the end of the base simulation, but the sce-
narios indicate that minimum head levels off for the nominal
and optimal water-loss scenarios (fig. 31D). The drawdown
numbers from table 20 tell a similar story, however, compar-
ing the maximum drawdown values to the 90th percentile of
the cells shows that there are areas where drawdown increases.
The scenarios indicate the maximum drawdown for model
cells in HBA 9 is 18.6 feet for the nominal water-loss scenario
and 17.2 feet under the optimal water-loss scenario (table 20).
The full allocation scenario indicates there are areas of
substantial head declines. The heads quickly decline with the
step increase in withdrawals and then continue a more gradual
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decline based on the 10th percentile and minimum heads of
model cells in HBA 9 (fig. 31D). In this scenario, the maxi-
mum drawdown is 77.2 feet (table 20).

In HBA 10, the heads initially decline in the base simula-
tion and then mostly level off starting around the year 2000,
as the median and 10th percentile heads show (fig. 31F). The
nominal and optimal water-loss scenarios indicate that the
trend of mostly stable heads in HBA 10 continues. The cell
with the minimum head in HBA 10 is more variable but there
is no discernable trend, a pattern that continues in the nominal
and optimal water-loss scenarios (fig. 31F). The maximum
drawdown is 16.6 feet for the nominal water-loss scenario and
13.1 feet for the optimal water-loss scenario (table 20). The
full allocation scenario indicates there is a decline in heads
with the maximum drawdown reaching 73.1 feet in HBA 10
(table 20).

For HBA 11, heads recover in the last part of the base
simulation in response to declining withdrawals (figs. 31G,
31H). The nominal and optimal water-loss scenarios indi-
cate that some withdrawal increases are large enough to
reverse that recovery and result in an overall slight decline in
heads—although at the cell with the minimum head there is
a small increase in head for the optimal water-loss scenario
(fig. 31H). There are areas where localized drawdown happens
in response to the projected withdrawals from the nominal and
optimal water-loss scenarios (table 20). The scenarios indicate
that the maximum drawdown in HBA 11 reaches 42.3 feet
for the nominal water-loss scenario, 37.9 feet for the optimal
water-loss scenario, and 111.5 for the full allocation scenario
(table 20).

In HBA 12, there is a general decline in heads over
the base simulation (fig. 31J). All three scenarios indicate
heads continue to decline based on all three statistical mea-
sures except minimum head under the nominal and optimal
water-loss scenarios where there is some recovery in HBA
12 (fig. 31J). Although the heads are projected to decline in
HBA 12, the scenarios indicate that drawdowns are generally
small by most of the statistical measures in comparison to the
other confined budget areas in the Wenonah-Mount Laurel
aquifer (table 20).

Simulated Heads and Drawdown in 2040

Figure 32 shows the simulated head distribution in 2040
for the Wenonah-Mount Laurel aquifer. The general pattern
of simulated heads in the Wenonah-Mount Laurel aquifer is
high along the outcrop areas and low in the downdip areas
and especially where there are pumping wells. Note that the
highest heads are in the confined part of the aquifer in HBA 8§,
indicating that the overlying confining layer’s properties do
not isolate the aquifer from the unconfined system above. The
lowest areas of head in the Wenonah-Mount Laurel aquifer
are along the coast in Monmouth and Ocean Counties and

around a cluster of pumping wells in Gloucester and Camden
Counties. There are several other areas of depressed heads
around pumping wells.

Figure 33 shows the simulated drawdown from the end
0f 2013 through 2040 in the Wenonah-Mount Laurel aquifer
for the three pumping scenarios. In the northeastern part of the
aquifer, heads recover over the nominal and optimal water-loss
scenarios. This recovery is mostly in response to decreased
withdrawals as a result of Critical Area 1 restrictions. There
are some other areas of recovery in those scenarios in response
to local decreases in pumping. Areas of drawdown exist in the
vicinity of some of the pumping wells in HBA 9, HBA 10, and
HBA 11, with the largest areas of drawdown occurring through
the center of HBA 11.

In the full allocation scenario, there are many areas where
the drawdown is greater than 20 feet throughout the aquifer.
The largest amount of drawdown in HBA 10 and HBA 11 is
greater than 50 feet of head decline. Across the unconfined
areas and in a small area along the coast, there is a small (less
than two feet) increase in heads across the simulation.

Budget Analysis

Figure 34 and table 21 show the net components of flow
in and out of HBA 8 and are discussed below. For HBA 8, the
primary source of inflow (57-59 percent) is from the overly-
ing aquifer. Flow to and from the adjacent unconfined HBA 33
consists of 38—40 percent of total inflow and 42—48 percent
of total outflow. The wells in HBA 8 account for less than ten
percent of the outflow in the budget area. Other components
of outflow include flow through the underlying confining layer
to the Englishtown aquifer system (23-29 percent) and lateral
flow to HBA 9 (17-19 percent). The components are similar
between the scenarios, except for the full allocation scenario,
in which there is more inflow from the overlying aquifer and
outflow to the underlying aquifer and wells.

Figure 35 and table 22 show the budget components
for HBA 9 and are discussed below. The two main compo-
nents of inflow to HBA 9 are flow from the overlying aquifer
(71-73 percent) and lateral flow from HBA 8 (18-20 percent).
The main outflow of water (78—82 percent) is lateral flow to
the unconfined HBA 34. Minor amounts of outflow are to
the wells (510 percent), flow to the overlying confining unit
(67 percent) and leakage to the underlying confining layer
(4—6 percent). The near-zero components include flow to the
offshore areas, lateral flow to HBA 10, and storage. The rela-
tive amounts of the budget components were similar among
the base simulation and three scenarios.

Figure 36 and table 23 show the budget components
of flow in and out of HBA 10 and are discussed below. The
main component of inflow (95-96 percent) to HBA 10 is flow
from the overlying aquifer. The outflow is to the unconfined
HBA 35 (49-58 percent), to wells (18—28 percent), and to
the overlying confining layer (18-22 percent). Under the full
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withdrawals in HBA 9, D, head statistics in HBA 9, E, withdrawals in HBA 10, F, head statistics in HBA 10, G, withdrawals in HBA 11, H,
head statistics in HBA 11, /, withdrawals in HBA 12, and J, head statistics in HBA 12.
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Table 20. Statistics for simulated drawdown from the end of 2013 through 2040 for budget areas in the Wenonah-Mount Laurel aquifer.

[HBA, hydrologic-budget area]

Hydrologic budget

Simulated drawdown statistics, in feet

Cell in budget area with
drawdown, in percent

area (HBA) - - -
Median 90th percentile Maximum Greater than 1 foot Less than -1 foot
Nominal water-loss scenario
HBA 8 -0.3 1.3 5.2 14 27
HBA9 0.1 1.1 18.6 11 5
HBA 10 2.4 5 16.6 74 3
HBA 11 7.1 13.3 423 87 1
HBA 12 2.4 6.5 10.1 69 4
Optimal water-loss scenario
HBA 8 0.8 0.1 3.3 1 45
HBA 9 -0.3 0.3 17.2 4 18
HBA 10 1 33 13.1 52 4
HBA 11 4.9 10.5 37.9 76 3
HBA 12 1.8 5.1 8.2 63 5
Full allocation scenario
HBA 8 12.7 23.2 423 87 0
HBA 9 4.7 28.4 77.2 73 0
HBA 10 24.2 51.3 73.1 87 1
HBA 11 40.4 66.5 111.5 91 0
HBA 12 11.7 253 34.1 90 1

allocation scenario there is increased leakage through the over-
lying confining layer to supply increased outflow to the wells.
The net flows to the other components are small.

Figure 37 and table 24 show the budget components
of flow in and out of HBA 11 and are discussed below. The
main component of inflow (83-90 percent) to HBA 11 is
from the overlying confining layer with minor components
from offshore (3—6 percent), HBA 10 (2-3 percent), and
HBA 12 (4-6 percent). The largest outflow is to the uncon-
fined HBA 36 (48—63 percent). Most of the other outflow is to
the wells (2644 percent). For the full allocation scenario, the
outflow to the wells in HBA 11 is approaching that of flow to
the unconfined HBA 36.

Figure 38 and table 25 show the budget components
of flow in and out of HBA 12 and are discussed below.
The inflow is primarily (94-95 percent) from the overly-
ing confining layer in HBA 12; some water also flows out to
the overlying confining layer (13—17 percent). The largest
component of outflow (48—57 percent) in HBA 12 is lateral
flow to the unconfined HBA 37. The wells are the second
largest component of outflow (13-25 percent) from HBA 12.
The full allocation scenario has close to double the flow

to wells both by magnitude and percentage. There is some
outflow (4-5 percent) to the Delaware River where the model
simulates a connection to the Wenonah-Mount Laurel aquifer
in Salem County (fig. 38). There is some lateral outflow to
HBA 11 (4-8 percent) and a small amount of outflow to areas
offshore (2-3 percent).

The budgets for the unconfined hydrologic budget
areas in the Wenonah-Mount Laurel aquifer are presented
in figures 39-43 and tables 26-30. For all these unconfined
budget areas, the main component of inflow is recharge
(58-85 percent) and the main component of outflow is to the
streams (39-95 percent). The second biggest inflow is from
the adjacent confined HBA (11-29 percent). This reflects
the leaky nature of the overlying confining unit in that the
confined aquifer transmits part of the general recharge to
discharge system. In HBA 33, the flow leaking to the confin-
ing layer below (36—37 percent) is only slightly less than
the amount of flow to the modeled streams (39—41 percent).
In the other HBA, there is some amount of flow in and out
of the underlying confining layer that accounts for less than
10 percent of the total inflow and outflow.
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Figure 32. Maps showing hydrologic budget areas in the Wenonah-Mount Laurel aquifer and simulated potentiometric surface in
2040 for the three scenarios: A, nominal water-loss, B, optimal water-loss, and C, full allocation.
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B. Optimal water-loss scenario
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Figure 32.—Continued
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C. Full allocation scenario
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A. Nominal water-loss scenario
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Figure 33. Maps showing the change in simulated water levels from the end of the base simulation (2013) to the end of the
scenarios (2040) in the Wenonah-Mount Laurel aquifer and simulated potentiometric surface for the three scenarios: A, nominal
water-loss, B, optimal water-loss, and C, full allocation.
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B. Optimal water-loss scenario
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C. Full allocation scenario
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Figure 34. Graph showing simulated flow rates for the Wenonah-Mount Laurel aquifer, hydrologic budget area (HBA) 8.
Table 21. Flow budget of the Wenonah-Mount Laurel aquifer, hydrologic budget area (HBA) 8.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow ".0 m overlying Flow ir(?m_ underlying Lateral flow from offshore Lateral flow from updip Lateral flow from HBA 9 Lateral flow from HBA 33 Wells Storage
bal confining layer confining layer
alance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 11.65 57.3 0.58 2.9 0.08 0.4 0.01 0.0 0.02 0.1 7.98 393 0.00 0.0 0.02 0.1
Outflow -1.15 5.7 —4.62 22.7 —0.31 1.5 —0.07 0.4 —3.78 18.6 -9.70 47.7 —0.68 3.4 0.00 0.0
Net 10.50 99.9 —4.04 38.4 -0.24 2.3 -0.07 0.6 -3.76 35.8 -1.72 16.4 —0.68 6.5 0.01 0.1
Nominal water-loss scenario
Inflow 11.91 57.2 0.56 2.7 0.10 0.5 0.01 0.0 0.02 0.1 8.22 39.5 0.00 0.0 0.00 0.0
Outflow -1.06 5.1 —4.94 23.8 -0.25 1.2 —0.08 0.4 —3.82 18.3 -9.88 47.4 -0.79 3.8 0.00 0.0
Net 10.85 100.0 —4.38 40.4 —0.16 1.4 —0.07 0.7 —3.80 35.0 —1.66 15.3 -0.79 7.2 0.00 0.0
Optimal water-loss scenario
Inflow 11.82 57.1 0.57 2.7 0.09 0.4 0.01 0.0 0.02 0.1 8.20 39.6 0.00 0.0 0.00 0.0
Outflow —1.08 5.2 —4.82 23.3 —0.26 1.3 —0.08 0.4 -3.82 18.4 -9.90 47.8 -0.75 3.6 0.00 0.0
Net 10.74 100.0 —4.26 39.6 —0.17 1.6 —0.07 0.7 —3.80 35.4 -1.69 15.8 -0.75 7.0 0.00 0.0
Full allocation scenario
Inflow 13.14 58.7 0.44 1.9 0.18 0.8 0.01 0.0 0.02 0.1 8.62 38.5 0.00 0.0 0.00 0.0
Outflow —0.95 4.2 —6.45 28.8 —0.18 0.8 —0.08 0.4 —3.81 17.0 -9.33 41.7 -1.61 7.2 0.00 0.0
Net 12.20 100.0 —6.02 493 0.00 0.0 —0.07 0.6 -3.79 31.0 —0.71 5.8 -1.61 13.2 0.00 0.0

EXPLANATION
Base simulation
Nominal water-loss scenario
Optimal water-loss scenario

Full allocation scenario
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Figure 35. Graph showing simulated flow rates for the Wenonah-Mount Laurel aquifer, hydrologic budget area (HBA) 9.
Table 22. Flow budget of the Wenonah-Mount Laurel aquifer, hydrologic budget area (HBA) 9.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow fr_o m overlying Flow frt?n! underlying Lateral flow from offshore Lateral flow from HBA 8 Lateral flow from HBA 10 Lateral flow from HBA 34 Wells Storage
bal confining layer confining layer
alance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 13.74 71.1 0.02 0.1 0.00 0.0 3.79 19.6 0.01 0.1 1.75 9.1 0.00 0.0 0.00 0.0
Outflow -1.31 6.8 —0.89 4.6 —0.03 0.2 —0.03 0.1 —0.13 0.7 -15.92 82.4 -1.01 5.2 0.00 0.0
Net 12.43 76.8 —0.87 54 —0.03 0.2 3.76 23.2 —0.11 0.7 -14.17 87.5 -1.01 6.2 0.00 0.0
Nominal water loss scenario
Inflow 14.49 71.9 0.01 0.1 0.00 0.0 3.83 19.0 0.01 0.1 1.80 8.9 0.00 0.0 0.00 0.0
Outflow -1.32 6.6 -0.91 4.5 —0.03 0.2 —0.03 0.1 —0.15 0.8 -16.48 81.8 -1.22 6.0 0.00 0.0
Net 13.16 77.6 —-0.89 5.3 —-0.03 0.2 3.80 22.4 -0.14 0.8 —14.68 86.6 -1.22 7.2 0.00 0.0
Optimal water loss scenario
Inflow 14.42 71.9 0.01 0.1 0.00 0.0 3.82 19.1 0.01 0.1 1.80 9.0 0.00 0.0 0.00 0.0
Outflow -1.34 6.7 —0.89 4.5 -0.03 0.2 —-0.03 0.1 —=0.15 0.8 -16.49 82.2 -1.14 5.7 0.00 0.0
Net 13.08 77.5 —0.88 5.2 —0.03 0.2 3.80 22.5 —0.14 0.8 —14.69 87.0 —1.14 6.7 0.00 0.0
Full allocation scenario
Inflow 15.25 72.6 0.07 0.3 0.02 0.1 3.82 18.2 0.02 0.1 1.82 8.7 0.00 0.0 0.00 0.0
Outflow —1.19 5.7 —1.18 5.6 —0.02 0.1 —0.03 0.2 —0.16 0.8 -16.38 78.0 —2.04 9.7 0.00 0.0
Net 14.06 78.8 —1.11 6.2 —0.01 0.0 3.79 21.2 —0.14 0.8 —14.56 81.5 —2.04 11.4 0.00 0.0

EXPLANATION

Il Base simulation

13

B Nominal water-loss scenario

Optimal water-loss scenario

B Full allocation scenario
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Figure 36. Graph showing simulated flow rates for the Wenonah-Mount Laurel aquifer, hydrologic budget area (HBA) 10.
Table 23. Flow budget of the Wenonah-Mount Laurel aquifer, hydrologic budget area (HBA) 10.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow fr_o m overlying Flow '"fm. underlying Lateral flow from offshore Lateral flow from HBA 9 Lateral flow from HBA 11 Lateral flow from HBA 35 Wells Storage
hal confining layer confining layer
alance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 6.46 96.3 0.04 0.6 0.05 0.7 0.12 1.8 0.01 0.2 0.03 0.4 0.00 0.0 0.00 0.0
Outflow —1.44 21.5 —0.01 0.2 0.00 0.1 0.00 0.1 —0.19 2.9 —3.87 57.7 -1.18 17.5 0.00 0.0
Net 5.01 96.4 0.03 0.6 0.04 0.8 0.11 2.2 —0.18 3.5 -3.84 73.9 -1.18 22.6 0.00 0.0
Nominal water-loss scenario
Inflow 6.76 95.8 0.06 0.8 0.06 0.8 0.15 2.1 0.01 0.2 0.03 0.4 0.00 0.0 0.00 0.0
Outflow —1.46 20.7 -0.02 0.2 0.00 0.0 —-0.01 0.1 -0.20 2.9 -3.91 55.4 -1.46 20.7 0.00 0.0
Net 5.30 95.8 0.04 0.8 0.05 0.9 0.14 2.5 -0.19 3.4 —3.88 70.2 -1.46 26.4 0.00 0.0
Optimal water-loss scenario
Inflow 6.71 95.8 0.05 0.8 0.05 0.8 0.15 2.1 0.01 0.2 0.03 0.4 0.00 0.0 0.00 0.0
Outflow -1.47 21.0 —0.01 0.2 0.00 0.1 —0.01 0.1 -0.20 2.8 -3.91 55.9 -1.40 20.0 0.00 0.0
Net 5.24 95.9 0.04 0.7 0.05 0.9 0.14 2.5 —0.18 34 —3.88 71.1 -1.40 25.6 0.00 0.0
Full allocation scenario
Inflow 7.54 94.6 0.11 1.3 0.13 1.7 0.14 1.8 0.02 0.2 0.03 0.3 0.00 0.0 0.00 0.0
Outflow -1.41 17.7 —0.03 0.4 0.00 0.0 0.00 0.0 -0.37 4.6 -3.93 493 -2.23 28.0 0.00 0.0
Net 6.13 94.6 0.08 1.2 0.13 2.0 0.14 2.2 -0.35 54 -3.90 60.2 -2.23 34.4 0.00 0.0
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Figure 37. Graph showing simulated flow rates for the Wenonah-Mount Laurel aquifer, hydrologic budget area (HBA) 11.
Table 24. Flow budget of the Wenonah-Mount Laurel aquifer, hydrologic budget area (HBA) 11.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow ".m!' overlying Flow "9"! underlying Lateral flow from offshore Lateral flow from HBA 10 Lateral flow from HBA 12 Lateral flow from HBA 36 Wells Storage
bal confining layer confining layer
alance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 8.59 89.5 0.04 0.4 0.27 2.8 0.20 2.0 0.38 3.9 0.12 1.2 0.00 0.0 0.00 0.0
Outflow -1.04 10.8 -0.02 0.2 -0.01 0.1 -0.02 0.2 0.00 0.0 -6.01 62.6 -2.50 26.0 -0.01 0.1
Net 7.55 90.0 0.02 0.3 0.26 32 0.18 2.1 0.37 4.5 -5.89 70.1 —2.50 29.8 —0.01 0.1
Nominal water-loss scenario
Inflow 9.55 87.7 0.07 0.7 0.41 3.7 0.20 1.9 0.53 4.9 0.12 1.1 0.00 0.0 0.00 0.0
Outflow -1.09 10.0 —0.02 0.1 0.00 0.0 —0.02 0.2 0.00 0.0 —6.17 56.6 —3.60 33.0 0.00 0.0
Net 8.46 87.7 0.06 0.6 0.41 4.2 0.19 2.0 0.53 5.5 —6.05 62.7 -3.60 37.3 0.00 0.0
Optimal water-loss scenario
Inflow 9.47 88.1 0.07 0.7 0.38 3.5 0.20 1.9 0.51 4.7 0.12 1.1 0.00 0.0 0.00 0.0
Outflow -1.11 10.3 -0.02 0.1 0.00 0.0 -0.02 0.2 0.00 0.0 —6.18 57.5 -3.42 31.9 0.00 0.0
Net 8.36 88.2 0.05 0.6 0.38 4.0 0.18 1.9 0.51 53 —6.06 63.9 -3.42 36.1 0.00 0.0
Full allocation scenario
Inflow 10.57 82.8 0.11 0.9 0.76 5.9 0.37 2.9 0.81 6.3 0.14 1.1 0.00 0.0 0.00 0.0
Outflow —1.01 7.9 —0.03 0.2 0.00 0.0 —0.02 0.2 0.00 0.0 —6.09 47.7 =5.61 43.9 0.00 0.0
Net 9.56 82.7 0.09 0.8 0.76 6.5 0.35 3.1 0.80 7.0 -5.95 51.5 -5.61 48.5 0.00 0.0

EXPLANATION
B Base simulation
B Nominal water-loss scenario
Optimal water-loss scenario

B Full allocation scenario
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Figure 38. Graph showing simulated flow rates for the Wenonah-Mount Laurel aquifer, hydrologic budget area (HBA) 12.
Table 25. Flow budget of the Wenonah-Mount Laurel aquifer, hydrologic budget area (HBA) 12.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow ir_o m overlying Flow fr(fm_ underlying Lateral flow from offshore Lateral flow from HBA 11 Lateral flow from HBA 37 Wells Delaware River Storage
bal confining layer confining layer
alance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 8.56 94.9 0.04 0.4 0.07 0.8 0.00 0.0 0.34 3.8 0.00 0.0 0.00 0.0 0.01 0.1
Outflow -1.57 17.5 —-0.01 0.1 -0.20 2.2 —0.38 4.2 =5.18 57.4 -1.25 13.9 -0.42 4.7 0.00 0.1
Net 6.99 99.5 0.03 0.4 -0.13 1.9 -0.37 53 —4.84 68.9 -1.25 17.9 -0.42 6.0 0.00 0.1
Nominal water-loss scenario
Inflow 9.16 95.3 0.04 0.4 0.06 0.7 0.00 0.0 0.34 3.5 0.00 0.0 0.00 0.0 0.00 0.0
Outflow —1.64 17.0 —0.01 0.1 —0.26 2.7 -0.53 5.6 —5.44 56.6 -1.27 13.2 -0.46 4.8 0.00 0.0
Net 7.52 99.5 0.04 0.5 —0.20 2.6 —0.53 7.0 =5.10 67.5 -1.27 16.8 —0.46 6.1 0.00 0.0
Optimal water-loss scenario
Inflow 9.11 95.4 0.04 0.4 0.05 0.6 0.00 0.0 0.34 3.5 0.00 0.0 0.00 0.0 0.00 0.0
Outflow —1.65 17.3 —0.01 0.1 —0.26 2.7 —0.51 53 —5.45 57.1 -1.21 12.7 —0.46 4.8 0.00 0.0
Net 7.46 99.5 0.04 0.5 -0.21 2.8 -0.51 6.7 =5.11 68.2 -1.21 16.2 -0.46 6.1 0.00 0.0
Full allocation scenario
Inflow 10.19 94.4 0.06 0.5 0.15 1.4 0.01 0.1 0.38 3.5 0.00 0.0 0.00 0.0 0.00 0.0
Outflow -1.39 12.9 —-0.01 0.1 -0.25 2.3 -0.82 7.6 -5.23 48.5 —2.66 24.6 -0.43 4.0 0.00 0.0
Net 8.80 99.4 0.05 0.6 —0.10 1.1 -0.80 9.1 —4.85 54.8 —2.66 30.1 -0.43 4.9 0.00 0.0

EXPLANATION

I Base simulation

B Nominal water-loss scenario

Optimal water-loss scenario

B Full allocation scenario
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Figure 39. Graph showing simulated flow rates for the Wenonah-Mount Laurel aquifer, hydrologic budget area (HBA) 33.
Table 26. Flow budget of the Wenonah-Mount Laurel aquifer, hydrologic budget area (HBA) 33.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow from OVIZ::Z:ng confining Flow from un:’:;g'"g confining Lateral flow from HBA 8 Lateral flow from HBA 34 Streams Recharge Storage
balance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 0.00 0.0 3.57 7.9 10.35 23.0 0.00 0.0 0.00 0.0 31.13 69.1 0.01 0.0
Outflow 0.00 0.0 -16.58 36.8 —8.63 19.2 -2.14 4.8 -17.69 393 0.00 0.0 0.00 0.0
Net 0.00 0.0 —13.01 39.6 1.72 5.2 —2.14 6.5 -17.69 53.9 31.13 94.8 0.00 0.0
Nominal water-loss scenario
Inflow 0.00 0.0 3.63 7.5 10.57 21.8 0.00 0.0 0.00 0.0 34.33 70.7 0.00 0.0
Outflow 0.00 0.0 —17.47 36.0 —8.92 18.4 —2.26 4.7 —19.88 41.0 0.00 0.0 0.00 0.0
Net 0.00 0.0 -13.84 38.5 1.66 4.6 -2.26 6.3 —19.88 55.3 34.33 95.4 0.00 0.0
Optimal water-loss scenario
Inflow 0.00 0.0 3.64 7.5 10.59 21.8 0.00 0.0 0.00 0.0 34.33 70.7 0.00 0.0
Outflow 0.00 0.0 -17.44 35.9 —8.90 18.3 -2.26 4.7 -19.96 41.1 0.00 0.0 0.00 0.0
Net 0.00 0.0 —13.81 38.3 1.69 4.7 —2.26 6.3 —19.96 554 34.33 95.3 0.00 0.0
Full allocation scenario
Inflow 0.00 0.0 3.52 7.3 10.07 21.0 0.00 0.0 0.00 0.0 34.33 71.6 0.00 0.0
Outflow 0.00 0.0 -17.53 36.6 -9.36 19.5 —2.25 4.7 —18.78 39.2 0.00 0.0 0.00 0.0
Net 0.00 0.0 -14.02 40.0 0.71 2.0 -2.25 6.4 —18.78 53.6 34.33 98.0 0.00 0.0

EXPLANATION
Base simulation
Nominal water-loss scenario
Optimal water-loss scenario

Full allocation scenario
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Figure 40. Graph showing simulated flow rates for the Wenonah-Mount Laurel aquifer, hydrologic budget area (HBA) 34.
Table 27. Flow budget of the Wenonah-Mount Laurel aquifer, hydrologic budget area (HBA) 34.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow fr_o m overlying Flow frqm_ underlying Lateral flow from HBA 9 Lateral flow from HBA 33 Lateral flow from HBA 35 Streams Recharge Storage
bal confining layer confining layer
alance
Mgal/d % Magal/d % Magal/d % Magal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 0.00 0.0 4.97 8.6 16.63 28.7 2.14 3.7 0.51 0.9 0.00 0.0 33.72 58.2 0.00 0.0
Outflow 0.00 0.0 =5.56 9.6 —2.47 4.3 0.00 0.0 -0.02 0.0 —49.92 86.1 0.00 0.0 0.00 0.0
Net 0.00 0.0 -0.59 1.2 14.17 28.0 2.14 4.2 0.49 1.0 —49.92 98.8 33.72 66.7 0.00 0.0
Nominal water-loss scenario
Inflow 0.00 0.0 5.30 8.5 17.20 27.5 2.26 3.6 0.57 0.9 0.00 0.0 37.29 59.5 0.00 0.0
Outflow 0.00 0.0 —5.68 9.1 —2.52 4.0 0.00 0.0 0.00 0.0 —54.42 86.9 0.00 0.0 0.00 0.0
Net 0.00 0.0 -0.38 0.7 14.68 26.8 2.26 4.1 0.57 1.0 —54.42 99.3 37.29 68.0 0.00 0.0
Optimal water-loss scenario
Inflow 0.00 0.0 5.31 8.5 17.21 27.5 2.26 3.6 0.57 0.9 0.00 0.0 37.29 59.5 0.00 0.0
Outflow 0.00 0.0 =5.67 9.0 -2.52 4.0 0.00 0.0 0.00 0.0 —54.45 86.9 0.00 0.0 0.00 0.0
Net 0.00 0.0 —0.35 0.6 14.69 26.8 2.26 4.1 0.57 1.0 —54.45 99.4 37.29 68.0 0.00 0.0
Full allocation scenario
Inflow 0.00 0.0 5.06 8.1 17.10 27.5 2.25 3.6 0.58 0.9 0.00 0.0 37.29 59.9 0.00 0.0
Outflow 0.00 0.0 —6.14 9.9 —2.55 4.1 0.00 0.0 0.00 0.0 —53.59 86.1 0.00 0.0 0.00 0.0
Net 0.00 0.0 -1.08 2.0 14.56 26.6 2.25 4.1 0.58 1.1 —53.59 98.0 37.29 68.2 0.00 0.0




300 T T T T T T T T
55 | | | | | | | |
=
= C 200
IS 8 | | | | | | | |
£ 4 15.0 I I I I I I I I
=
g S 10.0 | | | | | | | |
= | | | | | | | |
£ 50 | | | | | | | |
. A 1 T
0 T ——— T — T T T T
S > -50 | | | | | | | |
=8 [ [ [ [ [ [ [ [
E o 100 | | | | | | | |
3
=g 1o | | | | | | | |
25 -200 | | | | | | | |
E= [ [ [ [ [ [ [ [
3= 0 | | | | | | | |
-30.0
Flow from overlying Flow from underlying Lateral flow Lateral flow Lateral flow Wells Streams Recharge Storage
confining layer confining layer from HBA 10 from HBA 34 from HBA 36
Figure 41. Graph showing simulated flow rates for the Wenonah-Mount Laurel aquifer, hydrologic budget area (HBA) 35.
Table 28. Flow budget of the Wenonah-Mount Laurel aquifer, hydrologic budget area (HBA) 35.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow fr_o m overlying Flow frqn! underlying Lateral flow from HBA 10  Lateral flow from HBA 34 Lateral flow from HBA 36 Wells Streams Recharge Storage
bal confining layer confining layer
alance
Magal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Magal/d % Magal/d % Mgal/d %
Base simulation
Inflow 0.00 0.0 0.80 3.1 3.84 14.9 0.00 0.0 0.07 0.3 0.00 0.0 0.00 0.0 21.00 81.7 0.00 0.0
Outflow 0.00 0.0 -1.39 54 0.00 0.0 -0.49 1.9 —0.13 0.5 —-0.01 0.0 —23.71 92.2 0.00 0.0 0.00 0.0
Net 0.00 0.0 —0.59 2.4 3.84 15.5 -0.49 2.0 —0.06 0.2 —0.01 0.0 —23.71 95.4 21.00 84.5 0.00 0.0
Nominal water-loss scenario
Inflow 0.00 0.0 0.87 3.1 3.88 13.7 0.00 0.0 0.14 0.5 0.00 0.0 0.00 0.0 23.35 82.7 0.00 0.0
Outflow 0.00 0.0 —1.44 5.1 0.00 0.0 -0.57 2.0 —0.14 0.5 —0.01 0.0 —26.09 923 0.00 0.0 0.00 0.0
Net 0.00 0.0 —-0.56 2.1 3.88 14.3 -0.57 2.1 0.00 0.0 —-0.01 0.0 -26.09 95.8 23.35 85.7 0.00 0.0
Optimal water-loss scenario
Inflow 0.00 0.0 0.89 3.1 3.88 13.7 0.00 0.0 0.14 0.5 0.00 0.0 0.00 0.0 23.35 82.6 0.00 0.0
Outflow 0.00 0.0 -1.43 5.1 0.00 0.0 -0.57 2.0 =0.15 0.5 —-0.01 0.0 -26.11 92.4 0.00 0.0 0.00 0.0
Net 0.00 0.0 —0.54 2.0 3.88 14.3 —0.57 2.1 0.00 0.0 —0.01 0.0 -26.11 95.9 23.35 85.7 0.00 0.0
Full allocation scenario
Inflow 0.00 0.0 0.52 1.9 3.90 14.0 0.00 0.0 0.13 0.5 0.00 0.0 0.00 0.0 23.35 83.7 0.00 0.0
Outflow 0.00 0.0 -1.63 5.8 0.00 0.0 —0.58 2.1 -0.13 0.5 —0.20 0.7 —25.37 90.9 0.00 0.0 0.00 0.0
Net 0.00 0.0 -1.10 4.0 3.90 14.3 -0.58 2.1 0.00 0.0 -0.20 0.7 —25.37 93.1 23.35 85.7 0.00 0.0
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Figure 42. Graph showing simulated flow rates for the Wenonah-Mount Laurel aquifer, hydrologic budget area (HBA) 36.
Table 29. Flow budget of the Wenonah-Mount Laurel aquifer, hydrologic budget area (HBA) 36.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow fr_o " overlying Flow m.'"! underlying Lateral flow from HBA 11 Lateral flow from HBA 35 Lateral flow from HBA 37 Streams Recharge Storage
bal confining layer confining layer
alance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 0.21 0.7 1.83 5.9 6.00 19.3 0.13 0.4 0.83 2.7 0.00 0.0 22.11 71.1 0.00 0.0
Outflow 0.00 0.0 -1.26 4.1 —0.11 0.4 -0.07 0.2 0.00 0.0 —29.66 95.3 0.00 0.0 0.00 0.0
Net 0.21 0.7 0.57 1.9 5.89 19.8 0.06 0.2 0.83 2.8 —29.66 100.0 22.11 74.5 0.00 0.0
Nominal water-loss scenario
Inflow 0.23 0.7 1.85 5.5 6.18 18.2 0.12 0.4 0.84 2.5 0.00 0.0 24.69 72.8 0.00 0.0
Outflow 0.00 0.0 -1.36 4.0 -0.13 0.4 —0.12 0.4 0.00 0.0 —32.30 95.2 0.00 0.0 0.00 0.0
Net 0.23 0.7 0.49 1.5 6.05 18.7 0.00 0.0 0.84 2.6 —32.30 100.0 24.69 76.5 0.00 0.0
Optimal water-loss scenario
Inflow 0.23 0.7 1.87 5.5 6.19 18.2 0.12 0.4 0.84 2.5 0.00 0.0 24.69 72.8 0.00 0.0
Outflow 0.00 0.0 -1.34 3.9 -0.13 0.4 —0.12 0.4 0.00 0.0 —32.35 95.3 0.00 0.0 0.00 0.0
Net 0.23 0.7 0.53 1.6 6.06 18.7 0.00 0.0 0.84 2.6 -32.35 100.0 24.69 76.3 0.00 0.0
Full allocation scenario
Inflow 0.23 0.7 1.66 4.9 6.08 18.1 0.11 0.3 0.83 2.5 0.00 0.0 24.69 73.5 0.00 0.0
Outflow 0.00 0.0 -1.79 5.3 —0.13 0.4 —0.11 0.3 0.00 0.0 -31.57 93.9 0.00 0.0 0.00 0.0
Net 0.23 0.7 -0.13 0.4 5.95 18.8 0.00 0.0 0.83 2.6 -31.57 99.6 24.69 77.9 0.00 0.0

EXPLANATION

I Base simulation

B Nominal water-loss scenario

Optimal water-loss scenario

B Full allocation scenario
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Figure 43. Graph showing simulated flow rates for the Wenonah-Mount Laurel aquifer, hydrologic budget area (HBA) 37.
Table 30. Flow budget of the Wenonah-Mount Laurel aquifer, hydrologic budget area (HBA) 37.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow fr_o m overlying Flow "9"! underlying Lateral flow from offshore Lateral flow from HBA 12  Lateral flow from HBA 36 Wells Streams Recharge Storage
bal confining layer confining layer
alance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Magal/d % Mgal/d % Magal/d %
Base simulation
Inflow 0.00 0.0 1.58 3.7 0.00 0.0 5.16 12.2 0.00 0.0 0.00 0.0 0.00 0.0 35.61 84.1 0.00 0.0
Outflow -0.10 0.2 -3.50 8.3 —0.66 1.6 -0.33 0.8 —0.83 2.0 —0.06 0.1 —36.86 87.0 0.00 0.0 —-0.01 0.0
Net —0.10 0.3 -1.92 4.7 —0.66 1.6 4.84 12.0 —0.83 2.1 —0.06 0.2 —36.86 91.1 35.61 88.0 0.00 0.0
Nominal water-loss scenario
Inflow 0.00 0.0 1.68 3.6 0.00 0.0 5.42 11.6 0.00 0.0 0.00 0.0 0.00 0.0 39.54 84.8 0.00 0.0
Outflow —0.11 0.2 —3.69 7.9 —0.70 1.5 -0.32 0.7 —0.84 1.8 —0.12 0.2 —40.86 87.6 0.00 0.0 0.00 0.0
Net —0.11 0.3 -2.01 4.5 -0.70 1.6 5.10 11.4 —0.84 1.9 -0.12 0.3 —40.86 91.5 39.54 88.6 0.00 0.0
Optimal water-loss scenario
Inflow 0.00 0.0 1.68 3.6 0.00 0.0 5.43 11.6 0.00 0.0 0.00 0.0 0.00 0.0 39.54 84.8 0.00 0.0
Outflow —0.12 0.3 -3.69 7.9 —0.70 1.5 -0.32 0.7 —0.84 1.8 —0.12 0.2 —40.87 87.6 0.00 0.0 0.00 0.0
Net —0.12 0.3 —2.00 4.5 —0.70 1.6 5.11 11.4 —0.84 1.9 —0.12 0.3 —40.87 91.5 39.54 88.6 0.00 0.0
Full allocation scenario
Inflow 0.00 0.0 1.58 3.4 0.00 0.0 5.21 11.3 0.00 0.0 0.00 0.0 0.00 0.0 39.54 85.3 0.00 0.0
Outflow -0.08 0.2 —3.80 8.2 -0.70 1.5 —0.36 0.8 -0.83 1.8 -0.23 0.5 —40.33 87.0 0.00 0.0 0.00 0.0
Net —0.08 0.2 —2.22 5.0 -0.70 1.6 4.85 10.9 —0.83 1.9 -0.23 0.5 —40.33 90.8 39.54 89.1 0.00 0.0
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Englishtown Aquifer System

The study defined two confined (HBA 13 and HBA 14)
and two unconfined (HBA 38 and HBA 39) budget areas
in the Englishtown aquifer system. HBA 13 is partially in
Critical Area 1 where withdrawals are restricted in response to
large drawdowns in the aquifer in the 1980s and prior. There
are 110 wells in HBA 13. HBA 14 largely corresponds to
Critical Area 2 where withdrawals are restricted in the deeper
Potomac-Raritan-Magothy aquifer system. There are 51 wells
in HBA 14. Withdrawals are minimal in the unconfined HBA
with 5 wells in HBA 28 and one well in HBA 39.

Trends of Withdrawals and Heads

Figure 44 shows withdrawal trends and trends of median,
10th percentile, and minimum heads from the base simulation
and each of the three pumping scenarios for each confined
budget area in the Englishtown aquifer system. Table 31
shows a summary of the past and projected withdrawals in
each budget area.

The effects of the Critical Areas can be seen in the
withdrawal history of both HBA 13 and HBA 14, although
with opposite effects. In HBA 13, the withdrawals decrease
sharply in the early 1990s and remain fairly constant thereaf-
ter in response to restrictions from Critical Area 1 (fig. 444).
The consistent pumping is expected to continue with a small
increase (3.8 percent) projected for the nominal water-loss
scenario and a small decrease (1 percent) projected for the
optimal water-loss scenario (table 31). These both fall within
the variability seen in withdrawals over the last 15 years of
the base simulation. In HBA 14, the withdrawals increase
around 1990 at the time where withdrawals were restricted
in the deeper PRM aquifer system owing to the Critical Area
2 restrictions (fig. 44C). The withdrawals in HBA 14 reach
a peak around the turn of the century then decrease slightly
around 2005, remaining fairly level through 2020. The nomi-
nal (0.5 percent decrease) and optimal (4.6 percent decrease)
water-loss scenarios project near constant withdrawals
(table 31). The full allocation scenario projects an 87 percent
increase in withdrawals (table 31).

The simulated heads from the base simulation decline
in the early part of the model. These declines are especially
evident in the cells around wells, which is reflected by the
10th percentile and minimum heads in HBA 13 (fig. 44B).
What follows is a sharp recovery in heads in the early 1990s
because of Critical Area 1 restrictions. Heads continue to
recover, though more gradually, through the end of the base
simulation. The nominal and optimal water-loss scenarios
indicate heads continue to recover through 2040, although at
a relatively slower rate compared to that of the base simula-
tion. The maximum amount of drawdown (table 32), however,
indicates there are some areas with greater than 20 feet of head
decline (maximum of 26.8 feet for nominal water-loss sce-
nario and 21.4 feet for the optimal loss scenarios). For the full

allocation scenario, there is some decline in heads; however,
the magnitude of the decline does not reach levels seen early
in the base simulation.

The heads in HBA 14 generally decline throughout the
first part of the base simulation, leveling out in the 2000s after
a big decline, especially as measured by the 10th percentile
and minimum heads in the late 1990s (fig. 445). The nomi-
nal water-loss scenario indicates there is a slight decline
with a median drawdown of 0.9 feet and a maximum of 4.2
(table 32). The median value of zero in the optimal water-
loss scenario indicates drawdown is minimal; the maximum
drawdown is 3.5 feet (table 32). The full allocation scenario
indicates there is substantial drawdown with the head quickly
declining in 2014, then continuing to decline before leveling
off by 2040 (fig. 44D). In 2040, the full allocation scenario
indicates the median drawdown is 21.5 feet and the maximum
is 35 feet (table 32).

Simulated Heads and Drawdown in 2040

Figure 45 shows the simulated head distribution in 2040
for the Englishtown aquifer system. The lowest heads in the
Englishtown aquifer system are along the coast centered
around the boundary between Monmouth and Ocean Counties.
There are two other noticeable cones of depression: one to the
northwest of the area of depressed head along the coast and
the other in Camden County in the southwestern part of the
aquifer in HBA 14. The heads are highest in the unconfined
parts of the aquifer and in the confined aquifer just along the
boundaries with the unconfined areas.

Figure 46 shows the simulated drawdown from the end
of the base simulation in 2013 through 2040 based on the
projected water-use scenarios. The scenarios indicate that a
large part of the Englishtown aquifer system sees little change
for the optimal and nominal water-loss scenarios (less than
two feet in either direction; figs. 464, 46B). For those two
scenarios, the places where the heads are lowest (figs. 464,
46B) generally see some head recovery due to decreasing
withdrawals in surrounding wells (figs. 454, 45B). There are
several areas close to wells where large amounts of drawdown
are simulated, as indicated by the tightly spaced contours
for the nominal and optimal water-loss scenarios (figs. 464,
46B). In the full allocation scenario, areas with little simulated
change are limited to the outcrop areas and a narrow strip of
the confined aquifer that borders the outcrop (fig. 46C). Most
of the confined part of the Englishtown aquifer system shows
declines of greater than 15 feet with most of that area having
drawdown of greater than 20 feet (fig. 46C).

Budget Analysis

Figures 47 and 48 and tables 33 and 34 show the budget
components for HBA 13 and HBA 14 and are discussed below.
In both areas, most of the inflow (92-94 percent) to the budget
area is leakage from the overlying confining layer. In HBA 14,
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there is also some outflow (15-18 percent) to the overlying
confining layer in places, as well. Most outflow in these bud-
get areas, however, is split between flow to the adjacent bud-
get areas (50-61 percent) and flow to wells (19-39 percent).
The other budget components are minor (less than 5 percent).
The full allocation scenario differs from the others because
its increased pumping rate leads to greater amounts of inflow
through the confining layer above and smaller amounts of
outflow through the unconfined part of the aquifer.

The two unconfined budget areas in the Englishtown
aquifer system, HBA 38 and HBA 39, have similar budgets
(figs. 49, 50; tables 35, 36). The main inflow is recharge
(79-87 percent) and the main outflow is leakage to streams
(93-96 percent). A small amount of inflow also comes
from lateral flow from the adjacent confined HBA 13
(20-21 percent) and HBA 14 (11-12 percent).
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Table 31. Summary of trends in withdrawals in the Englishtown aquifer system and the upper, middle, and lower Potomac-Raritan-Magothy aquifers.

[Average withdrawals given in million gallons per year. NJCP, New Jersey Coastal Plain; %, percent; —, no data]
Scenario 1: Nominal water loss Scenario 2: Optimal water loss Scenario 3: Full allocation
. Average
Hydrologic budget . Average reported i i . i . i .
area (HBA) withdrawals from NJCP . b (2014-20) Average withdrawals . Percentdifference from Average withdrawals Percent difference from  Average withdrawals  Percent increase Percent of full allocation
(1980-2013) (2014-40) 9 reported (2014-20) (2014-40) g reported (2014-20) (2014-40) from 2013 withdrawn (2009-2013)

Englishtown aquifer system

13 2,407 1,790 1,905 3.8% 4.9% 1,787 -1.0% 0.2% 2,876 59.6% 65.5%
14 677 924 957 -0.5% 3.9% 936 —4.6% 3.2% 1,858 87.2% 50.2%
38 15 6 10 0.5% 60.3% 10 0.0% 60.3% 74 928.9% 11.5%
39 9 1 1 0.0% -3.4% 1 0.0% —3.4% 24 2,224.5% 3.5%
Upper Potomac-Raritan-Magothy aquifer
15 6,842 5,931 6,687 8.4% 9.3% 6,505 3.1% 8.4% 9,027 54.2% 71.0%
16 9,067 6,094 6,762 7.4% 7.9% 6,572 2.0% 7.0% 7,748 21.0% 84.1%
17 699 690 965 32.5% 24.9% 941 27.1% 23.9% 1,698 153.3% 48.4%
40 6,188 4,514 4,346 8.5% —6.8% 4,228 3.3% —7.5% 8,999 100.8% 47.8%
41 0 0 0 — — 0 — — 0 — —
42 354 207 138 -3.8% =32.7% 135 =7.0% -33.0% 285 34.6% 71.4%
43 384 164 186 16.9% 6.8% 181 11.8% 6.0% 359 133.3% 46.8%
Middle Potomac-Raritan-Magothy aquifer
18 10,381 8,403 9,215 14.8% 3.9% 8,964 9.4% 3.0% 10,908 22.6% 84.7%
19 10,455 7,990 8,159 =5.0% 4.1% 7,951 -9.6% 3.4% 11,187 33.9% 77.5%
20 1,547 816 961 3.3% 16.3% 940 -0.9% 15.6% 1,708 98.9% 57.5%
21 91 165 180 9.9% 4.9% 173 2.8% 3.8% 242 45.6% 70.8%
44 148 10 56 26.6% 399.6% 54 21.5% 395.7% 58 314.7% 88.0%
45 2,484 1,364 1,914 5.1% 37.6% 1,871 0.8% 36.7% 2,720 43.7% 70.5%
46 873 375 423 2.1% 11.8% 409 -3.8% 10.8% 916 137.1% 45.6%
Lower Potomac-Raritan-Magothy aquifer
22 17,817 10,673 11,222 -14.5% 11.5% 10,939 —18.9% 10.7% 13,689 20.0% 91.6%
23 156 161 312 0.0% 94.3% 312 0.0% 94.3% 547 39.6% 49.8%
24 240 94 258 20.2% 154.8% 251 14.2% 152.4% 456 112.8% 46.8%

Percent change was calculated by subtracting withdrawals simulated in 2040 from the withdrawals simulated in 2014 then dividing by the withdrawals simulated in 2014 and multiplying by 100.
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Table 32. Statistics for simulated drawdown from the end of 2013 through 2040 for hydrologic budget areas in the Englishtown aquifer

system.

Hydrologic budget

Simulated drawdown statistics, in feet

Cells in budget area with
drawdown, in percent

area (HBA) - - -
Median 90th percentile Maximum Greater than 1 foot Less than -1 foot
Nominal water loss
HBA 13 0.8 43 26.8 42 9
HBA 14 0.9 2.1 42 46 3
Optimal water loss
HBA 13 —0.3 1.7 21.4 11 28
HBA 14 0 1.1 3.5 17 9
Full allocation
HBA 13 19.5 30.2 49.3 93 0
HBA 14 21.5 254 35 93 1
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Figure 45. Maps showing hydrologic budget areas in the Englishtown aquifer system and simulated potentiometric surface in 2040
for the three scenarios: A, nominal water-loss, B, optimal water-loss, and C, full allocation.



Simulated Effects of Projected 2014-2040 Withdrawals

B. Optimal water-loss scenario
75° 74°30' 74°
v 3 =~ TNEw) &= EXPLANATION

W / \ YO & Simulated head in 2040, in feet
HUNTERDON '\/ SOMERSET [} — <-160

1 4 /- >-160t0 ~140

\ _ J/’ MIDDLESEX >-140t0 -120
“ 3 j 3 ;
\ T Y
N\ =,

>-120to -100
B ~
\ MERCER D

40°30" |—

>-100 to -80
>-80 to -60
>-60 to -40
>-40t0 -20
>-20to 0
>0t0 20
>20to 40
>40to 60
>60 to 80
>80 to 100
>100to 120
>120 to 140
>140 to 160
>160

PENNSYLVANIA

40° Critical Area 1*

3 Critical Area 2*
3 Hydrologic budget areas (HBA)

Simulated head change contour,
in feet

Isochlor, in milligrams per liter

s ~
bUCESTER - \C\AMDEN 25 —Charles (2016)

—— 10,000
— 250
ATLANTIC
OCEAN Well withdrawal 2040, in
million gallons per da
39°30' \ ] ’ P Y
4 \/ ° <0.01
~ CUMBERLAND | ° >0.011t0 0.1
Base from U.S. Geological Survey 1:24,000 digital line data 0 5 10 20 MILES ° 501101
New Jersey State Plane Coordinate System | | | J ’
North American Datum of 1983 [T 1 [ O >1
0 5 10 20 KILOMETERS

*From New Jersey Department of
Environmental Protection
(unpublished). Boundary is
approximate and should not be
used for regulatory compliance
purposes.

Figure 45.—Continued



88 Simulated Effects of Projected Withdrawals on Groundwater Flow and Water Levels in the New Jersey Coastal Plain

C. Full allocation scenario
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water-loss, and C, full allocation.
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B. Optimal water-loss scenario
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C. Full allocation scenario
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Figure 47. Graph showing simulated flow rates for the Englishtown aquifer system, hydrologic budget area (HBA) 13.
Table 33. Flow budget of the Englishtown aquifer system, hydrologic budget area (HBA) 13.
[mg/L, milligram per liter; Mgal/d, million gallons per day; %, percent of total]
Flow Flow fr_o m overlying Flow ir(fm_ underlying Lateral "(.)W from Lateral flow from Lateral flow from HBA 14  Lateral flow from HBA 38 Constant head Wells Storage
bal confining layer confining layer 250 mg/L isochlor offshore
alance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 16.39 92.2 0.00 0.0 0.00 0.0 0.42 2.4 0.49 2.8 0.48 2.7 0.00 0.0 0.00 0.0 0.01 0.0
Outflow -0.59 33 —0.02 0.1 0.00 0.0 —0.57 32 -0.72 4.1 —10.84 61.0 —0.09 0.5 —4.94 27.8 0.00 0.0
Net 15.80 100.0 -0.02 0.1 0.00 0.0 —0.15 1.0 -0.23 1.5 -10.36 65.6 -0.09 0.6 —4.94 31.2 0.00 0.0
Nominal water-loss scenario
Inflow 17.55 92.2 0.00 0.0 0.00 0.0 0.56 3.0 0.48 2.5 0.44 2.3 0.00 0.0 0.00 0.0 0.00 0.0
Outflow —0.66 3.5 -0.02 0.1 0.00 0.0 -0.54 2.9 -0.71 3.7 -11.28 59.2 =0.10 0.5 =5.72 30.1 0.00 0.0
Net 16.89 99.9 —0.02 0.1 0.00 0.0 0.02 0.1 -0.23 1.4 -10.84 64.1 -0.10 0.6 =5.72 33.8 0.00 0.0
Optimal water-loss scenario
Inflow 17.36 92.3 0.00 0.0 0.00 0.0 0.52 2.8 0.48 2.6 0.44 2.3 0.00 0.0 0.00 0.0 0.00 0.0
Outflow —0.68 3.6 —0.02 0.1 0.00 0.0 —0.55 2.9 -0.71 3.8 -11.28 60.0 -0.10 0.5 —5.46 29.0 0.00 0.0
Net 16.68 100.0 —0.02 0.1 0.00 0.0 —0.03 0.2 —0.23 1.4 —10.85 65.0 —0.10 0.6 —5.46 32.7 0.00 0.0
Full allocation scenario
Inflow 19.63 92.2 0.01 0.0 0.00 0.0 0.79 3.7 0.37 1.7 0.48 2.3 0.00 0.0 0.00 0.0 0.00 0.0
Outflow —0.54 2.5 —0.01 0.1 0.00 0.0 —0.35 1.7 —0.84 4.0 —11.05 51.9 —0.10 0.5 -8.39 39.4 0.00 0.0
Net 19.09 97.8 -0.01 0.0 0.00 0.0 0.44 2.2 —0.47 2.4 -10.56 54.1 =0.10 0.5 -8.39 43.0 0.00 0.0

EXPLANATION
B Base simulation
B Nominal water-loss scenario
Optimal water-loss scenario

B Full allocation scenario
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Figure 48. Graph showing simulated flow rates for the Englishtown aquifer system, hydrologic budget area (HBA) 14.
Table 34. Flow budget of the Englishtown aquifer system, hydrologic budget area (HBA) 14.
[mg/L, milligram per liter; Mgal/d, million gallons per day; %, percent of total]
Flow Flow fr_o m overlying Flow ‘"?"! underlying Lateral ﬂ?w from 250 mg/L Lateral flow from updip Lateral flow from HBA 13 Lateral flow from HBA 39 Wells Storage
bal confining layer confining layer isochlor
alance
Magal/d % Magal/d % Magal/d % Magal/d % Mgal/d % Magal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 12.95 93.8 0.00 0.0 0.03 0.2 0.06 0.5 0.73 53 0.01 0.1 0.00 0.0 0.02 0.2
Outflow —-2.41 17.4 —0.02 0.2 0.00 0.0 —-0.03 0.2 -0.50 3.6 —8.12 58.8 -2.72 19.7 —0.01 0.1
Net 10.54 97.2 —0.02 0.2 0.03 0.3 0.03 0.3 0.23 2.1 —8.11 74.8 —2.72 25.0 0.01 0.1
Nominal water-loss scenario
Inflow 13.51 94.2 0.00 0.0 0.02 0.1 0.08 0.5 0.72 5.0 0.01 0.1 0.00 0.0 0.00 0.0
Outflow —2.62 18.3 —0.02 0.1 —0.02 0.1 —0.03 0.2 -0.49 34 —8.38 58.4 —2.78 19.4 0.00 0.0
Net 10.90 97.5 —-0.02 0.2 0.00 0.0 0.04 0.4 0.23 2.1 -8.37 74.9 -2.78 249 0.00 0.0
Optimal water-loss scenario
Inflow 13.43 94.2 0.00 0.0 0.01 0.1 0.07 0.5 0.72 5.1 0.01 0.1 0.00 0.0 0.00 0.0
Outflow —2.63 18.5 —0.02 0.1 -0.02 0.1 —-0.03 0.2 -0.49 3.5 —8.38 58.8 -2.67 18.7 0.00 0.0
Net 10.80 97.6 —0.02 0.2 —0.01 0.1 0.04 0.3 0.23 2.1 —8.37 75.6 -2.67 24.1 0.00 0.0
Full allocation scenario
Inflow 15.39 92.9 0.00 0.0 0.11 0.7 0.19 1.1 0.85 5.1 0.01 0.1 0.00 0.0 0.00 0.0
Outflow —2.54 154 —0.01 0.1 0.00 0.0 -0.03 0.2 —0.38 2.3 —8.34 50.4 —5.25 31.7 0.00 0.0
Net 12.84 94.6 —0.01 0.1 0.11 0.8 0.16 1.1 0.47 3.5 —8.32 61.3 -5.25 38.6 0.00 0.0

EXPLANATION

I Base simulation
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B Nominal water-loss scenario

Optimal water-loss scenario

B Full allocation scenario
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Figure 49. Graph showing simulated flow rates for the Englishtown aquifer system, hydrologic budget area (HBA) 38.
Table 35. Flow budget of the Englishtown aquifer system, hydrologic budget area (HBA) 38.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow fr_o m overlying Flow '"?"! underlying Lateral flow from updip  Lateral flow from HBA 13 Lateral flow from HBA 39 Wells Streams Recharge Storage
bal confining layer confining layer
alance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 0.00 0.0 0.00 0.0 0.26 0.5 11.00 20.9 0.00 0.0 0.00 0.0 0.00 0.0 41.44 78.6 0.00 0.0
Outflow 0.00 0.0 0.00 0.0 -1.74 33 —0.64 1.2 -1.20 2.3 —0.02 0.0 —49.10 93.2 0.00 0.0 0.00 0.0
Net 0.00 0.0 0.00 0.0 —1.48 2.8 10.36 20.0 -1.20 2.3 —0.02 0.0 —49.10 94.8 41.44 80.0 0.00 0.0
Nominal water-loss scenario
Inflow 0.00 0.0 0.00 0.0 0.29 0.5 11.42 20.0 0.00 0.0 0.00 0.0 0.00 0.0 45.42 79.5 0.00 0.0
Outflow 0.00 0.0 0.00 0.0 -1.77 3.1 —0.58 1.0 -1.21 2.1 —0.03 0.0 —53.54 93.7 0.00 0.0 0.00 0.0
Net 0.00 0.0 0.00 0.0 —1.48 2.6 10.84 19.3 -1.21 2.1 —-0.03 0.0 —53.54 95.2 45.42 80.7 0.00 0.0
Optimal water-loss scenario
Inflow 0.00 0.0 0.00 0.0 0.29 0.5 11.42 20.0 0.00 0.0 0.00 0.0 0.00 0.0 45.42 79.5 0.00 0.0
Outflow 0.00 0.0 0.00 0.0 -1.77 3.1 —0.58 1.0 -1.21 2.1 —-0.03 0.0 —53.55 93.7 0.00 0.0 0.00 0.0
Net 0.00 0.0 0.00 0.0 —1.48 2.6 10.85 19.3 -1.21 2.1 -0.03 0.0 —53.55 95.2 45.42 80.7 0.00 0.0
Full allocation scenario
Inflow 0.00 0.0 0.00 0.0 0.29 0.5 11.21 19.7 0.00 0.0 0.00 0.0 0.00 0.0 45.42 79.8 0.00 0.0
Outflow 0.00 0.0 0.00 0.0 -1.75 3.1 —0.65 1.1 -1.21 2.1 -0.20 0.4 =53.11 93.3 0.00 0.0 0.00 0.0
Net 0.00 0.0 0.00 0.0 -1.46 2.6 10.56 18.9 -1.21 2.2 -0.20 0.4 =53.11 94.9 45.42 81.1 0.00 0.0

EXPLANATION
B Base simulation
B Nominal water-loss scenario
Optimal water-loss scenario

B Full allocation scenario
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Figure 50. Graph showing simulated flow rates for the Englishtown aquifer system, hydrologic budget area (HBA) 39.
Table 36. Flow budget of the Englishtown aquifer system, hydrologic budget area (HBA) 39.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow fr_o m overlying Flow f"?m. underlying Lateral flow from updip  Lateral flow from HBA 14  Lateral flow from HBA 38 Wells Streams Recharge Storage
bal confining layer confining layer
alance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 0.00 0.0 0.00 0.0 0.53 0.6 9.77 11.7 1.20 1.4 0.00 0.0 0.00 0.0 72.34 86.3 0.00 0.0
Outflow 0.00 0.0 0.00 0.0 -1.61 1.9 -1.66 2.0 0.00 0.0 0.00 0.0 —80.57 96.1 0.00 0.0 0.00 0.0
Net 0.00 0.0 0.00 0.0 —1.08 1.3 8.11 9.9 1.20 1.5 0.00 0.0 —80.57 98.7 72.34 88.6 0.00 0.0
Nominal water-loss scenario
Inflow 0.00 0.0 0.00 0.0 0.58 0.6 10.13 11.0 1.21 1.3 0.00 0.0 0.00 0.0 80.44 87.1 0.00 0.0
Outflow 0.00 0.0 0.00 0.0 -1.89 2.0 -1.76 1.9 0.00 0.0 0.00 0.0 —88.71 96.0 0.00 0.0 0.00 0.0
Net 0.00 0.0 0.00 0.0 -1.30 1.4 8.37 9.3 1.21 1.3 0.00 0.0 —88.71 98.5 80.44 89.4 0.00 0.0
Optimal water-loss scenario
Inflow 0.00 0.0 0.00 0.0 0.58 0.6 10.13 11.0 1.21 1.3 0.00 0.0 0.00 0.0 80.44 87.1 0.00 0.0
Outflow 0.00 0.0 0.00 0.0 -1.89 2.0 -1.76 1.9 0.00 0.0 0.00 0.0 —88.71 96.0 0.00 0.0 0.00 0.0
Net 0.00 0.0 0.00 0.0 —1.30 1.4 8.37 9.3 1.21 1.3 0.00 0.0 —88.71 98.5 80.44 89.4 0.00 0.0
Full allocation scenario
Inflow 0.00 0.0 0.00 0.0 0.58 0.6 10.08 10.9 1.21 1.3 0.00 0.0 0.00 0.0 80.44 87.1 0.00 0.0
Outflow 0.00 0.0 0.00 0.0 —1.89 2.0 -1.76 1.9 0.00 0.0 —0.07 0.1 —88.60 96.0 0.00 0.0 0.00 0.0
Net 0.00 0.0 0.00 0.0 -1.30 1.4 8.32 9.3 1.21 1.3 -0.07 0.1 —88.60 98.5 80.44 89.4 0.00 0.0

EXPLANATION
B Base simulation
B Nominal water-loss scenario
Optimal water-loss scenario

B Full allocation scenario
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Upper Potomac-Raritan-Magothy Aquifer

The study defined three confined (HBAs 15-17) and four
unconfined budget areas (HBAs 40-43) in the upper Potomac-
Raritan-Magothy aquifer. HBA 15 included areas restricted by
the Critical Area 1. There were 98 wells included in the simu-
lations from HBA 15. HBA 16 included areas restricted by
Critical Area 2. There were 144 wells included in the simula-
tions from HBA 16, the most of any HBA defined in this study
across all the aquifers. HBA 17 was defined as a relatively
small area to the southwest of Critical Area 2 and included
38 wells. Three of the four unconfined HBA in the upper PRM
aquifer included pumping wells ranging from 68 in HBA 40 to
10 wells in HBA 42 to 6 wells in HBA 43.

Trends of Withdrawals and Heads

Figure 51 shows withdrawal trends and trends of median,
10th percentile, and minimum heads from the base simulation
and pumping scenarios for each confined budget area in the
upper PRM aquifer. Table 31 shows a summary of the past and
projected withdrawals in each budget area.

In HBA 15, withdrawals decline in the late 1980s as a
result of the Critical Area 1 restrictions then increase slightly
in the 1990s (fig. 514). After the turn of the century, the
withdrawals are varied but show no noteworthy trend although
there is a downward trend that starts in 2010 continuing
through the end of the reported data in 2020. The nominal
and optimal water-loss scenarios both show slight increases
(8.4 percent and 3.1 percent, respectively [table 31]) over the
201440 period (fig. 51A4). The full allocation scenario entails
a 54-percent increase over 2013 withdrawals back up to the
levels of the early 1980s (fig. 514; table 31).

In HBA 16, withdrawals are generally in decline from the
mid-1990s onwards in response to Critical Area 2 restrictions
(fig. 51B). The nominal water-loss scenario indicates there
would be a 7.4 percent increase in withdrawals from 2013 to
2040; for the optimal water-loss scenario, the corresponding
value would be only 2.0 percent (table 31). The full allocation
scenario indicates that withdrawals would increase 21 percent
(table 31). This is small compared to most of the other areas,
with the pumping in the last 5 years of the base simulation
reaching 84 percent of the full allocation levels (table 31).

In HBA 17, there is a slight upward trend in withdraw-
als over the period of the base simulation punctuated by a
spike in the early 2000s (fig. 51C). The scenarios indicate
that an increase in pumping would continue for the nominal
(32.5 percent) and optimal (27.1 percent) water-loss sce-
narios. The full allocation scenario indicates a step increase of
153 percent over 2013 withdrawals (table 31).

HBA 40 has a high amount of pumping compared to most
of the other unconfined budget areas with average withdraw-
als only slightly less than the corresponding confined HBA 15
(table 31). The other unconfined budget areas in the upper
PRM aquifer have little or no pumping.

The simulated heads in HBA 15 show recovery based on
the reduction of pumping in the early 1980s; however, they
decline once pumping increases in the late 1990s (fig. 51B).
The median head declines slightly while the 10th percen-
tile head declines approximately 20 feet and the minimum
head declines more than 60 feet (fig. 51B). The projected
withdrawal increases in the nominal and optimal water-loss
scenarios lead to a median drawdown of 4.1 feet and 2.5 feet,
respectively. The scenarios indicate the maximum draw-
down is 21.8 feet for the nominal water-loss scenario and
15.4 feet for the optimal water-loss scenario. The full alloca-
tion scenario indicates the median drawdown is 9.7 feet and
the maximum drawdown is 32.8 feet (table 37). Although the
greatest drawdown is a result of the full allocation scenario
(table 37), after 2032 the minimum head value for the nominal
water-loss scenario is less than the minimum head value for
the full allocation scenario (fig. 51B). This results from wells
having higher projected withdrawals in the nominal water-loss
scenario compared to the full allocation scenario.

The median simulated heads in HBA 16 are fairly
steady through the base simulation and the scenarios. After
some initial decline, the 10th percentile and minimum heads
also generally increase throughout the base simulation. The
10th percentile heads are fairly level in the scenario simula-
tions. The minimum head declines a few feet in the nominal
water-loss scenario and around 20 feet in the full allocation
scenario (fig. 51D).

The simulated heads in HBA 17 are fairly stable over
the period of the base simulation with the median value only
declining slightly. The minimum simulated heads in HBA 17
do show a downward spike from 2004 to 2008 in response
to the increase in pumping. The simulated heads are fairly
level for all the scenarios. As shown in table 37, there are
areas of drawdown in HBA 17 where maximum levels reach
13.4 feet in the nominal water-loss scenario, 12.3 feet in the
optimal water-loss scenario, and 18.5 feet in the full allocation
scenario. These drawdowns occur in areas with relatively high
heads in the base simulation which is why they do not affect
the 10th percentile and minimum heads shown in figure 51F.

Simulated Heads and Drawdown In 2040

Figure 52 shows the simulated head distribution in 2040
for the upper PRM aquifer. The head distribution is similar
between all three scenarios. The highest heads are in the north-
west part of the aquifer along the boundary of HBA 40 and 41
where the aquifer is unconfined or slightly confined (meaning,
the confining layer is present but thin, or has a higher conduc-
tivity assigned than most of the confining layers). Heads are
higher along the outcrop areas declining downdip with the
lowest areas of head around pumping centers in central Ocean
County and an area along the Gloucester and Camden County
border. The heads in the full allocation scenario are lower than
the other two but the patterns are similar.



Figure 534 shows the simulated drawdown for the nomi-
nal water-loss scenario in the upper PRM aquifer from the end
of the base simulation to the end of the scenario simulations in
2040. The biggest areas of decline are around clusters of wells
in Ocean County. The area of declining heads extends out
in a circular manner from these pumping centers, surround-
ing additional wells also; there are a few additional areas of
drawdown in the aquifer further to the west. Areas of slightly
rising heads (less than two feet) extend all along the outcrop
areas owing to recharge with a few areas of bigger recoveries
in Gloucester and Salem Counties where withdrawals have
been reduced.

Figure 53B shows the simulated drawdown for the opti-
mal water-loss scenario in the upper PRM aquifer from the
end of the base simulation to the end of the scenario simula-
tions in 2040. The drawdowns are similar to (although smaller
than) those in the nominal water-loss scenario. Areas of head
decline greater than 10 feet are limited to tight circles around a
few wells. Areas of head recovery greater than two feet extend
further from wells in Gloucester and Salem Counties that are
projected to pump less water.

Figure 53C shows the simulated drawdown for the full
allocation scenario in the upper PRM aquifer from the end of
the base simulation to the end of the scenario simulations in
2040. Generally, head declines are larger in the full allocation
scenario. There is still some recovery (less than two feet) in
the outcrop areas and areas with more substantial recovery
(greater than 10 feet) in Camden County. Large amounts of
recovery appear in an area where a number of wells pump
less water compared to the base simulation and the other two
scenarios.

Budget Analysis

Figure 54 and table 38 show the budget components for
HBA 15 and are discussed below. The main source of inflow
(8386 percent) for the budget area is leakage through the
overlying confining unit. Smaller amounts of inflow come
from lateral flow offshore (7-9 percent) and from the adja-
cent HBA 16 (4-5 percent). The outflow is split between well
pumping (3543 percent), flow to the unconfined HBA 40
(31-35 percent), and flow to the underlying confining layer
(24-27 percent). The scenarios are generally similar except for
some additional leakage through the overlying confining unit
in the full allocation scenario, which supplies the scenario’s
increased pumping from wells.

Figure 55 and table 39 show the budget components
for HBA 16 and are discussed below. The main source of
inflow (84—86 percent) for the budget area is flow through
the overlying confining layer. Minor components of inflow
include lateral flow from HBA 42 (5-6 percent), flow from the
underlying confining layer (45 percent), lateral flow from the
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250 mg/L isochlor (2 percent), and lateral flow from HBA 17
(2 percent). The biggest outflow is to the wells (28-31 percent)
followed closely by lateral flow to the two unconfined budget
areas (HBA 41 [10-11 percent] and HBA 42 [24-26 percent]),
flow down to the underlying confining layer (17-18 percent),
and flow to the overlying confining layer (13—14 percent).

Figure 56 and table 40 show the budget components for
HBA 17 and are discussed below. The main source of inflow
(9698 percent) for the budget area is flow from the over-
lying confining layer. The outflow of the budget area is to
wells (20—40 percent), lateral flow to the unconfined HBA 43
(3043 percent), lateral flow to HBA 16 (10—12 percent), flow
to the underlying confining layer (10—13 percent), and flow to
the overlying confining layer (6-9 percent). There are minor
amounts (less than two percent) of outflow going to offshore
areas and the 250 mg/L isochlor.

Figure 57 and table 41 show the budget components
for HBA 40 and are discussed below. Although there is
more pumping in this HBA than most of the unconfined
HBAs, 71-83 percent of the outflow from the area is still
dominated by flow to the streams. The wells account for a
little over 10 percent of outflow in the base simulation and
nominal and optimal water-loss scenarios, but they account
for up to 21 percent in the full allocation scenario. In all
the simulations, a minor amount of outflow (4—6 percent)
goes to the underlying aquifer. The primary source of inflow
(82—84 percent) to the budget area is recharge, with most
of the remaining inflow coming from the adjacent HBA 15
(14—15 percent).

Figures 58 and 59, and tables 42 and 43 show the budget
components for HBA 41 and HBA 42, respectively, and are
discussed below. The components of the two budget areas
are similar. In both areas, outflow consists mainly of flow to
streams (83—87 percent) and leakage to the underlying confin-
ing layer (5-9 percent), with some additional flow going to
the adjacent HBAs (7—8 percent from HBA 41 to HBA 40,
and 67 percent from HBA 42 to HBA 16). The inflow comes
primarily from recharge (54—69 percent) and lateral flow from
HBA 16 (30-42 percent).

Figure 60 and table 44 show the budget components for
HBA 43 and are discussed below. The main outflow is to the
streams (7982 percent). There is also some outflow to the
Delaware River (5 percent) and wells (2—4 percent), lateral
flow offshore (7 percent), and leakage to the underlying
confining layer (2-3 percent). The inflow to the budget area
primarily comes from recharge (82—85 percent). There is also
some inflow coming from HBA 17 (15—18 percent).
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Figure 51. Line graphs showing withdrawals and median, 10th percentile, and minimum heads for model cells over time in hydrologic

budget areas (HBA) in the upper Potomac-Raritan-Magothy aquifer: A, withdrawals in HBA 15, B, head statistics in HBA 15, C,

withdrawals in HBA 16, D, head statistics in HBA 16, E, withdrawals in HBA 17, and F, head statistics in HBA 17.



Table 37. Statistics for simulated drawdown from the end of 2013 through 2040 for budget areas in the upper

Potomac-Raritan-Magothy aquifer.
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Hydrologic budget

Simulated drawdown statistics, in feet

Cells in budget area with
drawdown, in percent

area (HBA) - - -
Median 90th percentile Maximum Greater than 1 foot Less than -1 foot
Nominal water-loss scenario
HBA 15 4.1 8.6 21.8 81 0
HBA 16 0.8 2.6 6.4 44
HBA 17 -0.4 1.7 13.4 15 36
Optimal water-loss scenario
HBA 15 2.5 54 15.4 73 0
HBA 16 —0.2 1.1 3.8 11 28
HBA 17 -0.8 1 12.3 10 45
Full allocation scenario
HBA 15 9.7 12.3 32.8 91 0
HBA 16 3.9 8 24.1 69 10
HBA 17 1.8 7.6 18.5 55 6
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Figure 52. Maps showing the hydrologic budget areas in the upper Potomac-Raritan-Magothy aquifer and simulated
potentiometric surface in 2040 for the three scenarios: A, nominal water-loss, B, optimal water-loss, and C, full allocation.
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B. Optimal water-loss scenario
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Figure 52.—Continued
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C. Full allocation scenario
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A. Nominal water-loss scenario
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Figure 53. Maps showing the change in simulated water levels from the end of the base simulation (2013) to the end of the
scenarios (2040) in the upper Potomac-Raritan-Magothy aquifer and simulated potentiometric surface in 2040 for the three

scenarios: A, nominal water-loss, B, optimal water-loss, and C, full allocation.
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B. Optimal water-loss scenario
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Figure 54. Graph showing simulated flow rates for the upper Potomac-Raritan-Magothy (PRM) aquifer, hydrologic budget area (HBA) 15.
Table 38. Flow budget of the upper Potomac-Raritan-Magothy aquifer, hydrologic budget area (HBA) 15.
[mg/L, milligram per liter; Mgal/d, million gallons per day; %, percent of total]
Flow Flow fr_o m overlying Flow mfm. underlying Lateral fl9w from 250 mg/L Lateral flow from offshore Lateral flow from HBA 16 Lateral flow from HBA 40 Wells Storage
bal confining layer confining layer isochlor
alance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 39.61 85.7 0.29 0.6 0.06 0.1 3.40 7.4 1.99 4.3 0.88 1.9 0.00 0.0 0.00 0.0
Outflow —0.43 0.9 —12.35 26.7 —0.49 1.1 —0.05 0.1 —0.77 1.7 -16.09 34.8 —16.03 34.7 —-0.03 0.1
Net 39.18 89.5 —12.06 27.6 —0.43 1.0 3.35 7.7 1.23 2.8 -15.20 34.7 -16.03 36.6 —-0.03 0.1
Nominal water-loss scenario
Inflow 41.35 83.3 0.43 0.9 0.05 0.1 4.05 8.2 2.42 4.9 1.36 2.7 0.00 0.0 0.00 0.0
Outflow -0.16 0.3 -13.03 26.2 -0.54 1.1 —-0.06 0.1 -0.76 1.5 -16.07 324 —19.05 38.4 0.00 0.0
Net 41.19 87.9 —12.60 26.9 —0.49 1.0 4.00 8.5 1.66 3.5 -14.71 31.4 —19.05 40.7 0.00 0.0
Optimal water-loss scenario
Inflow 40.32 83.7 0.39 0.8 0.04 0.1 3.77 7.8 2.30 4.8 1.35 2.8 0.00 0.0 0.00 0.0
Outflow —0.17 0.3 —12.65 26.3 —0.54 1.1 —0.06 0.1 —0.76 1.6 -15.93 33.1 —18.08 37.5 0.00 0.0
Net 40.15 88.4 —12.26 27.0 —0.50 1.1 3.72 8.2 1.54 3.4 —14.58 32.1 —18.08 39.8 0.00 0.0
Full allocation scenari
Inflow 47.98 83.7 0.59 1.0 0.08 0.1 498 8.7 2.68 4.7 0.98 1.7 0.00 0.0 0.00 0.0
Outflow —0.08 0.1 —13.60 23.7 —0.53 0.9 —0.02 0.0 —0.80 1.4 -17.56 30.6 —24.72 43.1 0.00 0.0
Net 47.90 87.5 —13.01 23.8 —0.44 0.8 4.96 9.1 1.89 34 -16.58 30.3 —24.72 45.1 0.00 0.0
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Figure 55. Graph showing simulated flow rates for the upper Potomac-Raritan-Magothy (PRM) aquifer, hydrologic budget area (HBA) 16.
Table 39. Flow budget of the upper Potomac-Raritan-Magothy aquifer, hydrologic budget area (HBA) 16.
[Storage is not shown because it made up less than 0.1 percent of the total flow in each scenario. mg/L, milligram per liter; Mgal/d, million gallons per day; %, percent of total]
Flow from overlying Flow from underlying Lateral flow from Lateral flow from Lateral flow from Lateral flow from Lateral flow from Lateral flow from Wells Recharae
b FIIOW confining layer confining layer 250 mg/L isochlor offshore HBA 15 HBA 17 HBA 41 HBA 42 g
alance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 53.39 85.2 2.26 3.6 1.39 2.2 0.02 0.0 0.75 1.2 1.10 1.8 0.25 0.4 3.48 5.6 0.00 0.0 0.23 0.4
Outflow —8.14 13.0 -11.62 18.5 —-0.33 0.5 —0.06 0.1 -1.98 3.1 —0.03 0.1 =7.09 11.3 —16.08 25.6 -17.52 27.9 0.00 0.0
Net 45.25 95.1 -9.36 19.7 1.06 2.2 —0.04 0.1 -1.23 2.6 1.06 2.2 —6.84 14.4 —12.60 26.5 —17.52 36.8 0.23 0.5
Nominal water-loss scenario
Inflow 55.67 85.5 2.84 4.4 1.34 2.1 0.02 0.0 0.75 1.1 1.00 1.5 0.22 0.3 3.24 5.0 0.00 0.0 0.26 0.4
Outflow —8.55 13.1 —11.02 16.9 -0.27 0.4 —0.07 0.1 —2.40 3.7 —0.05 0.1 =7.16 11.0 —16.65 25.5 —19.18 293 0.00 0.0
Net 47.13 95.4 —8.18 16.6 1.07 2.2 —0.05 0.1 —1.66 33 0.96 1.9 —6.93 14.0 —13.41 27.1 -19.18 38.8 0.26 0.5
Optimal water-loss scenario
Inflow 54.81 85.7 2.66 4.2 1.26 2.0 0.02 0.0 0.74 1.2 0.97 1.5 0.22 0.4 3.24 5.1 0.00 0.0 0.26 0.4
Outflow —8.79 13.7 —10.75 16.7 —0.26 0.4 -0.07 0.1 —2.29 3.6 —0.05 0.1 =7.15 11.1 —16.65 26.0 -18.17 28.3 0.00 0.0
Net 46.02 95.5 —8.09 16.8 1.00 2.1 -0.05 0.1 -1.54 3.2 0.93 1.9 -6.92 14.4 —13.42 27.8 -18.17 37.7 0.26 0.5
Full allocation scenario
Inflow 58.24 84.4 3.63 53 1.67 2.4 0.06 0.1 0.78 1.1 1.27 1.8 0.23 0.3 3.14 4.6 0.00 0.0 0.26 0.4
Outflow —8.66 12.5 —12.53 18.1 —0.35 0.5 —0.06 0.1 —2.67 3.8 —0.04 0.1 =7.16 10.3 —16.60 24.0 —21.21 30.6 0.00 0.0
Net 49.58 94.6 -8.90 17.0 1.33 2.5 0.00 0.0 -1.89 3.6 1.23 2.4 —6.93 13.2 —13.46 25.7 —21.21 40.5 0.26 0.5
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Figure 56. Graph showing simulated flow rates for the upper Potomac-Raritan-Magothy (PRM) aquifer, hydrologic budget area (HBA) 17.
Table 40. Flow budget of the upper Potomac-Raritan-Magothy aquifer, hydrologic budget area (HBA) 17.
[mg/L, milligram per liter; Mgal/d, million gallons per day; %, percent of total]
Flow Flow '."’!“ overlying Flow f"f"! underlying Lateral flow from 250 mg/L Lateral flow from offshore Lateral flow from HBA 16 Lateral flow from HBA 43 Wells
hal onfining layer confining layer
alance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 9.09 97.9 0.02 0.2 0.02 0.2 0.00 0.0 0.06 0.6 0.09 1.0 0.00 0.0 0.00 0.0
Outflow —0.85 9.2 -1.19 12.9 -0.19 2.0 —0.13 1.4 -1.12 12.1 -3.96 42.6 —1.84 19.8 0.00 0.0
Net 8.24 100.0 —1.18 14.3 -0.17 2.0 —0.13 1.5 -1.06 12.9 —3.86 46.9 —1.84 22.4 0.00 0.0
Nominal water-loss scenario
Inflow 10.21 97.5 0.04 0.3 0.02 0.2 0.00 0.0 0.09 0.9 0.12 1.2 0.00 0.0 0.00 0.0
Outflow -0.95 9.0 -1.09 10.4 -0.16 1.5 —-0.13 1.2 -1.04 10.0 —4.09 39.1 -3.01 28.8 0.00 0.0
Net 9.26 100.0 -1.06 11.4 -0.14 1.5 -0.13 1.4 -0.96 10.3 -3.97 429 -3.01 32.5 0.00 0.0
Optimal water-loss scenario
Inflow 10.05 97.6 0.03 0.3 0.01 0.1 0.00 0.0 0.08 0.8 0.12 1.1 0.00 0.0 0.00 0.0
Outflow -0.95 9.3 -1.07 10.4 —0.15 1.4 -0.13 1.3 -1.01 9.8 —4.10 39.8 —2.88 28.0 0.00 0.0
Net 9.10 100.0 —1.04 11.5 -0.13 1.5 —0.13 1.4 -0.93 10.2 -3.98 43.8 —2.88 31.7 0.00 0.0
Full allocation scenario
Inflow 11.85 96.0 0.14 1.2 0.03 0.3 0.00 0.0 0.07 0.5 0.26 2.1 0.00 0.0 0.00 0.0
Outflow -0.72 5.8 —1.38 11.2 -0.16 1.3 —0.13 1.1 -1.30 10.5 -3.76 30.5 —4.90 39.6 0.00 0.0
Net 11.13 100.0 -1.23 11.1 -0.13 1.2 -0.13 1.2 -1.23 11.1 -3.51 31.5 -4.90 44.0 0.00 0.0

EXPLANATION

I Base simulation

B Nominal water-loss scenario

Optimal water-loss scenario

B Full allocation scenario
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Figure 57. Graph showing simulated flow rates for the upper Potomac-Raritan-Magothy (PRM) aquifer, hydrologic budget area (HBA) 40.
Table 41. Flow budget of the upper Potomac-Raritan-Magothy aquifer, hydrologic budget area (HBA) 40.
[Storage and flow from the overlying confining layer are not shown because they made up less than 0.1 percent of total flow in each scenario. mg/L, milligram per liter; Mgal/d, million gallons per day; %, percent of total]
Flow Flow fn?m_ underlying Lateral ﬂ'.JW from 250 mg/L Lateral flow from offshore Lateral flow from HBA 15 Lateral flow from HBA 41 Wells Streams Recharge
bal confining layer isochlor
alance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Magal/d %
Base simulation
Inflow 1.41 1.3 0.00 0.0 0.00 0.0 16.10 15.2 1.24 1.2 0.00 0.0 0.00 0.0 87.28 82.3
Outflow —4.68 4.4 —0.11 0.1 -1.03 1.0 -0.89 0.8 —0.36 0.3 -12.27 11.6 —86.69 81.8 0.00 0.0
Net -3.27 32 —0.11 0.1 -1.03 1.0 15.20 14.7 0.88 0.9 -12.27 11.9 —86.69 83.9 87.28 84.4
Nominal water-loss scenario
Inflow 1.23 1.1 0.00 0.0 0.00 0.0 15.88 13.8 1.31 1.1 0.00 0.0 0.00 0.0 96.57 84.0
Outflow —5.56 4.8 —0.12 0.1 -1.10 1.0 -1.18 1.0 —0.35 0.3 —12.38 10.8 —94.31 82.0 0.00 0.0
Net -4.33 3.9 -0.12 0.1 -1.10 1.0 14.71 13.1 0.96 0.9 -12.38 11.0 —94.31 84.0 96.57 86.0
Optimal water-loss scenario
Inflow 1.27 1.1 0.00 0.0 0.00 0.0 15.76 13.7 1.31 1.1 0.00 0.0 0.00 0.0 96.57 84.0
Outflow —5.35 4.7 -0.12 0.1 -1.10 1.0 -1.18 1.0 —0.35 0.3 -11.76 10.2 —95.05 82.7 0.00 0.0
Net —4.09 3.6 —0.12 0.1 —1.10 1.0 14.58 13.0 0.96 0.9 -11.76 10.5 —95.05 84.8 96.57 86.1
Full allocation scenario
Inflow 1.03 0.9 0.00 0.0 0.00 0.0 17.46 15.0 1.30 1.1 0.00 0.0 0.00 0.0 96.57 83.0
Outflow =7.16 6.2 —0.11 0.1 —1.09 0.9 —0.88 0.8 -0.35 0.3 —24.64 21.2 —82.12 70.6 0.00 0.0
Net —6.13 54 —0.11 0.1 -1.09 1.0 16.58 14.5 0.95 0.8 —24.64 21.6 —82.12 72.0 96.57 84.6

EXPLANATION

I Base simulation
B Nominal water-loss scenario
Optimal water-loss scenario

B Full allocation scenario
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Figure 58. Graph showing simulated flow rates for the upper Potomac-Raritan-Magothy (PRM) aquifer, hydrologic budget area (HBA) 41.
Table 42. Flow budget of the upper Potomac-Raritan-Magothy aquifer, hydrologic budget area (HBA) 41.
[Storage is not shown because it made up less than 0.1 percent of the total flow in each scenario. Mgal/d, million gallons per day; %, percent of total]
Flow Flow from overlying confining layer Flow from underlying confining layer Lateral flow from HBA 16 Lateral flow from HBA 40 Streams Recharge
balance Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 0.25 1.5 0.05 0.3 6.84 41.7 0.36 2.2 0.00 0.0 8.91 54.3
Outflow 0.00 0.0 -1.07 6.5 0.00 0.0 —1.24 7.6 -14.10 85.9 0.00 0.0
Net 0.25 1.6 -1.02 6.4 6.84 42.7 —0.88 5.5 —14.10 88.1 8.91 55.7
Nominal water-loss scenario
Inflow 0.26 1.5 0.06 0.4 6.93 39.9 0.35 2.0 0.00 0.0 9.78 56.2
Outflow 0.00 0.0 -1.03 5.9 0.00 0.0 -1.31 7.5 -15.05 86.5 0.00 0.0
Net 0.26 1.6 -0.97 5.7 6.93 40.8 -0.96 5.7 —15.05 88.6 9.78 57.6
Optimal water-loss scenario
Inflow 0.26 1.5 0.07 0.4 6.92 39.8 0.35 2.0 0.00 0.0 9.78 56.3
Outflow 0.00 0.0 -0.98 5.6 0.00 0.0 -1.31 7.5 -15.10 86.9 0.00 0.0
Net 0.26 1.6 -0.91 53 6.92 40.8 —0.96 5.7 —15.10 89.0 9.78 57.6
Full allocation scenari
Inflow 0.27 1.5 0.01 0.1 6.93 40.0 0.35 2.0 0.00 0.0 9.78 56.4
Outflow 0.00 0.0 -1.57 9.0 0.00 0.0 —1.30 7.5 —14.47 83.5 0.00 0.0
Net 0.27 1.6 -1.56 9.2 6.93 40.8 -0.95 5.6 -14.47 85.2 9.78 57.6

EXPLANATION

Base simulation
Nominal water-loss scenario
Optimal water-loss scenario

Full allocation scenario
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Figure 59. Graph showing simulated flow rates for the upper Potomac-Raritan-Magothy (PRM) aquifer, hydrologic budget area (HBA) 42.
Table 43. Flow budget of the upper Potomac-Raritan-Magothy aquifer, hydrologic budget area (HBA) 42.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow fr_o m overlying Flow frqm_ underlying Lateral flow from HBA 16 Lateral flow from HBA 43 Wells Streams Recharge Storage
bal confining layer confining layer
alance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Magal/d % Magal/d % Mgal/d %
Base simulation
Inflow 0.15 0.3 0.04 0.1 16.06 31.5 0.30 0.6 0.00 0.0 0.00 0.0 34.38 67.5 0.00 0.0
Outflow 0.00 0.0 —2.96 5.8 -3.46 6.8 —0.07 0.1 -0.58 1.1 —43.86 86.1 0.00 0.0 0.00 0.0
Net 0.15 0.3 —-2.92 6.2 12.60 26.6 0.23 0.5 —0.58 1.2 —43.86 92.6 34.38 72.6 0.00 0.0
Nominal water-loss scenario
Inflow 0.17 0.3 0.03 0.1 16.63 30.0 0.32 0.6 0.00 0.0 0.00 0.0 38.30 69.1 0.00 0.0
Outflow 0.00 0.0 —2.69 4.8 -3.22 5.8 —0.08 0.1 —0.53 1.0 —48.93 88.2 0.00 0.0 0.00 0.0
Net 0.17 0.3 —2.65 5.1 13.41 25.7 0.24 0.5 -0.53 1.0 —48.93 93.9 38.30 73.5 0.00 0.0
Optimal water-loss scenario
Inflow 0.17 0.3 0.03 0.1 16.64 30.0 0.32 0.6 0.00 0.0 0.00 0.0 38.30 69.1 0.00 0.0
Outflow 0.00 0.0 -2.61 4.7 -3.22 5.8 —0.08 0.1 -0.52 0.9 —49.03 88.4 0.00 0.0 0.00 0.0
Net 0.17 0.3 —2.58 4.9 13.42 25.7 0.24 0.5 —0.52 1.0 —49.03 94.1 38.30 73.5 0.00 0.0
Full allocation scenario
Inflow 0.17 0.3 0.04 0.1 16.57 29.9 0.32 0.6 0.00 0.0 0.00 0.0 38.30 69.1 0.00 0.0
Outflow 0.00 0.0 -3.36 6.1 =3.11 5.6 —0.08 0.1 —0.94 1.7 —47.90 86.5 0.00 0.0 0.00 0.0
Net 0.17 0.3 -3.32 6.4 13.46 25.8 0.24 0.5 -0.94 1.8 —47.90 91.8 38.30 73.4 0.00 0.0

EXPLANATION
B Base simulation
M Nominal water-loss scenario
Optimal water-loss scenario

B Full allocation scenario
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Figure 60. Graph showing simulated flow rates for the upper Potomac-Raritan-Magothy (PRM) aquifer, hydrologic budget area (HBA) 43.
Table 44. Flow budget of the upper Potomac-Raritan-Magothy aquifer, hydrologic budget area (HBA) 43.
[Storage and flow from the overlying confining layer are not shown because they made up less than 0.1 percent of total flow in each scenario. Mgal/d, million gallons per day; %, percent of total]
Flow Flozvotlrft:m:;lli:yrl\:mg Lateral flow from offshore Lateral flow from HBA 17 Lateral flow from HBA 42 Wells Streams Delaware River Recharge
balance
Magal/d % Mgal/d % Magal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 0.00 0.0 0.00 0.0 3.88 17.5 0.03 0.1 0.00 0.0 0.00 0.0 0.00 0.0 18.19 82.3
Outflow -0.53 2.4 -1.59 7.2 —-0.01 0.1 -0.27 1.2 —0.42 1.9 —18.16 82.2 -1.12 5.1 0.00 0.0
Net -0.53 2.4 -1.59 7.2 3.86 17.5 —0.23 1.1 —0.42 1.9 —18.16 82.4 -1.12 5.1 18.19 82.5
Nominal water-loss scenario
Inflow 0.00 0.0 0.00 0.0 3.98 16.6 0.04 0.2 0.00 0.0 0.00 0.0 0.00 0.0 19.90 83.2
Outflow —0.55 2.3 -1.71 7.1 —0.01 0.0 —0.28 1.2 —0.55 2.3 —19.62 82.1 -1.20 5.0 0.00 0.0
Net —-0.55 2.3 -1.71 7.2 3.97 16.6 -0.24 1.0 —=0.55 2.3 -19.62 82.2 -1.20 5.0 19.90 83.4
Optimal water-loss scenario
Inflow 0.00 0.0 0.00 0.0 3.99 16.7 0.04 0.2 0.00 0.0 0.00 0.0 0.00 0.0 19.90 83.2
Outflow -0.53 2.2 -1.71 7.1 —-0.01 0.0 —0.28 1.2 —0.52 2.2 -19.67 82.2 -1.20 5.0 0.00 0.0
Net —0.53 2.2 -1.71 7.2 3.98 16.7 —0.24 1.0 —0.52 2.2 -19.67 82.4 —1.20 5.0 19.90 83.3
Full allocation scenario
Inflow 0.00 0.0 0.00 0.0 3.59 15.3 0.04 0.2 0.00 0.0 0.00 0.0 0.00 0.0 19.90 84.6
Outflow —0.74 3.1 —1.68 7.1 —0.08 0.3 -0.28 1.2 -0.98 4.2 —18.61 79.1 —1.16 4.9 0.00 0.0
Net -0.74 3.2 —1.68 7.2 3.51 15.0 -0.24 1.0 -0.98 4.2 —18.61 79.5 -1.16 4.9 19.90 85.0

EXPLANATION
B Base simulation
B Nominal water-loss scenario
Optimal water-loss scenario

B Full allocation scenario



Middle Potomac-Raritan-Magothy Aquifer

The study used four confined (HBAs 18-21) and three
unconfined (HBAs 44-46) budget areas in the middle PRM
aquifer. HBA 18 included the area restricted by the Critical
Area 1. Seventy wells were included in the simulations from
HBA 18. HBA 19 included the areas restricted by Critical
Area 2 and had 111 wells included. HBA 20 and HBA 21
lie to the southwest of Critical Area 2 and are divided by the
250 mg/L isochlor. HBA 20 included 31 wells. HBA 21 which
was defined as the area beyond the 250 mg/L isochlor only
included 3 wells.

Trends of Withdrawals and Heads

Figure 61 shows withdrawal trends and trends of median,
10th percentile, and minimum heads from the base simulation
and pumping scenarios for each confined budget area in the
middle PRM aquifer. Table 31 shows a summary of the past
and projected withdrawals in each budget area.

The withdrawals in HBA 18 start high in the base simula-
tion, then decline around 1990 in response to Critical Area 1
restrictions (fig. 614). The level of withdrawals is fairly stable
during the 2000s. Both the nominal and optimal water-loss
scenarios project an increase in the withdrawals over the sce-
nario simulations. The scenarios indicate withdrawals would
increase 14.8 percent for the nominal water-loss scenario and
9.4 percent for the optimal water-loss scenario (table 31).

The full allocation scenario indicates withdrawals would
increase a modest (compared to many of the other HBAs)
22.6 percent (table 31).

The withdrawals in HBA 19 generally decline throughout
the period of the base simulation in response to the Critical
Area 2 restrictions (fig. 61C). The nominal and optimal water-
loss scenarios indicate withdrawals would continue to decline
by 5.0 percent and 9.6 percent, respectively (table 31). The
full allocation scenario indicates withdrawals would increase
33.9 percent (table 31).

The withdrawals in HBA 20 increase in the early period
of the base simulation, then remained fairly steady with annual
fluctuations around the mean before dropping by around 50
percent starting around 2008 (fig. 61F). The reported with-
drawals continue to decline after the base simulation ends.
The nominal water-loss scenario indicates withdrawals would
see a small increase of 3.3 percent (table 31). The optimal
water-loss scenario would see a slight decrease of 0.9 percent
(table 31). The full allocation scenario indicates that such
conditions would return levels to those seen throughout most
of the base simulation, an increase of 98.9 percent (table 31).

The withdrawals in HBA 21 are small compared to the
other confined budget areas in the middle PRM aquifer owing
in part to it being located beyond the 250 mg/L isochlor where
there is lower water quality. The withdrawal amounts fluctuate
in the base simulation and in the years with reported data since
the end of the simulation (fig. 61G). The scenarios indicate
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withdrawals would increase 9.9 percent for the nominal
water-loss scenario and 2.8 percent for the optimal water-loss
scenario. The full allocation scenario indicates that withdraw-
als would return levels to those seen throughout most of the
base simulation and increase 45.6 percent (table 31).

The unconfined budget areas in the middle PRM aquifer
do not account for a lot of pumping compared to the con-
fined part of the aquifer. There are some pumping wells in
the unconfined areas though, especially in HBA 45. Table 31
shows that the withdrawals for all three of the unconfined
HBA in the middle PRM have all declined in the period from
2014 through 2020 compared to the period of the base simula-
tion. The nominal and optimal water-loss scenarios project
increases of 26.6 percent and 21.5 percent for HBA 44. The
nominal and optimal water-loss scenarios project increases
of 5.1 percent and 0.8 percent for HBA 45. The nominal
water-loss scenario projects an increase of 2.1 percent and the
optimal water-loss scenario projects a decrease of 3.8 percent
for HBA 46 (table 31).

The simulated heads in HBA 18 respond to the changes
in withdrawals. The median values of all the model cells in
HBA 18 in the base simulation initially decline until 1988
when the withdrawals are reduced. At that point the heads
recover until 1997 when they start another gradual decline that
lasts until the end of the base simulation. The 10th percentile
and minimum head trends are similar to the median, although
the minimum statistic has some more abrupt changes up and
down over several year periods (fig. 618). The slight decline
continues in the scenario simulations. The median drawdown
ranges from 0.5 feet in the optimal water-loss scenario to
4.0 feet in the full allocation scenario. The maximum draw-
down ranges from 9.8 feet in the optimal water-loss scenario
to 25.1 feet in the full allocation scenario (table 45).

The median head in HBA 19 declined over the first
10—15 years of the base simulation and recovered over the
remainder of the base simulation (fig. 61D). The 10th percen-
tile and minimum heads behaved similarly although there are
sharp changes, especially for the minimum head. The scenar-
ios all show continued recovery except for the median statistic
in the full allocation scenario. The full allocation scenario’s
10th percentile and minimum heads are noteworthy because
they show more recovery than the other two scenarios, indicat-
ing that the full allocation withdrawals are less than the other
two scenarios for some of the wells.

The heads in HBA 20 are fairly stable in the base
simulation and in the scenarios based on the median and
10th percentile heads. The minimum head shows a lot of vari-
ability in the base simulation. Both the nominal and optimal
water-loss scenario simulations indicate that the minimum
heads recover. The full allocation scenario indicates the
minimum heads initially decline and then level off. Although
the head statistics show recovery, there are head declines in
some areas (table 45). The maximum drawdowns are 8.2 feet,
7.8 feet, and 47.8 feet for the nominal water loss, optimal
water loss, and full allocation scenarios, respectively.
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Figure 61. Line graphs showing withdrawals and median, 10th percentile, and minimum heads for model cells over time in hydrologic
budget areas (HBA) in the middle Potomac-Raritan-Magothy aquifer: A, withdrawals in HBA 18, B, head statistics in HBA 18, C,
withdrawals in HBA 19, D, head statistics in HBA 19, E, withdrawals in HBA 20, F, head statistics in HBA 20, G, withdrawals in HBA 21,
and H, head statistics in HBA 21.
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In HBA 21, where there is a relatively small but sporadic
amount of pumping, the median and 10th percentile heads
decline slightly until around 2000 and then recover (fig. 61H).
This recovery is simulated to continue for all three scenarios.
The minimum head in HBA 21 follows a general trend that
goes up through 1997 in the base simulation with some small
deviations. It then declines for the remainder of the base and
scenario simulations.

Simulated Heads and Drawdown in 2040

Figure 62 shows the simulated head distribution in 2040
for the middle PRM aquifer. The simulated head distribution
in 2040 is similar in structure between the three scenarios. The
highest heads are along the outcrop area in the northern part of
the aquifer. The heads generally decrease moving downdip to
the pumping centers. There are a few differences of note seen
in the full allocation scenario compared to the other two sce-
narios which are similar to each other. Some of the wells have
lower values in the full allocation scenario than the other two,
and the maximum drawdown areas (less than —40 feet) are not
as extreme in the full allocation scenario. The amount of area
where the head is less than —20 feet is more extensive in the

Head, in feet
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full allocation scenario, indicating that although some of the
problem areas have been addressed by reducing the full alloca-
tion, in general this scenario leads to increased drawdown
compared to the base simulation and the other scenarios.

Figure 634 shows the simulated drawdown for the nomi-
nal water-loss scenario in the middle PRM aquifer from the
end of the base simulation in 2013 to the end of the scenario
simulations in 2040. The biggest area of drawdown (greater
than 10 feet) is in the center of HBA 18 in Ocean County
around a cluster of wells. There are also a couple small draw-
down areas on the western side of the aquifer. Much of the rest
of the HBA of the aquifer is nearly unchanged or the head has
recovered by a few feet. The optimal water-loss scenario is
similar, although the simulated drawdown is slightly less than
that of the nominal water-loss scenario (fig. 63B).

Figure 63C shows the simulated drawdown for the full
allocation scenario in the middle PRM aquifer from the end of
the base simulation to the end of the scenario simulations in
2040. A large area of drawdown exists in the center of HBA 18
with the peak drawdown reaching over 15 feet. Some other
areas of drawdown exist in the western part of the aquifer and
along the outcrop area. A large area of recovery exists in the
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Table 45. Statistics for simulated drawdown from the end of 2013 through 2040 for hydrologic budget areas in the middle

Potomac-Raritan-Magothy aquifer.

Hydrologic budget

Simulated drawdown statistics, in feet

Cells in budget area with
drawdown, in percent

area (HBA) : - -
Median 90th percentile Maximum Greater than 1foot  Less than -1 foot

Nominal water loss

HBA 18 1.6 4.4 12.5 62 0

HBA 19 2.2 0.1 1.7 1 72

HBA 20 -0.9 0.2 8.2 5 47

HBA 21 -1.4 0.7 4.5 6 55
Optimal water loss

HBA 18 0.5 2.5 9.8 35 3

HBA 19 -3.3 -0.5 0.8 0 84

HBA 20 -1.2 0 7.8 4 57

HBA 21 -1.5 0.6 2.5 2 56

Full allocation

HBA 18 4.0 83 25.1 93 0

HBA 19 1.5 6.6 18.9 54 36

HBA 20 0.8 6.3 47.8 46 13

HBA 21 -0.8 2.1 15.4 24 49

center of Camden County where the full allocation scenario
produces lower withdrawals than that of the base simulation
(fig. 61).

Budget Analysis

Figure 64 and table 46 show the budget components for
HBA 18 and are discussed below. In HBA 18, the wells are
the main source of outflow (82—89 percent). Other outflows
include a flow to the overlying confining layers (5-6 percent),
lateral flow to HBA 19 (3—4 percent) and HBA 44 (2-3 per-
cent), and to storage (1 percent in the base simulation only).
The largest source of inflow (5657 percent) is from the over-
lying confining layer. Smaller amounts of lateral inflow come
from the 250 mg/L isochlor (7 percent), offshore areas inside
the 250 mg/L isochlor (7 percent), HBA 19 (5-7 percent), and
HBA 44 (22-23 percent). The various components change in
the different scenarios in the same way pumping from wells
varies.

Figure 65 and table 47 show the budget components for
HBA 19 and are discussed below. The outflow in HBA 19 is

mostly split between flow to wells (40-50 percent) and flow to

the underlying aquifer (38-43 percent). For the base simula-
tion, there is an outflow component of water going to storage
(13 percent). The largest source of inflow (52—56 percent) is

lateral flow from the unconfined HBA 45, followed by leakage

from the overlying confining layer (28-30 percent). There is

some inflow (5—6 percent) from the 250 mg/L isochlor which
could locally affect water quality in the wells. There are some
small amounts (less than 3 percent) of flow exchange (both
inflow and outflow) with HBA 18, HBA 20, and HBA 21
(which is beyond the 250 mg/L isochlor).

Figure 66 and table 48 show the budget components
for HBA 20 and are discussed below. In HBA 20, the largest
outflow (37-55 percent) is to the wells. Other smaller com-
ponents of outflow are flow to the underlying confining layer
(25-27 percent), lateral flow to HBA 19 (9—-14 percent) and
HBA 21 (8-14 percent), and to storage (9 percent in the base
simulation only). The main source of inflow (47-53 percent)
is from the unconfined HBA 46 and flow from the overly-
ing confining layer (24-26 percent). Some of the inflow also
comes from the underlying confining layer (11-13 percent)
and lateral flow from updip (6—13 percent), which in this case
is from the portions of the aquifer in Pennsylvania.

Figure 67 and table 49 show the budget components
for HBA 21 and are discussed below. In HBA 21, the larg-
est outflow (42—56 percent) is to HBA 19. Other outflows
are flow to the pumping wells (18-27 percent), lateral flow
to the 250 mg/L isochlor (9—10 percent), and flow to storage
(4-20 percent). In the full allocation scenario, flow moves
up through the confining layer to the overlying aquifer. The
largest source of inflow (46—57 percent) to the budget area is
lateral flow from the 250 mg/L isochlor (note that HBA 21 is
outside the isochlor). The next largest component of inflow
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Maps showing hydrologic budget areas in the middle Potomac-Raritan-Magothy aquifer and simulated potentiometric

surface in 2040 for the three scenarios: A, nominal water-loss, B, optimal water-loss, and C, full allocation.

(26-33 percent) is flow from HBA 20, followed by flow from

the underlying (3—7 percent) and the overlying (5-6 percent)

confining layer, and lateral flow from HBA 19 (3—5 percent).
In the unconfined budget areas in the middle PRM

(HBA 44, HBA 45, and HBA 46), the main source of

inflow (6696 percent) is from recharge (figs. 68, 69, and

70; tables 50, 51, and 52). In HBA 45, there is some inflow

(21-32 percent) that enters through leakage from the

Delaware River. In HBA 44, outflow is mainly to the streams

(7678 percent) with a smaller amount (20-22 percent) going

into HBA 18. In HBA 45, there are multiple outflows: flow
to streams (2025 percent), the river (24-31 percent), and

wells (5—7 percent), lateral flow to HBA 19 (28-33 percent),
and flow to the underlying aquifer (10-16 percent). HBA 46
also has multiple outflows: leakage to the Delaware River

(30-38 percent), flow to streams (18—27 percent) and wells

117

(715 percent), lateral flow to HBA 20 (2025 percent), and
flow to the underlying confining layer (9—12 percent).



EXPLANATION

Simulated head in 2040, in feet
<-160
>-160 to -140
>-140t0 -120
>-120to -100
>-100 to -80
>-80 to -60
>-60 to -40
>-40 to -20
>-20t0 0
>0t0 20
>20to0 40
>40to 60
>60 to 80
>80 to 100
>100to 120
>120 to 140
>140to0 160
>160

Critical Area 1*
3 Critical Area 2*
3 Hydrologic budget areas (HBA)

—— Simulated head change contour,
in feet

Isochlor, in milligrams per liter
—Charles (2016)
10,000
250
Well withdrawal 2040, in
million gallons per day
<0.01
>0.01 to 0.1
>0.1t0 1
>1

118 Simulated Effects of Projected Withdrawals on Groundwater Flow and Water Levels in the New Jersey Coastal Plain
B. Optimal water-loss scenario
75°30' 75° 74°30'
I [
HUNTERDON
40°30" |—
PENNSYLVANIA
40°
39°30' =/
E \ ATLANTIC
( OCEAN
E CUMBERLAND
| i |
Base from U.S. Geological Survey 1:24,000 digital line data 0 5 10 20 MILES
New Jersey State Plane Coordinate System
North American Datum of 1983
0 5 10  20KILOMETERS

Figure 62—Continued

O e o

*From New Jersey Department of
Environmental Protection
(unpublished). Boundary is
approximate and should not be
used for regulatory compliance
purposes.



Simulated Effects of Projected 2014-2040 Withdrawals

C. Full allocation scenario
75°30' 75° 74°30°

HUNTERDON

40°30" (—

PENNSYLVANIA

40°

MONMOUTH ¢

b
<

{

>

;
5

39°30' —
% - . ATLANTIC
E ( OCEAN
; CUMBERLAND
il | 7 |
Base from U.S. Geological Survey 1:24,000 digital line data 0 5 10 20 MILES
New Jersey State Plane Coordinate System
North American Datum of 1983
0 5 10 20 KILOMETERS

Figure 62—Continued

 m— |
 m— |

O e o

EXPLANATION

Simulated head in 2040, in feet
<-160
>-160 to -140
>-140 10 -120
>-120to -100
>-100 to -80
>-80 to -60
>-60 to -40
>-40 to -20
>-20t0 0
>0t020
>20to0 40
>40 to 60
>60 to 80
>80 to 100
>100to 120
>120 to 140
>140to0 160
>160

Critical Area 1*
Critical Area 2*
Hydrologic budget areas (HBA)

Simulated head change contour,
in feet

Isochlor, in milligrams per liter
—Charles (2016)
10,000
250
Well withdrawal 2040, in
million gallons per day
<0.01
>0.01 to 0.1
>0.1t0 1
>1

*From New Jersey Department of
Environmental Protection
(unpublished). Boundary is
approximate and should not be
used for regulatory compliance
purposes.

119



EXPLANATION

Simulated head change—difference
between 2040 and 2013, in feet
<-100
>-100 to -50
>-50to -20
>-20to -15
>-15t0 -10
>-10to -8
>-8 10 -4
>-4 10 -2
>-2100
>0to0 2
>2t0 10
>10

Critical Area 1*
3 Critical Area 2*

C— Hydrologic budget areas (HBA)

—— Simulated head change
contour, in feet

Isochlor, in milligrams per liter
—Charles (2016)

10,000
250

Wells’ withdrawal change—
difference between 2040 and
2013, in million gallons per day

<-1
>-1t0-0.1
>-0.1t0 <0
0

>0t00.1
>0.1t0 1

120 Simulated Effects of Projected Withdrawals on Groundwater Flow and Water Levels in the New Jersey Coastal Plain
A. Nominal water-loss scenario
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Figure 63. Maps showing change in simulated water levels from the end of the base simulation (2013) to the end of the scenarios
(2040) in the middle Potomac-Raritan-Magothy aquifer and simulated potentiometric surface for the three scenarios: A, nominal
water-loss, B, optimal water-loss, and C, full allocation.
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Figure 64. Graph showing simulated flow rates for the middle Potomac-Raritan-Magothy (PRM) aquifer, hydrologic budget area (HBA) 18.
Table 46. Flow budget of the middle Potomac-Raritan-Magothy aquifer, hydrologic budget area (HBA) 18.
[mg/L, milligram per liter; Mgal/d, million gallons per day; %, percent of total]
Flow Flow fr_o m overlying Flow f"?"! underlying Lateral ﬂ‘.)w from 250 mg/L Lateral flow from offshore Lateral flow from HBA 19 Lateral flow from HBA 44 Wells Storage
bal confining layer confining layer isochlor
alance
Magal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Magal/d %
Base simulation
Inflow 16.52 55.8 0.03 0.1 2.13 7.2 2.11 7.1 1.51 5.1 6.95 23.5 0.00 0.0 0.34 1.1
Outflow -1.71 5.8 -0.01 0.0 —0.10 0.3 —0.02 0.1 -1.23 4.1 —0.81 2.7 —24.36 82.3 -1.36 4.6
Net 14.81 58.4 0.02 0.1 2.03 8.0 2.09 8.2 0.28 1.1 6.14 24.2 —24.36 96.0 -1.02 4.0
Nominal water-loss scenario
Inflow 18.06 55.5 0.04 0.1 2.24 6.9 2.35 7.2 2.28 7.0 7.22 22.2 0.00 0.0 0.35 1.1
Outflow -1.67 5.1 0.00 0.0 —0.13 0.4 —0.03 0.1 -1.02 3.1 -0.91 2.8 —28.75 88.3 —0.02 0.1
Net 16.39 57.0 0.04 0.1 2.10 7.3 2.32 8.1 1.25 4.4 6.31 21.9 —28.75 100.0 0.34 1.2
Optimal water-loss scenario
Inflow 17.48 55.9 0.04 0.1 2.11 6.7 2.18 7.0 2.12 6.8 7.17 229 0.00 0.0 0.19 0.6
Outflow -1.67 53 0.00 0.0 —0.15 0.5 —0.03 0.1 -1.04 33 -0.94 3.0 -27.43 87.7 -0.03 0.1
Net 15.81 57.6 0.04 0.1 1.96 7.2 2.15 7.8 1.08 3.9 6.23 22.7 —27.43 100.0 0.16 0.6
Full allocation scenario
Inflow 20.18 57.0 0.05 0.1 2.61 7.4 2.58 7.3 2.02 5.7 7.91 22.4 0.00 0.0 0.04 0.1
Outflow —1.64 4.6 0.00 0.0 —-0.09 0.2 -0.02 0.0 —1.20 3.4 —0.77 2.2 -31.65 89.5 —0.01 0.0
Net 18.54 58.6 0.04 0.1 2.52 8.0 2.56 8.1 0.82 2.6 7.14 22.5 —31.65 100.0 0.03 0.1

EXPLANATION

I Base simulation

B Nominal water-loss scenario

Optimal water-loss scenario

B Full allocation scenario
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Figure 65. Graph showing simulated flow rates for the middle Potomac-Raritan-Magothy (PRM) aquifer, hydrologic budget area (HBA) 19.

Table 47. Flow budget of the middle Potomac-Raritan-Magothy aquifer, hydrologic budget area (HBA) 19.

[mg/L, milligram per liter; Mgal/d, million gallons per day; %, percent of total]

Flow F'ﬂ:fr::l':’n;",z;';’:"g F'"‘é‘;:ﬁ:}: ;f:;g'"g ;;;e;‘;'/{'fs‘:)’;:m Lateral flow from HBA 18  Lateral flow from HBA20 Lateral flow from HBA21 Lateral flow from HBA 45 Wells Storage
balance Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation Base simulation

Inflow 16.10 28.2 3.98 7.0 3.07 54 1.23 2.2 0.94 1.6 1.23 2.2 29.79 52.3 0.00 0.0 0.66 1.2

Outflow -2.11 3.7 —21.42 37.6 -0.01 0.0 -1.52 2.7 —0.19 0.3 -0.16 0.3 -1.13 2.0 —22.88 40.1 =7.59 13.3

Net 13.99 29.4 —17.44 36.7 3.06 6.4 —0.28 0.6 0.75 1.6 1.08 2.3 28.66 60.3 —22.88 48.1 —6.93 14.6
Nominal water-loss scenario Nominal water-loss scenario

Inflow 15.21 29.2 3.37 6.5 3.11 6.0 1.02 2.0 0.94 1.8 1.37 2.6 26.96 51.8 0.00 0.0 0.07 0.1

Outflow —2.61 5.0 —22.63 43.5 —0.01 0.0 —2.27 4.4 —0.17 0.3 —0.11 0.2 -1.23 2.4 —22.50 43.2 -0.50 1.0

Net 12.60 29.0 -19.27 443 3.10 7.1 -1.25 2.9 0.77 1.8 1.26 2.9 25.72 59.2 -22.50 51.8 -0.43 1.0
Optimal water-loss scenario Optimal water-loss scenario

Inflow 14.80 29.6 3.24 6.5 2.94 5.9 1.04 2.1 0.90 1.8 1.28 2.6 25.85 51.6 0.00 0.0 0.01 0.0

Outflow —2.46 4.9 -21.47 429 —-0.01 0.0 -2.12 4.2 -0.16 0.3 =0.11 0.2 -1.26 2.5 -21.40 42.8 -1.07 2.1

Net 12.34 29.5 -18.23 43.6 2.93 7.0 —1.08 2.6 0.74 1.8 1.17 2.8 24.59 58.9 -21.40 51.2 -1.07 2.6

Full allocation scenario Full allocation scenario

Inflow 17.98 28.5 3.52 5.6 2.99 4.7 1.18 1.9 0.87 1.4 1.05 1.7 35.53 56.2 0.00 0.0 0.07 0.1

Outflow -3.25 5.1 —24.89 39.4 0.00 0.0 -2.01 3.2 —0.23 0.4 —0.09 0.1 -1.27 2.0 -31.36 49.6 —0.11 0.2

Net 14.73 27.5 -21.37 39.9 2.99 5.6 -0.82 1.5 0.64 1.2 0.97 1.8 34.26 63.9 —31.36 58.5 -0.04 0.1
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Figure 66. Graph showing simulated flow rates for the middle Potomac-Raritan-Magothy (PRM) aquifer, hydrologic budget area (HBA) 20.
Table 48. Flow budget of the middle Potomac-Raritan-Magothy aquifer, hydrologic budget area (HBA) 20.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow fr_o m overlying Flow frq?m_ underlying Lateral flow from updip Lateral flow from HBA 19 Lateral flow from HBA 21 Lateral flow from HBA 46 Wells Storage
bal confining layer confining layer
alance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 1.69 26.4 0.73 11.5 0.37 5.8 0.14 2.3 0.07 1.2 3.37 52.8 0.00 0.0 0.00 0.0
Outflow —-0.01 0.2 —1.60 25.1 —-0.05 0.8 -0.90 14.0 —0.87 13.6 0.00 0.0 -2.35 36.9 —0.60 9.4
Net 1.67 31.2 —0.87 16.2 0.32 5.9 —0.75 14.0 -0.79 14.8 3.37 62.8 -2.35 43.9 —0.60 11.2
Nominal water-loss scenario
Inflow 1.61 25.1 0.74 11.5 0.50 7.8 0.15 2.3 0.11 1.7 3.31 51.5 0.00 0.0 0.01 0.1
Outflow —0.01 0.2 -1.76 27.4 —0.04 0.7 -0.91 14.2 —0.77 12.0 0.00 0.0 -2.92 454 —0.01 0.1
Net 1.60 29.8 -1.02 19.0 0.46 8.6 -0.77 14.3 -0.67 12.4 3.31 61.7 -2.92 54.4 0.00 0.0
Optimal water-loss scenario
Inflow 1.58 254 0.72 11.5 0.49 7.8 0.14 2.3 0.10 1.6 3.20 51.4 0.00 0.0 0.00 0.0
Outflow —-0.01 0.2 -1.69 27.2 -0.04 0.7 —0.88 14.1 —0.76 12.1 0.00 0.0 -2.81 45.1 —0.04 0.6
Net 1.57 30.1 -0.97 18.7 0.44 8.5 —0.74 14.2 —0.66 12.6 3.20 61.4 -2.81 53.8 —0.04 0.7
Full allocation scenario
Inflow 2.10 23.5 1.18 13.3 1.13 12.7 0.19 2.1 0.09 1.0 4.21 47.2 0.00 0.0 0.01 0.1
Outflow —0.07 0.7 —2.37 26.6 —0.04 0.4 —0.83 9.3 —0.67 7.5 0.00 0.0 —4.92 55.2 —0.02 0.2
Net 2.03 27.7 -1.19 16.2 1.10 14.9 —0.64 8.7 —0.58 7.9 4.21 57.4 -4.92 67.1 —0.01 0.1

EXPLANATION
l Base simulation
B Nominal water-loss scenario
@ Optimal water-loss scenario

B Full allocation scenario
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Figure 67. Graph showing simulated flow rates for the middle Potomac-Raritan-Magothy (PRM) aquifer, hydrologic budget area (HBA) 21.
Table 49. Flow budget of the middle Potomac-Raritan-Magothy aquifer, hydrologic budget area (HBA) 21.
[mg/L, milligram per liter; Mgal/d, million gallons per day; %, percent of total]
How Flow from overlying confining Flow from underlying confining Lateral fl9w from 250 mg/L Lateral flow from HBA 19 Lateral flow from HBA 20 Wells Storage
hal layer layer isochlor
alance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 0.15 5.7 0.19 7.4 1.18 45.7 0.14 53 0.84 32.6 0.00 0.0 0.09 33
Outflow —0.09 3.5 0.00 0.0 -0.25 9.6 -1.21 47.1 —-0.05 1.8 —0.45 17.6 -0.53 20.4
Net 0.06 2.9 0.19 9.7 0.93 47.2 -1.08 54.6 0.79 40.2 -0.45 23.1 -0.44 223
Nominal water-loss scenario
Inflow 0.15 6.1 0.08 34 1.31 54.8 0.09 3.8 0.74 31.0 0.00 0.0 0.02 0.8
Outflow -0.13 5.5 0.00 0.1 -0.21 8.8 -1.35 56.5 -0.07 3.1 -0.52 21.6 =0.10 43
Net 0.01 0.7 0.08 4.3 1.10 59.2 -1.26 67.8 0.67 35.8 -0.52 27.8 -0.08 4.5
Optimal water-loss scenario
Inflow 0.15 6.5 0.09 4.0 1.23 53.6 0.09 3.9 0.73 31.6 0.00 0.0 0.01 0.4
Outflow —0.12 5.2 0.00 0.1 —0.20 8.5 -1.26 55.0 —0.07 2.9 —0.48 21.0 —0.17 7.2
Net 0.03 1.6 0.09 5.0 1.03 57.1 -1.17 64.7 0.66 36.4 —0.48 26.6 -0.16 8.7
Full allocation scenario
Inflow 0.13 5.4 0.12 4.8 1.41 57.5 0.07 3.0 0.64 26.1 0.00 0.0 0.08 3.1
Outflow -0.34 13.8 0.00 0.0 -0.23 9.3 -1.04 424 —0.06 2.4 —0.66 27.0 -0.12 5.0
Net -0.20 10.9 0.12 6.3 1.18 62.8 -0.97 51.5 0.58 30.9 -0.66 353 -0.04 2.4

EXPLANATION

Il Base simulation

B Nominal water-loss scenario

Optimal water-loss scenario

B Full allocation scenario
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Figure 68. Graph showing simulated flow rates for the middle Potomac-Raritan-Magothy (PRM) aquifer, hydrologic budget area (HBA) 44.
Table 50. Flow budget of the middle Potomac-Raritan-Magothy aquifer, hydrologic budget area (HBA) 44.
[Flow from the underlying confining layer and lateral flow from the 250-milligram-per-liter isochlor are not shown because they made up less than 0.1 percent of total flow in each scenario. Mgal/d, million gallons per day; %, percent of total]
Flow Flocv(\)l:fri(:]rinn;vl:;l‘!:ng Lateral flow from offshore  Lateral flow from updip  Lateral flow from HBA 18 Lateral flow from HBA 45 Wells Streams Recharge Storage
balance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 0.06 0.2 0.37 1.0 0.09 0.2 1.19 34 0.02 0.1 0.00 0.0 0.00 0.0 32.80 92.1 1.09 3.0
Outflow 0.00 0.0 0.00 0.0 —-0.01 0.0 -7.33 20.6 —0.66 1.9 -0.04 0.1 -27.39 76.9 0.00 0.0 —0.20 0.5
Net 0.06 0.2 0.37 1.1 0.08 0.2 —6.14 17.9 —0.64 1.9 —0.04 0.1 —27.39 80.1 32.80 95.9 0.89 2.6
Nominal water-loss scenario
Inflow 0.06 0.2 0.38 1.0 0.09 0.2 1.32 3.5 0.02 0.1 0.00 0.0 0.00 0.0 36.10 95.0 0.03 0.1
Outflow 0.00 0.0 0.00 0.0 —0.01 0.0 —7.62 20.1 —0.65 1.7 -0.17 0.4 —29.53 77.7 0.00 0.0 —0.02 0.0
Net 0.06 0.2 0.38 1.0 0.08 0.2 -6.31 17.2 -0.63 1.7 -0.17 0.5 —29.53 80.6 36.10 98.5 0.01 0.0
Optimal water-loss scenario
Inflow 0.06 0.2 0.38 1.0 0.09 0.2 1.34 3.5 0.02 0.1 0.00 0.0 0.00 0.0 36.10 95.0 0.02 0.0
Outflow 0.00 0.0 0.00 0.0 —-0.01 0.0 =7.56 19.9 —0.65 1.7 -0.16 0.4 —29.61 77.9 0.00 0.0 -0.02 0.1
Net 0.06 0.2 0.38 1.0 0.08 0.2 —6.23 17.0 -0.63 1.7 -0.16 0.4 —29.61 80.8 36.10 98.6 0.00 0.0
Full allocation scenario
Inflow 0.06 0.2 0.38 1.0 0.09 0.2 1.08 2.9 0.02 0.1 0.00 0.0 0.00 0.0 36.10 95.6 0.00 0.0
Outflow 0.00 0.0 0.00 0.0 —0.01 0.0 —8.22 21.8 —0.65 1.7 —0.16 0.4 —28.70 76.0 0.00 0.0 -0.02 0.0
Net 0.06 0.2 0.38 1.0 0.08 0.2 =7.14 19.5 —0.62 1.7 -0.16 0.4 —28.70 78.3 36.10 98.6 —0.01 0.0

EXPLANATION
B Base simulation
B Nominal water-loss scenario
Optimal water-loss scenario

B Full allocation scenario
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Figure 69. Graph showing simulated flow rates for the middle Potomac-Raritan-Magothy (PRM) aquifer, hydrologic budget area (HBA) 45.

Table 51. Flow budget of the middle Potomac-Raritan-Magothy aquifer, hydrologic budget area (HBA) 45.

[Flow from the overlying confining layer and lateral flow from HBA 46 are not shown because they made up less than 0.1 percent of total flow in each scenario. Mgal/d, million gallons per day; %, percent of total]

Flow from underlying

Flow confining layer Lateral flow from HBA 19 Lateral flow from HBA 44 Wells Streams Delaware River Recharge Storage
balance Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation

Inflow 0.30 0.3 1.41 1.5 0.66 0.7 0.00 0.0 0.00 0.0 27.95 29.3 65.19 68.3 0.99 1.0

Outflow —13.38 14.1 =30.07 31.7 -0.02 0.0 =5.18 5.5 —20.69 21.8 —25.44 26.8 0.00 0.0 -1.72 1.8

Net —13.08 19.1 —28.66 41.9 0.64 0.9 —5.18 7.6 —20.69 30.3 2.51 3.7 65.19 95.4 -0.73 1.1
Nominal water-loss scenario

Inflow 0.32 0.3 1.66 1.8 0.65 0.7 0.00 0.0 0.00 0.0 20.34 21.7 70.86 75.5 0.05 0.1

Outflow -9.49 10.1 —27.38 29.2 —0.02 0.0 —5.56 5.9 —22.87 24.4 —28.44 30.3 0.00 0.0 —0.13 0.1

Net -9.16 12.8 =25.72 36.0 0.63 0.9 -5.56 7.8 —22.87 32.0 =8.10 11.3 70.86 99.1 -0.08 0.1
Optimal water-loss scenario

Inflow 0.33 0.4 1.70 1.8 0.65 0.7 0.00 0.0 0.00 0.0 19.18 20.7 70.86 76.4 0.01 0.0

Outflow -9.07 9.8 -26.29 28.4 -0.02 0.0 -5.33 5.8 -23.11 25.0 -28.72 31.0 0.00 0.0 —0.20 0.2

Net —8.74 12.2 —24.59 34.4 0.63 0.9 —5.33 7.5 -23.11 323 -9.54 13.3 70.86 99.1 —0.18 0.3

Full allocation scenario

Inflow 0.30 0.3 1.46 1.4 0.65 0.6 0.00 0.0 0.00 0.0 33.75 31.5 70.86 66.2 0.01 0.0

Outflow -16.67 15.6 —35.73 334 —0.02 0.0 —7.63 7.1 -21.13 19.7 —25.84 24.1 0.00 0.0 —0.01 0.0

Net -16.37 20.6 —34.26 43.2 0.62 0.8 —7.63 9.6 -21.13 26.6 7.91 10.0 70.86 89.2 -0.01 0.0




Simulated Effects of Projected 20142040 Withdrawals 129

EXPLANATION
B Base simulation
B Nominal water-loss scenario
Optimal water-loss scenario

B Full allocation scenario
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Figure 70. Graph showing simulated flow rates for the middle Potomac-Raritan-Magothy (PRM) aquifer, hydrologic budget area (HBA) 46.
Table 52. Flow budget of the middle Potomac-Raritan-Magothy aquifer, hydrologic budget area (HBA) 46.
[Flow from the overlying confining layer and lateral flow from HBA 45 are not shown because they made up less than 0.1 percent of the total flow in each scenario. Mgal/d, million gallons per day; %, percent of total]
Flow FIOV::;;TI‘:']:;:XIHQ Lateral flow from updip Lateral flow from HBA 20 Wells Streams Delaware River Recharge Storage
balance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Magal/d % Magal/d %
Base simulation
Inflow 0.15 1.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 1.09 7.1 14.17 91.9 0.03 0.2
Outflow -1.39 9.2 —0.08 0.6 -3.37 22.4 -1.06 7.0 -3.50 23.3 —5.66 37.6 0.00 0.0 -0.39 2.6
Net -1.24 8.7 —0.08 0.6 -3.37 23.8 —1.06 7.5 -3.50 24.7 —4.56 322 14.17 100.0 -0.36 2.4
Nominal water-loss scenario
Inflow 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 1.02 6.2 15.30 93.7 0.00 0.0
Outflow -1.41 8.6 —0.10 0.6 -3.31 20.3 -1.17 7.2 —4.23 259 —6.10 37.4 0.00 0.0 —0.01 0.0
Net —1.40 9.2 =0.10 0.6 -3.31 21.7 -1.17 7.6 —4.23 27.6 =5.09 33.2 15.30 100.0 0.00 0.0
Optimal water-loss scenario
Inflow 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.98 6.0 15.30 94.0 0.00 0.0
Outflow -1.39 8.6 —0.10 0.6 -3.20 19.7 —1.10 6.8 —4.33 26.6 —6.14 37.8 0.00 0.0 —-0.01 0.1
Net -1.39 9.1 —0.10 0.6 —3.20 20.9 -1.10 7.2 —4.33 28.3 =5.17 33.8 15.30 100.0 —0.01 -0.1
Full allocation scenario
Inflow 0.02 0.1 0.04 0.2 0.00 0.0 0.00 0.0 0.00 0.0 1.76 10.3 15.30 89.3 0.01 0.0
Outflow —2.11 12.3 —0.05 0.3 —4.21 24.6 —2.51 14.7 -3.03 17.7 =5.21 30.4 0.00 0.0 0.00 0.0
Net -2.09 13.7 -0.01 0.1 —-4.21 27.5 -2.51 16.4 -3.03 19.8 —3.45 22.5 15.30 100.0 0.00 0.0
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Lower Potomac-Raritan-Magothy Aquifer

The study used three confined budget areas
(HBAs 22-24) in the lower PRM aquifer. The outcrop area
for the lower PRM is in Pennsylvania, so there are no uncon-
fined budget areas delineated. HBA 22 included the area of the
lower PRM aquifer that was part of the Critical Area 2 restric-
tions. There were 77 wells included in HBA 22. HBA 23, is
beyond the 250 mg/L isochlor and includes 6 wells. HBA 24
was defined as a small area along the Delaware River on the
west end of the aquifer that included 2 pumping wells in the
simulations.

Trends of Withdrawals and Heads

Figure 71 shows withdrawal trends and trends of median,
10th percentile, and minimum heads from the base simulation
and pumping scenarios for each budget area in the lower PRM
aquifer. Table 31 shows a summary of the past and projected
withdrawals in each budget area.

The withdrawals in HBA 22 decline after the first few
years of the base simulation with some annual variability
around the general trend (fig. 714). The pumping rates in 2013
(around 12,500 million gallons per year) were less than half
of the peak pumping rate from the 1980s (over 27,000 million
gallons per year). The nominal (14.5 percent) and optimal
(18.9 percent) water-loss scenarios project continued declines
in pumping (table 31). Reported pumping in HBA 22 after
2013 also shows continuing declines at a rate even higher than
that of the scenarios. The full allocation scenario indicates a
relatively small increase in pumping of 20 percent (table 31).

The withdrawals in HBA 23, though fairly small, trend
upward throughout the base simulation with a spike in the
mid-1990s and a smaller one near the end of the simulation
(fig. 71B). The projected withdrawals in HBA 23 are constant
in the scenarios. In the nominal and optimal water-loss sce-
narios the withdrawals are 20.4 percent lower and in the full
allocation scenario they are 39.6 percent higher compared to
the 2013 withdrawals. The reported withdrawals since the end
of the base simulation in 2013 show a decline (table 31).

The level of withdrawals in HBA 24 are not much dif-
ferent at the beginning and the end of the base simulations,
though there is some variability from year-to-year over that
time period (fig. 71C). Withdrawals are projected to increase
in all three scenarios. The increase is linear in the nominal
(20.2 percent) and optimal (14.2 percent) water-loss scenarios,
and a step increase of 112.8 percent in the full allocation sce-
nario (table 31).

The simulated heads in HBA 22 generally increase
over the base simulation (fig. 71B8). There is a brief period of
declining head at the start of the base simulation, especially
in the minimum head where the decline was close to 90 feet
(fig. 71B). After the initial decline, the minimum head recovers
steeply from 1985 until approximately 2000, then continues to
recover more gradually. The head statistics for the scenarios
are simulated to be rising slightly. The exception to this is
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the 10th percentile and minimum heads for the full allocation
scenario, during which the heads increase by tens of feet at
the beginning of the simulation. This indicates that, in areas
with the lowest heads, the withdrawal levels used in the full
allocation scenario were lower than the withdrawal levels used
in the base simulation and the other two scenarios. Table 53
shows that there are cases of substantial drawdown in HBA 22
reaching a maximum drawdown of 22.6 feet. The median
drawdown is negative for the full allocation scenario indicat-
ing head recovery over most of the area; 64 percent of the area
had heads which increases by more than a foot (table 53).

The median head in HBA 23 is fairly constant throughout
the base simulation (fig. 71D). The median head is simulated
to increase slightly for the nominal and optimal water-loss
scenarios. The 10th percentile heads initially decline then
increase through the base simulation and all three scenarios.
There is no discernable trend in the minimum head, however,
it is much more variable than the median and 10th percentile
heads because of changes in withdrawals from individual
wells. In the full allocation scenario, there is some recovery
in the minimum head mainly in the first stress period of the
model, after which the minimum head is nearly constant.

For the nominal and optimal water-loss scenarios, there is an
initial decrease of about 10 feet and then a linear recovery in
the minimum heads, reaching 7 and 8 feet in the nominal and
optimal water-loss scenarios respectively. Although there are
recoveries in head in the areas with the lowest heads, other
parts of the budget areas experience drawdown in all three sce-
narios with maximum values of 3.3 feet for the nominal water-
loss scenario, 1.8 feet for the optimal water-loss scenario, and
23.1 feet for the full allocation scenario (table 54).

For HBA 24, the median values of simulated head are
generally flat throughout the period of the base simulation
and the three scenarios (fig. 71C). The 10th percentile heads
decline over the first part of the base simulation and then
increase over the second half; the magnitude of these changes
is fairly small. The minimum heads show more variability
over the base simulation including a large downward spike in
the mid-1980s, followed by a general increase in the minimum
head. The nominal and optimal water-loss scenarios indicate
there is a slight decline of a few feet in the minimum head
over the length of the simulations. The full allocation scenario
indicates a large decrease in the minimum head of 50 feet.
Table 53 shows the maximum drawdown for the scenarios as
9.1 feet for the nominal water-loss scenario, 7.6 feet for the
optimal water-loss scenario, and 55.2 feet for the full alloca-
tion scenario. Unlike the other two HBAs in the lower PRM
aquifer, there are no cells where the heads are recovering by
more than one foot for any of the three scenarios (table 53).

Simulated Heads and Drawdown in 2040

In the lower PRM aquifer, the head distribution is similar
between the three scenarios with the heads in the eastern
part of the aquifer lower than those in the west (fig. 72). The
highest heads are along the Delaware River. The nominal and
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Table 53. Statistics for simulated drawdown from the end of 2013 through 2040 for hydrologic budget areas in the lower

Potomac-Raritan-Magothy aquifer.

Hydrologic budget

Simulated drawdown statistics, in feet

Cells in budget area with
drawdown, in percent

area (HBA) - - -
Median 90th percentile Maximum Greater than 1 foot Less than -1 foot

Nominal water loss

HBA 22 2.4 -0.4 2.0 0 84

HBA 23 -1.2 -0.3 3.3 1 58

HBA 24 0.1 33 9.1 24 0
Optimal water loss

HBA 22 -39 -0.9 0.3 0 39

HBA 23 -1.5 -0.5 1.8 0 66

HBA 24 0.0 2.6 7.6 23 0

Full allocation

HBA 22 -2.9 1.9 22.6 18 64

HBA 23 0.2 3.1 23.1 26 26

HBA 24 2.4 14.9 55.2 55 0

optimal water-loss scenarios produce a cone of depression
along the border of Camden and Burlington Counties that
does not appear in the full allocation scenario, indicating that
projected pumping in those two scenarios is higher than full
allocation scenario in some.

Figure 734 and figure 73 B show the head change for the
nominal and optimal water-loss scenario in the lower PRM
aquifer from the end of the base simulation to the end of the
scenario simulations in 2040. These two scenarios show simi-
lar patterns. Apart from a couple areas in HBA 24 where there
are small drawdowns around wells, the heads remain the same
or recover because of previous decreases in pumping.

Figure 73C shows the simulated drawdown for the full
allocation scenario in the lower PRM aquifer from the end
of the base simulation to the end of the scenario simulations
in 2040. There is a substantial area of head recovery in the
central to eastern part of the aquifer. Near some of the wells
along the river there are drawdowns greater than 20 feet. The
drawdown in HBA 24 reaches 50 feet for one of the wells and
extends into HBA 23, which is beyond the 250 mg/L isochlor,
indicating potential for water quality problems if pumping at
full allocation is reached in this area.

Budget Analysis

Figure 74 and table 54 show the budget compo-
nents for HBA 22 and are discussed below. The inflow in
HBA 22 almost entirely comes from the overlying confin-
ing layer (9697 percent). The outflow is mostly to the wells
(87-90 percent). The other components of outflow are mini-
mal (less than 2 percent) except for some flow to the overlying

confining layer (10-12 percent). Although the flows are small
compared to the overall budget of HBA 22, the lateral inflow
from the 250 mg/L isochlor and HBA 23 (which is beyond
the isochlor) are noteworthy in that they represent what could
be degraded water quality and could be important if wells are
located close to those boundaries. The flows in the optimal and
nominal water-loss scenarios are less than the base simulation
and the flows in the full allocation scenario are considerably
higher than the base simulation.

Figure 75 and table 55 show the budget components
for HBA 23 and are discussed below. The primary source
of inflow in HBA 23 is from the overlying confining layer
(75-85 percent); smaller amounts come from lateral flow
from HBA 22 (12-20 percent) and the 250 mg/L isochlor
(3-5 percent). The main outflow is to wells (41-58 percent),
however there is also lateral flow to HBA 22 (18-29 percent),
flow to the overlying confining layer (15—17 percent), and
lateral flow to the 250 mg/L isochlor (8—16 percent). Because
the entire budget area is beyond the 250 mg/L isochlor, this is
also how the downdip area is classified.

Figure 76 and table 56 show the budget components
for HBA 24 and are discussed below. The primary inflow
(90-93 percent) to HBA 24 is from the overlying confining
layer. There is also a small component of the inflow that is
classified as lateral flow from updip (6—8 percent) which in
this case is from the aquifer in Pennsylvania. The outflow in
HBA 24 is primarily to pumping wells (88-90 percent). There
is also outflow to the overlying confining unit (6—10 percent).
The projected pumping values and corresponding leakage
through the overlying confining layer are smallest in the base
simulation and largest in the full allocation scenario.
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Figure 72. Maps showing hydrologic budget areas in the lower Potomac-Raritan-Magothy aquifer and simulated potentiometric
surface in 2040 for the three scenarios: A, nominal water-loss, B, optimal water-loss, and C, full allocation.
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B. Optimal water-loss scenario
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A. Nominal water-loss scenario
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Figure 73. Maps showing change in simulated water levels from the end of the base simulation (2013) to the end of the scenarios
(2040) in the lower Potomac-Raritan-Magothy aquifer and simulated potentiometric surface for the three scenarios: A, nominal
water-loss, B, optimal water-loss, and C, full allocation.
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B. Optimal water-loss scenario
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Figure 73.—Continued



138 Simulated Effects of Projected Withdrawals on Groundwater Flow and Water Levels in the New Jersey Coastal Plain

C. Full allocation scenario
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Figure 74. Graph showing simulated flow rates for the lower Potomac-Raritan-Magothy (PRM) aquifer, hydrologic budget area (HBA) 22.
Table 54. Flow budget of the lower Potomac-Raritan-Magothy aquifer, hydrologic budget area (HBA) 22.
[mg/L, milligram per liter; Mgal/d, million gallons per day; %, percent of total]
Flow Flow fr_o m overlying Flow frqm_ underlying Lateral "E)W from 250 mg/L Lateral flow from offshore Lateral flow from updip Lateral flow from HBA 23 Wells Storage
bal confining layer confining layer isochlor
alance
Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 3491 97.0 0.00 0.0 0.22 0.6 0.00 0.0 0.35 1.0 0.51 1.4 0.00 0.0 0.00 0.0
Outflow —4.23 11.8 0.00 0.0 —0.01 0.0 0.00 0.0 0.00 0.0 -0.51 1.4 —31.24 86.8 —0.01 0.0
Net 30.68 98.2 0.00 0.0 0.22 0.7 0.00 0.0 0.35 1.1 0.01 0.0 -31.24 100.0 —0.01 0.0
Nominal water-loss scenario
Inflow 32.13 96.4 0.00 0.0 0.24 0.7 0.00 0.0 0.34 1.0 0.62 1.9 0.00 0.0 0.00 0.0
Outflow -3.66 11.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 -0.43 1.3 —29.25 87.7 0.00 0.0
Net 28.47 97.3 0.00 0.0 0.24 0.8 0.00 0.0 0.34 1.2 0.19 0.7 —29.25 100.0 0.00 0.0
Optimal water-loss scenario
Inflow 30.54 96.4 0.00 0.0 0.23 0.7 0.00 0.0 0.33 1.0 0.59 1.8 0.00 0.0 0.00 0.0
Outflow -3.53 11.1 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 -0.41 1.3 —27.75 87.6 0.00 0.0
Net 27.02 97.4 0.00 0.0 0.23 0.8 0.00 0.0 0.33 1.2 0.17 0.6 —27.75 100.0 0.00 0.0
Full allocation scenario
Inflow 41.78 97.5 0.00 0.0 0.14 0.3 0.00 0.0 0.43 1.0 0.51 1.2 0.00 0.0 0.00 0.0
Outflow —4.11 9.6 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 -0.35 0.8 —38.40 89.6 0.00 0.0
Net 37.67 98.1 0.00 0.0 0.14 0.4 0.00 0.0 0.43 1.1 0.16 0.4 —38.40 100.0 0.00 0.0
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Figure 75. Graph showing simulated flow rates for the lower Potomac-Raritan-Magothy (PRM) aquifer, hydrologic budget area (HBA) 23.
Table 55. Flow budget of the lower Potomac-Raritan-Magothy aquifer, hydrologic budget area (HBA) 23.
[mg/L, milligram per liter; Mgal/d, million gallons per day; %, percent of total]
Flow Flow from overlying confining Flow from underlying confining Lateral flt?w from 250 mg/L Lateral flow from HBA 22 Lateral flow from HBA 24 Wells Storage
bal layer layer isochlor
alance
Mgal/d % Mgal/d % Mgal/d % Magal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 1.80 76.1 0.00 0.0 0.07 2.9 0.48 20.4 0.02 0.7 0.00 0.0 0.00 0.0
Outflow —0.41 17.4 0.00 0.0 —0.39 16.4 —0.49 20.6 —0.01 0.3 -1.07 45.2 0.00 0.1
Net 1.39 99.3 0.00 0.0 -0.32 229 —0.01 0.4 0.01 0.7 -1.07 76.6 0.00 0.1
Nominal water-loss scenario
Inflow 1.57 75.3 0.00 0.0 0.09 4.5 0.40 19.5 0.01 0.7 0.00 0.0 0.00 0.0
Outflow —0.35 16.6 0.00 0.0 -0.27 12.9 —0.60 28.8 —0.01 0.5 —0.86 41.2 0.00 0.0
Net 1.22 99.8 0.00 0.0 -0.17 14.2 -0.19 15.8 0.00 0.2 -0.86 70.0 0.00 0.0
Optimal water-loss scenario
Inflow 1.54 75.8 0.00 0.0 0.09 4.3 0.39 19.2 0.01 0.7 0.00 0.0 0.00 0.0
Outflow —0.34 16.6 0.00 0.0 —0.27 13.1 —0.56 27.7 —0.01 0.5 —0.86 42.1 0.00 0.0
Net 1.21 99.7 0.00 0.0 —0.18 14.9 -0.17 14.2 0.00 0.3 —0.86 70.9 0.00 0.0
Full allocation scenario
Inflow 2.19 84.8 0.00 0.0 0.08 3.0 0.30 11.5 0.02 0.6 0.00 0.0 0.00 0.0
Outflow -0.39 15.1 0.00 0.0 -0.21 8.0 —0.46 17.7 -0.03 1.1 -1.50 58.1 0.00 0.0
Net 1.80 100.0 0.00 0.0 -0.13 7.2 -0.16 8.9 —0.01 0.7 -1.50 83.3 0.00 0.0

EXPLANATION
Il Base simulation
B Nominal water-loss scenario
Optimal water-loss scenario

B Full allocation scenario
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Figure 76. Graph showing simulated flow rates for the lower Potomac-Raritan-Magothy (PRM) aquifer, hydrologic budget area (HBA) 24.
Table 56. Flow budget of the lower Potomac-Raritan-Magothy aquifer, hydrologic budget area (HBA) 24.
[Mgal/d, million gallons per day; %, percent of total]
Flow Flow from overlying confining layer Flow from underlying confining layer Lateral flow from updip Lateral flow from HBA 23 Wells Storage
balance Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d % Mgal/d %
Base simulation
Inflow 0.60 93.0 0.00 0.0 0.04 5.5 0.01 1.5 0.00 0.0 0.00 0.0
Outflow —0.04 6.1 0.00 0.0 0.00 0.6 —0.02 3.0 -0.59 90.2 0.00 0.0
Net 0.57 94.7 0.00 0.0 0.03 53 -0.01 1.7 -0.59 98.3 0.00 0.1
Nominal water-loss scenario
Inflow 0.79 92.6 0.00 0.0 0.05 5.8 0.01 1.6 0.00 0.0 0.00 0.0
Outflow —0.06 7.4 0.00 0.0 0.00 0.5 —0.02 2.0 -0.77 90.1 0.00 0.0
Net 94.2 0.00 0.0 0.05 5.8 0.00 0.4 —0.77 99.6 0.00 0.0
Optimal water-loss scenario
Inflow 0.75 92.5 0.00 0.0 0.05 5.9 0.01 1.6 0.00 0.0 0.00 0.0
Outflow —0.06 7.5 0.00 0.0 0.00 0.5 —0.02 2.1 —0.73 89.9 0.00 0.0
Net 0.69 94.1 0.00 0.0 0.04 5.9 0.00 0.5 —0.73 99.5 0.00 0.0
Full allocation scenario
Inflow 1.28 89.9 0.00 0.0 0.11 7.7 0.03 2.5 0.00 0.0 0.00 0.0
Outflow —0.15 10.2 0.00 0.0 0.00 0.3 —-0.02 1.6 -1.25 87.9 0.00 0.0
Net 90.6 0.00 0.0 0.11 8.4 0.01 1.0 -1.25 100.0 0.00 0.0

EXPLANATION

Il Base simulation

M

B Nominal water-loss scenario

Optimal water-loss scenario

B Full allocation scenario
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Comparison of Conditions in Confined Aquifers

One way to compare how stressed the conditions are in
the various aquifers is to analyze the number of cells in the
confined aquifers where the head is less than sea level. The
lowest head boundary conditions for these confined aquifers
are the Atlantic Ocean, Delaware Bay, and the Delaware River,
all of which can be thought of as constant heads at or near
sea level, were represented as zero feet in the model. Under
natural conditions with no pumping, the heads in the aqui-
fers are above zero with water flowing out to these features
or streams with higher heads in the unconfined parts of the
system. When water is withdrawn by wells, the head in wells
must be lowered in a way that water will flow to the well. The
more water that is withdrawn, the lower the head needs to be;
the magnitude of drawdown needed to get a given amount of
flow depends on the properties of the aquifer.

Box plots are presented to depict the distribution of
head and drawdown in the confined aquifers to facilitate the
comparison discussed above. The box plots are constructed
using the simulated values for each cell in an HBA for each
confined aquifer. The cells are the same size within the parts of
the model domain where HBAs are defined so the distributions
depicted can be thought of as area. For example, the median
shown in the box plot is the value that half of the confined
aquifer has a value above and half has a value below.

Figure 77 shows box plots that represent the distribution
of simulated heads in each of the nine confined aquifers in the
model where the HBA are defined. The Vincentown aquifer
is the only confined aquifer where the median simulated head
is greater than zero for all three scenarios (fig. 77D). For the
Wenonah-Mount Laurel aquifer and the Englishtown aquifer
system, the median simulated head goes below zero for the
full allocation scenario only (figs. 77E, 77F). Only the Piney
Point aquifer has an upper quartile line (representing the
75th percentile of head) that is greater than zero (fig. 77C).
The minimum simulated head, represented in figure 77 either
by the lower cap of the whisker or the lowest outlier, is less
than —100 feet for at least one scenario in all but the middle
and lower PRM aquifers (figs. 77H, 771). Although generally
the heads are highest in the Vincentown aquifer, the minimum
simulated head also occurs in this aquifer for all three sce-
narios (fig. 77D). Apart from a few outliers in the Rio Grande
water-bearing zone, all the simulated heads in that unit and the
lower PRM aquifer are near zero feet or below (figs. 774, 771).

Figure 78 shows boxplots of 2040 drawdown (calcu-
lated as the head in 2040 subtracted from the head in 2013)
simulated in each model cell in the confined HBA. The most
extensive areas of large drawdowns are for the full alloca-
tion scenario in the Rio Grande water-bearing zone, the
Atlantic City 800-foot sand, the Piney Point aquifer, and the
Englishtown aquifer system where all the median drawdowns
are greater than 20 feet.

For the nominal and optimal water-loss scenarios, most
of the cells as represented by the boxes in figure 78 are fairly
close to zero, indicating that there are no new large areas of

Simulated Effects of Projected Withdrawals on Groundwater Flow and Water Levels in the New Jersey Coastal Plain

significant drawdown by 2040. However, all the aquifers have
at least some cells with greater than 10 feet of drawdown
under these scenarios. There is a single cell which extends past
100 feet of drawdown in the Vincentown aquifer (fig. 78D).
As expected, the drawdown is always slightly less for the
optimal water-loss scenario, where less water is required to
be pumped.

All the aquifers show at least some areas of head recov-
ery as indicated by negative values in figure 78. Most of
the biggest recoveries are seen in cells classified as outliers,
although in the middle and lower PRM aquifers, almost the
entire box falls below zero for the nominal and optimal water-
loss scenarios indicating that greater than 75 percent of the
model cells are simulated to have recovering heads.

Water Movement Between Confined and
Unconfined Aquifers in HUC11 Basins

The water exchange between confined and unconfined
parts of the system was quantified in HUC11 basins that had
at least some area active in the New Jersey part of the mod-
els. The components of simulated flow that were quantified
included recharge, flow to the confined aquifers, flow from the
confined aquifers, the net flow to or from the confined aqui-
fers, and the total, unconfined, and confined pumping amounts.
A table of these results appears in the companion data release
to this report (Kenefic and Kauffman, 2024).

Although the confining units included in the NJCP base
simulation each have a model layer associated with them, in
places the combination of the vertical hydraulic conductivity
and layer thickness are such that they do not act as confining
layers. This is especially the case in the unconfined Kirkwood-
Cohansey aquifer system where the confining units are absent,
but the layer must be continuous in the model. Because of
this, and to maintain consistency for all aquifers and confining
units, a criterion was developed to define where the aquifers
are confined versus unconfined. The first condition used to
determine whether a confining unit is effective in confining
the aquifer below was if the aquifer below a confining unit
has a head that was greater than one foot different than the
aquifer above it. The second condition was a vertical con-
ductance (computed as the vertical hydraulic conductivity
divided by the thickness) in the confining units was less than
10 second-!. If the confining unit was considered effective by
either of these conditions, then any underlying aquifers were
considered to be confined. Figure 79 shows the uppermost
model layer that forms an effective confining unit determined
by this procedure.

Figure 804 shows the pumping in confined aquifers by
HUCI11 basin for the base simulation. The basins with the
highest amounts of pumping are generally those along the
Delaware River and along the Atlantic Ocean coast. The arca
in between, with less (compared to the coastal basins) or no
pumping from confined aquifers, is where the Kirkwood-
Cohansey aquifer system is the main source of groundwater.



A. Rio Grande water-bearing

Simulated Effects of Projected 20142040 Withdrawals

zone B. Atlantic City 800-foot sand C. Piney Point aquifer
300 T T T T T T T T T T T T
4,334 4,334 4,334 4,334 5,980 5,980 5,980 5,980 15,772 15,772 15,772 15,772
200 -~ o o o °
100 4 F 4 F
s 8 & & || f § § | O
IEEEIIE: =
-100 ~ g -+ o %] %] 4+
o
o S o
_200 1 1 1 1 1 1 1 1 1 1 1 1
E. Wenonah Mount Laurel
D.Vincentown aquifer aquifer F. Englishtown aquifer system
300 T T T T T T T T T T T T
3,456 3,456 3,456 3,456 12,796 12,796 12,796 12,796 15,576 15,576 15,576 15,576
200
@
2 100 |- 4 rF 19 F
£
=
s 0
= < b & Jl T T T ] ]» I
o
-100 + M 1 F
8
o
-200 1 ? 1 1 1 1 1 1 1 1 1 1
G. Upper Potomac-Raritan- H. Middle Potomac-Raritan- I. Lower Potomac-Raritan-
Magothy aquifer Magothy aquifer Magothy aquifer
300 T T T T T T T T T T T T
17,560 17,560 17,560 17,560 19,720 19,720 19,720 19,720 4,540 4,540 4,540 4,540
200 |~
100 |- 14 r 1 F
S % % % % TTTT
-100 - g 4 F =4 r
_200 1 1 1 1 1 1 1 1 1 1 1 1
28 =8 €8 I3 S £8 £8& g 28 =8 €8 2
ms ET BT S ms ET BT S ms ET BT S
E 22 o2& =2 E 22 o2& =2 g 22 o2 =2
= 2 2 © @ 2 2 ° » 2 H °
Scenario
Figure 77.

143

4,334 Number of values

|

Largest value within 1.5 times
interquartile range above

75th percentile

Smallest value within 1.5 times
interquartile range below
25th percentile

75th percentile
50th percentile Interquartil
range

25th percentile

Outside value—Value is >1.5 the
interquartile range beyond either
end of the box

Boxplots of the statistical distribution of simulated heads in model cells for the confined aquifers where hydrologic budget

areas are defined for the base simulation and the three water use scenarios: A, Rio Grande water-bearing zone, B, Atlantic City 800-foot
sand, C, Piney Point aquifer, D, Vincentown aquifer, £, Wenonah-Mount Laurel aquifer, £, Englishtown aquifer system, and the, G, upper,
H, middle, and /, lower Potomac-Raritan-Magothy aquifers.
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Figure 78. Boxplots showing the statistical distribution of simulated drawdown (head decrease from the end of 2013 through 2040)
in model cells for the confined aquifers where hydrologic budget areas are defined for the three water use scenarios: A, Rio Grande
water-bearing zone; B, Atlantic City 800-foot sand; C, Piney Point aquifer; D, Vincentown aquifer; E, Wenonah-Mount Laurel aquifer; F,
Englishtown aquifer system; and the, G, upper, H, middle, and, /, lower Potomac-Raritan-Magothy aquifers.



75°30' 75

Simulated Effects of Projected 20142040 Withdrawals

74°30' 74

R
40°30

HUNTERDON

400

o9
%
%
0]
.o,uB

%
RIS
%
Sosorels

o5
oSes
%

%
o

X

%S
205s

o003

0SS
o
o%o3

%
55

x

KR -
SRS

; ¢

SOMERSET

RTINS,
% SURRIIEKK,
o2 20000s 0580000 0% %0 %o
% KSR RRIK,

RIS
S

RS

RSB
e e0es
SRS

D 005000009
SRR
B

’E_

o

EXPLANATION

Top confining layer

REES
S8
SRS
X SR

No confining layer present
2
4

10
12
14
16
18

23
RS
SRS
QSO R,
ORI
ORI RS,
IR
S

5

R
S
20
X
SRR SRS
s
s
% RS —_—
3
RN ORI S
RRSIR R
ORARERREXX SRR
RKIIN S RO B del cell
R ‘.“&‘:“‘ SRS 0
Sosnsatets SR RIS s
X SRR RN R
N ORI ORI SRR
3 R RN S SRR SRR
o X0, SXEXK, R s 5
SR R R A TANTIC SRS
SIS e IR R
' , QoPesesesatet R QXK
39°30 o5 5 X S XK X

S S
N

QRS

RIS
S
gty
SRR
IR
RIS

SRR

IR
2

)
AR
SRRRXS
O RIKX
R RIS
IR
ORI
I S
RS
A
SRR
XS
XS

39°

o
S

X
BRI

N
XK
XK
S

RS
RS
SR
QRSRAK
Q‘é

.
XS
5%

S5
S
3
XK S8

ATLANTIC OCEAN

Base from U.S. Geological Survey 1:24,000 digital line data
New Jersey State Plane Coordinate System
North American Datum of 1983

0 5 10 20 MILES

0 5 10 20 KILOMETERS

i i Coastal Plain (NJCP) model.
i i fining layer in the New Jersey
the topmost effective con
Figure 79. Map showing

145



Simulated Effects of Projected Withdrawals on Groundwater Flow and Water Levels in the New Jersey Coastal Plain

146

"01JRUBIS UONRIO||. [|N} 8Y} H PUB ‘OLIBUDIS SSO| ||aM

|ewnndo ay1 ‘g ‘o1JeUBIS SSO| ||8M |BUILIOU BY} ‘4 ‘10§ WBISAS 8y} Jo sHed pauljuod 0} pauluodun a8yl wolj Moj} 3au ayy ul abueya pue ‘waisAs ay3 jo ped paulyuod 03 pauuodun
U] WoJ) MOJ4 18U ‘7 ‘01IBUBIS UOIIBIO|[B | N} BY} ‘g PUE ‘0LIRUBIS SSO [|am |ewido 8y} ) ‘01leudds ssoj |jam |eulwou ay} ‘g ‘103 Buidwnd pauyuoa ui sbueyd ‘uonenwis

aseq ayj Joj s1ajinbe pauyuod ayy ul Burdwnd ‘i ‘apnjoul synsas paje|nwis ‘suiseq (LLJNH) L1 8p0o2 Hun aibojoipAy 10 Smojy pale|nwis palas|as jo Alewwng o8 ainbiy

SHILINOTNOS  GeSZl 0

€861 J0 WnjeQ UBILIBWY YUON
waysAg 83euIpI00) BuB|d B1eIS Adsiap Ma

ST 05 S2 g7l 0 e1ep aul| [eubip 000'yz:1 ASning [ealBojoay 'S’ woy) aseq
= =
= =
m W o6€
= >
= =
& &=
0€06€
= = = = B
Z z z z
Zz Z Zz Zz
w v w v
=< =< =<
> > = >
> > > =
Z Z = Z 0€:07
= > = >
oL 08ovL oSl 08.5L oL 08obL oSl 08:5L oL 08otL oSl 08.5L ofL 0EobL oL 08052
€10Z PUB 00z UB3MIAY BDUAIBJPIP  E10Z PUB OF0Z UBIMI( BDUBIBPYIP—  £10Z PUB 0p0Z UBMIA( dIUBIBPIP— uone|nwis aseq g10Z
—O0lIeudds Uoieao||e ||} ‘siajinbe  olieUadds sso] 1ajem |ewnndo ‘siajinbe  olieUdIS SSO] J3jem |eulwou ‘siajinbe ui siajinbe paunjuod 0y mojyJap 7
pauluod o) mojyJau u abueyy ‘y paunuoa o) mojyJau u abueyy 'p pauluoa o) mojyJau uj abueyy y
= = =
= z z
W W W o6
= > >
| Uey} Jajealn z z z
10160 . . .
600110
1'0 010 0Eo6¢
0
0011°0-
1'0- 01670~
§0- 0¥ 1- = 0F
|- 03 |enba 1o uey} ssa 2
1eak 1ad sayaui ur ‘mojj pazijeuwrioy m
<
>
NOILYNY1dX3 z 0801
a - . L A
oL 08ovL oSt 08:5L oL 08obL oSt 08:5L oL 08otL oSl 08:5L oL 08ovL oSl 08:5L
€102 pue €102 pue 00z €102 pue 0102 (€102)
010z U92M}a( 3DUIBYIP—OMEBUIDS  UIIMJA( DUAIAJP—OLIBUAIS SSO|  UIIM)A( dIUIIBYIP—O1IBUIIS SSO| S|emelpiyim uonejnuwis aseq 'y

uoneaoj|e [|n} ‘abueys [emespyipy (g 193em [ewndo ‘afueya [emespyipn 9 19)em [eujwou ‘abueys jemelpynp ‘g



Figure 808 shows how pumping from these confined
aquifers changes, revealing no strong relationship between
increases in pumping and location; the optimal water-loss
scenario has a similarly weak spatial pattern (fig. 80C).

As expected, there are substantial increases (greater than

0.5 inches per year) in the full allocation scenario largely cor-
responding to the basins with the highest pumping in the base
simulation (fig. 80D).

The net flow moving from the unconfined to the confined
aquifers are largest in the HUC11 basins along the Delaware
River (fig. 80F). These are areas where there are large amounts
of pumping in the confined aquifers and near the outcrop areas
where the confining units are thinnest. In contrast, near the
Atlantic Coast, although the net flow is generally downward,
it is more spread out and not concentrated in the areas with
the most confined-aquifer pumping. The confining units are
generally thicker in this area compared to the area along the
Delaware River.

The change in net flow from unconfined to confined is
very similar between the nominal and optimal water-loss sce-
narios (fig. 80F). Many of the basins where the net flow is less
in those two scenarios are at least in part in the two Critical
Area restriction zones. In the full allocation scenario, all but a
few basins on the edges show an increase in the net flow going
from the unconfined to confined parts of the system (fig. 80H).
The magnitude of the increases is largest in the basins along
the Delaware River where magnitudes are high to begin with
and also have large pumping increases. The large increases in
confined-aquifer pumping in HUC11 basins along the Atlantic
Coast do not correspond directly to large changes in the net
flow from the unconfined to confined parts of the system,
reflecting the more confined nature of that part of the system.

Limitations

The simulated scenarios presented in this report are based
on the base simulation and the results are dependent on the
conceptualization and framework on which that model was
constructed (see the model limitation section in Gordon and
Carleton [2023]). An average value was used for recharge
throughout the scenario period; trends of heads in recharge
areas (and nearby) are likely reflecting the difference between
the average value and lower values in the last two stress peri-
ods of the base simulation. The boundary between unconfined
and confined HBAs are retained from Gordon (2007) and
are based on the outcrop areas of the formations; areas in the
confined HBA just downdip of the unconfined HBA may be
only weakly confined. As a result, recharge above thin parts of
the confining layers moves through the confining layer into the
confined HBA and then right back out laterally to the uncon-
fined HBA. Using a criteria to define where the confining unit
is effective would result in smaller budget components of leak-
age from the confining layer and out to the unconfined HBA
compared to the approach that was used.
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Summary and Conclusions

The New Jersey State Water Supply Plan is developed
by the New Jersey Department of Environmental Projection
(NJDEP) for assessing the State’s water-supply resources.

The NJDEP is currently (2023) revising the plan. Forty-four
hydrologic-budget areas (HBAs) in the confined aquifers and
their unconfined outcrop areas were delineated by approximat-
ing boundaries based on various hydrologic, geohydrologic,
and withdrawal conditions, such as aquifer extents, location
of the 250 milligrams-per-liter isochlor (line of equal chloride
concentration), aquifer outcrops, groundwater divides, and
areas of large groundwater withdrawals.

A recently released groundwater flow model described by
Gordon and Carleton (2023) was used to simulate groundwa-
ter flow in the New Jersey Coastal Plain (NJCP) for the period
of 1980-2013. The conditions at the end of that simulation
were used as a base for comparison and as an initial condition
for simulation of three water-use scenarios of withdrawals
from 2014 to 2040. Two scenarios were based on work done
at Rutgers University (Van Abs and others, 2018) and project
pumping at wells based on projected population trends and
assumptions based on water conservation principles. The two
modeled scenarios differed in how much water loss, or the dif-
ference between the quantity of water that is produced at wells
and the quantity delivered to customers, was assumed. The
nominal water-loss scenario was based on all systems achiev-
ing the current median reported water loss for public com-
munity water supply systems. The optimal water-loss scenario
was based on all systems achieving roughly the same water
loss as the current best performing systems. A third simulated
scenario assumed water is withdrawn at the full allocation
level of each well.

Comparing to the withdrawals in the first stress period of
the scenario simulations in 2014, the optimal water-loss sce-
nario projected a 1.3 percent decrease in withdrawals and the
nominal water-loss scenario projected a 2.9 percent increase in
withdrawals by the year 2040. These amounts are within the
range of variability that was seen throughout the period of the
base simulation. For individual aquifers, the biggest projected
increases in withdrawals by percent were in the Vincentown
(15.5 percent) and upper Potomac-Raritan-Magothy (PRM;
9.1 percent) aquifers. The two aquifers with the biggest pro-
jected decline in withdrawals by percent were the lower PRM
(—13.5 percent) and Piney Point (—10.5 percent) aquifers,
continuing trends that have been seen in data reported between
2014 and 2020. The nominal and optimal water-loss scenarios
were closest to full allocation levels in the Atlantic City
800-foot sand and the upper, middle, and lower PRM aquifers,
reaching 60—75 percent of full allocation withdrawals. The
lowest nominal and optimal water-loss scenario withdrawals
compared to the full allocation withdrawals were in the uncon-
fined Kirkwood-Cohansey aquifer system and the Holly Beach
aquifer along with the little used Rio Grande water-bearing
zone (7-36 percent of the full allocation withdrawals).
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For the nine confined aquifers in the NJCP, heads are
generally higher along the unconfined and outcrop areas
decreasing downdip and towards pumping centers. All the
aquifers have areas with simulated heads below sea level—
many of them throughout most of the extent of the aquifer.

Of the three scenarios, the drawdowns are most extreme
in the full allocation scenario. There are large areas of head
decline greater than 20 feet at the end of the full allocation
simulation in 2040 in 5 of the 9 confined aquifers. The excep-
tions are the Vincentown, which does have some areas of large
drawdown in the vicinity of wells, and the three PRM aquifers.
Restrictions imposed by the Critical Area regulations are likely
the reason why the PRM aquifers do not have large areas of
drawdown. The nominal and optimal water-loss scenarios
have some areas of head declines, though the magnitude of
most of these declines are less than 15 feet. The simulation of
these scenarios shows some extensive areas of head recovery,
as well, especially in the aquifers that are regulated by the
Critical Area restrictions.

Budgets of inflow and outflow components were calcu-
lated for 44 (27 confined, 17 unconfined) HBAs. The budget
analysis shows that the water movement is complex and varies
based on the aquifer geometry and location of pumping wells.
Some common features include the following:

¢ Increased flows from offshore areas in the aquifers
without outcrop areas.

* Flow through the overlying confining layers is a main
source of flow to many of the HBAs. Most of this flow
happens along the boundaries of the unconfined parts
of the aquifers. These HBAs tend to also have a fair
amount of flow that moves laterally to adjacent uncon-
fined HBAs.

» The major components of flow are recharge and flow to
streams in unconfined HBAs.

Flow components between the unconfined and confined
parts of the system were summarized by HUCI11 basins.
Withdrawals from the confined aquifers were largest in the
basins along the Delaware River and the Atlantic Coast. For
basins with large withdrawal amounts from the confined
aquifers, the net flows through the confining units were largest
in the basins along the Delaware River where the outcrop is in
close proximity and the confining units are thinner compared
to the basins along the Atlantic Coast where the confining
units are thicker, and the water drawn into wells comes from a
larger area.
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