








SIMULATED MAXIMUM WITHDRAWALS FROM THE UPPER PATAPSCO,
LOWER PATAPSCO, AND PATUXENT AQUIFER SYSTEMS IN ANNE
ARUNDEL COUNTY, MARYLAND

by

David C. Andreasen

KEY RESULTS

Anne Arundel County relies heavily on withdrawals from the Upper Patapsco, Lower Patapsco, and
Patuxent aquifer systems for public water supply. In 2018, approximately 33.5 million gallons per day were
withdrawn from Anne Arundel County Department of Public Works well fields in the central and northern part of
the county. Remaining available drawdown in 2018 in the well fields before water levels reach management
levels ranges from 24 to 193 feet in the Upper Patapsco aquifer system, 150 to 500 feet in the Lower Patapsco
aquifer system, and 100 to 960 feet in the Patuxent aquifer system.

A previously constructed groundwater-flow model (MODFLOW) was revised, verified for calibration,
and used to estimate maximum withdrawals from the Upper Patapsco, Lower Patapsco, and Patuxent aquifer
systems at existing Anne Arundel County Department of Public Works well fields (Arnold, Broad Creek, Crofton
Meadows and Severndale), and at future well fields (Crownsville and Millersville). Results of the modeling show
that a total of 114.4 million gallons per day can be withdrawn from the well fields before water levels reach
management levels in one or more of the aquifers. As a result of the simulated leakage between aquifers, the
amount that can be withdrawn from deeper aquifers is controlled, in part, by the available drawdown in shallower
aquifers. The simulated maximum withdrawal is approximately 1.7 times greater than the 2086 build-out value of
66.5 million gallons per day and approximately 3.4 times greater than the amount pumped in 2018. Simulated
water levels are as deep as 155, 295, and 480 feet below sea level in the Upper Patapsco, Lower Patapsco, and
Patuxent aquifers, respectively. Drawdown of this magnitude has the potential to cause land subsidence, saltwater
intrusion, and well interference with other groundwater users.

The simulated net water budget for the modeled aquifer system for the maximum-withdrawal scenario
indicates that recharge applied to the water-table aquifer (100 percent of net inflow to the model) is balanced by a
net outflow to rivers (46 percent), wells (31 percent), and constant-head and head dependent boundaries (22
percent and 1 pecent, respectively). As withdrawals increased under the maximum withdrawal scenario, net flow
to rivers and constant-head boundaries decreased. The maximum withdrawals result in an approximate 14-percent
reduction in net river discharge from the 2018 amount.



Groundwater travel times from Anne Arundel County Department of Public Works well fields pumped
in the maximum withdrawal scenario were calculated using the groundwater-flow model and the particle-
tracking code MODPATH. In the Upper Patapsco aquifer system well fields, the minimum travel time from
model boundaries (water-table aquifer or brackish tidal surface water) is 30 years for Severndale, 75 years for
Arnold, and 277 years for Broad Creek. In the Lower Patapsco aquifer system well fields, the minimum travel
times from model boundaries is 135 years for Arnold, 277 years for Broad Creek, 94 years for Crofton Mead-
ows, 144 years for Crownsville, 70 years for Millersville, and 97 years for Severndale. In the Patuxent aquifer
system well fields, the minimum travel times from model boundaries is 459 years for Arnold, 375 for Broad
Creek, 244 for Crofton Meadows, 234 for Crownsville, and 193 years for Millersville. The well fields with the
shortest travel times (less than 100 years) to the water-table aquifer (recharge area) and brackish tidal surface
water include the Upper Patapsco well fields at Arnold (75 years to brackish Magothy River) and Severndale
(30 years to recharge area), and the Lower Patapsco aquifer wells fields at Crofton Meadows, Millersville, and
Severndale (94, 70, and 97 years to recharge area, respectively). Travel times from well fields to model
boundaries under the maximum-withdrawal scenario range from approximately 1.4- to 16-times less than under
2018 pumping conditions and 1.1- to 9.9-times less than under 2086 build-out pumping conditions.



INTRODUCTION

Anne Arundel County Department of Public
Works (AADPW) relies almost entirely on
groundwater for its municipal water supply. In 2018,
approximately 33.5 million gallons per day (Mgal/d)
was pumped from three aquifer systems (Upper and
Lower Patapsco, and Patuxent) tapped by AADPW
production wells, providing drinking water to
approximately 116,000 customers (population of
~430,000) (Edward Cope, Anne Arundel County
Department of Public Works, written commun.,
2019). A relatively small amount (average of
approximately 0.01 Mgal/d) was imported from the
surface-water-sourced Baltimore City water system
in 2018. Projected groundwater withdrawals may
increase to approximately 67 million gallons per day
at build-out (Malcolm Pirnie, Water Division of
Arcadis, 2016). In 2017, a MODFLOW (McDonald
and Harbaugh, 1988) groundwater-flow model
constructed by the Maryland Geological Survey
(Andreasen, 2017) indicated that projected 2086
build-out withdrawals will not cause water levels to
fall below the 80-percent management level in all
three aquifer systems, with the exception of the
Upper Patapsco at the Severndale well field.
However, sufficient supply capacity is available in
the Lower Patapsco aquifer system at Severndale to
shift the Upper Patapsco withdrawals (0.4 million
gallons per day by 2086) to the Lower Patapsco.
Groundwater levels simulated for 2086 build-out
were as low as approximately 100, 170, and 228 feet
below sea level in the Upper Patapsco, Lower
Patapsco, and Patuxent aquifer systems,
respectively. Drawdown from current water levels
was as great as approximately 80, 130, and 200 feet
in the Upper Patapsco, Lower Patapsco, and
Patuxent aquifer systems respectively. The 2017
model also evaluated the potential effects of the
increased withdrawals on domestic wells. The
simulated drawdown at the projected build-out
amount did not adversely affect domestic-well
operation. Simulated water levels remained above
well screens and casing-diameter reductions
(telescoping wells) in the 3,154 domestic wells
estimated to be screened in the Upper Patapsco,
Lower Patapsco, and Patuxent aquifer systems in
areas updip (to the northwest) of the well fields. Of
the total number of domestic wells only
approximately 3 percent were determined to be
telescoping. Simulated water levels remained at least
20 ft above well screens and casing-diameter
reductions in all but six wells.

OBJECTIVE AND SCOPE OF WORK

The objectives of the study are to estimate, using
a steady-state groundwater-flow model, maximum
possible withdrawal rates from the major Anne
Arundel County well fields (existing and future)
tapping the Upper Patapsco, Lower Patapsco, and
Patuxent aquifer systems before simulated water
levels reach the 80-percent management level. The
existing well fields include Arnold, Broad Creek,
Crofton Meadows, and Severndale and the future
well fields include Crownsville and Millersville (fig.
1). The study focuses on estimating groundwater
levels, drawdown, and water budget in the Upper
Patapsco, Lower Patapsco, and Patuxent aquifer
systems in Anne Arundel County, Maryland. The
study also addresses how the withdrawals could
potentially affect groundwater levels in surrounding
areas, baseflow in streams, and water levels in the
overlying Magothy aquifer. In addition, the study
estimates groundwater-flow travel times (advective
flow) for groundwater path lines terminating at
Anne Arundel County well fields.

LOCATION OF STUDY AREA

The study area includes the major AADPW well
fields in the central portion of Anne Arundel County
(fig. 1). A groundwater-flow model used in the study
includes the entirety of Anne Arundel County and
portions of Baltimore, Calvert, Howard, Kent,
Prince George’s, Queen Anne’s, and Talbot
Counties, and Baltimore City.

AVAILABLE DRAWDOWN

Groundwater withdrawals in confined aquifers
of Maryland’s coastal plain are managed such that
groundwater levels are maintained above a
prescribed management level. The management
level is defined as 80 percent of the difference
between the top of the aquifer and the pre-pumping
water level. The 80-percent management level,
acting as a buffer against de-watering of the
saturated aquifer sands, constrains the maximum
water-supply capacity of the aquifer. Assessing
whether withdrawals have exceeded aquifer-supply
capacity as defined by the management level
requires sustained monitoring and assessment of
groundwater levels at both regional and local scales.
For this study, the amount of remaining available
drawdown (difference between the current water
level and the 80-percent management level) in 2018
in the Upper Patapsco, Lower Patapsco, and
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Patuxent aquifer systems was determined using
potentiometric surface elevations, aquifer elevations
from the GIS-based Maryland Coastal Plain Aquifer
Information System (Andreasen and others, 2013),
and model-simulated pre-pumping water levels from
a previous groundwater-flow model (Andreasen,
2007; p. 44) (figs. 2-4).

Remaining available drawdown in 2018 in the
Upper Patapsco aquifer system in Anne Arundel
County ranged from zero near the outcrop area of
the aquifer to approximately 500 ft in the southern-
most part of the county (fig. 2). At the Arnold,
Broad Creek, Gibson Island, and Severndale well
fields, the remaining available drawdown was
approximately 140, 183, 193, and 24 ft, respectively.

Remaining available drawdown in 2018 in the
Lower Patapsco aquifer system in Anne Arundel
County ranged from zero near the outcrop area of
the aquifer to approximately 1,000 ft in the southern
-most part of the county (fig. 3). At the Arnold,
Broad Creek, Crofton Meadows, and Severndale
well fields, the remaining available drawdown was
approximately 470, 500, 190, and 150 ft,
respectively.

Remaining available drawdown in 2018 in the
Patuxent aquifer system in Anne Arundel County
ranged from zero near the outcrop area to
approximately 1,500 ft in the southern-most part of
the county (fig. 4). At Arnold, Broad Creek, and
Crofton Meadows the remaining available
drawdown was approximately 820, 960, and 500 ft,
respectively. The remaining available drawdown at
the Dorsey Road well field is approximately 100 ft.

In all three aquifer systems, there is a relatively
narrow band parallel to the aquifer outcrops where
water levels are below management levels. In these
areas the tops of the aquifers are relatively shallow,
therefore even relatively minor amounts of
drawdown can cause water levels to fall below the
management level. In the analysis performed here,
the potentiometric surfaces and layer elevations may
not have the level of granularity necessary to resolve
in enough detail the shallow areas near aquifer
outcrops. The accuracy and lack of resolution of the
estimated pre-pumping water levels used to calculate
the management level may also limit accuracy in
those shallow areas.

GROUNDWATER-FLOW MODEL

The maximum rates of withdrawals from the
existing AADPW well fields at Arnold, Broad
Creek, Crofton Meadows, Severndale, and future
well fields at Crownsville and Millersville were
evaluated using a groundwater-flow model
(MODFLOW) previously constructed by the
Maryland Geological Survey (Andreasen, 2007).
The model consists of 61,000 cells and six layers

representing (from shallow to deep) the water table,
Aquia, Magothy, Upper and Lower Patapsco, and
Patuxent aquifer systems. Model-cell size is
variable with dimensions ranging from 360 by 390 ft
at Anne Arundel County well fields to as much as
4,800 ft by 9,400 ft in locations along the model
boundary. The 2007 model, revised in 2017
(Andreasen, 2017), was updated for this study. The
model simulates groundwater flow in the Upper
Patapsco, Lower Patapsco, and Patuxent aquifer
systems as well as the Magothy aquifer. The water-
table aquifer, consisting of the outcrop areas of the
Aquia, Magothy, Upper Patapsco, Lower Patapsco,
and Patuxent aquifers along the outcrop areas of the
intervening confining layers, is also represented in
the model as an active layer. The confined Aquia
aquifer is represented in the model as a layer with
specified (constant) heads varied over time.

Model Revisions

Several revisions were made to input arrays and
time discretization prior to the predictive model
simulations.  Changes made to the model are
described below.

Time Discretization

The transient model simulation period of the
2017 model was extended from 1900-2015 to 1900-
2018 by adding three stress periods of one-year
duration each with two time steps per year. The
additional stress periods allowed for input of 2016-
2018 well withdrawals.

Pumpage

Pumpage represented in the model was entered
for the additional stress periods (2016-2018) (app.
A). The pumpage represents reported annual-
average withdrawals for appropriated use greater
than 10,000 gallons per day. Total pumpage in the
model declined slightly from 50 Mgal/d in 2015 to
47.5 Mgal/d in 2018. Pumpage from the AADPW
well fields increased from 30 Mgal/d in 2015 to 34
Mgal/d in 2018. The greatest amount pumped by
AADPW well fields in 2018 was from the Lower
Patapsco aquifer at 19.7 Mgal/d, followed by the
Patuxent aquifer at 10.7 Mgal/d, and the Upper
Patapsco aquifer at 3.6 Mgal/d. The total number of
appropriated users withdrawing water within the
model area increased from 75 in 2015 to 86 in 2018.
Self-supplied, domestic withdrawals from the
Magothy, Upper Patapsco, Lower Patapsco, and
Patuxent aquifers were not included in the model
because the effects of those withdrawals on the flow
system were considered minimal (Andreasen, 2007).












Verification of Model Calibration

To verify the calibration of the revised model,
simulated water levels were compared to observed
water levels for the extended time period. Water
levels from a total of 49 wells were used in verifying
model calibration (tab. 1). The locations of the
wells are given in Andreasen (2017, p. 12). Model
calibration was assessed by examining trends in
simulated heads versus observed heads (figs. 5-7;
tab. 1) as well as by a statistical analysis of
simulated versus observed head at the end of the
simulation period (2018). Overall, a good match
was attained between simulated and observed heads.
The  root-mean-square-error and  correlation
coefficient is 8.9 ft and 0.98 respectively, and the
median of the absolute difference between simulated
and observed heads is 4.4, 7.9, 4.8, and 9.4 ft for the
Magothy aquifer, Upper and Lower Patapsco aquifer
systems, and Patuxent aquifer system respectively.
In comparison to the previously calibrated model
(Andreasen, 2017, p. 10), the overall head match is
similar for the Magothy, slightly less for the Upper
Patapsco and Patuxent, and greater for the Lower
Patapsco. As a result, it was concluded that
additional model calibration was not required.

Limitations of Quasi-3D Representation

The groundwater-flow model as originally
designed is a quasi-3d representation of the aquifer
system where confining units are not explicitly
modeled, but instead represented by a leakance term
(Andreasen, 2007, pgs. 34 and 44). In a quasi-3D
model, aquifer-confining unit pairs are represented
in a layer-cake structure. This  model
conceptualization assumes orders of magnitude
contrast between hydraulic conductivity of aquifer
and confining unit, resulting in flow in the aquifer to
be essentially horizontal and flow in the confining
unit (leakage) to be essentially vertical, and that the
flow in the confining unit is at steady state. Under
these assumptions, aquifers are coupled to one
another only through the leakage terms.

One limitation of the quasi-3D modeling scheme
is that water from storage within the confining units
is not represented in the model. Additionally, each
aquifer is represented by one model layer; therefore,
interbedded clay/silt layers within the aquifers
(potentially an additional source of water to wells)
are also not represented. These model limitations are
relevant to the fluvial sediments of the Upper
Patapsco, Lower Patapsco, and Patuxent aquifer
systems, where multiple sand layers are interbedded
with clay/silt beds. Water derived from storage
within the low permeability confining units may
contribute significant quantities of water to pumping
wells in the Atlantic coastal plain sediments

(Masterson and others, 2016). The lack of stored
water in confining units and interbedded clay/silt
layers was compensated in the model during
calibration by increasing leakage (higher leakance
values) in order to attain a match between simulated
and observed heads. Consequently, this condition
may exaggerate the hydraulic connection between
aquifers. Since the time the model was constructed
(2005-2006) there has been an increased recognition
of the potential importance of stored water in
confining units related to groundwater supply, and
for the critical need of field data to characterize the
hydraulic properties of these low permeability
sediments (Shedlock and others, 2007). Regardless
of these limitations imposed by the quasi-3D
representation, the model does provide for a
reasonable approximation of aquifer heads as the
relatively close match between simulated and
observed heads demonstrate.

SIMULATION OF MAXIMUM
WITHDRAWALS IN THE UPPER PATAPSCO,
LOWER PATAPSCO, AND PATUXENT
AQUIFER SYSTEMS

A model simulation was run to estimate the total
amount of water available from the Upper Patapsco,
Lower Patapsco, and Patuxent aquifer systems from
AADPW well fields before water levels reach the
management level constraint. The AADPW well
fields pumped in the scenario include Arnold, Broad
Creek, Crofton Meadows, and Severndale (fig. 1).
Two future well fields at Crownsville and
Millersville were also included in the scenario. The
transient (1900-2018) flow model was modified to
operate in steady-state mode where outflow is
balanced by inflow with no change in storage
(equilibrium conditions). Heads at general-head
boundaries along the northeast, southeast, and
southwest sides of the model in the Magothy, Upper
and Lower Patapsco and Patuxent aquifers were
adjusted to levels consistent with regional water-
level trends observed over the past ~10 years. The
time-specified heads representing those in the Aquia
aquifer were held constant at approximate 2018
levels to reflect the overall stabilization in Aquia
heads observed in observation wells throughout the
region. Withdrawals at AADPW independent well
fields at Gibson Island, Harundale, Herald Harbor,
Stevenson Road, and Telegraph Road were held
constant at maximum design rates of 0.86, 2.95, 1.0,
1.0, and 1.0 Mgal/d, respectively. Withdrawals from
those well fields total 6.8 Mgal/d (0.86 Mgal/d from
the Upper Patapsco at Gibson Island, and 6 Mgal/d
from Lower Patapsco aquifer at Harundale, Herald
Harbor, Stevenson Road, and Telegraph Road).
AADPW well fields at Dorsey Road (Patuxent
aquifer) and Severndale (Upper Patapsco) were not



Table 1. Comparison of observed and simulated water levels (2018).

Model cell Difference between
Well (row, Observed water level, Simulated water level, observed and
number column, feet related to sea level feet related to sea level simulated water
layer) level, feet
Magothy aquifer
AA Cc 117 84,44,3 43.29 46.38 3.09
AACd 78 59,49,3 34.94 36.51 157
AA Cf99 35,87,3 -23.76 -30.80 7.04
AA Dd 42 88,69,3 3.68 3.60 0.08
AA De 103 85,93,3 -14.59 -15.35 0.76
AA Df 79 54,92,3 -19.41 -25.11 5.70
AA Ed 39 96,93,3 -7.96 -6.59 1.37
AA Fe 47 95,100,3 -18.64 -23.55 491
CA Bb 10 103,105,3 -38.93 -43.32 439
CABb23 102,99,3 -22.66 -28.68 6.02
CA Cc 56 102,108,3 -39.97 -45.61 5.64
KE Cb 97 2,95,3 3.94 -6.30 10.24
PG Cf 33 96,47,3 53 51.65 1.35
PG De 21 102,67,3 32.12 24.59 7.53
PG Fe 30 106,91,3 -9.89 -13.95 4.06
PG Gf 35 106,102,3 -38.59 -44.83 6.24
QA Ea 27 28,100,3 2211 -24.39 2.28
Median of the absolute difference between simulated and observed heads 4.39
Upper Patapsco aquifer system
AA Bd 159 46,334 38.02 51.17 13.15
AA Ce 120 54,58,4 5.28 -3.04 8.32
AA De 128 86,92,4 -13.72 -19.18 5.46
AA De 95 63,81,4 -19.43 -29.27 9.84
AA Df 19 45,94,4 -21.48 -29.09 7.61
AA Ec12 100,90,4 -3.68 -5.17 1.49
KE Cb 36 1,914 -5.95 -9.74 3.79
KE Db 40 5,95,4 -10.59 -16.38 5.79
PG De 33 102,58,4 53.61 35.22 18.39
QAEb111 19,102,4 228 -31.44 8.64
Median of the absolute difference between simulated and observed heads 7.96
Lower Patapsco aquifer system
AA Ad 102 33,135 71.33 61.90 9.43
AA Ad 109 31,20,5 41.68 50.60 8.92
AA Bd 157 46,335 38.08 34.61 3.47
AA Cc 40 76,29,5 90.31 71.54 18.77
AA Cc 89 92,425 -6.29 -0.43 5.86
AA Ce 94 48,50,5 -91.96 -95.21 3.25
AA Ce 124 54,58,5 -24.31 -27.98 3.67
AA Cf 137 39,80,5 -66.25 -67.13 0.88
AA Cg 23 24,945 -36.56 -29.16 7.40
PG Be 14 95,18,5 105.86 107.21 1.35
PG Ed 34 105,56,5 -8.15 15.73 23.88
QAEb 112 19,102,5 -31.97 -32.97 1.00
Median of the absolute difference between simulated and observed heads 4.76
Patuxent aquifer system
AA Ad 29 28,21,6 -56.06 -37.20 18.86
AACb1 93,23,6 15.88 14.81 1.07
AA Cc 102 92,42,6 -45.83 -50.56 473
AA Ce 117 48,50,6 -34.18 -23.44 10.74
AA Cf 166 35,86,6 -67.85 -75.85 8.00
AA Cg 22 24,94,6 -50.28 -37.74 12.54
AA De 203 63,80,6 -53.65 -36.30 17.35
BA Gf 11 11,33,6 -4.94 1.87 6.81
PG Cf 66 97,43,6 -36.65 -39.53 2.88
QAEb 110 19,102,6 -12.68 -29.24 16.56
Median of the absolute difference between simulated and observed heads 9.37
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Figure 5. Hydrographs of observed and simulated water levels in wells screened in the Upper Patapsco
aquifer system, 1900-2018.
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Figure 6. Hydrographs of observed and simulated water levels in wells screened in the Lower Patapsco
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pumped during the simulation. The Dorsey Road
well field was not pumped because it is planned to
be discontinued, and the Upper Patapsco aquifer at
Severndale was not pumped because of the limited
amount of available drawdown at that location.
Withdrawals from wells other than those operated
by the AADPW were held constant at permitted
average-day appropriation amounts totaling 25
Mgal/d (app. A). Recharge applied to the water-
table aquifer was held constant at linear rates
ranging from 9 to 18 inches per year as assigned in
the calibrated model (Andreasen, 2007, p. 41).

During the model simulation, withdrawals from
the existing AADPW wells were set at a minimum
to the rates pumped during a previous model
simulation of projected 2086 withdrawals at build-
out (tab. 2)(Andreasen, 2017, tab. 5). As
withdrawals were increased to determine the
maximum total rate possible, withdrawals from
individual AADPW wells were allowed to increase
up to their design rates. In addition, hypothetical
wells were added to each existing well field along
with future well fields at Crownsville and
Millersville in order to reach total withdrawals.

The management constraints which control the
maximum allowable withdrawal rates were defined
as the 80-percent management level measured at a
distance of approximately one-quarter mile updip (to
the northwest) of each AADPW well field. This is
the area around each well field where water levels
would likely reach the management level first given
that the aquifers are shallowest (less available
drawdown) on the updip side.

Results of the modeling show that a total of
114.4 Mgal/d can be withdrawn from the AADPW
well fields Arnold, Broad Creek, Crofton Meadows,
Severndale, and future Crownsville and Millersville
before water levels reach a management level
constraint (tab. 3). The simulated maximum
withdrawal is approximately 1.7 times greater than
the 2086 build-out value of 66.5 Mgal/d and
approximately 3.4 times greater than the amount
pumped in 2018 (tab. 3). As a result of leakage
between aquifers caused by the withdrawals, the
amount of water that can be withdrawn from the
deeper aquifers (Lower Patapsco and Patuxent
aquifers) is controlled, in part, by the available
drawdown in the shallower Upper Patapsco aquifer.
In the simulated maximum scenario for the AADPW
well fields, the Lower Patapsco aquifer is pumped at
the highest rate (66 Mgal/d) which is 26.8 Mgal/d
greater than the build-out amount of 39.2 Mgal/d
and 46.9 Mgal/d greater than the 2018 amount of
19.1 Mgal/d. The Patuxent aquifer is pumped at 41
Mgal/d which is 21 Mgal/d greater than build-out of
19.7 Mgal/d and 33.5 Mgal/d greater than the 2018
amount of 7.4 Mgal/d. Withdrawals from the Upper
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Patapsco aquifer did not surpass the build-out
amount of 7.6 Mgal/d because of the management
level constraints. The maximum withdrawal scenario
represents one possible pumping scheme; however,
it is possible that additional water could be
withdrawn through alternative schemes whereby
withdrawals are further balanced between deep and
shallow aquifers.

Water levels

In the Upper Patapsco aquifer system, simulated
water levels under the maximum withdrawal
scenario are as deep as 135 ft below sea level
(Arnold) and 155 ft below sea level (Broad Creek)
(fig. 8). The water level in the Upper Patapsco
aquifer at Severndale is approximately 27 ft below
sea level. A single cone of depression is centered on
the Broad Creek well field. The withdrawals result
in approximately 70 and 110 ft of drawdown at
Arnold and Broad Creek, respectively, from 2018
water levels.

In the Lower Patapsco aquifer system, simulated
water levels under the maximum withdrawal
scenario are as deep as 295 ft below sea level
(Arnold), 285 ft below sea level (Broad Creek), 260
ft below sea level (Crownsville), 230 ft below sea
level (Crofton Meadows), 107 ft below sea level
(Millersville), and 170 ft below sea level
(Severndale) (fig. 9). A large cone of depression is
formed with two depressions greater than 200 ft
below sea level. Compared to 2018 water levels, the
simulated withdrawals result in approximately 200 ft
of additional drawdown at Arnold, Broad Creek,
Crofton Meadows, and Crownsville, and about 100
and 40 ft of additional drawdown at Millersville and
Severndale, respectively.

In the Patuxent aquifer system, simulated water
levels under the maximum withdrawal scenario are
as deep as 480 ft below sea level (Arnold), 420 ft
below sea level (Broad Creek), 370 ft below sea
level (Crownsville), 296 ft below sea level (Crofton
Meadows), and 193 ft below sea level (Millersville)
(fig. 10). A large cone of depression is formed with
two depressions greater than 300 ft below sea level.
Compared to 2018 water levels, the withdrawals
result in over 300 ft of additional drawdown at
Armnold, Broad Creek, and Crownsville, and
approximately 200 and 160 ft of additional
drawdown at Crofton Meadows and Millersville,
respectively, from 2018 water levels.

The simulated water levels are model-cell
averages (heads averaged over model cell areas);
therefore, water levels are deeper closer to actual
pumping wells within the model cells. Water levels
inside the pumping well will be even deeper,
depending on the efficiency of the well.



Table 2. Maximum withdrawal rates at individual AADPW production wells.

[Mgal/d, million gallons per day; ID, identification number; HW, hypothetical well]

Model Simulated North East Wt?ll
cell (row, withdrawal, well field Aquifer (State (State Well | AADPW | design
column, Mgal/d plane), | plane), | number | well ID | rate,

layer) feet feet Mgal/d

39,80,4 0.98 Arnold Ukpt | 498859 |1457114 |AACf118| AR-2 0.86
40,80,4 0.98 Arnold Ukpt | 498472 | 1456872 |AACf119| AR-1 1.44
40,81,4 0.98 Arnold Ukpt | 498295 |1457265|AACf120| AR-3 1.19
41,83,4 0.98 Arnold Ukpt | 497341 | 1457541 |AACf155| AR-6 1.44
35,82,4 0.98 Arnold Ukpt | 499568 | 1459510 |AACf170| AR-10 1.44
66,77,4 0.90 Broad Creek Ukpt | 479397 | 1435493 |AA De 136| BC-3 1.44
64,80,4 0.90 Broad Creek Ukpt | 479079 | 1437567 | AA De 97 BC-2 1.15
62,81,4 0.90 Broad Creek Ukpt | 479334 | 1438447 | AA De 96 BC-1 1.01
35,77,5 3.46 Arnold Lkpt 501401 | 1457510 HW HW 3.46
38,77,5 3.46 Arnold Lkpt | 500183 |1456530 HW HW 3.46
42,80,5 2.45 Arnold Lkpt | 497441 |1458016 HW HW 3.46
40,80,5 2.45 Arnold Lkpt | 498712 | 1456876 |AACf142| AR-4 2.59
41,83,5 2.45 Arnold Lkpt | 497315 |1457550 |AACf150| AR-5 3.46
35,82,5 3.46 Arnold Lkpt | 499532 |1459522 |AACf168| AR-8 3.46
33,82,5 3.46 Arnold Lkpt | 500721 |1460547 HW HW 3.46
67,78,5 3.46 Broad Creek Lkpt 477835 | 1434962 HW HW 3.46
68,80,5 3.46 Broad Creek Lkpt | 476289 |1435253 HW HW 3.46
66,80,5 3.46 Broad Creek Lkpt | 478035 |1436508 HW HW 3.46
63,80,5 1.65 Broad Creek Lkpt | 479076 |1437655 |AA De 177| BC-4 2.59
65,84,5 1.65 Broad Creek Lkpt | 477311 | 1438148 |AA De 208| BC-5 3.46
81,41,5 1.64 Crofton Meadows| Lkpt | 494514 |1404848 |AA Cc152| CM-10 3.26
79,42,5 1.64 Crofton Meadows| Lkpt | 494983 |1406302 HW HW 3.26
84,43,5 1.64 Crofton Meadows| Lkpt | 492214 |1404903 |[AACc128| CM-4 1.73
85,44,5 1.64 Crofton Meadows| Lkpt | 492031 |1404696 |AA Cc129| CM-5 1.87
83,46,5 1.64 Crofton Meadows| Lkpt | 491936 |1405830|AA Cc140| CM-6 2.59
81,49,5 1.64 Crofton Meadows| Lkpt | 491472 |1408219 |[AACd 106| CM-8 2.16
85,52,5 1.64 Crofton Meadows| Lkpt | 495598 |1407731 HW HW 3.26
48,49,5 0.92 Severndale Lkpt | 515934 |1432209 |AA Ce 122| SD-5 2.59
48,50,5 1.84 Severndale Lkpt | 515350 |1432714 |AACe 131,| SD-6 2.88

Well 7R

50,50,5 0.92 Severndale Lkpt | 514974 |1431904 |[AACe 121| SD-4 1.15

46,52,5 0.92 Severndale Lkpt | 515216 |1434435|AACe 139| SD-8 2.02
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Table 2. Maximum withdrawal rates at individual AADPW production wells--Continued.

Model Simulated North East W(_ell
cell (row, withdrawal, well field Aquifer (State (State Well | AADPW | design
column, Mgal/d plane), | plane), | number | well ID | rate,

layer) feet feet Mgal/d

72,59,5 1.67 Crownsville Lkpt 488714 |1418608 HW HW 1.67
74,61,5 1.67 Crownsville Lkpt 486079 | 1419675 HW Cv-1 1.67
72,63,5 1.67 Crownsville Lkpt 486003 | 1421811 HW Cv-3 1.67
69,63,5 1.67 Crownsville Lkpt 487529 | 1423499 HW CV-5 1.67
70,64,5 1.67 Crownsville Lkpt 485979 | 1423347 HW HW 1.67
69,65,5 1.67 Crownsville Lkpt 486630 | 1424780 HW HW 1.67
52,36,5 1.67 Millersville Lkpt 521264 | 1419626 HW NC-3 3.34
52,37,5 1.67 Millersville Lkpt 522665 |1421285 HW NC-5 3.34
53,37,5 1.67 Millersville Lkpt 524313 | 1418894 HW HW 3.34
42,77,6 2.59 Arnold Kpx 498902 | 1455090 HW HW 2.59
40,79,6 2.59 Arnold Kpx 498634 | 1456656 HW HW 2.59
36,79,6 2.59 Arnold Kpx 500278 |1458127 HW HW 2.59
41,83,6 1.40 Arnold Kpx 497341 | 1457541 |AACf171| AR-7 2.59
35,82,6 1.59 Arnold Kpx 499568 | 1459510 |AACf169| AR-9 1.58
65,75,6 2.16 Broad Creek Kpx 478890 | 1433761 HW HW 2.16
66,77,6 0.45 Broad Creek Kpx 479358 | 1435227 HW BC-8 1.73
63,77,6 2.16 Broad Creek Kpx 480164 | 1436544 HW HW 2.16
68,80,6 2.16 Broad Creek Kpx 476343 | 1435234 HW HW 2.16
64,83,6 1.26 Broad Creek Kpx 477929 |1438127 HW BC-6 2.16

81,41,6 1.00 Crofton Meadows| Kpx 494539 | 1404944 |AA Cc 151| CM-11 2.88

88,43,6 1.44 Crofton Meadows| Kpx 490630 | 1403192 |AACc107| CM-1 1.44

86,43,6 1.44 Crofton Meadows| Kpx 491570 | 1404133 |AACc 103| CM-2 1.44

85,43,6 1.00 Crofton Meadows| Kpx 491987 | 1404594 |AA Cc 105| CM-3 1.30

83,46,6 1.00 Crofton Meadows| Kpx 491900 | 1405882 |AA Cc 138| CM-7 2.16

81,49,6 1.00 Crofton Meadows| Kpx | 491490 |1408275 |AACd 107| CM-9 2.02

71,59,6 1.67 Crownsville Kpx | 489104 |1419077 HW HW 1.67
74,60,6 1.67 Crownsville Kpx | 486917 |1418295 HW HW 1.67
70,60,6 1.67 Crownsville Kpx | 488922 |1420613 HW HW 1.67
69,61,6 1.67 Crownsville Kpx | 488584 |1422176 HW HW 3.34
70,64,6 1.67 Crownsville Kpx | 486031 |1423373 HW HW 1.67
68,65,6 1.67 Crownsville Kpx 486839 | 1424728 HW HW 1.67
52,36,6 1.67 Millersville Kpx 524078 |1418842 HW HW 3.34
52,37,6 1.67 Millersville Kpx 522638 | 1421249 HW NC-6 3.34
53,37,6 1.67 Millersville Kpx 521061 | 1419638 HW NC-4 5.01
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Table 3. Withdrawal rates in the Upper Patapsco, Lower Patapsco, and Patuxent aquifers in 2018 at projected build-out and at the
simulated maximum rate.

Withdrawals, in million gallons per day (Mgal/d)

Upper Lower Patapsco Patuxent
Patapsco
: p : Total
Arnold Broad Arnold Broad Crownsville Crofton Millersville | Severndale |Arnold Broa Crownsville Crofton Millersville
Creek Creek Meadows Creek Meadows

Reported | , o0 | o5 | 445 | 2.7 0 5.2 0 6.75 241 0 0 4.95 0 30
2018
Layer 3.4 19.1 7.4
totals
Simulated
Build-out 4.9 2.7 9.8 3.3 5 11.5 5 4.6 2.8 0.9 5 6 5 66.5
(2086)
Layer 76 39.2 19.7
totals
Simulated |, o 1 52 | 212 | 137 10 11.5 5 46 108 | 82 10 6.9 5 114.4
Maximum
Layer 7.6 66 40.9
totals
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EXPLANATION

Upper Patapsco aquifer ~~  Potentiometric contour of simulated water levels.
.80 ; ; :
system outcrop - Contour interval is 20 feet. Datum is sea level.
® Management water level e Simulated AADPW pumping well

control point

Figure 8. Simulated water levels at maximum withdrawals in the Upper Patapsco aquifer system.
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